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molybdenum for the manufacture of special tool steels. It
is available in a number of oxide forms as well as the
& Thide. Molybdic acid is used in a number of chemical
ap, .ations and in make-up of glazes for ceramics.
Molybdenum has not been considered as a serious pol-
lutant, but it is a biologically active metal. It may he an
important element insofar as protection of the ecosystem is
concerned because of its role in algal physiology., Certain
species of algae can concenirat: molybdenum by a factor
up to 15 (Lackey 1959).2° Bivassay tests in fresh water on
the fathead minnow gave a 96-hour LC50 for molyhdic
anhydride (MoO;) of 70 mg/1 in soft water and 370 mg/!
in hard water. Although molybdenum is essential for the
growth of the alga Scenedesmus, the threshold concentration

for a deleterious effect is 54 mg/l. Molybdenum concen-

tration factors for marine species have been reported as:
8 in benthic algae; 26 in zooplankton; 60 in soft parts of
molluscs; 10 in crustacean muscles; and 10 in fish muscle
(Lowman et al. 1971)2

Recommendation

The panel recommends that the concentration
of molybdenum in sea water not exceed 0.05 of the
96-hour LC50 at any time for the most sensitive
species in sea water, and that the 24-hour average
not exceed 0.02 of the 96-hour LC50. .

Nickel

cel does not occur naturally in elemental form. It is
present as a constituent in many ores, minerals and soils,
particularly in serpentine-rock-derived soils.
Nickel is comparatively inert and is used in corrosion-
resistant materials, long-lived hatteries, electrical contacts,

spark plugs, and electrodes. Nickel is used as a catalyst in

hydrogenation of oils and other organic substances. Its
salts are used for dyes in ceramic, fabric, and ink manu-
facturing. Nickel may cnter waters from mine wastes,
electroplating plants, and from atmospheric emissions.

Nickel ions are toxic, particularly to plant life, and may
exhibit synergism when present with other metallic ions.
Nickel salts in combination with a cyanide salt form
moderately toxic cyanide complexes which, as nickel sulfate
combined with sodium cyanide, gave a 48-hour LC50 of
2.5 mg/l and a 96-hour LCS50 of 0.95 mg/l as CN~, using
fathead minnows (Prmephales promelas) at 20 C (Doudoroff
1956).11% Alkaline conditions reduced toxicity of a nickel
cyanide complex considerably, with concentrations below
100 mg/1 showing no apparent toxic effect on fish.

Nickel salts can substantially inhibit the biochemical
oxidation of sewage (Malaney et al. 1959).% In fresh
waters, nickel has been reported to be less toxic to fish
ind river crabs than zinc, copper, and iron (Podubsky
and Stedronsky 1948).%4% However, other investigators found
ni to be more toxic to fish than iron and manganese
(Duudoraff and Katz 1953) 180
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Ellis (1937)'% reported that nickelous chloride from
electroplating wastes did not kill goldfish (Carassius auratus)
at 10 mg/l during a 200-hour exposure in very soft water.
Wood (1964)%4 reported that 12 mg/l of nickel ion kil}
fish in 1 day and 0.8 mg/1 kill fish in 10 days. Doudoroff
and Katz (1953)'® reported survival of stickleback {Gestero-
steus aculeatus) for 1 week in 1 mg/1 of nickel as Ni{NOy),.

The lethal limit of nickel to stickiebacks has heen re-
ported as 0.8 mg/l (Murdock 1953)*" and 1.0 mg/1 ( Jones
1939).1%8 The median lethal concentration oi nickel chloride
(NiCla,6H.0) was reported as 4.8 mg. | for guppies (Becilia
reticulaia) (Shaw and Lowrance 1956) 2® Goldfish (Carassius
auratus) were killed by nickel chloride at 4.5 mg/l as nickel
in 200 hours (Rudolfs et al. 1953) .25 Tarzwell and Hender-
sont {1960)%"8 reported 96-hour LC50%s for fathead minnows
(Pimephales promelas) as 4.0 mg/] in soft water and 24 mg/]
in hard water, expressed as NiCls, 6H»O. Anderson (1948)112
reported a threshold concentration of nickel chloride for
immobilization of Daphnia in Lake Erie water at 25 C to
be less than 0.7 mg/] in 64 hours of exposure. Bringmann
and Kuhn (1959a.'® 1959b!%) reported nickel chloride’
threshold concentrations as nickel of 1.5 mg/1 for Scenedesmus,
0.1 mg/1 for Escherichia coli, and 0.05 mg/1 for Aicroregma.

Nickel is present in sea water at 3 to 7 ug/l, in marine
plants at up to 3 mg/l, and in marine animals at about
0.4 mg/L

Marine toxicity data for nickel are limited. The top
minnow Fundulus was found to survive in concentrations of
100 mg/l Nickel from the chloride in salt water, although
the same species was killed by 8.1 mg/l of the salt (3.7
mg/l Ni) in tap water (Thomas cited by Doudoroff and
Katz 1953).'% Long-term studies on oysters (Haydu wun-
published data)®* showed substantial mortality at a nickel
concentration of 0.12 mg/l. Calabrese ct al. (unpublished
date)™® found 1.54 mg/] of nickel to be the LG50 for eggs
of the oyster {Crassostrea virginica).

Recommendation

It is recommended that an application factor of
0.02 be applied to 96-hour 1LC50 data on the most
sensitive marine species 10 be protected. Although
limited data are available on the marine environ-
ment, it is suggested that concentrations of nickel
in excess of 0.1 mg /] would pose a hazard to marine
organisms, and 0. 002 mg/l should pose minimal
risk.

Phospharus

Phosphorus as phosphate is one of the major nutrients
required for algal nutrition. In this form it is not normally
toxic to aquatic organisms or to man. Phosphate in large
guantities in natural waters, particularly in fresh waters,
can lead to nuisance algal growths and to eutrophication.
This is particularly true if there is a sufficient amount of
nitrate or other nitrogen compounds to supplement the
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phosphate. Thus, there is.a need for control of phosphate
input into marine waters. See Sewage and Nutrients, p.
275, for a discussion of the effects of phosphate as a nutrient,

Phosphorus in the elemental form is particularly toxic
and subject to bicaccumulation in much the same way as
mercury (Ackman et al. 1970, Fletcher 1971'®). Isom
(1960} 18¢ yeported an LC50 of 0.105 mg/1 at 48 hours and
0.025 mg/1 at 163 hours for bluegill sunfish (Lepomis macro-
chirus) exposed to yellow phosphorus in distilled water at
26 C and pH 7.

Phosphorus poisoning of fish occurred on the coast of
Newfoundland in 1969 and demonstrated what can happen
when the form of an element entering the sea is unknown
or at least not properly recognized (Idler 1969,'% Jangaard
1970, Mann and Sprague 1970"%). The elemental phos-
phorus was released in colloidal form and remained in
suspension (Addison and Ackman 1970).'% After the release
of phosphorus was initiated, red herrings began to appear.
The red discoloration was caused by haemolysis, typical of
phosphorus poisoning in herring (Clupea harengus), and ele-
mental phosphorus was found in herring, among other
fishes, collected 15 miles away (Idler 1969,'% jangaard
1970,

Fish will concentrate phosphorus from water containing
as little as one pg/1 (Idler 1969).7%% In one set of experiments,
a cod swimming in water containing one ug/l elemental
phosphorus for 18 hours was sacrificed and the tissues
analyzed. The white muscie contained about 50 ug/kg, the
brown, fat tissue about 150 pg/kg, and the liver 25,000 ug/1
(Idler 1969,'® Jangaard 1970'). The experimental findings
showed that phosphorus is quite stable in the fish tissues.
Fish with concentrated phosphorus in their tissues could
swim for considerable distances before succumbing. In ad-
dition to the red surface discoloration in herring, other
diagnostic features of phosphorus poisoning included green
discoloration of the liver and a breakdown of the epithelial
lining of the lamellae of the gill (Idler 1969),18

A school of herring came into the harbor one and one-
half months after the phosphorus plant had been closed
down. These herring spawned on the wharf and rocks near
the effiuent pipe, and many of them turned red and died.
A few days later, “red” herring were caught at the mouth
of the harbor on their way out. The herring picked up
phosphorus from the bottom sediments which contained
high concentrations near the effluent pipeline (Ackman
et al. 1970).1¢ Subsequently, this area was dredged by
suction pipeline, and the mud was pumped to settling and
treatment ponds. No further instances of red herring were
reported after the dredging operation, and the water was
comparatively free of elemental phosphorus (Addison et al.
1971).3%

Reports of red cod caught in the Placentia Bay area
were investigated, and it was found that no phosphorus was
present in the cod tissues. Surveys of various fishing areas
in Newfoundland established that red cod are no more

prevalent in Placentia Bay than in other areas. In labora-
tory studies, cod exposed to elemental phosphorus have not
shown the red discoloration observed in herring anA
salmonids. However, cod do coricentrate phosphorus in
muscle tissue as well as in the liver and can eventually
succumb to phosphorus poisoning (Dyer ev al. 1970),15¢

It was demonstrated by field investigations and labora-
tory experiments {Ackman et al. 1970, Fletcher et al.
1970,56% Li et al. 1970,%% Zitko et al. 1970,*® Fletcher
19711%) that elemental phosphorus accounted for the fish.
mortalities in Placentia Bay. This is not to say that other
pollutants, such as fluorides, cyanides, and ammonia, were
not present (Idler 1969).18

The conclusion was reached by the scientists working on
the problem that elemental phosphorus in concentrations
50 low that they would be barely within the limits of de-
tection are capable of heing concentrated by fish. Further
work is needed on the effects of very low concentrations
of phosphorus on fish over extended periods, Discharge of
elemental phosphorus into the sea is not recommended.

Recommendation

It is recommended that an application factor of
0.01 be applied to marine 96-hour LC30 data for
the appropriate organisms most sensitive to ele-
mental phosphorus. On the basis of data available
at this time it is suggested that concentrations of
elemental phosphorus equal to or exceeding 1 ug/1
constitute 2 hazard to the marine environment

Selenium

. Selenium has been regarded as one of the dangerous
chemicals reaching the aquatic environment. Selenium
occurs naturally in certain pasture areas. Toxicity of se-
lenium is sometimes counteracied Ly the addition of arsenic
which acts as an antagonist. Selenium occurs in nature
chiefly in combination with heavy metals. It exists in
several forms including amorphous, colloidal, erystalline,
and grey. Each physical state has different characteris-
tics, soluble in one form, but insoluble in another. The -
crystalline and grey forms conduct electricity, and the
conductivity is increased by light. This property makes
the element suitable for photoelectric cells and other .pho-
tometry uses. Selenium is also used in the manufacture
of ruby glass, in wireless telegraphy and photegraphy, in
vulcanizing rubber, in insecticidal preparations, and in
flameproofing electric cables. The amorphous form is used
as a catalyst in determination of nitrogen and for dehydroge-
nation of organic compounds.

Ellis {1937)'%¢ showed that goldfish {Carassius auratus)
could survive for 98 to 144 hours in soft water of pH ranging
from 6.4 to 7.3 at 10 mg/l sodium selenite. Other data
(ORSANCO 1950)#7 showed that 2.0 mg/l of selenium
administered as sodium selenite was toxic in 8 days, affec
appetite and equilibrium, and lethal in 18 w0 46 a
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viore work is required to test for effects of selenium com-
sovnds under different conditions. Daphnia exhibited a
re- “=ld effect at 2.5 mg/l of selenium in a 48-hour ex-
0. at 23 C (Bringmann and Kuhn 1959a).!* Barnhart
1938)18 reported that mortalities of fish stocked in a
“olorado reservoir were caused by selenium leached from
»actom deposits, passed through the food chain, and ac-
annulated to lethal concentrations by the fish in their liver.

tecommendation

In view of the possibility that selenium may be
yasyed through the food chain and accumulated in
ish, it is recommended that an application factor
»f 0.01 be applied to marine 96-hour LC50 data for
‘he appropriate organisms most sensitive to se-
enium. On the basis of data available at this time,
t is suggested that concentrations of selenium
squal to or exceeding 0.01 mg /1 constitute a hazard
n the marine environment, and levels less than
).005 mg/l present minimal risk of deleterious
affects.

“ilver

Silver is one of the more commercially important metals;
1,938 tons were consumed in the U.8. during 1968, exclud-
ng that used for monetary purposes (U.S. Department of
-he Interior, Bureau of Mines 1969).2% It is the best known
~onAuctor of heat and electricity. Although not oxidized by
ah er is readily affected by hydrogen suifide to form
the oiack silver sulfide.

Silver has many uses. In addition to makmg currency, it
s used for photographic purposes, for various chemical
purposes, and also in jewelry making and in silverplating
of cutlery.

Silver is toxic to aquatic animals. Concentrations of 400

ug/1 killed 90 per cent of test barnacles (Balanus balanoides)

in 48 hours (Clarke 1947).149 Concentrations of silver nitrate
from 10 to 100 ug/1 caused abnormal or inhibited develop-
ment of eggs of Paracentrolus and concentrations of 2 ug/1 of
“iiver nitrate delayed development and caused deformation
of the resulting plutei (Soyer 1963).2%¢ Adverse effects oc-
curred at concentrations below 0.25 ug/l of silver nitrate,
and several days were required to eliminate adverse effects
Iy placing organisms in clean water (Soyer 1963).2%% Silver
nitrate effects on development of 4rbacia have been reported
~t approximately 0.5 pg/l (Soyer 1963,%0¢ Wilber 1969%),
In combination with silver, copper acts additively on the
development of Paracentrotus eggs (Soyer 1963).3%% On a
comparative basis on studies on Echinoderm eggs (Soyer
1963),26¢ silver has been found to be about 80 times as
toxic as zinc, 20 times as toxic as coppér, and 10 times as
oxic as mercury.

Calabrese et al. {(unpublished manuscript}®® noted .an LC50

of 5 mg/1 silver for eggs of the American oyster (Cras-
sosu.- wvirginica). Jones. (1948)M reported that the lethal
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concentration limit of silver, applied as silver nitrate, for
sticklebacks (Gasterosteus aculeatus) at 15 to 18 C was 0.003
mg/l, which was confirmed approximately by Anderson
(1948),1 who found 0.0048 mg/1 to be the toxic threshold
for sticklebacks. Jackim et al. (1970} reported adverse
effects on the liver enzymes of the killifish Fundulus heteroclitus
at 0.04 mg, 1 of silver.

The sublethal responses to silver compounds may be
great, in view of (ne effects on developing eggs; and further
research should he conducted on effects of sublethal concen-
trations of silver compounds by themselves and in combi-
nation with other chemicals. The disruption of normal
embryclogy or of nutrition could be of much greater im-
portance than direct mortality in the perpetuation of the
species.

Concentrations of silver cannot exceed that permitted
by the low solubility product of silver chloride. However,
silver complexes may be present, and their effects are un-
known.

Recommendation

It is recommended that the concentrations of
silver in marine waters not exceed 0.05 of the 96-
hour LC50 for the appropriate species most sensi-
tive to silver. On the basis of data available at this
time, it is suggested that concentrations of silver
equal to or exceeding 5 pg /1 constitute a hazard to
the marine environment, and levels less than 1
ug /1 present minimal risk of deleterious effects.

Sulfides

. Sulfides in the form of hydrogen sulfide have the odor of
rotten eggs and are quite toxic. Hydrogen sulfide is soluble
in water to the extent of 4000 mg/! at 20 C and 1 atmos-
phere. Sulfides are produced as a by-product in tanneries,
chemical plants, and petroleum refineries, and are used in
pulp mills, chemical precipitation, and in chemical pro-
duction. Hydrogen sulfide is produced in natural decompo-
sition processes and in anaerpbic digestion of sewage and
industrial wastes. Sulfate in sea water is reduced to sulfide
in the absence of oxygen. In the presence of certain sulfur-
utilizing bacteria, sulfides can be oxidized to colloidal
sulfur. At the normal pH and oxidation-reduction potential
of aerated sea water, sulfides quickly oxidize to sulfates.

Hydrogen sulfide dissociates into its constituent ions in
two equilibrium stages, which are dependent on pH:
(McKee and Wolf 1963).22¢

The toxicity of sulfides to fish increases as the pH is
lowered because of the HS~ or H:S molecule (Southgate
1948).%5 Inorganic sulfides are fatal to sensitive species such .
as trout at concentrations of 0.05 to 1.0 mg/l, even in
neutral and somewhat alkaline -solutions (Doudoroff
1957).'# Hydrogen sulfide generated from bottomn deposits
was reported to be lethal to oysters (de Oliveira 1924).14

Bioassays with species of Pacific salmon (Oncorhynchus
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tshawytscha, O, kisutch) and sea-run trout (Safmo clarkit clarkis)
showed toxicity of hydrogen sulfide at 1.0 mg/] and survival
without injury at 0.3 mg/l (Van Horn et al. 1949, Dimick
1952,147 Haydu et al. 1952,'™ Murdock 1953, Van Horn
195920), Holland et al. (1960)! reported that 1 mg/l of
sulfide caused loss of equilibrium in 2 hours, first kills in
3 hours, and 100 per cent mortality in 72 hours with
Pacific salmon. - .

Hydrogen sulfide in bottom sediments can affect the
maintenance of benthic invertebrate populations (Thiede
et al. 1969).2% The eggs and juvenile stages of most aquatic
organisms appear to be more sensitive to suifides than do
the adults. Adelman and Smith (1970)®" noted that hy-
drogen sulfide concentrations of 0.063 and 0.020 mg/I
killed northern pike (Esox lucius) eggs and fry, respectively:
and at 0.018 and 0.006 mg/1, respectively, reduced survival,
increased anatomical malformations, or decreased length
were reported.

Recommendation

It is recommended that an application factor of
0.1 be applied to marine 96-hour LC50 for the
appropriate organisms most sensitive to sulfide.
On the basis of data available at this time, it is
suggested that concentrations of sulfide equal to
or exceading 0.01 mg/l constitute a hazard in the
marine environment, and levels less than 0.0905
mg/l present minimal risk of deleterious effects,
with the pH maintained within a range of 6.5 to 8.5.

Thallium

Thallium salts are used as poison for rats and other
rodents and are cumulative poisons. They are aiso used for
dyes, pigments in fireworks, optical glass, and as a de-
_pilatory. . '

Thallium forms alloys with other metals and readily
amalgamates with mercury. It is used in a wide variety of
compounds. Nehring (1963)%8 reported that thallinum ions
. were toxic to fishes and aquatic invertebrates. The response
of fishes to thallium poisoning is similar to that of man, an
elevation in blood pressure. In both the fish and inverte-
brates, thallium appears to act as a neuro-poison (Wilber
1969).2#

Adverse effects of thallium nitrate have been reported for
rainbow trout (Salmo gairdner:) at levels of 10 to 15 mg/l;
for perch (Perca fluviatilis) at levels of 60 mg/l; for roach
(Rutilus rutilis) at levels of 40 to 60 mg/l; for water flea
(Daphnia sp.) at levels of 2 ta 4 mg/1; and for Gammarus sp.
at levels of 4 mg/l. The damage was shown within three
days for the various aquatic organisms tested. Damage also
resulted if the fish were exposed to much lower concen-
trations for longer periods of time (Wilber 1969).2#

Recommendation

Because of a chronic effect of long-term exposure
of fish to thallium, tests should be conducted for

at least 20 days on sensitive species. Techniques
should measure circulatory disturbances (blood
pressure) and other sublethal effects in order t~
determine harmful concentrations. The conce
tration in sea water should not exceed 8.05 of this
concentration. On the basis of data available at
this time, it is suggested that concentrations of
thallium equal to or exceeding 0.1 mg/1 constitute
a hazard in the marine environment, and levels
less than 0.05 mg/l present minimal risk of dele-
terious effects.

Uraniom

Uranium is present in wastes from uranium mines and
nuclear fuel processing plants, and the uranyl ion may
naturally occur in drainage waters from uranium-bearing
ore deposits. Small amounts may also arise from its use in
tracer work, chemical processes, photography, painting and
glazing porcelain, coloring glass, and in the hard steel of
high tensile strength used for gun barrels.

Many of the salts of uranium are soluble i water, and
it is present at about 3 pg/l in sea water. A significant
proportion of the uranium in sea water is in the form of
stable complexes with anionic constituents. It has been
estimated that uranium has a residence time of 3X10°
years in the oceans (Goldberg et al. 1971),'"2 a span that
makes it one of the elements with the slowest turnover time.
Uranium is stabilized by hydrolysis which tends to protect
it against chemical and physical interaction and thus
vents its removal from sea water. The salts are consider ..
to be 4 times as germicidal as phenol to aquatic organisms.

Natural uranium (U-238) is concentrated from water by
the algae Ochromenas by a factor of 330 in 48 hours (Morgan
1961).%% Using River Havel water, Bringmann and Kuhn
(1959a,13 1959H13*) determined the threshold effect of uranyl
nitrate, expressed as uranium, at 28 mg/l on a protozoan
(Microregma), 1.7 to 2.2 mg/l on Escherichia Coli, 22 mg/1
on the alga Scenedesmus, and 13 mg/l on Daphnia. Tarzwell
and Henderson (1956)¥7 found the sulfate, nitrate, and
acetate salts of uranium condiderably more toxic to fathead
minnows (Pimephales promelas) on 96-hour exposure in soft
water than in hard water, the 96-hr LC30 for uranyl sulfate
being 2.8 mg/l in soft water and 135 mg/! in hard water.

The sparse data for uranium toxicity in sea water suggest
that uranyl salts are less toxic to marine organisms than to
freshwater. organisms. Yeasts in the Black Sea were found
te be mare active than the bacteria in taking up uranium
(Pshenin 1960).25! Studies by Koenuma {1956)** showed
that the formation of the fertilization membrane of Urechis
eggs was inhibited by 250 mg/! of uranyl nitrate in sea
water, and that this concentration led to polyspermy.

Recommendation

It is recommended that an application factc
0.01 be applied to marine.%-hour LC50 data
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fi¥ appropriate organisms most sensitive to
wanium. On the basis of data available at this
ir ‘tissuggested that concentrations of uranium
4. :o or exceeding 0.5 mg/1 constitute a hazard
a the marine environment, and levels less than
.1 mg/! present minimal risk of deleterious effects.

fanadium

Vanadium occurs in various minerals, such as chileite
nd vanadinite. It is used in the manufacture of vanadium
«cet. Vanadates were used at one time to a small extent
or medicinal purposes. Vanadium has been concentrated
v certain marine organisms during the formation of oil-
earing strata in geological time, Consequently, vanadium
nters the atmosphere through the combustion of fossil
uels, particularly oil. In addition, eighteen compounds of
anadium are used widely in commercial processes (Council
in Environmental Quality 1971}.244

lecommendation

It is recommended that the concentration of
-anadium in sea water not exceed 0.05 of the 96~
a1our LC50 for the most sensitive species.

Tinc
Most of the available information on zinc toxicity is for

reshwater organisms, and for this reason the reader is
=fr " 1 to the discussion of zinc in Section 111, p. 182.

tecommendation

Because of the bioaccumulation of zinc through
‘he food web, with high concentrations occurring
rarticularly in the invertebrates, it is recom-
aended that an application factor of 0.01 be ap-
clied to marine 96-hour LC50 data for the ap-
sropriate organisms most sensitive to zinc. On the
sasis of data available at this time, it is suggested
chat concentrations of zinc equal to or exceeding
1.1 mg/l constitute a hazard in the marine en-
ironment, and levels less than 0.02 mg/l present
minimal risk of deleterious effects.

It should be noted that there is a synerglstlc
ffect when zinc is present with other heavy metals,
ng., Gu and Cd, in which case the application
‘actor may have to be lowered by an order of
aagnitude (LaRoche 1972),21

JIL IN THE MARINE ENVIRONMENT

Oil is becoming one of the most widespread contaminants
»f the ocean.-Blumer (1969)%*® has estimated that between
" and 10 million metric tons of oil may be entering the
>ceans from all sources. Most of this influx-takes place in
0 regions, hut oil slicks and tar balls have also been
dhs. .¢d on the high seas (Forn et al. 1970, Morris
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1971349), Collections of tar balls were made by towing a
neuston net which skims the surface, and the investigators
found that the tar bails were more abundant than the
normal sargassum weed in the open Atlantic, and that their
nets quickly became so coated with tar and oil that they
were unusable. Thus, oil pollution of the sea has become a
global problem of great, even though as yet mddequately
assessed, significance to the fisheries of the world.

Sources of Qil Pollution

Although accidental oil spills aré spectacular events and
attract the most public attention, they constitute only about
10 per cent of the total amount of oil entering the marine
environment. The other 90 per cent originates from the
normal operation of oil-carrying tankers, other ships, off-
shore production, refinery operations, and the disposal of
oil-waste materials (Table IV—4),

Two sources of oil contamination of the sea not listed in
Table IV-4 are the secpage of oil from underwater oil -
reservoirs through natural causes and the transport of oil
in the atmosphere from which it precipitates to the surface
of the sea. Natural seepage is probably small compared to
the direct input to the ocean (Blumer 1972);® but the
atmospheric transport, which includes hydrocarbons that
have evaporated or been emitted by engines after incomplete
combustion, may be greater than the direct input.

Some of these sources of oil pollution can be controlled
more rvigorously than others, but without application of
adequate controls wherever possible the amount of pe-
troleum hydrocarbons entering the sea will increase. Cur
technology is based upon an expanding use of petroleum;
and the production of oil from submarine reservoirs and
the use of the sea to transport oil will both increase. It is
estimated that the world production of crude oil in 1969
was nearly 2 billion tons; on this basis total losses to the
sea are somewhat over 0.1 per cent of world production.

TABLE IV-4—Estimated Direct Petroleumn Hydrocarbon
Losses to the Marine Environment (Airborne
- Hydrocarbons Deposited on the Sea Surface are

Not Included)
{ Millions of tons)
1369 ' 1979 (estimate)e 1980 (astimats)

Min Max Min Max
1. 7a0kers, o ,630 . 056 805 RN} -} 1.062
2 Olherships. ...........ooovvvivins .500 BH 105 .40 948
3, Dffshore productien................ 000 L160 300 .30 .40
A, Refinery operations................. ] 200 . 450 &0 L850
S Oflwastes.............ococvnvv s 550 828 W88 1.200 1.200
B. Accidentmispitis................... 200 L300 ] Al 400
TOTAL. ...covvveriianniann 2.180 2,48 3408 31,33 4.752

Tolal Grude Gi Production............ 1 rU 70 4880

o The minimum estimates asseme full use of known lechnaiogy; the maximums sssuma continvation of presen
practices,
Rovalls et al. 1572045,
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958/ Section IV—Marine Aquatic Life and Wildlife

Same losses in the exploitation, transportation, and use of a
natyral resource are inevitable; but if this Joss ratio cannot
be radically improved, the oil pollution of the ocean will
increase as our utilization increases,

Biological Effects of Petroleum Hydrocarbons

Description of Oil Pollution Oil is a mixture of
many compounds, and there are conflicting views con-
cerning its toxicity to marine organisms. Crude oils may
contain thousands of compounds, and will differ markedly
in their composition and in such physical properties as
specific gravity, viscosity, and boiling-point distribution.
The hydrocarbons in oil cover a wide range of molecular
weights from 16 (methane) to over 20,000. Structurally,
they include aliphatic compounds with straight and
branched chains, olefins, and the aromatic ring compounds.
Crude oils differ mainiy in the relative concentrations of
the individual members of these series of compounds. The
various refinery processes:to which oil is subjected are de-
signed to isolate specific parts of the broad spectrum of
crude oil compounds, but the refined products themselves
remain complex mixtures of many types of hydrocarbons.

In spite of the many differences among them, crude oils
and their refined products all contain compounds that are
toxic to species of marine organisms. When released to the
marine environment, these compounds react differently.
Some are soluble in the water; others evaporate from the
sea surface, form extensive oil slicks, or settle to the bottom
if sand becomes incorporated in the oil globule. More
complete understanding of toxicity and the ecological
effects of oil spills will require studies of the effects of indi-
vidual components, or at least of classes of components, of
the complex mixture that made up the original oil. The
recent development of gas chromatography has made it
possible to isolate and identify various fractions of oil and
to follow their entry imto the marine systemn and their
transfer from organism to organism.

An oil slick on the sea surface can be visually detected
by iridescence or color, the first trace of which is formed
when 100 gallons of oil spread over 1 square mile (146
liters/km?) (American Petroleum Institute 1949).%37 The
average thickness of such a film is 0.143 microns. Under
ideal laboratory conditions, a film 0.038 microns thick can
be detected visually {American Petroleumn Institute 1963) .38
For remote sensing purposes, cil films with a thickness of
100 microns-can be detected using dual polarized radi-
ometers, 1 micron using radar imagery, and 0.1 microns
using multispectral imagery in the UV region {Catoe and
Orthlieb 1971).%2 A summary of remote sensing capabilities
is presented in Table IV~3. Because remote sensing is less
effective than the eye in detecting surface oil, any concen-
tration of oil detectable by remote means currently available
will exceed the recommendations given below,

" The death of marine birds from oiling is-one of the earliest
and most obvious effects of oil slicks on the sea surface.

Thousands of seabirds of all varieties are often involved in
a large spill. Even when the birds are cleaned, they fre-
quently die because the toxic oil is ingested in preenir -

- their feathers. Dead oiled birds are often found along t.

coast when no known major oil spill has occurred, and the
cause of death remains unknown.

When an oil. spill occurs near shore or an oil slick is
brought to the intertidal zone and beaches, extensive mor-
tality of marine organisms occurs. When the Tampico
Maru ran aground off Baja California in 1957, about
60,000 barrels of spilled diesel fuel caused widespread death
among lobsters, abalones, sea urchins, starfish, mussels,
clams, and hosts of smaller forms (North 1967).%4 A bene-
ficial side effect of this accident was also noted by North.
When the sea urchins that grazed on the economically im-
portant kelp beds of the area were killed in massive numbers
by the oil spill, huge canopies of kelp returned within a few
months (see p. 237). The oil spills from the wreck of the
tanker Torrey Canyon and the Santa Barbara oil well
blowout both involved crude oil, and in both cases oil
reached the beaches in variable amounts some time after
release. The oil may thus have been diluted and modified
by evaporation or sinking before it reached the beach.
In the Santa Barbara spill many birds died, and entire
plant and animal communities in the intertidal zone were
killed by a layer of encrusting oil often ! or 2 centimeters
thick (Holmes 1967).%%% At locations where the oil film was
not so obvious, intertidal organisms were not severels
damaged (Foster et al. 1970).%7 In the case of the Tor
Canyon, the deleterious effects have been attributed more
to the detergents and dispersants used to control the ocil
than to the oil itself (Smith 1968).347

A relatively small oil spill in West Falmouth, Massa-
chusetts, occurred within a few miles of the Woods Hole
Oceanographic Institution in September 1969. An oil
barge, the Florida, was driven onto the Buzzards Bay Shore
where it released between 630 and 700 tons of No. 2 fuel
oil inte the coastal waters. Studies of the biological and
chemical effects of this spill are continuing, more than two
years after the event (Blumer 1969,*® Hampson and
Sanders 1969,%# Blumer et al. 1970,*2 Blumer and Sass
1972%1), Massive destruction of a wide range of fish, shell-
fish, worms, crabs, other crustaceans, and invertebrates oc-
curred in the region immediately after the accident. Bottom-
living fish and lobsters were killed and washed ashore.
Dredge samples taken in 10 feet of water soon after the
spill showed that 95 per cent of the animals recovered were
dead and the others moribund. Much of the evidence ot
this immediate toxicity disappeared within a few days,
either because of the breaking up of the soft parts of the
organism, burial in the sediments, or dispersal by water
currents. Careful chemical and bioclogical analyses reveal,
however, that not only has-the damaged area been slow to
recover but the extent of the damage has been expan:
with time. A year and a half after the spill, identifie.
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. Possibite sanso¢ configuration
agth Deisciion mechanism Performance summary - -
Type Resolution Weight Volume Swath width Comamants
traviclet { <0, 4um). Reflectance differential (Oll/ Reflective signaturs UV Vidicon 580 fines, trame 1ibs. Zen il 0°FOV (271t Develoged aquipment avail-
Water contrast) 3. Repeatabis positive response{rom thin ¢high scens il- @ 10Ky ahie tor UV vigieon and/
) slleks (~. 1 micton). haemination) oF scannet. (nlegrates
Flugrescance b. Yarialle responsa from thicker sficks 100-2%0 imes rirame well wilh ERT dispiay.
dependent upon oll type, waler quaiity ilow ccane ilivmina-
and illumination ¢ondifions. tign)
¢. Atmospheric hazs limitstions major. Line scannsr niay cequire
t. Signal Umitations prevent night-time data bistier fur high reso-
delection. {ution, réal tima dispiay,
Fluotastonta signalure Y Scanner 2mr 80 fbs. L5t LTmi@ 10K or film pragessor
1. Artiflcial Excitation (narrow-band) Pulsed Llager. Imr 150 ths. 4ot wit@x Effeclive against thin and
. Spactral charscler strongly correlalad thisk siieks under solar, of
to oll thickness. artifleizd Humination.
b. Intensity strongiy corvelated to oll type
(AP1) and oil thickness, weakly colre- Aelive laser system sensi-
lated to tamperature, tivity limitations hinder
¢. Decay characigristics moderately 1o Usa in detection o map-
sirongly coccelsted 10 oil lype, uncor- ping mode, [dentifice-
related to ail thickness. tion capabity very
d. All charactaristics indeyendent of am- good, with mederate to
blent illumiaation conditions. good thickness dater-
2. Solar exitation (brosd-band} mination.
a. Spectral character moderataly to
weakly corralated to of| iypy and thick-
ness,
b. lntensity strongly correlsted to oil
type, oil thickness and ambient illumi-
nation conditians,
t. Decay ciaracteristics not detectable.
d. Signat Ikmitations prevent cperation
extopt under strang solar {liumination.
o
S T um).. Refectance Difterential (0.3/ Rofiect! ve Signature Aetial Camefas
Walar Contrast) 2. Yariable respomse from all slicks de- RC-§ LB IGK 190 Ihs, 1176 eu L. W FoY Aatial camerzs real time
pendant upon thickness, ol type, watar ' .5mL@ 10K  display not possibre.
guality and IHuminatton conditions
b. Signal fimilations prevent moonless 500-EL L@ 1I0K 18 Ibs. RIRA Sensitivity limitations
nightims detaction. pravent night-tima sper-
afigns.
¢. False alarm problem significant KA-62 ” ” 61.5 s 8. cu It Compansatfon for atmos.
d. Atmotpheric haze limitation major. _phasic haze difficuit.
& Maximem contrast between oil and
walef cecurs 2t (. 38 to . dBum)and (.6 Vidicon 500 % nas /trame 1 ibs. Zeu. it A0 FOV wilh UV photography great po-
to .G3um). 00m lens 7270 tentlat for datecting oil.
. Minimum conirast beiwsen oil and Ltk Calor s good; hawavar,
water eeeurs at (. 45 to . 58 um) stinlight gives fafse re-
. . Best contrast achieved with avertast sponss. Panchromatis,
sky. R sad color pholog-
raghyand TV give geod
resulis only when oil is
thick and rapy.

Yidicon useful for reaj-

" {ime detection and map-
ping at various wave
lengths, giveng option
for geod detestion wilh
nagligible false aiarms
far day operation and
fair-to-goad detection
with low faisa alarms
for night operatian, Dis-
play chatacleristics op-

timum for survelliancs,
frared Reflective Signaters '

Near Infrared (0.6 10 Reflectance DiNerential (0.1/ 2. Repestable posiliva response from all  Line Scanner ' 2mr 90 fbs. L0t .1mi@ 0K Line scanner oil-shick re-
0.1 um) Water Cantrast) slicks under 3l conditions, ponse Yariable bui es-
Far infrared (210 14 Thermai Emission Dingrential b, Moonless night-time detection capa- Framing Scannsr 4 mr 20 Ibs 3.5¢cu. 1 5° Fov santially predictable, but
- . hility. - mey have some falsa

& False slarm problems negligitle. alatm problers.

4. Mmospheric haze imitation maderate,

10757
f



260/ Section IV—Marine Aquatic Life and Wildlife

TABLE IV-§5=—Summary of Remote Sensor Characteristics For il Detection—Continued

Possibie sentor configuration
Wave length Delection mashanism Performante summary
Type Resolution Waight Yolume Swattt width Comements
Thermal Sigrature . . Day/night detection under
- 2. Variable response dependent grossly YFR conditiong.
tpion il type and dependent signif- -
cantly upan thickness and sefar heat. Real tima display capa-
ing. Variability predictabie to sig- hilities good Bot
niffeant dugres (siicks > 16 unt) limited 1o “single-look™
b. Day/night datection independent of il- display genslation,
Iumination conditions. R
c. False alarm problem slight. Davaloped equipment
d. Atmospheric haze Himilations modas- available.
ate fo slight.
Migrowave., .......... Emiigsive Dltisrential (Qil;  Emissive Signature Line Scanning 1.£° 8 [bs. it 27mi@10K . Clouds that are raining
Water Contrast) a. Emigsivity of petroleum products is  Imager betwean sansor and
Wave Structure Modificatian slgnilicantly bgier than thatof a caim slick as wall as yery
. s6a suilze. high $#a states hamper
b, Crude oil poltutants have decreasing periormance.
dielectric conslaals (ingreasing 4mis- .
slvity) with increasing API gravity. Techaology for equigpment
¢. Microwave signature of «il ftm in- development availabis,
yersely proportienal fo sensor wave
length. i ) Reat fima display consists
d. The Rorizontal pokarized microwave of (assimida and/of
signaiure of oil is twive the vertically CRT.
polarized slgmature of ap olf siick ona
flat waker suriace.
0. Delectlon improves with detreasing
sensol wave lsngths and hscomes
puorer as the sea state increases.
f. Almosgheric cloud limitations moder-
ate 1o 3light.
g. Can sHectively detect shicks less than
0.1 mm at wewing.
h. Dual freguancy microwaya ischnigues .
show great promise In measuring eil
siiek thickness:

Ragar............... Wave Structure Mogification Reflective Signature Forwasd Seanning 1003100 t1.2 520 th. 10 e, 12, Bmi@12K  Technelogy exists for
Scattering Cross-section a, OF) Bim gn surlace of water suppresses (35 GH,) squipment development
Difisrentisl tapillary which resuits in a significant of forward scanning and

difterence In snesgy back scaltered synthetic aperatura

fram tontaminated surfaca and tha! radar.

seatterad from surrounding clean wa-

ter (fram oil sticks very litlis energy Syathelic Apera- 1003100 fL2 ~1500 1bs T it 150 mi@ 36 X Real tima digplay possibla

back scatterad by threw orgers of mag-  ture (3.3 GHy) for forward seanning

nituda), radar viz2 lacsimile and/
b. Yeetical polarization capable of detest- of CRT; synthelic

ing and mapping oil siiek iess than 1 sperature fadar 1a-

mitron, nuires optital procussing,

¢. Atmospheric clovd ltmitations slight,

fractions of the source oil were found in organisms that still
survived on the perimeter of the area. Hydrocarbons in-
gested by marine organisms may pass through the wall of
the gut and become part of the lipid pool (Blumer et al.
1970).%® When dissolved within the fatty tissues of the
organisms, even relatively unstable hydrocarbons are pre-
served. They are protected from bacterial attack and can
be transferred from food organism to predators and possibly
to man.

The catastrophic ecological effects of the oil spills of the
Tampico Maru, and the Florida appear to he more severe
than those reported from other oil spills such as the Torrey
Canyon and the Santa Barbar2 blowout. The Tampico
Maru and the Florida accidents both released refined oils

(in one case diesel oil and in the other, No. 2 fuel cil) and
both occurred closer to shore than either the Torrey Canyon
or the Santa Barbara accidents which released crude oil.
The differences in the character of the oil and the proximity
to shore may account for the more dramatic effects of the
first two accidents, but it is clear that any release of oil in
the marine environment carries a threat of- destruction
and constitutes a danger to world fisheries. «

Persistence of Oil in the Ocean As mentidned

-above, oil can be ingested by marine organisms and in-

corporated in their lipid pool. Hydrocarbons in the sea are
also degraded by marine microorganisms, Very little is
known as yet about the rate of this degradation, but
known that no single microbial species will degrade
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vhole crude oil. Bacteria are highly specific, and several
pecies will probably be necessary to decompose the numer-
ws res of hydrocarbons in a crude oil. In the process of
. jsition, intermediate products will he formed and

“flerent species of bacteria and other microorganisms may
x required to attack these decomposition products (ZoBell
G5, 348

The oxygen requirement of microbial oil decomposition
1 severe. The complete oxidation of one gallon of crude oil
cauires all the dissolved oxygen in 320,000 gallons of air-

anrated sea water {ZoBell 1969).%% 1t is clear that oxi-
tation might I slow in an area where previous pollution
135 depleted the oxygen content. Even when decomposition
f oil proceeds rapidly, the depletion of the oxygen content
if the water by the microorganisms degrading the oil may
ave secondary deleterious ecological effects. Unfortunately,
e most readily attacked fraction of crude oil is the least
oxic, i.e., the normal paraffins. The more toxic aromatic
1vdrocarhbons, especially, the carcinogenic polynuclear aro-
natics, are not rapidly degraded.

That our coastal waters are mot devoid of marine life,
ifter decades of contamination with oil, indicates that the
sa is capable of recovery from this pollution. However,
nereasing stress is being placed on the estuarine and coastal
‘nvironment because of more frequent oil pollution inci-
lents near shore; and once the recovery capacity of an
‘nvironment is exceeded, deterioration may be rapid and
ratastrophic. It is not known how much ¢il pollution the
< an accept and recover from, or whether the present
-at.  addition approaches the limit of the natural system.

it appears that the oceans have recovered from the oil
ipilled during the six years of the second World War,
hough some unexplained recent oil slicks have been at-
cributed to the slow corrosion of ships sunk during that
onflict. It has been estimated (SCEP)*% that during the
war, the United States lost 98 vessels with a total oil ca-
sacity of about | miilion tons, and that another 3 million
:ons of oil were lost through the sinking of ships of other
zombatants during the same period. These losses were
arge in the context of the 1940’s, but the total for that
seriod was only about twice the annual direct influx to
the ocean at the present time. Although no extensive dele-
rerious offects of these sinkings and oil releases on the
fisheries catch of the world have been found, it must be
-mphasized again that when a pollutant is increasing vearly
in magnitude past history is not a reliable source of pre-
diction of future effects.

The Toxicity of Oil There is 2 dearth of dependable
observations on the toxicity of oil to marine organisms. It
is difficult to evaluate the toxicity of this complex mixture
of compounds which is not'miscible with sea water. A variety
of techniques have been used which are not intercom-
parable. In some experiments, oil is floated on the water in
the -t container, and the concentration given is derived
fre ie total quantity of oil and the total quantity of
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water. 3 his is clearly not the concentration to which the
organism has been exposed. In other experiments, extracts
of oii with hot water or with various solvents have been
added to the test jar without identification of the oil fraction
being tested. In still other cases, care has been taken to
produce a fine emulsion of 0il in sea water more representa-
tive of the actual concentration to which the test organism
is exposed. Considering the differences in the meaning ot
“concentration” in these tests and the variadon in sensi-
tivity of the test organisms, it is not surprising that the
ranges of toxicity that can be found in the literature vary
by several orders of magnitude.

Studies of the hiological effects of oil have been reviewed
by Clark (1971).%% Mironov {1971} carried out toxicity
stucties by comparable techniques using a variety of marine
organisins. In testing eleven species of phytoplankton, he
found that cell division was delayed or inhibited by concen-
trations of crude oil (unspecified type) ranging from 0.0l
to 1000 ppm. He also showed that some copepods were
sensitive to a | ppm suspension of fresh or weathered crude
oil and of diesel oil. Freegarde et al. (1970)}®2 found that
the larvae of Baellanus ballanoides and adult Calanus copepods
maintained in a suspension of crude oil ingest, without
apparent harm, droplets of oil that later appear in the
feces. Mironov (1967)*! found 100 per cent mortality of
developing flounder spawn at concentrations of three types
of oil ranging from 1 to 100 ppm and an increased abnor-
mality of development at longer periods of time in concen-
trations as low as 0.01 ppm. In contrast other experimenters
have found that concentrations of several per cent are
necessary to kill adult fish in a period of a few days (Chip-
man and Galtsoff 1949,3¢ Griffith 1970%9),

The evidence is clearer that a combination of oil and
detergents is more toxic than oil alone. This was first
definitely established in studies of the Torrey Canyon spill
(Smith 1968),%7 and the toxicity of the various detergents
used in this operation is discussed by Corner et al. (1968),%2¢
The four detergents tested were all more toxic than Kuwait
crude oil, and all showed signs of toxicity between 2 and
10 ppm. The solvents used with these detergents were also
highly toxic but tended -to lose their toxicity over time
through evaporation. A bioassay test carried out by the
Michigan Department of Natural Resources (1969)%3 re-

. vealed that the least toxic detergent mixed with oil could

be a hundred times as concentrated (1800 ppm)} as the
most toxic (14 ppm) and cause the same toxic effect.
La Roche et al. (1970)%% defined bioassay procedures for
oil and oil dispersant toxicity evaluation using fish, Fundulus
heteroclitus, and the sandworm, Nereis virens (Table IV-6).
The mortality of seabirds as a result of oil pollution is
direct and immediate, and in a major oil spill, is measured
in the thousands. The ‘diving birds. which spend most of
their life at sea are most prone to death from oil pollutlon,
but any bird that feeds from the sea or settles on it is vul-
nerable. In oil-matted plumage air is replaced by water
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TABLE IV-t-=Determinations (Summarized)} of Acute
Tovxicities of 10 Chemical Dispersants Alone end in
Combination with Crude Oil to Sendworm (Nereis
virens} and Mummichog (Fundulus heteroclitus)

in Laboratory Bioassay Tests '

Substance 98 hour LGSO (misl)
Horels Fundulug
CRUBE O A, .. eeerrnreeciin e arc i e 16.3
Crodecil B....ovvvincrnnnerrniiaans 6.1 8.2
Ol and disparernlys. ... 055181 A1
Disphrsants.........ooiviiiiiiiiianiinn L0811 L0082

a Ranges of values for 10 dispersants mixed 1 parl dispeccant to (B garts of oli by volume.
LaRocha st al 197007,

causing loss of both insulation and buoyancy, and oil in-
gested during preening can have toxic effects.

Hartung and Hunt (1966)%® fed oils directly to birds by
stomach tube and later analyzed the pathological and

physiological effects through autopsies, The lethal dose for

three types of oil ranged from 1 ml to 4 ml per kilogram
(mi/kg) when the birds were kept outdoors under environ-
mental stress. The experimenters concluded that a duck
could typically acquire a coating of 7 grams of il and
would be expected to preen approximately 30 per cent of
the polluting oil from its feathers within the first few days.
Enough of this could easily be ingested to meet the lethal
dosage of 1 to 4 ml/kg. Thus, birds that do not die promptly
from exposure to cold or by drowning as a result of oil
pollution may succumb later from the effects of ingestion.

Corrective Measures

The only effective measure for control of oil pollution in
the marine environment is prevention of all spills and
releases. The time-lag invoived in corrective methods means
that some damage will inevitably occcur before the cor-
rective measures take effect, Furthermore, the soluble parts
of the oil already in the water will not be removed by any
of the present methods of post-spill cleanup. )

Control measures have been introduced that appreciably
reduce excessive oil pollution from normal tanker operations
(see Table IV-4). The load on top (LOT) process concen-
trates waste oil that is ultimately discharged with the new
cargo (IMCO 1965a,%% 1965b%%). This procedure recovers
somewhat more than 98 per cent of oil that would otherwise
be released to the sea. It has been estimated (Revelle et al.
1972)%45 that 80 per cent of the world fleet uses these control
measures today, and if they continue to do so faithfully
these ships will contribute only 3.0X 104 tons of the total
tonnage of oil loss. In contrast, the 20 per cent of the fleet
not using these control measures contributes 5X 10% tons.
If these control measures were not in use by a major fraction
of the tanker fleet, the contamination of the sea from this
source would be about five times greater than it is today.

Among the earliest methods for the cleanup of spilled

oil was to pick up or bury the material that came ashore
while disregarding the oil that remained at sea. It was found
that the use of straw to absorb the oil made this cleam~—
procedure easier, and in the cieanup of the Arrow oil g
(Ministry of Transport, Canada 1970),%" peat moss was
found to be an e¢fective absorbent for Bunker C oil. Recent
studies promise mechanical means for handling and cleaning
sand contaminated with oil by use of earth moving equip-
ment, fluid-bed, and froth flotation techniques (Gumtz and
Meloy 197},%% Mikolaj and Curran 1971,3% Sartor and
Foget 1971).34

The use of detergents to treat oil slicks is essentially
cosmetic. It removes the obvious evidence of oil and for
that reason appeals to the polluter. However, after treat-
ment with detergent, the oil is dispersed in the form of fine
droplets and becomes even more available to the biota of
the sea than it would be if it were left in the form of a
surface film. Because of the finer degree of dispersion, the
soluble toxic fractions dissolve more rapidly and reach
higher concentrations in sea water than would result from
natural dispersal. The droplets themselves may be ingested
by . filter-feeding organisms and thus become an integral
part of the marine food chain. Some of the oil may pass
through the gut in the feces of these organisms, but Blumer
et al. {1970)™* have shown that it can pass through the gut
wall and be incorporated in the organism’s lipid pool, It
can thus be transferred from organism to organism and,
potentially, into the food that man takes from the ocean
for his use. '

‘Sinking of oil has been achieved by scattering tale .
chalk on the oil causing it to agglutinate into globules of
greater density than sea water. Such sunken oil tends to kill
bottom fauna before even the matile hottomn dwellers have
time to move away. The sessile forms of commercial im-
portance, such as clams, oysters and scallops, cannot escape,
and other motile organisms such as lobsters (Homarus
americanus) may actually be attracted in the direction of
the spill where exposure will contaminate or kill them.
Little is known about the rate of degradation of-oil in
bottom sediments, but it is known that some fractions will
persiét for over two years (Blumer 1969,*¥ Blumer and
Sass 1972%), Chipman and Galtsoff {1949)% showed that
the toxicity of oil is not diminished Ly adsorption on
carbonized sand which can be used as a sinking agent.

Efforts were made to burn the oil in both the Torrey
Canyon and the Wafra, which was wrecked off the coast of
South Africa in 1971. When oxidation is complete, oil is
converted to carbon dioxide and water and removed as a
pollutant. Burning oil within a tanker, however, is difficult;
and it has not been successful even when oxidants are added.
Volatile fractions may burn off quickly, but most of the oil
resists combustion. Incomplete combustion is therefore not
only more common, but the smoke and volatile oils them-
selves become atmospheric pollutants many of which

mately return to the sea through precipitation and acct
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ation on the water surface. Oil can be burned on the surface
f the sea by using wicks or small glass beads to which the
il clings thus removing itself from the quenching effects of
he sr. The use of “seabeads™ was successful in burning
‘unnor C 0il on the beach and moderately successful in
wrning a slick in two to three foot seas in the cleanup
sllowing the wreck of the Arrow (Ministry of Transport,
:anada 1970).34% However, during burning, the elevated
:mperature of the oil increases the solubility in water of
he most toxic components, and this can cause greater
iological damage than if the oil is left unburned.
Mechanical containment and removal of oil appear to
-e ideal from the point of view of avoiding long-term bio-

ogical damage, but however promptly such measures are

aken, some of the soluble components of the oil will enter
he water and it will not be possible to remove them. A
ariety of mechanisms for containing oil have been pro-
wosed, such as booms with skirts extending into the water.
7arious surface skimmers to collect oil and pump it into a
tandby tanker have been conceived. Unfortunately, most
srecks occur during less than ideal weather conditions
vhich makes delivery and deployment of mechanical de-
‘ces difficult. Floating booms are ineffective in a rough sea,
ecause even if they remain properly deployed, oil can be
arried over the top of them by wind and splashing waves
it under them by currents. In protected waters, however,
ecovery can be quite effective, and among the methods of
il rem oval used today, booms are one of the most effective
"¢ itions for their use are favorable.

i cobiological degradation is the ultimate fate of all oil
eft in the sea, but a3 was mentioned previously, the oxygen
equirement for this is severe. There is also the problem of
sroviding other nutrients, such as nitrogen and phosphorus,
or the degrading bacteria. Nevertheless, this process is a

natural’” one, and research into increasing the rate of
sacteriological degradation without undesirable side effects
s to be encouraged.

Although an ultimate solution to the cleanup of oil spilis
s desperately needed, prevention of spills remains the most
:flective measure. When wrecks occur, every effort should
s¢ made to offload the oil hefore it enters the marine en-
vironment. Oil spills that oceur in harbors during transfer
>f oil to a refinery or of refined oil to a tanker should be
more easily controlled. Portable booms could confine any
oil released and make possible recovery of most harbor
spillage. Available technology is adequate to prevent most
«ccidental spills from offshore well drilling or operations.
It is necessary to require that such technology be faithfully
employed.

Recommendations

No oil or petroleum products should be dis-
-harged into estuarine or coastal waters that:

" can be detected as a visible film, sheen, or
discoloration of the surface, or by odor;
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s can cause tainting of fish or edible inverte-
brates or damage to the biota;

¢ can form an oil deposit on the shores or
bottom of the receiving body of water.

In this context, discharge of oil is meant to include
accidental releases that could have been prevented
by technically feasible controls. '

‘Accidental releases of oil to the marine environ-
ment should be reclaimed or treated as expe-
ditiously as possible using procedures at least
equivalent to those provided in The National Con-
tingency Plan of 1970. The following recommen-
dations should be followed to minimize damage
to the marine biota.

¢ Oil on the sea surface should be contained
' by booms and recovered by the use of surface
skimmers or similar techniques.
¢ In the event of 2 tanker wreck, the oil re-
maining in the hulk should be off-loaded.
e Oil on beaches should be mechanically re-
moved using straw, peat moss, other highly
-absorbent material, or other appropriate
“techniques that will produce minimal dele-
terious effects on the biota.
¢ Failing recovery of oil from the sea surface
or from a wrecked tanker, efforts should be
made to burn it in place, provided the con-
tamination is at a safe distance from shore
facilities. If successful, this will minimize
damage to the marine biota.
¢ Dispersants should be used only when neces-
sary and should be of minimal potential
toxicity to avoid even greater hazard to the
environment.
® Sinking of oil is not recommended.

All vessels using U.S. port facilities for the pur-
pose of transporting oil or petroleum products
should be requiréd to demonstrate that effective
procedures or devices, at least equivalent to the
“Load on Top” procedure, are used to minimize
oil releases associated with tank cleaning.

In order to protect marine wildlife:

& recommendations listed above should be fol-
lowed:

* a monitoring program should follow long-
term trends in petroleum tar accumulation
in selected areas of the oceans;

* no oil exploration or drilling should be per-
mitted within existing or proposed sanctu-
aries, parks, reserves or other protected areas, .
or in their contiguous waters, in a manner
which may deleteriously affect their biota;
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e oil exploration or drilling should not be con-
ducted in 2 manner which may deleteriously
affect species subject to interstate or inter-
national agreements.

TOXIC ORGANICS

The toxic organics constitute a considerable variety of
chemical compounds, almost all of which are synthetic.
The total production of synthetic organic chemicals in the
U.S. in 1968 was 120,000 million pounds, a !5 per cent
increase over 1967; 135,000 million pounds were produced
in 1969, a 12 per cent increase over 1968 (United States
Tariff Commission 1970).37 This figure, in the order of
5% 10% grams, may be compared with the total productivity
of the sea, which is in the order of 2X 10'% grams of carbon
incorporated into phytoplankton per year (Ryther 1969).%72
When considered in a global and future context, the pro-
duction of synthetic chemicals by man cannot be considered
an insignificant fraction of nature’s productivity.

The majority of the synthetic organic chemicals, in-
cluding those considered toxic, are readily degradable to
elementary materials which reenter the chemical cycles in
the biosphere. These pose no long-term hazard if applied
or released into the environment in quantities sufficiently
small to meet the recommendations for mixing zones (see
p- 231). .

The chemicals of most concern are the more stable com-
pounds that enter the environment, whether they are intro-
duced incidentally as waste materials or deliberately through
their use. The toxicity, chemical stability, and resistance to
biological degradation of such chemicals are factors that
must be considered in assessing their potential effects on
ecosystems. Moreover, because of the partitioning of non-
polar compounds among the components of marine eco-
systems, relatively high concentrations of these, including
halogenated hydrocarbons, are frequently found in orga-
nisms.” . . .

Only recently it was discovered that polychlorinated bi-
phenyls (PCB), a class of chlorinated hydrocarbons used in
a variety of industrial applications, were widespread con-
taminants in marine ecosystems (Duke et al,).?42 Caoncen-
trations up to or higher than 1000 ppm in the body fat-of
estuarine birds have been recorded in both Europe and
North America (Risebrough et al. 1968,%" Jensen et al.
1969%9%), Moreover, both DDT and PCB have been found
in organisms from depths of 3200 meters in the open North
Atlantic Ocean (Harvey et al. 1972),3%0

The discovery of a man-made contaminant such as PCB,
unknown in the environment a few years ago, in such
unexpectedly high concentrations in.marine organisms
raises several questions. Are the concentrations of these
compounds still increasing in the marine environment and
at what rate, and what are the long-term effects upon the
marine communities? Is it possible that other pollutants,

undetected by the methodologies that measure the chliori-
nated hydrocarbons, are present in comparable amounts?

Criteria employed in the past to protect freshwater ece-
systems were based on data now seen to be inadequate a
on an approach that looked at pollutant concentrations in
waste water effluents rather than in the receiving system.
Evidently it is necessary to attempt to relate the amounts of
input into the ecosystem to the levels in the various com-
ponents of the ecosystemn, including indicator organisms.
The concentrations of a persistent pollutant in an indicator
organism are considered the. best way of following accumu-
lation trends in an aqueous ecosystem that serves as a sink
for the pollutant, once the capacity of the ecosystem to
absorb the pollutant has been determined. If the concen-
trations in the indicator organisms exceed those considered
safe for the ecosystem, input should then be reduced, re-
stricted, or eliminated until environmental levels are ac-
ceptable on the basis of established criteria. Inputs of per-
sistent pollutants into the marine environment, however,
are in many cases indivect and not immediately controllable,
e.g. river runoffs, atmospheric fallout, and ‘dumping by
foreign and damestic ships. The sources of the chemicals in
atmospheric failout may be located anywhere in the world.

Different recommendations must therefore be developed
to protect the marine environment from increasing amounts
and varieties of organic pollutants that might be anticipated
over the next century. The same recommendations may be
applied to estuaries, but these must also be protected from
a variety of chemicals that are less persistent and pose
long-termn hazard, but that may, because of toxic effe. .
upon organisms, cause unacceptable amounts of damage.
These include many of the pesticides, components of sewage,
biological wastes from slaughter houses, and other organie.
wastes from industry.

Acute toxicity values and subacute effects of pesticides
on marine life are listed in Appendix III-Table 6, and in
Table 1V~7, p. 265. Table IV-7 is a summary of the
“most sensitive’” organisms taken from Appendix III-Table .
6 and includes a list of chemicals that are considered to
have potential environmental importance in estuarine or
marine ecosystems. The list includes many of the pesticides
that are readily degradable in the environment but because
of theirhigh toxicity are potentially dangerous to estuarine
ecosystems. The list, which should he revised as new data
become available, proposes a minimum number of such
chemicals. Appendix I1I-Table 6 includes the following in-
formatien relative to the potential importance of each ma-
terial as coastal and marine contaminants, (a) Production
figures, which are taken from the 1969 Tarifil Commission
reports, are listed in the second column. The production
figures provide a useful clue to the compounds that are of
potential importance as marine pollutants. The order of the
chemicals generally follows that of the Tariff Commission
reports and is not intended to be a ranking in order of ’
portance. (b) The third column of the table indic.
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TABLE IV~-7—Presence and Toxicity of Organic Chemicals in the Marine System

.S, production  Prasence in sea Traphic Most sensitive Cone. (ppb actin Methed of .
mieaf pounds, gal/yt  water or marine  accumulation organisms tested Formiriation ingredient in water) assessmant Tesi procadure Reterenca
b)) @ organisms (U} @ 5 4] (U] @® - ()
&
STICIBES, Totai,.......... 1.1x10% b
nEicIGes
“ungiciaes, total, . ..........1.45108
Femlachoropsancl. . ........ 4. 6X107 Expetted Unknown Insulicient data for
mafine organisms
1 4,5-Trichiarophenol, .. .... Not availabia Unknown Unxnown Cragsostrea virginiea  .............. S TLM 48 ht siatic lab Dsvis and Hldu
(1969) 28X 107 Amdtican oystst bivassay 15595
{1968)
Yabam (Ethylena bisfdithlo- 1.8>10% Unlikely Unlikely Dunalislla terticdecta  .............. 10% .210.0. D, exgt/0.0. 10 day growlh test  Ukeles 195278
catbamic acld] , disodium control
alt; .
dexachiorobenent......... Not avallable Expacied Detactad in birds  fnsufiicient data for
’ (Yos of al,, marine organisms
1858378
Koaman and
rhicides................... Gonderen, 197043
derbigides, total,.......... 3.9 100 e van : .-
imitroie (3-aming-1,2,4-  Not available Hilikely Undikely Insutfleient data
trigzele}
shioramben (3-amino-2,5- ot available Unlikely Unkely Chlorocottim sp Methyl ester 2510 509 decreass in Growth measured as Walgh 197257
diehiprobenzeis acid, Phaeodactylum tricornu- rowth ABS, (525 mu)
sodium safty 7 tum : after 10 days,
Ycloram (4-amimo-3,5.6- Mot availabte Unilkely Uniikely Isochrysis gathama ..., 1 5067 decreasein 0z .................. Waish 137231
Irichioropi eolinic agld) avolution*
(Tordon®y X104 505 decrease in Measured 25 ABS.  Walsh 197231
growih {525 mu) after
10 dys
iimazine [2-chicro-4, 6-bis. Mot avsilable nlikely Uriikaly Isochrysis galbana Technical acid 500 509 decreast in Measured s ABS,  Walsh 1972319
(athyizming)-s-Triazine] growth {525 mu) after
18 2ays
Phasodactyjum tricormu.  Tachnicat aid 500 50% decrease in Measured as ABS.,  Walsh 197079
fum rowlh (525 mu) after
10 days
‘trar’ Horo-d-athyl-  Not available Unilkely Uniikaty Chiorgeoccum sp., Technical acid 100 509; decreasuin - Measured ac ABS,  Walsh 197207
) propylsming- Chiamydomonas $3., growth {525 mu) alter
5 T Monochrysts luthesi 10 days
Isnchrysls galbana Techoleal acld 100 50% decrosse iR Oa  ......coinlieies Walsh 15727
svplution”
Phasodactylum tricornu-  Technical acld W W% decrmaspin Oy ... Waish 197281
tum eyolution® )
Aanurgn [3-(p-chlore- Not available Unlikery Ynlikely Profococcus sp. ..., 2 .00 OPTY. DEN. 10 day growth fest  Ukedes 138237
phenyl}-1, t-dimethylureal expi/opt DEN
ontrol _ ‘
Dunalisiia tertinlests  .............. 2 .00 OPT. DEN. 10 day prowth test - Walth 157297
expt/opt DEN
N control
Phaeodactylumti- ..., i .40 OPT. DER, 10 day growih test  Ukeles 1962076
tornutum wsxpt/apt DEN
cantrol
fiuron [3-(3, 4, -dichloro.  Mod available Unlikely Untlkely Protococeus ...l 0.0z .52 0PT. DEM. 10 day growth test  Ukales 1962870
phanyl)-1, 1-dimethylurea] - #xpt/opt DEN
control
Monochrysis [utheri 0.02 .00 OPT. DEN. 10 day growth test  Ukeles 1962815
expt/opt DEN .
. control
{aleic hydtazide [1,2-05- 2.8 0% b, Unlikely Unlikaty insuficient data
hydropyridazine-3, 6-dione] B
enuron {1,3-dimethyl-3.  Notamitable Unlixedy Undlkely Chlarecoczum sp. Techniced acid 7= 50%, deervase in 10 doy growith test  Walsh 137270
phenyiurea} §rnth
tsochrysis galbanz Techrical acid 750 5097, decrease in 18 gy p.mn fast  Walth 1978
Erowih
Monsshrysls | ntharh % .1 OPT. DEM. 10 day growth test  Ukeles 19521
uspt/oph DEN
. control
umetryne (2-gthyisming-4- Mot svaitsbia Unfliesly Onilkaly Chioracoccum §p. Tachnied aid 1% 58%, desreees in Muarcured oy ABS, - Walh 15T
isparopyming-&-mefhyh growth {525 mu) alter
mercapto-s-triazing) 1t iwys
Isochrysis galbana Technical acid 1% - 5% deereatein 01 ... s Walsh 197870
evolution®
Manochrysls tuthari
Phasadactylom iri- Toctmica sobl 10 ool ... Wrish 1§7207¢
tamutinn eralutior®

/0.

o ey 1% Gl @rsalol reginermvior on 4 721 ol coae in kg ool Length of test 8 ool
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TABLE IV=7—Presence and Toxicity of Organic Chemicals in the Marine System—Continued

Trophic

t.5. produstion  Presence in sea Mast sensitive Cone. (pph active Muthod of .
Chemical pounds, gal./yr  water or matine  accumuiztion organisms tested Foymutation Ingrediant in water) assessment Tast procedure Refecance
m @ organisms ¢} & ® m ® ® (10
[¢)]
Herbicides. cont.

Endethal [Y-axabicyclo- Not available Unlikeiy Unfikely Marconaria morcenarie ...\l 1.28x1H TLM 12 day static b Davis and Hidu
(2,21} haptane-2, 3-di- Hard clam ioassay 19504
sarboxylic neid, dFsadiunr :
sait)

MCPA [d-chioro-2-methyl:  Not available Unlikely Uniikely Cragsostrea virginiea  .............. 156104 LM 48 hr stalic lab Davis and Hide
phenoxyacailc acid] American oystar hicassay 1888384

2,4-0 Lusrivativas,........ L.oxioes Haknowa Usknown Crassostres vitginica Eslar 40 ™ 14 day slafie lab Davis and Hidu

American oyster : higassay 1969%6¢
Dunaliefia tertiolscta

2,4,5-T & derivatives L8X107 b Unkrown Uaknown Isathrysis galbana Technicat a¢ic S Mo decrease in 8s ... Walsh 191237
[2,4,5-tricklorophenary- ] svolition®
cetic aeid] Phasodactylum tri- Technical acid 51 §09, decrsasa in Measutad as ABS.  Walsh 197831%

corutum growth (525 mu) after
10 days

Sitvex [2-(2, 4,5-krichlora-  1.BXT0¢ (faiikely Uniliely Crassastres virginica

pheaoxy)proplonic asld] American oyster ... T M 14 day stalic lab Davis and Hidy
Donalielia tertiolecta higassay 19618

Diquat [6, 7-Dthydrodipycido Kot availahle Unlkely Unlikely Chiorococeum sp. Ditramide 10 505, decrease N 02 ...ooveeiiiiannns Walsh 191207
(1,222, 1. chpyrazidl- sveiudion®
Iniustt dibromide Dunalisila feriiolacts Dibromide L tel i} §0% decreasein Oz .................. Walsh 1372379

evelution®
Isachrysis gaibana Dibtomide 15X 10+ 5007 decreasein  Measured 35 ABS.  Waish 19707
qrowth (525 mu) altar
10 days
Phaeodaciylum tri- Dibremide B ge 50 decreassin Oy ...oiveniiiiinns Walsh 19727
Lornutum evolution®
Paratuat [T, 17-dimathyf-4,4’- Mot svailable Unfikely Unlikely Dunaiieita tertiolecta Dichlaride “eng 0% deereasein Dy ...l Walsh 1878
dipysidilium dichioride] evalution*®
Isachrysis galbana Dichiotide S $U7% decrease in Measured 2s ABS.  Walsh 197230
' growih {525 mu) aftet
. 10 days

Trifturafindce e, Trilluarg-  Not avaitable Unlikely Unlikely Chicraceccum sp, Taxhnicat acld .51 5§09 decreasa in Measured as ABS,  Walsh 197221
2, B-dirting-N, N-di propyl- grawth {525 mu) after
g-Wluiding] 10 days

Isoehrysis galbina Tethnical acid 25108 5097 detinase in Measured 35 ABS.  Walsh 19725%
growth {526 ) after
10 days
Phasodactylum tri. Tethnical acid 2.8%1m 5097, decrease in Measured as ABS,  Walsh 19730
eornutum . growth (525 md} atter
. 10 days

Cacodylic acid {Hydroxydi-  Nel availabis Unkikely Untikaly Insufficient  data

mathy? arsine axidef
Insectitides

Insecticides, total (includes 5. 7108 1h

todenticides)
Hontachior {Heptdchitro. Mol avaifabie Gysiers (Bugg Bad Eagles Thalassoma blfasciaum 10097, 0.8 10-50 96 hr static lab Eisler 19700387
tatrahydro-endo-methano- #tal. 136Tpm (Krantz stal Blushead bioassay
Indeny| (includes hapla- 19705
chlar apoxide)
Endrén [Hexaghfora-¢pory-  Nod avaifable Oystors (Bugg ef  Boown Palican Mugit cephalus 0% 83 LL-50 86 hr stafic b Eigler 1570m87
octahiydro-enda-endo-di- al, 1967050 (Sthreibar and  Striped mullst biozssay
methanaraphthalena] Casper, 1967282 Rissdrough Menidia menidia 1% 0.08 16-50 98 hr static fab Eister 1970b951
- Roweotal 1972374 Rise- Miantic silversids bivassay
Taran brough et al. . .
1969)3

Dieidrin { Hexachioro-spoxy- Not availabie Oysters (Bugg et Bald eagles (Xrantz Anguitia rosirata 0% 0.9 LC-58 96 ir static &b Eislar 1970paw
octahydeo-endo-oxo- al. 1687 3 etal 197085 - American 3al bipassay
dimethanenaphthalane) Casper, 1967382 Grey Whale,

Rowe et al Sperm Whale

187137 (Wotmzn and
Wikson 157080
Brown Pelican
(Sehreiber and
Risabrough
Wyn

Aldrin [Hexaciiloro-haxa- Mot available Oysters (Bugg ot Unlikely, converts Palaemon magredactylus  Technical 0.74 0.51-1.98)  TL.50 96 hf static tad Earnast (vapulte
hydro-endo-sxe-dimeth- al 1867300 to disidrin Katean shtimp bivassay lished)®2
anonaghthialene] (Karscligan

181384

Chierdane |Octocharg. Net avatiable Oystets (Bugg ot Expected Patasrmon macradactylus 10095 18 (10-38) TL-50 86 fir static b Earnesd (ungui
henatydro-mathanoin- al. 1867)ks0 Karean shiimp hisassay lishedp2 -
dong .

* /0 evglutlon measured by Gllson diftereniia) raspirometer on 4 mi of cuftury in log phass. Langth of test 30 minutes.
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TABLE IV=-7—Eresence and Toxicity of Organic Chemicals in the Marine System—Continued

0.5, prodixction  Presence i sea Trophle Mozt sensitive Cone. (pph active Method of
ammical pounds, gal/yr  water of mariae accumulation organisms {asted Formulation [ngradient in water) assassmeant Tast procadure Refarente
m 2 organisms @ (6] @ ® 0] S
()]
isecticides, cont.
Strobane® (poiychiarinated  Not avaliahis Erpected Expectad Insutticient dats for
tarpenes) ) ' maring speciss )
Touaghane [Chiorinated  Not available Bay mussel Expected Gasterpsteus aculeatus 10097 .8 M 95 hr static lab Katz 1951382
tampiiene] (Modin, 1989);3¢? Ahreaspine stickle-back biogssay
Oysters (Bugg ot
al, taETFae
OUT compaveds, ........, 1.2x108 {b. ensan ot ai.
368,340 Rise-
Brough et al,
19800 _
2.p7-DOT{1,1,1-Tri- e {Rafesanges cited above) Penaeus deorarum Techmical 0.12 TL-5 28 day bigassay Nimme ot al, 19708
chloro-2, 2-his(p-hisro- Pink shrimp % 0.17 (0.93-0.3 TL-%0 96 br Intermittent  Earnest {unpub-
phenyl) ethane fiow lab bigassay  hshet)®
p,-000Cp, p"-THE} Palsemon macredactylus - 935 2.5 (1,648} T8 98 hr intermittent  Earpest (ungub-
11, 3-Dichlora-2, 2-bis : e “Tlow fab bioassay lished)ine
(p-chioropheny/)sthans
5.p-DDE[, 3-Dichloco-  ............... (Referancas cited ahove) Faleopermgrinus ... s Eggshell thinning  DOE In wges Cade ot 2), 197038
2, 2-his{p-chioropheny ) Peregrine Falcon heghiy corraiated '
ethylana with shall thinning

Mirex [Dodecachioro-octr= Mot svailable Expected Expetted Penaens duotarum Technical 1.0 1007 paratysis/ Fiowing water bio-  Lowa ef 21, 1871388
hydrg-1,3, 4-methena-2H- ' Pink shrimp death in 11 days Ay
cyciobutajedipentalone|

Banzene haxathloride Not avpilable Southern hemisphere sea birds Panaeus setiferus 8.1% 28 TLM 24 hr static lab: Chin and Allen
[Hexachiotacyciohsxans) (Tatton and Ruticka 196727 White shrimp biozssay 195038

Lindans [gamma-hoxa- Not avaiiable Oyttars {(Bugg et Expected Crangon septemspinasa 1009 1 LC-50 96 hr statis 1ab Elsler 19594
shintocyciohexans] al. 1967350 Sand shrimp Sang shrimp bioassay

Caspsr 19E7)88 Pagurus longicarpus 100% § LC-50 96 hr static ab Eitiar 156586
Hermit erabs brtassay

Endosullan [Herachlors-  Not avatiable Bay mussal (Koe-  Sandwich Tern,  Palemon mecrodactylus 9697 3.4 {(1.5-6.5) TL50 96 hr intermitient  Earnesi {unpud-
nexanydro-mathano- man and Gommon Eidsr  Koraan shrimp Pow Izb bicassay - fished)se
benzo-dioxathispin-3- Qenderen (Koeman and
o “Hindan®y 18706 Gandersn

19708 R

Mo, _ .aor(1,1,1-Tri-  Not available Oysters (Bugg ot Unkkely Palaemon mecrodactyius  B3.5%, D.44 (0.21-0.9%) TL50 96 h statie lab Earnest (unpub-
shlore-2, 2, bis{p- 2, 1967)0 higassay lished)e2
mestioxy-phanylelhans]

Carisryl {Savin) {1- Hot avaitable Unikety Unlikely Palaemon macrodsstylts 10095 7.0 (1.5-28) TL-50 46 hr imtermittant  Earnast {unpub-
Haphthy{-N-methylczrba- tioagsay lished)sz
mate]

Cancer taglster 0% [ Prevention of halch- 24 hr static lab Buchsnan et al,
Dungensss erab Ing and malting bioassay 1970

Goumaphos (Co-ral) [0, 8- Notavailable Uniikely Uniikely Crassostraa vieginieas ... 1o LM 48 fr statie 30 Davis and Hidu
Dhathyl Q-(3-chioro-4- Amurican oyster bicassay 1955
melhyi-2 -ox0-2H-1-benze-
pysan-7-y)-phosphoto-

{hicate]

Diazinon (O, 0-Diethyl-0-  Not avallabie Tnlikely Unilkely Insulficient data
{2-isopropyl-d-methyl-E.
pyrimidinyDphospheto-
thicate] ‘ .

Parathion |0, O-Diethyl-0-  Not available Unllkety Unlikely Cyptinggon vatiegates  .............. 10 Acetylcholinasterase T2 hr siatic expostra Coppage (unpub-
p-nitroghenyl-phoshora Sheepshead minnow ttivity in contrel ’ lishagys
thinate] ¥s. ¢xpt groups, -

Gontrolme1,38;
. Expl.m=1.120

Durshan [0, O Diethyl-0-  Not available Unlikety nlikely Palaemon macrodactylus .............. 6.01 (0,002-0,046) TL-50 96 br infermittent  Earnest (nagub-
3,5, 6-trichiaro-2-pyridyt- Kotean shrimp : flow bioassay lished)sn
phosphorothioats] . .

Fanthion [0, O-Dimethyl-0-  Not availably Unlikely Unilkely - Palaemon mactodactylus ..._.......... 3.0 {1.5-60) TL50 96 hrintermitient  Earmest {unpud-
{4-mathyithip-m-tolyi) . {low bioassay fished P2
phosphoroihioate] (Baytex) .

Methyl parathion {0,0,-  5.1x1071b Uniikely Unlikaly Crangan septemspinesa 1009 2 LG50 95 hr static lab Elslar 196938
Dimathyl-Q-p-nitrgphenyl. Sand shrimp higassay
phosphorothioats] ]

Guthion [0, O-Dimethyl-5-  Not avallabls Unllkaly Uniikely Gastergstens acuteatus 939 4.8 TLM 98 hr static tab Kalz 1861902
(d-ox0-1,2, 3-benzolri- Ahreespine stickle-back higassay
agino-3-mylhyl)phaspharo.
dithigais}

Digxathion (Deinav) [2,3-p- Not availabla Urlikety Uniikely Crangon sentemspinosa 1007 B LE.50 46 hr static.fab Eisler 1969785

+$, S-his(0, 0- . Sand shrimp binassay
Anspherodithicate] Fendulus hateroclitus 1009, § LC-H 95 hr static jab Eisler 197023%¢
Mumrichog ’ higassay
Menidia menidia 100 $ LG50 98 he staic tab Eislar 1970887
Alanti silverside bigassay
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TABLE IV-7=<=Presence and Toxicity of Organic Chemicals in the Marine System-=Continued

) 1.5, production . Presence in gea . Trophie Most sansitive Cone. {ppb active - Mathad of ' )
Chamical _pounds, galAyr  waler of marine accumulation organisms fested Formelation Ingradisnt in waler) assetsment - Teshprocadore Referanca
[§)] 4] organisms W ® (8} U] & L) an
0]
Insectsides, cont -~ - : : -

Phosdrin [1-mathokytar. Not availatile Uniikely Unlikely Crangon segemspinoss  100% 1 LC-50 86 hr siatic lab Eister 196956
Bonyl-1-propan-2-yt-di- Sand shrimp boassay
methyiphosphate]

Malathion 1501, 2-digar.  Hpt svailable Unfikely Unlikely Thalasomma bifastialum 10095 il LE-50 9 hr static lak Eisler 1970087
bethoxyethy!)-0, 0-di- Bluehead bloassay
medhy!dithiephosphate]

Phasphamidon {2-Chloro-  Not avaifable Unilkety Undikeiy Insufficient datz

N, N-di ethyl-3-hydrony~
crolonamide dimethyl
fhosphats}

Fiorale {3, O Diethy-$- Not avalizbie Unlikely Uniikaly Cyprinsdon variegatus ... 5 Acetylcholinestarase 72 hr static axposure Coppage (unpub-
{{Ethylihio}melhyl)-phos~" Sheepshead minnow ctivity** in control fighed)sst
phoradithioate) ¥s-eapl. groups.

Contrel=1,36;
Exgt={, 086

LOVP{0, O-Dimathyl-0-  Hot available Lniicaty Untikely Crangon septemspinoss  .............. 4 1C-50 96 hr static lab Eisler 195520
2, 2-dichloroviny bphos- . Sand shrimp higassay
phatel

Trichiorion [0, 0-Dimathyi- Kot available Unliksty Unlikeiy Crassostrea virginica  .............. 1,000 TLM 4 br static lah Davis and Hidu
1-hydroxy-2,2, 2-Uiehkro. Amarican oysier i hioassay 1agg%
athyiphosphnaais]

(Dinlarex)

TEPP {Tatraethyi pyre- Not availabie Unfkely Unlikely Cragsesirea virginied  .............. >1XI0¢ M 14 day stalic lab Davis and Hidu

phosphais} biassay 185084
Relaiad produsts )

DBCP [1,2-Dibromo-3- 1,609 I Unkaswn Unkhawn Mercenaria mercenatia  .............. T80 LM 12 day static isb Pavis and Hidu
thiatopropena] (Nemagan™) Hard ciam hinassay 1069884

Mathyl bromids 20107 b ¥nknown Unknown fasotficiant datz

TAR AND TAR CRUDES

Banzana 1.2510% gal, Unknown Unkngwn Insullicient data

Tolugme L LEX10% gal, Unknown linknown Insufficient data

Xylene 1.EX10¢ qal. nknown Unknawn insubilcient data

Naphihsiene 8.5 108 qal, Unknown Unknown Insulficient data

PLASTIGIZERS .

Phthalic anhydride esters,  8.8103 |b, Expected Unkaown Insufficient dats
totai

Adipld acld esters, tokl A yely Unknown Unknown Insutficiont data

SURFACE-ACTIYE AGENTS

Dedecylbarzenesulfonates, 57108 |, Unknown Unlikety Insuflicient data
Latal {1680)

Ligainsuifometes, talst 4400080, | Unicown Unknowa nsufficiant data T . .

Nitrilotriacetic acid Not avaitable Gnknawn Unlikely Cyclotelis nana Hanohydrated %10 389 gowith as com- T2 fr s fab Erickson ef a1, 155098

sodlum salt parnd to controls  hicassay
Homarus americanus Monghydrated 1108 1009, martaiity 7 day statis [ab NMWQL 197pese
American [ohster sorium sail . bioassy .
HALOGENATED HYDROCARBONS

Carbon tetrachloride....... 7.8>C10% Ib (1868) Unknown Unlikely Inwilicient dats

Dichiorodinuoromethane. . 235106 (1968)  Umkngwa Unitkely Ensulticient dala

Ethyiens dichilorlde........ 4,810 (1968)  Expected Untikely Insufficiant data . R

Aliphatic chiorinated hydre- 35¢107 Ib (esfi-  Surface waters  Unknown Gadus merrhua 679, 1,1,2-tni- 10,008 LC-50 10 hr lab bigassay  Jensen of al. 1970301
carban wasies of vinyl mated 25 395 of  and marine ecpa- Cod thioroethane,
chlarids proguttion ¥inyl chioride nisms of Norih X% 1,2-di-

produgtion) Attantic and athane
North Sea (Jen-
a0 ot al, 1970701
Polychiorinated biphenyl,.. Not avaiishle Jenstnstal ...l Penasts duorarum Aroclar 1254 0.94 519 mortality 15 day chonic ex-  Himme et al. 1371070
14640, Rise- Pirk shrimp posure in flowing
- Broiigh ot al. seawater
1368271

Patyehigrinated tar- Not avajiable Expected Expectad Insufficiant data
phenyl

Brominated biphenyls...... Not awsilakie - Unknown Expacted insulflcient daka

CYCLIC INTERMEDIATES
Monothlorobenzens, ...... B.OX10% 1b Exgacied Unkikely Insuificiont data
Phabol.......cooviennes 1.TX10% |h Expected Unfikely Miroanarin mefcshasia  .............- |- gl TLM 48 hir static [ah ‘Davis and Higy
Hard Clam ’ tioassay 196988
MISCELLANEQUS CHEMICALS
Tetrasthyl fead........ veee A EXT0E Yakkely Unlikely Insufiiciant faia
** KCh hydeoipud/he/tng brein,
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whether or not the compound has been detected in sea
water or in marine organisms, Compounds which have
been detected are of greater immediate concern than those
w have not. Frequently, because of their.low solubility
in ..cr, some of the non-polar compounds which are bio-
logically accumulated can be detected in an organism but
not in the water itself. (¢) The fourth column, trophic ac-
cumulation, indicates whether the compound has been
shown to pass through the food web from prey species to
predator. Compounds that are so accumulated are of greater
concern than compounds of comparable toxicity which are
not. Finally, the species thought to be most sensitive to the
compound are indicated in the final columns with reference
to original studies in the scientific literature. These data are
useful as a guide only and are not sufficient in themselves
for definitive evaluation of the environmental significance of
each compound.

The report, “The Effects of Chemicals on Aquatic Life,
vol. 3, Environmental Protection Agency, Water Quality
Office, 1971,” has heen useful as a guide to the available
toxicity data of industrial chemicals on marine organisms.
Appendix III-Table 6 is a compendium of data on toxicity
of pesticides to marine organisms. These sources are incom-
plete and should be continually revised.

Bases for Recommendations

1. In order to provide an adequate level of protection
for commercially important marine species and for species
er  ered important in the maintenance of stability of the
e tem, an application factor of one one-hundredth
(0.01) is used when pesticides or organic wastes that are not
trophically accumulated in food webs are applied or re-
léased in estuarine or marine environments, This factor is
arbitrary and was derived from data available on marine
and freshwater organisms. (See Section III, p. 121.) It
assumes that a concentration of one one-hundredth (0.01)
of that causing harm to the most sensitive species to be
protecred will not damage this species or the ecosystem.
Future studies may show that the application factor must
he decreased or increased in magnitude.

2. The application factor may also be used for the
compounds that are trophically accumulated in food webs
in order to protect fish and invertebrates.to which these
comipounds are toxic. It cannot be used, however, to protect
fish-eating birds and mammals which may trophically ac-
cumulate these compounds from their prey species, in part
because sublethal effects such as eggshell thinning and
hormene imbalance may adversely affect reproductive ca-
pacity and therefore the long term survival of populations,
Levels that would protect fish-eating birds and mammals
against the effects of compounds that are trophically ac-
cumulated from prey species are given in the discussion of
Marine Wildlife (sec pp. 224-228).

The recommendations below- apply to all organics .of
k. . .roved and potential roxicity.

Categaries of Pollutant: 269

Recommendations

In general, marine life with the exception of fish-
eating birds and mammals should be protected
where the maximum concentration of the chemical
in the water does not exceed one one-~-hundredth
(0.01) of the LC50 values listed in Column 7, Table
IV-7, pp. 265-268. If new data indicate that an eco-
system can adeguately degrade a particular pollu-
tant, a higher application factor for this pollutant
may be used. '

In order to maintain the integrity of the eco-
system to the fullest possible extent, it is essential
to consider effects on all non-target organisms
when applying pesticides to estuarine habitats in
order to control one or more of the noxious species.
For those occasions when chemicals must be used,
the following guidelines are offered: '

e 3 compound which is the most specific for
the intended purpose should be preferred
over a compound that has broad spectrum
effects;

¢ 3 compound of low persistence should be
used in preference to a compound of greater
persistence;

® a compound of lower toxicity to non-target
organisms should be used in preference to
one of higher toxicity;

¢ water sampiles to be analyzed should include
all suspended particulate and solid material:
residues associated with these should there-
fore be considered as present in the water;

¢ when a derivative such as p,p-DDE or
1-napthol is measured with or instead of the
parent compound, the toxicity of the de-
rivative should be considered separately: if

" the toxicity of a derivative such as an jonic
species of a pesticide is considered equivalent
to that of thie original parent compound,
concentrations should be expressed as equiv-
alents of the parent compound.

It is recommended that the chemicals listed in
Table IV=7 and all chemicals subsequently added
to this list be considered as toxic organic com-
pounds potentially harmiful to the marine environ-
ment. It is emphasized that the data in Table
IV-7 are not sufficient in themselves for final evalu-
ation of the environmental significance of each
compound. '

OXYGEN

An extensive review and discussion of the present in-
formation an biological responses to variations in dissolved
oxygen has been published recently by Doudoroff and
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Shumway (1970).38 This review has been used in develop-
ing oxygen recommendations by both the Freshwater and
 Marine Panels in their reports. On the basis of this large
body of information, recommendations for “levels of pro-
tection” for freshwater fish populations have been devel-
oped. Estuarine and marine organisms have not been
studied as extensively, and the present information is inade-
quate for satisfactory analysis of the response of communi-
ties to temporal and spatial variations in dissolved oxygen
concentrations.

The generalizations presented by the Freshwater Panel
appear to be valid, with qualifications, for estuarine and
marine situations,

1 A reduction in dissolved oxygen concentration reduces
the rate of oxygen uptake by aquatic plants and animals.
However, as noted by Doudoroff and Shumway, the ob-
served response of many organisms under laboratory condi-
tions measured in such terms as growth rate, swimming
speed, or hatching weight, shows fractional or percentage
reductions that approximately correlate with the logarithm
of the deviation of the dissolved oxygen concentration from
equilibrium with the atmosphere, under conditions of con-
stant dissolved oxygen concentrations. Thus, reduction in
the dissolved oxygen concentration by ! mg/i from the
saturation value has much less effect than reduction by 1
mg/1 from the 50 per cent of saturation value.

2 The non-threshold character of these responses means
that some risk of effect on the aquatic populations is associ-
ated with any reduction in the dissolved oxygen concentra-
tions. As noted above, the risk of damage increases as dis-
solved oxygen concentrations decrease from saturation
values. Selection of risk acceptance is a social and economic
evaluation involving other uses of any particular environ-
ment that must precede recommendations derived using the
risk acceptance and the pertinent scientific information.

3 Consideration of the effects of dissolved oxygen con-
centrations on aquatic life must include the responses of
developing eggs and larvae, as well as the maturing and
adult individuals. Species that have limited spawning areas
should be identified and the biological risk of decreased
oxygen concentrations evaluated accordingly.

For estuaries and coastal waters, consideration must be
given to the distribution of dissolved oxygen with depth,
since even under natural conditions low oxygen concentra-
tions may be found in the deeper waters. Special considera-
tion should be given to estuary type, topography, currents,
and seasonal development of pycnoclines.

Many estuaries and coastal regions are highly productive,
and the characteristic pattern with photosynthesis in the
upper-water layer or adjacent marshes leads to large popu-
lation densities in the upper layers and loss of oxygen to the
armosphere from the supersaturated surface waters or the
marsh plants. Subsequent decomposition of these organisms
and their wastes in the deeper waters leads to oxygen deple-
tion. Several deeper coastal plain estuaries and fjords show

oxygen depletion from this sequence. Addition of mineral
and organic plant nutrients to such regions may intensify
the production and subsequent decomposition processes.
The effects of particular additions will depend on the wa
depths and rate of vertical mixing, and it is necessary ..
construct an oxygen balance model for each case. Sewage
treatment that consists of partial or nearly complete miner-
alization of the organic materials may still produce a dis-
charge that will damage the aquatic system, i.e., an amount
of organic matter nearly equal in oxygen demand to the
original sewage is produced in the environment. The princi-
pal effect of many ‘“‘secondary” treatment systems is the
trading of an intense local effect near the outfall for a more
widespread effect at greater distances. One of the major
considerations in defining water quality recommendations
for nutrients in any estuarine or coastal region should be the
risk associated with oxygen depletions from increased
production. Deliberate moderate additions of nutrients to
increase the yield of some fishery should also give due regard
to this secondary effect.

Recommendation

Each proposed change in the dissolved oxygen
concentration in estuaries and coastal waters
should be reviewed for risk of damage to aquatic
life. The limited laboratory data and field obser-
vations on marine organisms suggest that easily
chserved effects, which are in many cases deleteri-
ous, occur with dissolved oxygen concentrati
of 4 to 5 mg/1 as daily minimum values for peric. .
of several days. As a guideline, therefore, reduction
of the dissolved oxygen concentration to values
below 4 mg/1 can be expected to change the kinds
and abundances of the aquatic organisms in the
affected volume of water and area of bottom. Par-
ticular attention should be directed toward identi-
fying species with restricted spawning and nursery
areas and conservatism sheuld be used in applying
guidelines to these areas. (See the expanded dis-
cussion in Section III; pp. 131-135.)

RADIOACTIVE MATERIALS IN THE AQUATIC
ENVIRONMENT

This section considers radioactivity in all surface waters
inhabited by plants and animals including fresh, estuarine,
and marine waters of the U.S. The subject matter pertains
primarily to the impact of environmental radioactivity on
aquatic organisms, although it also contains some discussion
of human radiation exposure from aquatic food chains. A
recent report by the National Academy of Sciences (1971)%
presented a review of radioactivity in the marine environ-
ment, and that review has been used extensively in *-e
preparation of this report.
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Churacteristics and Sources of Radioactivity

Fdiation is the energy emitted spontaneously in the

P . of decay of unstable atoms of radicisotopes. This
“aergy can exist either in the form of electromagnetic rays
or subatomic particles and cannot be detected by man’s
senses. Radiation can be detected, however, by means of
electronic instruments, and quantities present at very low
levels in the environment can be measured with remarkable
accuracy. Radicactivity which occurs naturally in the en-
vironment originates from primordial radioisotopes and
their decay products (daughters) and from reactions be-
tween cosmic rays from outer space and elements in the
atmosphere or in the earth. Some of the more abundant
primeordicl radioisotopes in terms of their radioactivity are
potassiuny  {®K), palladium (***Pd), rubidium (¥Rb),
aranium (380} and thorium (¥37T), the first accounting for
90 per cent of the natural radiation in the oceans. While
beryllium {"Be) is the most abundant radioisotope produced
by cosmic rays, carbon {#C) and hydrogen (®¥) (tritium)
are biologically the most interesting. The presence of natural
radioactivity was unknown until 1896 when Becquerel dis-
sovered uranium. Until the development of the atomic
bomb during World War II, virtually all of the radio-
activity on earth came from natural sources,

The first man-made radioisotopes were not released into
the environment in any significant amounts until the atomic
bomb was tested and used in war even though the uranium
r om was first split (fissioned) by neutron bombard-
me. _m 1938, While the release of radioisotopes was dras-
tically reduced with the halting of nuclear weapons testing

“in the atmosphere by signatories of the test ban treaty,
radioactive wastes continue to be released from nuclear
powered ships and submarines, nuclear power plants, nu-
zlear fuel reprocessing plants, and to a lesser extent from
laboratories and hospitals. Two methods have been used in
handling radioactive wastes. High levels have been concen-
trated and held in special storage tanks, while low levels of
radioactive wastes in small volumes have been diluted and
dispersed in the aquatic environment—particularly in the
Jceans. Some manmade radicisotopes, such as strontium 90
and cesium 137, are the debris of split atoms and are called
fission .products. Other radioisotopes, such as zine 65 and
cobalt 60, are activation products, produced when stray
neutrons from the fission process strike the atoms of stable
elements.

Cycling of Radioactive Materials The physical,
chemical, and physiological behavior of radioisotopes is es-
sentially identical with that of the stable isotopes of the same
element—at least until disintegration occurs. It should be
pointed out, however, that in some instances the physical
and chemical states of a radicisotope introduced into the
aguatic environment may vary frormn that of the stable ele-
ms ‘n water. At the time of disintegration, the decaying
at "~ change into different types of atoms of the same ele-
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ment or into atoms of a different element. If the behavior
of a particular element in an ecosystem is known, the be-
havior of the radioisotopes of that element can be predicted.
The reverse also is true, and radioisotopes can serve as ex-
cellent tracers in following the movement of elements
through complex environmental sysiems. Radioactive
wastes in the aquatic environment may be cycled through
water, sediment, and the biota. Each radioisotope tends to
take a characteristic route and has its own rate of movement
through various temporary reservoirs. The route taken by
tritium is different from that of other radioisotopes. Tritium
becomes incorporated in the water molecule and cannot be
removed by present waste treatment practices. It is not con-
centrated appreciably by either biota or sediments.

When radioactive materials enter surface waters they are
diluted and dispersed by the same forces that mix and dis-
tribute . other soluble or suspended materials (National

"Academy of Sciences 1957).%%% The dominant forces are

mechanical dilution that mixes radioisotopes in the waste
stream as it leaves an outfall structure; advection and turbu-
lent diffusion that mix materials in the receiving waters;
and major transport currents that move masses of water
over relatively long distances. On the other hand, precipita-
tion and sedimentation tend to restrict the area of dis-
persion. When first introduced into fresh or marine water,
a substantial part of the materials present in radioactive
wastes becomes associated with solids that settle to the bot-
tom, and many of the radioisotopes are bound chemically
to the sediments. The sediments may also be moved geo-
graphically by currents. Even though in some instances
sediments remove large quantities of radioisotopes from the
water, and thus prevent their immediate uptake by the
biota, this sediment-associated radioactivity may later
leach back to the water and again become available for up-
take by the biota. '

Plants and animals, to be of any significance in the pas-
sage of radioisotopes through a food web in the aguatic
environment, must accumulate the radioisotope, retain it,
be eaten by another organism, and be digested. Radioiso-
topes may be passed through several trophic levels of a food
web, and concentrations can cither increase or decrease
from one trophic level to the next, depending upon the
radioisotope and the particular prey-predator organisms.
This vatiation among trophic levels occurs because different
organisms within the same trophic level have different
levels of concentration and different retention times, which
depend upon their metabolism or capacity to concentrate a
given radioisotope. The concentration of a radieisotope by
an organism is usually discussed in terms of a concentration
factor: the ratio of the concentration of the radicisotope in
the organism to that in its source, that is, the amount in
water or food. Radioisotopes with short half-lives are less
likely to be highly concentrated in the higher trophic levels
of the food chain because of the time required to move from
the water to plants, to herbivores, and eventually to carni-
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vores, Organisms that concenirate radioisotopes to a high

level and retain them for long periods of time have been’

referred to as ““biological indicators for radioactivity,” These
organisms are of value in showing the presence of radio-
active materials even though the concentrations in the water
may be_les's than detectable limits.

Exposure Pathways

The radiation emitted by radicisotopes that are present in
aquatic ecosystems can irradiate the organisms in many
different ways. In order to evaluate the total radiation dose
received by the aquatic organisms, and thus the risk of their
being injured, all sources of exposure must be considered.
These sources include both naturaj and man-made radia-
tion, both external and internal.

Major Sources of External Radiation | Radioiso-
topes in the surrounding water that tend to remain in
solution, or at least suspended in the water, become associ-
ated more readily with aquatic organisms than the radio-
isotopes that settle out.

2 Radioisotopes present on or fixed to sediments are
significant to aquatic life, particularly to benthic organisms
in the vicinity of existing major atomic energy plants.

3 Radioisotopes attached to the outer surfaces of orga-
nisms are of greater significance to micro-organisms, which
have a larger surface-to-volume ratios, than shellfish or fish.

4 Cosmic-rays are of relatively minor importance to
aquatic life that lives a few feet or more below the water
surface, because of the shielding afforded by the water.

Major Sources of Internal Radiation | Radioiso-
topes in the gastrointestinal tract frequently are not assimi-
lated, but during their residence in the tract cxpose nearby
internal organs to radiation.

2 Assimilated radioisotopes are absorbed from water
through the integument or from food and water through the
- walils of the gastrointestinal tract, metabolized, and are in-
corporated into tissues where they remain for varying
periods of time. Aquatic plants, including algae absorb
radioactive materials from the ambient water and from the
interstitial water within the sediments.

It is difficult to measure the amount of radiation ab-
sorbed by aquatic organisms in the environment because
they are simultaneously irradiated by radioisotopes within
their body, on the surface of their body, in other organisms,
in the water, and in sediments. Exposure thus depends on an
organism’s position in relation to the sediments and .to other
organisms, and to movement of some species in and out of
the contaminated area.

Biclegical Effects of lonizing Radiation

Ionizing radiation absorbed by plant and animal tissue
may cause damage at the cellular and molecular levels. The
degree of radiation damage to an organism depends upon
the source (external or internal), the type (electromagnetic

or particulate), the dose rate (intensity per unit of time),
and the total dose. Possible effects to the individual orga-
nism may include death, inhibition or stimulation of growth
physiological damage, changes in behavioral patterns, d.
velopmental abnormalities, and shortening of life span. In
addition, the extent of bicogical damage from radiation can
be modified by environmental stresses-such .as changes in
temperature and salinity. Under certain conditions, irradia-
tion can cause gross pathological changes which are easily
observed, or more subtle changes which are difficult or im-
possible to detect. In addition to somatic changes which
affect the individual, genetic changes also may otcur which
may affect the offspring for many generations. At one time,
it was widely believed that there was a threshold radiation
dose below which damage did not ocour, but now the con-
sensus of most radiobiologists is that any increase over back-
ground radiation will have some biclogical effect. While
the non-existence of a threshold dose is difficult to prove,
most radiation biologists agree that even background levels
of radiation from primordial radioisotopes and cosmic rays
have resulted in some genetic changes over the ages. These
radiation-induced changes usually constitute less than | per
cent of all spontaneously occurring mutations (Asimov and
Dobzhansky 1966).3%

The amount of radiation absorbed by an organism can be
expressed in various ways. The rad (radiation absorbed
dose) is the unit used to measure the absorbed dose of radia-
tion and refers to the absorption of 100 ergs of energy per
gram of irradiated material. Because a rad of alpha or o
tron radiation produces greater biological damage than w
rad of gamma radiation, another unit called the rem (roent-
gen equivalent man} also is used. To obtain the rem, or dose
equivalent, the number of rads absorbed by the tissue is
multiplied by the quality factor and other necessary modify-
ing factors to compensate for the effects of different types of
radiation. The acute doses of radiation required to produce
somatic damage to many species of aquatic organisms have
been established within broad limits {National Academy of
Sciences 1971).%7 Some bacteria and algae can tolerate
doses of many thousands of rads, but the mean lethal dose
(LD%—30 days) for fish is in the range of several hundred
to a2 few thousand rads. Eggs and early developmental
stages are more sensitive than are adults. By comparison,
the mean lethal dose for humans is about 300 rads.

The acute mean lethal dose has little value in placing re-
strictions on the amounts of radioactive material present in
aquatic environments. Much more meaningful is the Highest
level of chronic exposure that results in no demonstrable
damage to aquatic populations, A vast amount of research
on dose-effect relationships for warm-blooded animals has
led to the recommendations on human radiation exposure.
People whe work with radiation may receive no more than
5 rem in any one year. The recommended limit for the
general public is 0.5 rem in one year for individuals b
restricted to only 0.17 rem per year as an average for po,
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itioms. The lower level permitted for populations is to re-
uce the possibility of genetic changes becoming established.

i"  ared with the experimental data available for
z:. Jlooded animals, only 2 meager amount of informa-
on. is available on chronic dose-effect relationships for
juztic forms. The preponderance of available data indi-
ites, however, that no effects are discernible on either indi-
dual aquatic organisms or on populations of organisms at
se_rates as high as several rads per week. In populations of
1ld species, genetic damage may be removed by natural
~legtion. and somatically ‘weakened individuals are prob-
sly eaten by predators. Consequently, aquatic organisms
iversely affected by radiation are not readily recognized
| the field.

The natural populations of fish that have probably sus-
'ined the greatest exposure to man-made radioactive ma-
rials are those near major atomic energy installations, for

tample, in the Columbia River near Hanford; in White.

tak Creek and White Oak Lake, near Cak Ridge; and in
1e Irish Sea near Windscale, England. Small fish which
iceived chronic irradiation of about 10.9 rads per day from
-dioisotopes in the sediments of White Oak Creek produced
irger broods but with a higher incidence of abnormal em-
ryos (Blaylock and Mitcheil 1969).%%% Chironomid larvae
ving in the bottom sediments and receiving about five
ids per week had an increased frequency of chromosomal
berrations but the abundance of the worms was not af-
et The stocks of plaice in the vicinity of the Windscale

ut.  iave been unaffected by annual dose rates of sbout

0 rads per year—primarily from the bottom sediments
Ministry of Agriculture, Fisheries and Food 1967).%%
‘olumbia River salmon spawning in the vicinity of the
Tanford outfalls have been unaffected by doses in the range
" 100 to 200 millirads per week (Watson and Templeton
1 press)."® These observations on chronic exposure of
quatic organisms provide a subjective assessment of radia-.
ion’ sensitivities in natural populations but are not. suffi-
iently definitive to form the basis for the development of
sater quality recommendations,

‘estrictions on Radioactive Materials

The amounts of radioactive materials present in water
nust be restricted in order to assure that populations of or-
anisms are not damaged by ionizing radiation and also to
imit the amount of radicactive material reaching man via
quatic food chains, Permissible rates of intake of the vari-
as radioisotopes by man have been calculated so that the
esulting annual dose is no greater than the recommended
imit. Therefore, when the rate of consumption of aquatie
wganisms is determined, e.g., pounds of fish or shellfish per
‘ear, maximum concentrations of radionuclides permissible
a the edible parts of the organisms can be computed. These
na~*~~um concentrations are well below the concentrations
vL - .ave produced detectable effects on natural aquatic
>opulations. It is probable that the aquatic environment
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will be protected by the restrictions currently imposed on
the basis of human health.

The regulations which serve to protect man from radia-
tion exposure are the result of years of intensive studies on
the biological effects of radiation. Vast amounts of informa-
tion have been considered by the International Commission
on Radiological Protection . (ICRP) (1960, 1964,%0
1965%), the National Ceuncil on Radiation Protection and
Measurements (NCRP: (1959,3%¢ 197]1%%) and the U.S.
Federal Radiation Council (FRC) (1960,%7 1961%%%), in
developing recommendations on the maximum doses of
radiation that people mav be allowed to receive under
various circumstances or that may occur in water. The
Drinking Water Standards (UJ.S. Department of Health,
Education and Welfare, Public Health Service 19624} and
the Code of Federal Regulations (1967)3%¢ are responsive to

the recommendations of the FRC, ICRP, and NCRP, and

provide appropriate protection against unacceptable radia-
tion dose levels to people where drinking water is the only
significant source of exposure above natural background.
Where fish or other fresh or marine products that have
accumulated radioactive materials are used as food by hu-
mans, the concentrations of the radiocsiotopes in the water
must be further restricted to ensure that the total intake of
radioisotopes from all sources will not exceed the recom-
mended levels.

Conclusiens

Previous attempts to restrict radioactive discharges to
marine environments have resulted in recommended maxi-
mum permissible concentrations in sea water (National
Academy of Sciences 1959a,%+ 1959b,%% 1062,38 197197},
These recommendations are most useful as a first approxi-
mation in predicting safe rates of discharge of radioactive
wastes, but their applicability as water quality recommenda-
tions is limited and they are not intended for general use in
fresh or estuarine waters where the concentrations of a great
variety of chemical elements vary widely.

Three approaches to the control of levels of radioactivity
in the aquatic environment have been used: (1) controlling
the release of radioactivity based upon the specific activity
approach—the ratio of the amount of radioactive isotope
present to the total amount of the element (microcuries per
milligram) (National Academy of Sciences 1962),%8 (2)
relating the effects of radiation upon aquatic organisms
caused by a given concentration of a radioisotope or com-
binations of radicisotopes in the water, and (3} restricting
concentrations of radioisotopes to those permitted in water
and food for human consumption.

Since concentrations of stable elements vary from one
bodv of water to another, and with time, and since adequate
data are not available to relate effects of radiation upon
aquatic organisms to specific levels of radioactivity in the
water, restrictions contained in the Code of Federal Regu-
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lations (1967)%% on liquid effluents are considered-adequate
to safeguard aquatic organisms.

Because it is not practical to generalize on the extent to
which many of the important radioisotopes will be concen-
trated by aquatic organisms, nor on the extent to which
they will be used for food by peaple, no attempt is made
here to specify maximumi permissible concentrations (MPC)
for water in reference to uptake by the organisms. Rather,
each case requires a separate evaluation that takes into ac-
count the peculiar features of the region. Such an evaluation
should be approved by an agency of the State or Federal
Government in each instance of radiocactivity contamina-
tion in the environment. In each particular instance of pro-
posed contarination, there must be a determination of the
organisms present, the extent to which these organisms
concentrate the ratioisotopes, and the extent to which man
uses the organisms as food. The rates of release of radio-
isotopes must be based on this information.

Recommendation

Aquatic organisms concentrate radioisotopes to
various degrees in their tissues. The concentration
in sea water should be low enough so that the con.
centration in any aquatic species will not exceed
Radiation Protection Guides of the U.S. Federal
Radiation Council (1961)% for organisms harvested
for use as human food. This recommendation is
based upon the assumption that radiation Ievels
which are acceptable as human food will not injure
the aquatic organisms including wildlife.

SEWAGE AND NUTRIENTS

Mugnitude of the Problem

The discharge of municipal sewage is & major factor
affecting the water quality of receiving systems, Because
the amount of municipal waste produced is directly related
to the human population, the unit emission rates together
with information on the number of people using a system
provide an accurate estimate of the load that is imposed on
a particular estuary or section of coastal water.

The effect of sewage discharges on water quality varies
widely and depends on (1) its composition and content of
toxic materials, (2) the type and degree of treatment prior
to discharge, (3) the amount released, (4) the hydrody-
namics of the receiving waters, and (5) the response of the
ecosystern. Increasing human population and affluence
have resulted in increasing amounts of domestic and in-
dustrial wastes. However, because the kind and degree of
treatment often can be improved, it should be possible to
cope with this pollution problem and to maintain or im-
prove the quality of the marine environment.

In most cases the discharge of sewage effluent is inten-
tional and the source of sewage and sewage treatment
products entering marine ecosystems can be described more

TABLE IV-§—Average Sewage Emissions for a Densely

Populated Area
Constitvent Mast omission raie (toas/dsy)s  Unit afvission rale (lb/eapita /-
Diolrdd KaBds. ........c....cviivenn T 3,600 L0
Suspended sofids.......... ...l 565 8182
0 ‘ 0.166
BT 185 0.047
Phosphate (P)......o.ov e, 14 0.02%

a Fot 100 mgd of sewage; pepulation of 7 million.
KAS-NRG Committes on Oceanogrzphy 1970403,

accurately than the sources of other pollutants entering the
ecosystem. The volume of discharges and certain aspects of
their compeosition, specifically, the amount of organic mat-
ter and the inorganic nutrients, can be monitored continu-
ously by existing automated methods. Average values for
some important constituents and their emission rates in a
densely populated coastal area are given in Table 1V-8,

Runoff from agriculture areas is an important factor in
the nutrient enrichment of freshwater systems, but it is less
important t¢ marine systems because relatively fewer farms
are concentrated on estuaries and coasts. Nevertheless, agri-
cultural practices should be considered. Pesticides, fertil-
izers and animal wastes may be carried by rivers into
estuaries. Runoff from duck farms was involved in a study
on excessive nutrient enrichment by Ryther (1954).4
Commoner (1970)%* has emphasized that in the Unir
States during the last twenty-five years the amount of
trogen used in agriculture has increased fourteenfold while
the amount of nitrogen released via sewage has increased
only seventy per cent.

In addition to degradable organic materials derived from
fecal and food wastes, municipal sewage also contains a
wide variety of “exotic” or synthetic materials that are non-
degradable or degrade slowly and onty under special condi-
tions (e.g., petroleum residues, dissolved metals, detergents,
dyes, solvents, and plasticizers). Some of these adversely
affect the biota of receiving waters, and many interfere with
the biological degradation of organic matter either in the
treatment plant or in the environment. Because waste
treatment technology currently in use is designed to treat
the fecal and food materials derived from organic wastes,
an operational definition of municipal sewage ‘““exotics” is
all those materials not derived from fecal or food sources.
If the exotic materials accumulate in the receiving ecosys-
tem, the capacity for recycling of the degradable organic
materials may be reduced.

Oxygen Depletion

Efficient biplogical degradation of organic materials re-
quires dissolved oxygen, and overload of sewage in receiving
waters can result in oxygen depletion and secondary ef -
such as objectionable odors, plant and animal die-off;
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generally decreased rates of biological degradation. Such
effects can also be created by excessive algal growth and
subsequent die-off.

‘most widely used method for estimating the organic
20uwdion load of a waste is the 5 day Biochemical Oxygen
Demand Test (BOD;). Discussions of the test {Fair et al.
1968, Standard Methods 19719%) and its [imitations
{Wilhm and Dorris 19684%) are available. Among the im-
portant limitations of the BOD; are: it cloes not indicate the
presence of organics which are not degraded under the pre-

~cribed conditions; it assumes that no toxic or inhibitory.

materials will affect microbial activity; and it does not
measure the nitrogeneous oxygen demand of the organic
waste, The chemical oxygen demand (COD) is an alternate
procedure for determining the amount of oxidizable ma-
terial in a water sample. However, it does not indicate the
1ature of biological oxygen consumption in a given time,
and it does not distinguish between inorganically and or-
ganically oxidizable materials. Both BOD; and COD
measurements must be recognized as being only partial
descriptions of the sewage load of a receiving water. While
BOD; and COD measurements are useful for evaluating
reatment systems, these two measurements do not ade-
guately assess the environmental impact of a given sewage
load (Wilhm and Dorris 1968), ¢

Excessive Nuirient Enrichment

Marine plants, like those on land and in fresh water, re-
y Certilizing elements essential for their growth and re-
pro .ction. These essential elements are natural constitu-
ents of municipal sewage and the amount that can be added
te the marine environment without deleterious effect is de-
termined by the stimulated growth of aquatic plants. Even
if the major share of the organic material is removed from
.he sewage in treatment plants, the growth of normal
marine plants can increase if the fertilizing elements present
in sewage are added to the environment. Sewage treatment
plants are designed to remove the organic material and the
suspended solids and to decrease the bacterial population
by disinfection. In most cases, this is done by processes that
celease or “mineralize” the plant nutrients which then stim-
ulate the growth of algae in the receiving waters. In only a
few cases have efforts been macde to remove these fertilizers
from the effluent to prevent or reduce the excessive growth
of plants in the aquatic environment.

In the marine environment, growth of phytoplankton is
commonly limited by the availability of essential nutrients,
the most important of which are phosphorus and nitrogen
in available forms. In some cases, shortages of silicate can
inhibit the growth of the diatoms and encourage growth of
other species. In certain limited areas, other elements such
as iron and manganese have been reported as limiting
growth of algae, and the presence or absence of other
gr " stimulating substances, such as vitamin By, can in-

flu. " : both the amount and the character of plant species.
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capable of growing. It should be noted that in the marine
environment, several elements essential for plant growth
such as potassium, magnesium, and sulfur, are present in
great excess.

Organic ‘material produced by natural phytoplankton
populations produces an oxygen demand when the material
is consumed or decomposed. Oxygen is produced by the
process of photosynthesis, but this production occurs only
near the surface during daylight when the amount of light
penetrating the water is adequate, Due to the sedimentation
of dead organic particulate material, decomposition usually
takes place in the deep waters where photosynthetically pro-
duced oxygen is not available,

The amount of organic material which can be produced
by marine phytoplankton as a result of the addition of
fertilizing elements is dependent upon the composition of
the organic material. Redfield et al. (1963} give the fol-
lowing ratios as characteristic of living populations in the"
sea and of the changes which occur in amounts of various
elements left in water as a result of algal growth

AD: AC: AN AP=
276: 106: 16 1 by atoms or
138: 40: 74 1 by weight

In addition to the readily available forms of phosphorus
and nitrogen (dissolved orthophosphate, ammonia, nitrite,
and nitrate), organic forms of phosphorus and nitrogen may
be made available by bacterial decomposition. Some dis-
solved organic nitrogen compounds are also available for
direct assimilation.

It should be emphasized that these ratios are not con-
stant in the rigorous sense of the stoichiometric ratios in
chemistry, The plant cells can both enjoy a “luxury’ con-
sumption of each element (Lund 1950)4 or survive nutri-
tional deficiencies  (Ketchum 1939,9° Ketchum et al,
194941, In terms of the total production of organic ma-
terial these variations are important only’ when concentra-
tions of the elements are uriusually low. It has been shown,
for example, in New England coastal waters that nitrogen is
almost completely removed from the sea water when there
is still a considerable amount of phosphorus available in the
system. Under these circumstances the plants will continue
to assimilate phosphorus, even though total production of
organic matter is limited by the nitrogen deficiency
(Ketchum et al. 1958,42 Ryther and Dunstan 19715%).

The amount of oxygen dissolved in sea water at equi-
libriurn with the atmosphere is determined by salinity and
temperature. Nutrient elements added to the marine en-
vironment should be limited so that oxygen content of the
water is not decreased below the criteria given in the dis-
cussion of Dissolved Oxygen in this Section. In many pol-
luted estuaries, the amount of fertilizing elements added in
municipal sewage is sufficient to produce enough organic
material to completely -exhaust the oxygen supply during
decomposition. The oxygen content of sea water and of
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fresh water at equilibrium with the atmosphere is presented -

for different temperatures in Table IV-9. For the purposes
of this table, a sea water of 30 parts per thousand (%¢)
salinity has been used, which is characteristic of the near-
share coastal waters. The salinity effect on concentration of
oxygen at saturation is minor compared to effects of tem-
perature in the normal ranges found in coastal waters.
From the ratios of elements given above and the satura-
tion vaiues for oxygen, one can derive the effect of nutrient
enrichment of marine waters. For example, from an addi-
tion of phosphorus and available nitrogen to final concen-
trations of 50 and 362.5 micrograms per liter respectively

in the receiving water, enough organic material could be -

produced to remove 6.9 milligrams per liter of oxygen from
the water. Data in Table IV-9 indicate that sea water with
a salinity of 30 9¢¢ and a temperature of 25 C will contain,
at saturation, 6.8 milligrams of oxygen per liter. This con-
centration of nutrients would thus permit the system to be-
come anoxic and would violate the requirement that oxvgen
not be changed beyond levels expressed in the section on
Dissolved Oxygen. Fresh water would contain 8.1 mg/1 of
oxygen at saturation at 25 C, so that the same amount of
nutrient addition would remove 84 per cent of the available
oxygen.

The example used might be considered to set an upper
limit on the amount of these nutrients added to water. The
actual situation is, of course, much more complicated. It is
clear from the data in Table IV.9 that summer conditions
place the most stringent restrictions on nutrient additions to
the aquatic environment. Furthermore, the normal content
of nutrients in the natural environment has to be considered.
If these were already high, the amount of nutrients that
could be added would have to be reduced. As mentioned
above, the ratio of elements pregent in the natural environ-
ment would also be important. Nitrogen is frequently the
element in minimum supply relative to the requirement of
the phytoplankton, and addition of excess phosphorus under
these circumstances has less influence than addition of nitro-
gen. Differences in the ratios of nitrogen to phosphorus may
also modify the type of species present. Ryther (1954),%
for example, found that unusually low nitrogen to phos-
phorus ratios in Moriches Bay and Great South Bay on
Long Island, New York, encourage the growth of micro-

TABLE IV-9—Efects of Salinity and Temperature on the
Oxygen Content of Warer in Equilibrium with Air at
Atmospheric Pressure

Tcmpmh}ru 4 Salintty 9/00 Dxygen mg/i Salinity 9/00 Orygen mg/1
25 ] 6.8 ] 4.1
0 i 14 0 L&)
19 0 8.1 ] 0.8
¢ k) .65 ] 14.15
Richards and Corwin 7956+,

scopic forms of Nemnochloris alomus at the expense of the
diatoms normally inhabiting this estuary.

Many forms of blue-green algae are capable of fixing
nitrogen from the gaseous nitrogen dissolved in sea wat
Nitrogen .deficiencies could be replenished by this mec
nism so that decrease in phosphorus content without con-
comitant decrease in nitrogen content might still lead to
overenrichment, as well as shift the dominant phytoplank-
ton population.

Oxygen content of upper water lavers can be increased by
exchanges with the atmosphere. This process is proportionat
to the partial pressure of oxygen in the two systems so that
the more oxygen deficient the water becomes, the more
rapid is the rate of replacement of oxygen in the water by
atmospheric oxvgen. Finally, mixing and dilution of the
contaminated water with adjacent bodies of water could
make additional oxygen available. All of these variables
must be considered in order to determine accentable levels
at which nutrients present in sewage can be added to an
aquatic environment. In fact, many polluted estuaries al-
ready contain excessive amounts of these fertilizing elements
as a result of pollution by municipal sewage.

The effects of ratios of elements discussed above have a
very important bearing upon some of the methods of con-
trol. For exampie, the removal of phosphates alone from the
sewage will have an effect upon the processes of over-
enrichment only if phosphorus is indeed the element limit-
ing production of organic matter. When nitrogen is limit-
ing, as it is in New England coastal waters accordine *~
Ryther and Dunstan (1971),% ‘the replacement of 1
phorus by nitrogen compounds, such as nitrilotriacetate
{NTA) could be more damaging to the ecosystem than con-
tinued use of phosphate-based detergents.

Pathegenic Microerganisms

The fecal coliform index is the most widely used micro-
biological index of sanitary quality of an estuary. Fecal
coliform indices represent a compromise between the ideal
of direct determination of bacterial and viral pathogens in
time-consuming laboratory procedures, and the indirect,
less indicative but practical exigencies. Laboratory methods
for quantitative enumeration of virus currently are being
developed and their present status is one of promise, but
more time is needed for, their evaluation. Bacterial pathogen
detection frequently requires special laboratory attention. -

Virus, in general, may exhibit considerably longer sur-
vival times in water and shellfish as compared to fecal
coliform bacteria. Under these circumstances a negative E,
coli test can give a false impression of the absence of viral
pathogens (Slanetz et al. 1965, Metcalf and Stiles 196841%),
Fecal coliform multiplication may possibly occur in pol-
luted waters leading to further difficulties in interpreting
sanitary quality.

Disinfection of waste water by chlorine is effective in re-
moving most pathogenic bacteria but unpredictable .
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szcing the number of viruses. Differences in resistance of .

a~* “a and virus to chlorination may result in the appear-
n infectious virus in treated effiuents devoid of bac-
smia. Failure to demonstrate the presence of viruses would
:» tL,e best way to insure their absence, but such capability
~va'ts development of methods adequate for quantitative
aumeration of virus in water.

The pollution of estuaries with waste products has led to
i contamination of shellfish with human pathogenic
.acteria and viruses. Crutbreaks of infectious hepatitis and
icute gastroenteritis derived from polluted shellfish have
einforced concern over the dangers to public health associ-
ited with the pollution of shellfish waters. The seriousness of
iral hepatitis as a world problem has been documented by
Vlosley and Kendrick (1969).4% Transmission of infectious
.epatitis as a consequence of sewage-poliuted estuaries has
securred through consumption of virus-containing shellfish,
sither raw or improperly cooked. Nine outbreaks of infec-
ious hepatitis have been attributed to shellfish (Liu 1970).413
Zontamination of water by sewage leads to the closing of
sster beds to commercial harvesting, denving public use
o[ a natural resource and causing economic repercussions
1 the shellfish industry. (See the discussion of Shellfish in
Section I on Recreation and Aesthetics.)

Sludge Disposat into Marine Waters

Dinmping of sewage sludge in the ocean continues and this
pt s, although at present indispensable, constitutes a
los: i one resource and potential danger for another. A
study on the New York Bight sludge and spoil dumping
area has shown that an accumulation of toxic metals and
petroleum materiais appear to have reduced the abundance
of the benthic invertebrates that normally rework the sedi-
ments in a healthy bottom community {(Pearce 1963).419

Deep Sea Dumping

Biological degradation of organic waste materials {s gen~'

erally affected by micro-biota and chemophysical environ-
mental factors. The deep sea is increasingly considered for
the disposal of organic waste materials. A recent study
(Jannasch et al. 1971)4® has shown that rates of bacterial

aciivity in degrading organic materials was slowed by’

about two orders of magnitude at depths of 3,000 to 15,000
feet as compared to samples kept at equal temperatures
(38°F) in the laboratory, Since (a} the disposal of organic
wastes should be designed on the basis of rapid decomposi-
tion and recycling, and (b) there is no conwol of the pro-
cesses following deep-sea disposal, this environment cannot
be considered a suitable or safe dumping site.

Potential Beneficial Uses of Sewage

Light loads of either organic-rich raw sewage or nutrient-
ri ‘ological treatment (secondary) effluent increase bio-
lo, . productivity. Except for short-term data on increased
fish and shellfish production, beneficial effects have rarely
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been suifictently documented, but at the present time several
active re.carch programs are underway. Some degree of
nutrien: -irichment exists today in most estuaries close to
centers of pupuiations. These estuaries remain relatively
praductive and useful for fishing and recreation. Certain
jeveis of suosvstemn modification via organic and nutrient
enrichmi=tl appear ‘to” be compatible with current water
uses: hewever, subtle changes in ecosvstems mav be accom-
panied bv later, more extensive change.

The possibility of intensive use of essential plant nutrients
in waste material to increase the harvestable productivity
of estuarine coastal systems has been suggested as a logical
way to treat :ewage and simultaneously derive an economic
benefit. Aquaculture systems would essentially be an ex-
tension of the waste treatment process. Conceprually, aqua-
culture is a form of advanced treatment. The limiting factor
involves problems presented by toxic synthetic chemicals,
petroleum, metals, and pathogenic microorganisms in
effluents of conventional biological treatment plants.

Rationale for Establishing Recommendatfions

It is conceptually difficult to propose a level of nutrient
enrichment that will not alter the natural flora because
seasonal phytoplankton blooms with complex patterns of
species succession are an integral part of the ecology of
estuarine and coastal waters. The timing and intensity of
blooms vary from year to year and patterns of species suc-
cession are frequently different in successive years. The
highly productive and variable ecology of estuaries makes it
difficult to differentiate between the early symptoms of arti-
ficial nutrient enrichment and natural cyclic phenomena.
In addition, there have already been major quantitative
and qualitative changes in the flora of marine waters close
to centers of population. These changes are superimposed
on the normal patterns of growth and may not in themselves
impair the recreational and commercial use of waters.

Simulation modeling has been used to predict the total
phytoplankton response to given nutrient inputs with success
by O'Connor {1963)%® and DiToro et al. {1971)% in the
San Joaquin Estuary and by Dugdale and Whitledge
(1970)* for an ocean outfall. Their models predict the
phytoplankton response from the interaction of the kind
and rate of nutrient loading and the hvdrodynamic dis-
persal rates. This technique, although not perfect, facilitates
evaluation of the ecological impact of given nutrient loads,
but does not help in deciding what degree of artificial en-
richment is safe or acceprable. :

Recommendations

« Untreated or treated municipal sewage dis-
charges should be recognized as a major source of
toxic substances. Recommendations for these con-
stituents will limit the amount of sewage effluent
that can be dispersed into estuaries. Reduced
degradation rates of highly dispersed materials

10775
o



278/Section IV—>Marine Aquatic Life and Wildlife

should be considered if the effluent contains re-
fractory organic material. Undegradable synthetic
organic compounds do not cause oxygen depletion
but can still adversely affect the ecosystem. Main-
tenance of dissolved oxygen standards will not pre-
vent the potentially harmiful buildup of these
materials. Specific quantitative analyses should be
done to identify and assess the abundance of these
compounds.

« The addition of any organic waste to the ma-
rine environment should be carefully controlled to
avoid decompasition which would reduce the oxy-
gen content of the water below the levels specified
in the recommendations for oxygen.

« Neither organic matter nor fertilizers should
be added that will induce the production of organic
matter by normal biota to an extent causing an
increase in the size of any natural anoxic zone in
the deeper waters of an estuary.

+« The natural ratios of available nitrogen to
total phosphorus should be evaluated under each
condition, and the element actually limiting plant
production should be determined. Control of the
amount of the limiting element added to the water
will generally control enrichment.

« If the maximum amounts of available nitrogen
and phosphorus in domestic waste increase the
concentration in receiving waters to levels of 50
micrograms per liter of phosphorus and 360 micro-
grams per liter of nitrogen, enough organic matter
wouild be produced to exhaust the oxygen content
of the water, at the warmest time of the year under
conditions of poor circulation, to levels below those
recommended (see p, 275). These concentrations of
nutrients are clearly excessive.

« The potential presence of pathogenic bacteria
and viruses must be considered in waters receiving
untreated or treated municipal sewage effluents.
The present quality standards for fecal coliform
counts (see pp. 31-32) should be observed. The
procedures for the examination of seawater and
shellfish as recommended by Hosty et al. (1970)s
should be used.

« Disposal of sludge into ¢oastal waters may ad-
versely affect aguatic organisms, especially the
bottom fauna. Periodic examination samples
should determine the spread of such an operation
to aid in the control of local waste material loads.
The probable trangport by currents should be care-
fully considered. The dumping of- sludge into
marine waters should be recognized as a temporary
practice. '

» Disposal of organic wastes into the deep-sea is
not recommended until further studies on their
fate, their effect on the deep-sea fauna, and the

controllability of such a procedure have been com-
pleted,

SOLID WASTES, PARTICULATE.MATTER, AND
OCEAN DUMPING '

Disposal of solid wastes has become one of the most ur-
gent and difficult problems in crowded urban centers.
Ocean disposal of these waste materials is receiving in-
creased attention as land suitable for disposal becomes in-
creasingly difficult to find.

Solid wastes are of many types and each may have a
different impact on the marine environment. Household
and commercial rubbish as well as automobiles and sewage
sludge are disposed of at sea. Industrial wastes may be
either solid or dissolved material, of varying toxicity. Har-
bor channels need continuous dredging, temporarily in-
creasing the suspended sediment load, and the spoils often
are dumped in coastal waters, Building rubble and stone
also often are placed in the sea. The impact of disposal of
these different materials into the ocean will range from
innocuous to seriously damaging.

Particulate material is also discharged to the ocean by
surface runoff, sewage outfalls, and storm sewers (Muni-
cipality of Metropolitan Seattle 1963).% Much of this
material settles to the bottom at or near the discharge site
{Gross 1970).%*" An increasingly important method of dis-
posal is that of barging solids offshore to be dumped in
coastal areas. Tahle IV-10 shows compilation of the amopun®
of wastes barged to sea in 1868 on the Pacific, Atlant.
and Gulf Coasts (Smith and Brown 1969).47

Dredge Spoils

Dredge spoils make up a major share of sea disposal
operations. Their composition depends upon the source
from which they were obtained. Saila et.al. (1968)*" were
able to differentiate between dredged spoil from Providence
Harbor dumped offshore and sediments of the natural
bottom in the dumping area {Rhode Island Sound). Gross
{1970)* suggests that dredge spoil generally consists of a
mixture of sands, silts, and wastes which form the surface
deposits in harbors. He compared minor element concen-

TABLE IV-I0—0Qcean Dumping: Types and Amounts, 1968

{In toasy

Wasietyps Miantic Gulf Patific Total

Dradge sgoife. ...l 15,402, 000 15,300,000 7,320,000 38,628, 909
industrial wastas ... .. 3,013,200 536,000 481,300 4,690, 500
Sewape sludge ™ 4,471,000 0 . [} 4,477,000
Coastruction and demoliion ¢ - 514, 000 9 4 574,000
Solidwaste.,.............. .. [} [ 2,000 28, 000
Explosives. ............oeiiiiiiiin 15,200 9 4 15,208

RL | ORI 3,867,400 15,366,000 8,321,300 48,214,700

Cauncil on Environmental Quality 18704,
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rations in harbor sediments, dredged wastes, and conti-
sental shelf sediments. The median values of observed con-
e ions were clearly different, although the ranges of
‘L. .trations overlapped.

The proportion of dredging spoils from polluted areas is
Hustrated in Table IV-11.

A variety of coastai engineering projects involve changes
n suspended loads and sedimentation (Ippen 1966447
Nicker 1965%%), Because important biotic communities
way inhabit the sites selected for these projects, conflicts
irise concerning navigational, recreational, fisheries, con-
iervation, and municipal uses of the areas (Cronin et al.
{969).4%% Although our knowledge about the effects is
imited and the literature is widely scattered, Copeland
and Dickens (1969)4% have attempted to construct a picture
~f how dredging affects estuarine ecosystems from informa-
tion gathered in the upper Chesapeake Bay, Maryland,
Redfish Bay, Texas, and an intracoastal canal in South
Carolina.

The biological effects of suspended loads, sedimentation,
dredging methods and spoil disposal may range from gross
Hamage, such as habitat destruction and smothering, to
more subtle effects under low but chronic conditions of
sedimentation over long periods of exposure, The channeli-
zation, dumping of spoils, dredging, and filling in the Gulf
Coast estuaries had destroved roughly 200,000 acres of
swamp, marsh, and bayv bottom areas by 1968 (Chapman
107 32 Marshall 1968+%),

tures of clays, silts, fine sands, and organic matter,
sometimes referred to as “faunally rich muddy sand,” tend
to support larger benthic populations than coarse clean un-
stable sands, gravels, or soft muds (Carriker 1967)%° gver
or through which locomotion mayv be difficult (Yonge
1953).4% Close relationships exist between the presence of
organic. matter, the mechanical nature of sediments, and
infaunal feeding habits (Sanders 1956, 1938,%7* McNuity
et al. 1962, Brett cited bv Carriker [9674%),

Ten vears after dredging Boca Ciega Bay invertebrate
recolonization of canal sediments (92 per cent silt and clay;
3.4 per cent carbon) was negligible. None of 49 fish species
caught in these canals (as compared to 80 species in un-
dredged areas) was demersal, apparently because of the
lack of benthic fish food organisms on or in the canal de-

TABLE IV-11—Estimated Polluted Dredge Spoils

Total spoils in tans} Eslimated percent of Tatal palluted shoiis
fatal palluted spofls= (in tons)
Allantie Coast. ............... 15, 608, 000 45 7,120,000
Gulf Coast..............cean. 15,300,000 k] 4,740,600
Paifie Caast................. 1,326, 000 19 1,390,000
TJotal.......ooii e 38,426,000 i 13,250,800

s of pollited dredge spells consider chioring demand; BOD: COD; volatile salids; it and prease;
tal s of phosgherous, mitrogen, and iros; silica content; and color and ndnrolthusumls.
Council on Environmentai Quality 195704
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posits (Taylor and Saloman 1968).477 Breuer (1962)%%
noted that layers of dead oyster shell in South Bay corre-
sponded to layers of deposited spoil from dredging and re-
dredging of the Brownsville Ship Channel. He thought that
this suggested destruction of South Bay oyster populations
with each dredging operation.

Pfitzenmeyer {1970}47 and Flemer et al. ( “.)67)“‘ noted
a 71 per cent reduction in average nwmber of individuals -
and a marked reduction in diversity and Dimnass in a spoil
area in upper Chesapeake Bay alter dredeing ceased, One
and one half vears after dredging, the number of individuals
and species diversity of the spoil disposal area, but not in
the channel, were the same as those of the surrounding
area.

In lower Chesapeake:Bay, Harrison et al. (1964)4 ob-
served a transitory effect of a dredging and spoil disposal
operation on infauna. Resettlement of the dredged and dis-
posal areas was very rapid by active migration and hvdro-
dynamic distribution of juveniles.

Mock (1967)4€ noted that an unaltered shore in Clear
Lake, Texas, produced 2.5 times more post larval and ju-
venile brown shrimp (Penaens aztecus) and 14 times more post
larval and juvenile white shrimp (Penaeus setiferus) than a
similar bulkheaded shore. In a laboratory study using simi-
lar substrates, Williams’ (1938)%%! data suggested that the
tvpe of substrate may exert its influence through its effect
on available cover, although a contributing factor mav be
the different food content of the substrate.

Bavless (1968)%*7 observed higher average hatches of
striped bass eggs (Morone saxatillis) on coarse sand (58.9 per
cent) and a plain plastic pan (60.3 per cent) than on silt-
sand (21 per cent), silt-clav-sand {4 per cent) or muck
detritus {none). These results tend to support Mansueti’s
(1962)*% and Huet’s (1965)%% contention that deposition
of suspended matter may interfere with or prevent fish
reproduction by destruction of demersal eggs in upper -
estuarine areas.

Sewage Sludges

Sewage sludges contain about 3 per cent solids which
consist of about 33 per cent organic matter, 43 per cent
aluminosilicates, and tend to contain concentrations of
some heavy metals at least ten times those of natural sedi-
ments (Gross 1970).4%

Sewage sludge has been dumped off New York Harbor
since 1924 in the same area. Studies by Pearce (1970a,%%
b)*%¢ show that the normal bottom populations in an area
of about 10 square miles have been eliminated and that the
benthic community has been altered over an area of approxi-
mately 20 square miles. Even the nematodes, unusually
tolerant to pollution, are relatively scarce in the smaller
area. In areas adjacent to the sewage sludge disposal area
the sea clams have been found tc be contaminated by
enteric bacteria and the harvest of these clams in this area
has been prohibited. The oxygen content of the water near

10777



280 /Section IV—2Marine Aguatic Life and Wildlife

the bottom is very low, less than 10 per cent of saturation
in August, the warmest time of year. Chemical analysis of
the sludge deposits have shown not only high organic con-
tent but also high concentrations of heavy metals and
petrochemicals. In this area of the New York Bight, fin-rot
disease of fish has been observed and is being investigated
{(Pearce 1970b).4% In laboratory tests it has been shown
that sludge deposits can cause necrosis of lobster (Homarus
americanus) and crab shells and tend to clog their. gills so
that survival of these species in contact with the sludge de-
posits is very brief. In other laboratory experiments, orga-
nisms given a choice of substrate tend to avoid the sludge
material in favor of the walls of the container or other sur-
faces that were made available (Pearce 1970b).4% These
studies have indicated that the disposal of sewage sludge
has had disastrous ecological effects on the populations
living on or near the bottom.

Many aspects associated with sludge dumping in the
New York Bight require further investigation. It is not
known, for example, how much of the material being
dumped there is accumulating and how much is being de-
composed. The effects of heavy metals, of oxvgen-demand-
ing materials, and of other components are imperfectly
understood. When the rate of delivery of organic waste
materials to an aquatic environment exceeds its capacity to
recover, the rate of deterioration can be rapid. If, or when,
sewage sludge disposal in this particular area of the New
York Bight is terminated studies could determine whether
the bottom populations can repopulate the area.

Solid Wastes

The amount of household and commercial rubbish to be
disposed of in the United States is about 3 Ibs per capita
per dav and is expected to increase to 7-14 lbs per capita
per day {for a larger population), by the end of the present
decade. Proposals have been made to coliect and bale
waste for transportation to the sea where it would be
dumped in waters 1000 meters deep or more. It would be
necessary that the bales be compacted to a density greater
than sea water so that they would sink, and that no loose
floating objects would be released from the bale. Among
the suggestions made is that the bales be wrapped in plastic
to avoid any leaching from the contents.

Pearce (1971)'% reports that bales of compacted garbage
wrapped in plastic and reinforced paper disintegrated in a
few weeks when placed in water 10 to 20 meters deep off
the coast of New Jersey, Compacted bales of refuse were
also anchored at a depth of 200 meters off the Virgin Islands
Pearce (1970c).*% These were retrieved and inspected after
approximately three months of exposure. Little growth had
occurred an the surface of the bales, but some polychaete
. worms had penetrated the bales to a depth of 2-3 ¢m., and
the material within the bale had decomposed to a limited
extent. Relatively high counts of total coliform bacteria
{96,000 Most Probable Number, MPN) and of fecal coli-

forms (1,300 MPN) were found in materials retrieved from
the interior of the bales, indicating prolonged survival or -
growth of these nonmarine forms and suggesting a possible.
hazard of introduction of pathogens o the sea, The ec:

‘logical effects of disposing of these matenals are inade

quately known.’

Disposal of solid wastes, including dredging spoils and
sewage sludge into the deep waters off the edge of the Conti-
nental Shelf (more than 200 meters) has been frequently
suggested as a way to protect the inshore biota. However,
the rate of decomposition of organic material at the high
pressure and low temperature of the deep sea is very much
slower than it would be at the same low temperature at
atmospheric pressure (Jannasch et al. 1971).%% The orga-
nisms in the deep sea have evolved in an extremely constant
environment. They are, therefore, unaccustomed to the un-
usual stresses which confront organisms in more variable
situations typical of coastal waters. Biologists interested in
studving the bottom populations of the deep sea are ex-
tremely concerned about altering these populations before
there is an opportunity to study them thoroughly.

indystrial Wastes

A wide variety of industrial waste is being dumped at
sea. If this is discharged as a solution or slurry from a mov-
ing ship or barge it will be diluted in the turbulent wake
and by the normal turbulence of the sea (Ford and Ketchum
1952).4* The recommendations for mixing zones (p. 231}
and for the constituents of specific waste material incluc’
should be applied to each such operation.

One such operation which has been extensively studied
is the disposal of acid-iron wastes in the New York Bight
{Redfield and Walford 1951, Ketchum et al. 1951,%%
Vacarro et al. 1972,478 Wiebe et al. in press 197247}, Even
though this disposal has proceeded for over twenty years,
no adverse effects on the marine biota have been demon-
strated. The acid is rapidly neutralized by sea water and the
iron is precipitated as nontoxic ferric hvdroxide. This is a
flocculant precipitate and the only accumulation above
normal background levels in the sediments appears to be in
the upper end of the Hudson Canvon, close to the specified
dumping area. The so-called “acid grounds’” have become
a favored area among local blue fishermen. More toxic
materials would clearly present an entirely different set of
problems. This illustrates the need for a rational approach
to problems of ocean dumping.

Cther Solid Wastes

Automobiles are sometimes dumped at sea, and some
wark has been done.on an experimental basis in an effort
to determine whether artificial reefs can be created from
them to improve sport fishing, There is evidence that the
number of fish caught over these artificial reefs is great~
than over a fiat level bottom, but it is not yet certain whe.
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this represents an aggregation of fishes already in the area
or an actual increase in productivity.

Misposal of building rubble (brick, stone, and mortar)
a 'is not widely practiced. Presumably, this material
sowwu form artificial reefs and attract populations of fish,
both as a feeding ground and by providing some species
with cover. Obviously, the bottom organisms present would
be crushed or buried, but Pearce (1970a,* b}** found no
permanent detrimental effects in the building rubble dis-
posal site off New York City,

Suspended Particulate Materials

In addition to specific waste disposal operations, sus-
pended particulate material, seston, may be derived from
other sources, and have a variety of biclogical effects. Par-
ticulate material can originate from detritus carried by
rivers, atmospheric fallout, biological activity, chemical re-
actions, and resuspension from the bottom as a result of
currents, storms, or dredging operations. The particles intro-
duced by rivers can be rock, mineral fragments, and clay
serving as a substrate for microorganisms or affecting light
rransmission in the water column. In addition, organic
matter fragments, which make up 20 to 40 per cent of
particles in coastal waters (Biggs 1970,%* Manheim et al.
1970%%7) may comprise 50 per cent to 80 per cent of sus-
pended material further offshore. Particle concentrations
generally range from 1 to 30 mg/] in coastal waters to about
0 1 mg/1 at the surface in the open ocean. Higher con-
ce....ations occur near the bottom.

The estimated vearly sediment load from rivers to the
world oceans is estimated at 20 to 36 X 10 tons with 80 per
cent originating in Asia (Holeman 1968).4% Much of this
load is trapped-in estuaries and held inshore by the general
landward direction of subsurface coastal currents {Meade
1969}.4% Gross (1970)443 suggests that 90 per cent or more
of particles originating from rivers or discharged to the
oceans settles out at the discharge site or never leaves the
coastal zone.

Average seston values may more than double from natural
causes during a tidal cycle. Biggs (1970)**¢ observed con-
centrations in the upper Chesapeake Bay ranging from less
than 20 mg/| to greater than 100 mg/] during a single day.
Resuspension of bottomn sediments by storm waves and cur-
rents induced by wind were responsible for this range of
concentrations. Masch and Espey (1967)* found that the
total suspended material concentrations in Galveston Bay;
Texas, ranged from 72 mg/1 in the surface water of the
ship channel to over 150 g/1 six inches above the bay bot-
tom near dredging operations. Normal background concen-

trations in Galveston Bay during times of strong wind action’

were 200 to 400 mg/!. Background values observed by
- Mackin (1961)%¢ in Louisiana marshes ranged from 20 to
2" g/1. Depending on the amount of overburden, opera-
ti. .mes, and rate. of discharges, Masch and Espey
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(1967)4% recorded suspended fixed solids concentrations in
dredge discharges ranging from 3,000 to 29,100 mg/1.

The basic relationships between physical and chemical
aspects of suspended and deposited sediments and the re-
sponses of estuarine and marine organisms are poorly under-
stood (Sherk 1971).47 However, there is general agree-
ment that particulate material in suspension or settling on
the bottom can aflect aquatic organisms both directly and
indirectly, by mortality or decreased yield..

Particles suspended in the water column can decrease
light penetration by absorption and scattering and thus
limit primary productivity, Resuspended sediments exert
an oxygen demand on the order of eight times that of the
same material in bottom deposits (Isaac 1965).4% Jitts
(1959} found that 80 to 90 per cent of phosphate in solu-
tion was absorbed by silt suspensions which might also
modify the rate of primary production. However, exchange
rates and capacity of sediment can maintain a favorable
level of phosphate {I micromole/l) for plant production .
(Pomeroy et al. 1965).4® Carritt and Goodgal (1954)4t
postulated a mechanistn for phosphate removal, transport,
and regeneration by the sediment-phosphate sorption com-
plex at different temperatures, pH values, and salinities.

Evidence tends to support the contention that nutrient
fertilization and possible release of toxic materials can occur
with resuspension of bottom material in the water column
(Gross 1970).*% This may occur during dredging, disposal
and dumping operations, reagitation during storms or
floods and from beach erosion. In upper Chesapeake Bav
total phosphate and nitrogen were observed to increase
over ambient levels by factors of 50 to 1,000 near an over-
board spoil disposal project, but no gross effects were ob-
served in samples incubated with water from the spoil
effluent (Flemer et al. 1967, Flemer 1970%0),

QOpyster and clam eggs and larvae demonstrate 2 remark-
able ability to tolerate the variable turbidities of the estu-
arine environment at concentrations up to 4.0 g1 {Carriker
1967,43° Davis and Hidu 1969%3#), Survival and growth of
these egg and larval stages reported by Davis (1960)47
and Loosanoff {1962),% however, indicated a significant
effect on survival at suspended particle concentrations of as
little as 125 mg/1. Earlier life stages of the ovster tend to be
more sensitive to lower concentrations of suspended ma-
terial than adults. However, the effects on survival and
growth cannot wholly be attributed to particle sizes and
concentrations since different particle tvpes mav have
markedly different effects at similar concentrations. The
adult American oyster (Crassosirea virginica) appears to be a
remarkably silt-tolerant organism when not directly smoth-
ered by deposited sediments (Lunz 1938,%%4.19424%), Sig-
nificantly, mortality of adult oysters was not evident with
suspended sediment concentrations as high as 700 mg/1
(Mackin 1961),4%¢ but there was a drastic reduction in
pumping rates (57 per cent at 100 mg/1 of silt) observed
by Loosanoff and Tommers (1948)%® and Loosanoff
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(196242), Apparently adult-oysters may pump at reduced

rates throughout most of their lives when the background

suspended particulate matter persists at values observed by
Biggs (1970)%¢ and Masch and Espey (19674%),

Organisms that colonize hard surfaces must contend with
a sediment mat of varying thickness. While motile fauna
may be able to adjust to short.range vertical bottom altera-
tions from scour or deposition, ... the capacity and be-
havior of less motile estuarine benthos in adjustment to
relatively rapid fluctuations in the. bottom level are little
known. Fixed epifauna, like oysters and barnacles, perish
when covered by sediment, adjustment occurring onlv in-
directly through later repopulation of the area from else-
where” (Carriker 1967).430 -

The highly variahle nature of suspended loads (Biggs
1970},** the resuspension of bottom accumulations by cur-
rents, tidal action and wind, and the feeding and filtering
activities of benthic organisms complicate the determination
of threshold vaiues or limiting conditions for aquatic or-
ganisms. Data are difficult to compare because of differences
in methods and approaches. This may indicate a lack of
undesstanding of sedimentation and the difficulty in dis-
tinguishing between the effect of light attenuation by sus-
pended particles and the effects of these particles on growth
and physiology of estuarine and marine organisms (Muni-
cipality of Metropolitan Seattle 1965).4% The observed
responses of organisms may not be due to turbidity or total
suspended sediment concentration, but to the number of
particles, their densities, sizes, shapes, tvpes, presence and
types of organic matter and the sorptive properties of the
particles. :

Physical alterations in estuaries and offshore dumping
have had obvious effects on estuarine and marine biological
resources. These effects have been given little consideration
in project planning, however, and little information exists
concerning the magnitude of biological change because few
adequate studies have been attempted .(Sherk 1971).%
Areas of high biological value, such as nurserv grounds or
habitats for commercially important species, must be pro-
tected from sediment damage (Municipality of Metropoli-
tan Seattle 19635).4% For example, the exceptionally high
value of the Upper Chesapeake as a low salinity fish nursery
area has heen demonstrated {Dovel 1970).%% Larvae and
.eggs are particularly sensitive to environmental conditions,
and sediment-producing activities in this type of area should
be restricted to seasons or periods of least probable effects.

Results reported from the study of this area, concerning
seasonal patterns of biota, the nature of the sediments, and
physical hydrography of the area, can be applied to the
other areas being considered for dredging, disposal, and
dumping. These data, in addition to careful pre-decision
surveys or research conducted at the site under considera-
tion should provide a guide to efforts to minimize damage
and enhance desirable features of the system (Cronin
1970).4% '

Adequate knowledge of local conditions at sites selected
for any sediment-producing activity is essential, however.

_This will generally require preproject surveys for each sit~-

selected because knowledge of ecological impacts of the

activities is limited. Data should be obtained on the
“... biological values of the areas involved, seasonal pat-
terns of the biota, the nature of -the sediments, physical
hydrography of the area, and the precise location of pro-
ductive or potential shellfish beds, fish nursery areas and
other areas of exceptional importance to human uses. . .”
which are close to or in the site selected (Cronin 1970).48¢

Appropriate laboratory experiments are also required.
These should have value in predicting effects of sedimenta-
tion in advance of dredging. operations. Eventually, the
results of these experiments and. field observations should
yield sets of environmental conditions and criteria, for ade-
quate coastal zone management and competent guidance to
preproject decision making (Sherk 1971).47%

The presence of major benthic resources (e.g., oyster
beds, clam beds) in or near the selected area should be
cause for establishment of a safetv zone or distance limit
between them and the sediment-producing activity. This
would control mortality caused by excessive deposition of
suspended particulate material on the beds and prevent
spread of spoil onto the beds from the disposal or dumping
sites. Biggs (1970)"% found that the maximum slope of
deposited spoil was 1:100 and the average slope was 1:300
in the Upper Chesapeake. These slopes may prove useful in
estimating safety zone limits on relatively flat bottoms.
times, the safety zone would have to be quite large. Fu.
example, the areas in New York Bight which are devoid of
naturally occurring benthos in the sewage sludge and
dredging spoil disposal areas were attributed to toxins, low
dissolved oxygen, and the spreading of the deposits (Pearce
1970a).4% The presence or absence of bottom currents or
density flows should be determined (Masch and Espey
1967).3% If these are present, measures must be taken to
prevent transport of deposits ashore or to areas of major
benthic resources.

Tolerable suspended sediment levels or ranges should ac-
commodate the most sensitive life stages of biologically im-
portant species. The present state of knowledge dictates that
the critical organism must be selected for each site where
environmental modification is proposed.

Recommendations

The disposal of waste materials at sea, or the
transport of materials for the purpose of disposal
at sea should be controlled. Such disposal should
be permitted only when reasonable evidence is pre-
sented that the proposed disposal will not seriously
damage the marine biota, interfere with fisheries
operations or with other uses of the marine -
vironment such as navigation and recreation,
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ause hazards to human health and welfare. The which would increase the suspended sediment load,
‘ollowing guidelines are suggested: the following types of investigations should be
undertaken:

Disposal at sea of potentially hazardous ma-
terials such as highly radioactive material
or agents of chemical or biological warfare
should be avoided, ‘
Toxic wastes should not be discharged at sea
in a way which would adversely affect the
marine biota. The toxicity of such materials
should be established by bioassay tests and
the concentrations produced should conform
to the conditions specified in the discussion
of mixing zones (pp. 231-232).

Disposal of materials containing settleable
solids or substances that may precipitate out
in quantities adversely affecting the biota
should be avoided in estuarine or coastal
waters.

Solid waste disposal at sea should be avoided
if floating material might accumulate in
harbors or on the beaches or if such ma-
terials might accumulate on the bottom or
in the water column in a2 manner that will
deleteriously affect deep sea biota.

In connection with dredging operations or other
phvsical meodifications of harbors and estuaries

¢ Evaluation of the range and types of parti-
cles to be resuspended and transported,
where they will settle, and what substratum
changes or modifications may be created by
the proposed activities in both the dredged
and the disposal areas.

® Determination of the biological activity of
the water column, the sediment-water inter-
face, and the substrate material to depths
which contain burrowing organisms.

¢ Estimation of the potential release into the
water column of sedirnents, those substances
originaily dissolved or complexed in the
interstitial water of the sediments, and the
beneficial or detrimental chemicals sorbed
or otherwise associated with particles which
may be released wholly or partially after
resuspension.

* Establish the expected relationship between

properties of the suspended load and the
permanent resident species of the area and
their ability to repopulate the area, and the
transitory species which use the area only at
certain seasons of the year.
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INTRODUCTION

The biota of a natural aquatic ecosystem is the result of
:volutionary processes in the course of which a delicate
valance and complex interactions were established among
various kinds of organisms and between those organisms
and their environment. Some species can live in a wide
range of environmental conditions and are found in many
different systems throughout the world. Other species are
restricted and their distribution is limited to certain habitats
r in some cases to only one. Frequently, it is the latrer
group of species that have been most useful to man. Minor
shanges in their environments, especially if such changes
are rapid, may upset the ecological balance and endanger
the species.

Man has the ability to alter—to impair or improve—his
1" -ment and that of other organisms. His use of water
‘0 sse of wastes of a technological society and his other
..terations of aquatic environments have degraded his water
esources. Water pollutants may alter natural conditions
oy reducing the dissolved oxygen content, by changing the

temperature, or by direct toxic action that can be lethal or, .

aore subtly, can affect the behavior, reproduction, and
ohysiology of the organisms. Although a substance may
aot directly affect a species, it may endanger its continued
axistence by eliminating essential sources of food and
metabolites, Furthermore, conditions permitting the sur-

vival of a2 given organism at one stage of its life may be-

‘atolerable at another stage.

This Section evaluates criteria and proposes recommen-
iations that reflect scientific understanding of the relation-
ships between freshwater aquatic organisms and their en-
vironment. Anything added to or removed from natural
waters will cause some change in the system. For each use

f water there are certain water quality characteristics that
should be mét to ensure the suitability of the water for
that use. :

The following general recommendations apply to a wide
variety of receiving systems and pollutants:

® More stringent methods of control or treatment, or
both, of waste inputs and land drainage should be
applied to improve water quality as the demand for
ase increases, '

® In recognition of the limitations of water quality
management programs, consideration should be
given to providing reserve capacity of receiving
waters for futire use.

® Bioassays and other appropriate tests, including field
studies, should be made to obtain scientific evidence
on the effect of wastewater discharges on the en-
vironment. Test procedures are recommended in
this report.

® A survey of the receiving system to assess the impact
of waste discharges on the biological community
should be made on a regular basis, particularly prior
to new discharges. Such surveys especially should
cover the seasons most critical to the biological com-
munity. Background laboratory data should include
bioassays using important local aquatic organisms
and associated receiving waters. In addition to the
more camprehensive surveys, some form of bio-
monitoring in the receiving system should be carried
out routinely. A suggested list of ecological consider-
ations is included in the section on Biological
Monitoring.

® One of the principal goals is to insure the mainte-
nance .of the biological community typical of that
particular locale or, if a perturbed community exists,
to upgrade the receiving system to a quality which
will permit reestablishment of that community.

COMMUNITY STRUCTURE AND PROTECTION OF
SIGNIFICANT SPECIES

The natural aquatic environment includes many kinds of
plants and animals that vary in their life history and in
their chemical and physical requirements. These organisms
are interrelated in many ways to form communities. Aquatic
environments are protected out of recreational and scientific
interest, for aesthetic enjoyment, and to maintain certain
organisms of special significance as a source of food. There |
are two schools of thought as to how this can be accom-
plished. One is to protect the significant species, the as-
sumption being that by so doing, the entire system is pro-
tected. The other approach is to protect the aquatic com-
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munity, the assumption being that the significant species
are not protected unless the entire system is maintained.

Community Structure

Because chemical and physical environments are con-
tinually changing—sometimes gradually and sometimes
catastrophically—many species are necessary to keep the
aquatic ecosystems functioning by filling habitats vacated
because of the disappearance of other species. Likewise,
when one kind of organism becomes extremely abundant
because of the disappearance of one or more species,
predator species must be available to feed on the over-
abundant species and keep it from destroying the function-
ing of the community. In a balanced ecosystem, large
populations of a single species rarely maintain themselves
over a long time because predators quickly reduce their
number. :

Therefore, the diverse characteristics of a habitat are
necedsary to the maintenance of a functioning ecosystemn
in the process of evolution. In the fossil record are found
many species that were more common at one time than
they are today and others that have been replaced entirely.
If it were not for diverse gene pools, such evolutionary
replacernent would not have been possible.

Some. aquatic environments present unusual extremes
in their chemical and physical characteristics. They support
highly specialized species that function as ecosystems in
which energy flows and materials cycle. If these species
are not present and functioning in this manner, such areas
may become aesthetically distasteful, as has occurred for
example in the alkaline flats of the West and the acid bogs
of the Northeast, Midwest., and East. )

Rare habitats support rare organisms that become extingt

or endangered species if their habitats are impaired or
eliminated. In the aquatic world there are many species
of algae, fish, and invertebrates that are maintained only
in such rare, fragile habitats. Man must understand th-

if he is to appreciate the process of evolution and
trend of ecological change that brings about drastic alter-
ations to fauna and flora. :

Protection of Signiflcant Aquatic Species

An essential objective of freshwater quality recommen-
dations is the protection of fish and other aquatic organisms
for sport or commercial harvesting. This does not imply
that all other aquatic species will be subject to potential
extinction, or that an unaltered environment is the goal to
be attained in all cases. The average person is usually
interested in only a small number of aquatic species, prin-
cipally fish; but it remains necessary to preserve, in certain
unique or rare areas, a diversified environment both for
scientific study and for maintaining species variety.

It is sometimes difficult to justify protection of isolated
organisms not used by man unless it can be documented
that they are ultimately essential to the production of.
desirable biota, In some instances it may be that a critical,
sensitive species, trreplaceable in the food web of another
more important species, is one known only to the biologist.
In such instances, protection of the “less important” sensi-
tive species could justifiably determine the water quality
recommendation. '

Because no single recommendation can protect all *
portant sport and commercial species unless the 1@
sensitive is protected, a number of species must be con-
sidered. The most sensitive species provide a good estimate
of the range of sensitivity of all species.
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ASSIMILATIVE CAPACITY OF FRESHWATER RECEIVING SYSTEMS

Waste discharges do not just go into water but rather -

into aguatic ecosystems. The capacity of such a system to
receive and assimilate waste is determined by the physical,
chemical, and biological interactions within the system.
Thus the response is a function of the characteristics of
both the ecosystem and the nature and quantity of the
waste. Understanding the unique characteristics of each
=cosystem will enable wise users to develop means to obtain
maximurmn beneficial use with minimal damage to the system.
Each aquatic ecosystem is sufficiently unique to require
professional ecological advice to define the problems as-
sociated with waste discharge into a particular ecosystem.
Such a procedure has not been customary in the past, and
“b’ "as led to some unfortunate consequences, but the
Pl & is becoming increasingly prevalent.

Agquatic systems receive from natural and man-made
sources z variety of organic and inorganic materials. These
materials through physical, chemical, and biological inter-
action are transported, rendered, converted, respired, in-
-orporated, excreted, deposited and thus assimilated by the
system. However, not all systems can receive and assimilate
the same quantity or kinds of waste materials. The capacity
of each system to transform waste without damage to the
system is a function of the complexity of environmental
factors. ) -

Physical factors such as flow velocity, volume of water,
bottom contour, rate of water exchange, currents, depth,
light penetration, and temperature, govern in part. the
ability of a system to receive and assimilate waste materials.

This ability is a function of the reaeration capability of the
system, the physical rendering of wastes, and other physical,
chemical, and biological factors: Most flowing systems have
a greater reaeration capacity than standing waters. Fur-
thermore, flowing systems are open systems with continual
renewal of water, whereas standing waters are closed sys-
tems and act as traps for pollutanis. ’

Temperature plays a vital role in the rate of chemical
reactions and the nature of biological activities in fresh-
water and, in governing the receiving and assimilative ca-
pacity of a system. Most temperate lakes are thermally
stratified part of the year, except when there are smail
differences between surface and bottom temperatures in
the spring and fall. As a consequence little exchange occurs
between layers during - the period of stratification. In
organically enriched lakes and reservoirs, depietion of
soluble oxygen typically occurs in the bottom layer because
there is little or no photosynthesis and little mixing with the
oxygen-rich- surface layer. As a result, substances are re-
leased from the sediments because certain compounds have
a much greater solubility in a reduced state.

The unique chemical characteristics of water govern in
part the kinds and quantities of waste.asystem may receive.

.Some of the important chemical characteristics are hard-

ness, alkalinity, pH (associated with the buffering capacity),
and nutrients such as carbon, nitrogen, and phosphorus.
Because of synergistic or antagenistic interaction with re-
ceiving water, the effects of a waste on a wide variety of
receiving systems are hard to predict. '
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MIXING ZONES

When a liquid discharge is made to a receiving system,
a zone of mixing is created. Although recent public, ad-
ministrative, and scientific emphasis has focused on mixing
zones for the dispersion of heated discharges, liquid wastes
of all types are included in the following considerations.
(For a further discussion of Mixing Zones see Appendix
1I-A.)

DEFINITION OF A MIXING ZONE

A mixing zone is a region in which a discharge of quality
characteristics different from those of the receiving water
is in transit and progressively diluted from the source to the
receiving system. In this region water quality characteristics
necessary for the protection of aquatic life are based on

. time-exposure relationships of organisms. The boundary of
a mixing zone is where the organism response is no longer
time-dependent. At that boundary, receiving system water
quality characteristics based on long-term exposure will
protect aguatic life.

Recommendation

Although water quality characteristics in mixing
zones may differ from those in receiving systems,
to protect uses in both regions it is recommended
that mixing zones be free of substances attributable
to discharges or wastes as follows:

e materials which form objectionable deposits;

e scum, oil and floating debris;

» substances producing objectionable color, odor,
taste, or turbidity;

¢ conditions which produce objectionable growth
of nuisance plants and animals.

GENERAL PHYSICAL CONSIDERATIONS

The mass emission rates of the most critical constituents
and their relationship to the recommended values of the
material in the receiving water body are normally the
primary factors determining the system-degradation po-

tential of an effluent. Prior to establishment of a mixing
zone the factors described in Waste Capacity of Receiving
Waters (Section IV, pp. 228-232) and Assimilative Capac-
ity (This Section, p. i1} should he considered and a de-
cision made on whether the system can assimilate the dis-
charge without damage to beneficial uses. Necessary data
bases may include:

® Discharge considerations—flow regime, volume, de-
sign, location, rate of mixing and dilution, plume
behavior and mass-emission rates of constituents
including knowledge of their persistence, toxicity,
and chemical or physical behavior with time.

¢ Receiving system considerations—water quality, lo-
cal meteorology, flow regime (including low-fi-
records), magnitude of water exchange at poini
discharge, stratification phenomena, waste capacity
of the receiving system including retention time,
turbulence and speed of flow as factors affecting
rate of mixing and passage of entrained or migrating
organisms, and morphology of the receiving system
as related to plume behavior, and- biological phc-
nomena.

Mathematical models based in part on the above con-
siderations are available for a variety of ecosystems and
discharges. {See Appendix II-A.) All such mathematical
models must be applied with care to each particular dis-
charge and the local situation,

Recommendation

To avoid potential biological damage or inter-
ference with other uses of the receiving system it
is recommended that mixing zone characteristics
be defined on a case-by-case basis after determi-
nation that the assimilative capacity of the re-
ceiving system can safely accommodate the dis-
charge taking into consideration the physical,
chemical, and biological characteristics of the dis-
charge and the receiving system, the life history
and behavior of organisms in the recelvmg syst’
and desired’ uses of the waters.
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GENERAL BIOLOGICAL CONSIDERATIONS

Organisms in the water body may be divided into two
g s from the standpoint of protection within mixing
zZ . (1) nonmobile benthic or sessile organisms; (2) weak
and strong swimmers.

1. Nonmobile benthic or sessile organisms in mixing
zones may experience long or intermittent exposures ex-
ceeding recommended values for receiving systems and
therefore their populations may be damaged or eliminated
in the local region. Minimum damage 1o these organisms
is attained by minimizing exposure of the hottom area to
concentrations exceeding levels resulting in harm to these
organisms from long-term exposure. This may be accom-
plished by discharge location and design.

The mnung zone may represent a living space denied the
subject organisms-and this space may or may not be of
significance to the biological community of the receiving
system. When planning mixing zones, a decision should be
made in each case whether the nonmobile benthic and
sessile organisms are to be protected. ’

Recommendation

To protect populations of nonmobile benthic
and sessile organisms in mixing zones it is recom-
mended that the area of their habitat exposed to
water quality poorer than recommended receiving
system quality be minimized by discharge location

4 design or that intermittent time-exposure
h -y relationships be defined for the organisms”
weti-being.

2. Biological considerations to protect planktonic and

swimming organisms are related to the time exposure history
to which ¢ritical erganisms are subjected as they are carried
or move through a mixing zone. The integrated time
exposure history must not cause deleterious effects, including
post-exposure effects, In populations of important species,
effects of total time exposure must not be deleterious either
during or after exposure.

Weak swimmers and drifting organisms may be entrained
into discharge plumes and carried through a mixing zone.
In determining the time exposure history and responses of
the organisms, the possibility of delayed effects, such as
death, disease, and increased vulnerability to predation,
should be investigated.

Strong swimmers are capable of moving out of, staying
out of, or remaining in a mixing zone. Water quality
characteristics which protect drifting organisms should also
protect migrating fish moving through mixing zones. How-
ever, there are some discharges that attract animals into
discharge channels and mixing zones where they are vul-
nerable to death or shock due to short-term changes in
water quality, such as rapid temperature fluctuations. This
v -ability should be recognized and occurrences that
e.  .itshould be guarded against (see Chlorine, page 189).

Mixing Jones/113

Some free-swimming species may avoid mixing zones and
as a consequence the reduced living space may limit the
population. _

Free-swimming species may be attracted to a discharge.
Chronic low-level exposure to toxicants may cause death
or affect growth, reproduction or migratory instincts, or
result in excessive body-burdens of toxicants hazardous for
human consumption.

Recommendation

To protect drifting and both weak and strong
swimming organisms in mixing zones it is recom-
mended that scientifically valid data be developed
to demonstrate that the organisms can survive
without irreversible damage, the integrated time-
exposure history to be based on maximum expected
residence time so that deletericus effects on popu-
lations of important species do not occur.

MEETING THE RECOMMENDATIONS

In mixing zones the exposure of organisms to stress is of
greater intensity but usually of shorter duration than in
the receiving waters, assuming no attraction by the dis-
charge. The objective of mixing zone water quality recom-
mendations is to provide time exposure histories which
produce negligible or no effects on populations of critical
species in the receiving system. This objective can be met.
by: (a) determination of the pattern of exposure in terms
of time and concentration in the mixing zone due either to
activities of the organisms, discharge schedule, or currents
affecting. dispersion; and (b) determination that delayed
effects do not occur.

Protection would be achieved if the time of exposure met
the relationship T/ET(x) <1 where T is the time of the
organism’s exposure in the mixing zone to a specified
concentration, and ET(x) is the effective time of exposure
to the specified concentration, C, which produces (x) per cent
response in a sample of the organisms, including delayed
effects after extended observation. The per cent response,
(x}, is selected on the basis of what is considered negligible
effects on the total population and is then symbolized
ET(23), ET(5), ET(0.1), etc. .

Because concentrations vary within mugmg zones, a more

suitable quantitative statement than the simple relationship
T/ET(x)<1 is:

T1 + ' Tg + T;;
ET(x) at C; ' ET(x) at Cs ' ET(x) at Cg

Ta ;
— e

+ET(x) at Cn_1

where the time of exposure of an organism passing through

the mixing zone has been broken into increments, Ty, T4, T,
etc. The organism is considered to be exposed to concen-
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tration C; during the time interval T}, to concentration C;
during the time interval T, etc. The sum of the individual
ratios must then not exceed unity. (See caveat below,
Short Time Exposure Safety Factors.)

Techniques for securing the above information, appli-

cation to a hypothetical field situation, comments, caveats,
and limitations are expressed in Appendix II-A, Mixing
Zones, Development of Integrated Time Exposure Data,
p. 403. Tabular data and formulae for summation of short-
term effects of heated discharges on aquatic life are provided
in the Heat'and Temperature discussion, page 151.

SHORT TIME EXPOSURE SAFETY FACTORS

This concept of summation of short-term effects and
extrapolation is an approach which tests the applicability
of present bioassay methodology and precision and may
not be universally applicable to all types of discharges.
Conservatism in application should be practiced. When
developing the summation of short-term thermal effects
data, a safety factor of two degrees centigrade is incorpo-
rated. In development of summation of short-term toxicity
effects data, a safety factor exists if a conservative physio-
logical or behavioral response is used with effective time of
exposure. However, when mortality is the response plotted,
an application factor must be incorporated to provide an
adequate margin of safety. This factor can most easily be
applied by lowering the sum of the additive effects to some
fraction of 1 so that the sum of T\/(ET(x) at Ci)---+
Tw/(ET(x) at Cy) then equals 0.9, or less. The value must
be based on scientific knowledge of the organism’s behavior
and response to the contaminants involved.

Recommendation

When developing summation of short-term ex-
posure effects it is recommended that safety
factors, application factors, or conservative physio-
logical or behavioral responses be incorporated
into the bioassay or extrapolation procedures to
provide an adequate margin of safety.

OVERLAPPING MIXING ZONES

If mixing zones are contiguous or overlap, the formula

expressing the integrated time exposure history for single
piumes should be adjusted. Synergistic effects should be
investigated, and if not found, the assumption may be made
that effects of multiple plumes are additive.

Recommendation

When two plumes are contiguous or overlap and
synergistic effects do not occur, protection for
aquatic life should be provided if the sum of the
fractions of integrated time exposure effects for
each plume total <0.5. Alternatively, protection
should be provided if the sum of the fractions for

both .plumes (or more than two .contiguous or
overlapping plumes) is <1. (See caveat above, Short
Time Exposure Safety Factors.)

INTERIM GUIDELINE

-In the event information on summation effects of the

‘integrated time exposure history cannot be satisfactorily

provided, a conservative single figure concentration can be
used for all parts of the mixing zone until more detailed
determinations of the time-exposure relationships are de-
veloped. This single, time-dependent median lethal coneen-
tration should be subject to the caveats found throughout
this Section and Appendix II-A regarding delayed effects
and behavioral modifications. Because of the variables in-
volved, the single value must be applied in the light of
local conditions. For one situation a 24-hour LC50 might
be adequate to protect aquatic life. In another situation a
96-hour LC50 might provide inadequate protection.

CONFIGURATION AND LOCATION OF MIXING ZONES

The time-dependent three dimensional shape of a dis-
charge plume varies with a multitude of receiving system
physical factors and the discharge design. While time ex-
posure water quality characteristics within mixing zones
are designed to protect aquatic life, thoughtful placement
of the discharge and planned control of plume behavior
may increase the level of ecosystem protection, e.g., floatin~
the plume on the surface to protect the deep water ¢
channel; discharging in midstream or offshore to proteu
biologically-important littoral areas; piping the effluent
across a river to discharge on the far side because fish
historically migrate on the near side; or piping the dis-
charge away frém a stream mouth which is used by mi-
grating species. Such engineering modifications can some-
times accomplish what is necessary to meet hiological
requirements, .

Onshore discharges generally have more potential fo
interference with other uses than offshore discharges. For
example the plume is more liable to impinge on the bottom
in shallow areas of bioclogical productivity and be closer to
swimming and recreation areas.

PROPORTIONAL RELATIONSHIP OF MIXING ZONES
TO RECEIVING SYSTEMS

Recommendations for mixing zones do not protect against
the long-term biological effects of sublethal conditions,
Thus water quality requirements necessary to protect all
life stages and necessary functions of aquatic organisms
such as spawning and larval development, are not provided
in mixing zones, and it is essential to insure that adequate
portions of every water body are free of mixing zones. The
decision as to what portion and areas must be retaine” -
receiving water quality values is both a social and scies
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decision. In reaching this decision, data input should in-
clude current and projected information on types and
loc~+ons of intakes and discharges; percentage of shoreline
o ry to provide adequate spawning, nursery, and
“eecung areas; and other desired uses of the water.

Recommendation

It is recommended that the total area or volume
of a receiving system assigned to mixing zones be
limited to that which will: (1) not interfere with
“iological communities or populations of impor-
tant species to a degree which is damaging to the
ecosystem; (2) not diminish other beneﬁcial uses
disproportionately.

ZONES OF PASSAGE.

In river systems, reservoirs, lakes, estuaries, and coastal
-waters, zones of passage are continuous water routes of
‘such volume, area, and quality as to allow passage of free-
swimming and drifting organisms so that no significant
effects are produced on their populations.

Transport of a variety of organisms in river water and
by tidal movements in estuaries is biologically important
in a number of ways; e.g., food is carried to the sessile
filter feeders and other nonmobile ¢rganisms; spatial distri-
bution of organisms and reinforcement of depauperate
populations is enhanced; embryos and larvae of some fish
sp~ ‘»s develop while drifting. Anadromous and cata-
d us species must be able to reach suitable spawning
areas. Their young {and in some cases the adults) must be
assured a return route- to their growing and living areas.
Many species make migrations for spawning and other
purposes. Barriers or blocks which prevent or interfere with
these types of essential transport and movement can be
created by water of inadequate chemical or physical quality.

Mixing Zones/115

Water quality in the zone of passage should be such that
biclogical responses to the water quality characteristics of
the mixing zone are no longer time-dependent (see Defini-
tion of Mixing Zone on page 112). However, where a zone of
passage 1s to be provided, bicassays determining time-
exposure responses in the mixing zone should include addi-
tional requirements to assess organism behavior. In the
mixing zone discussion above it is assumed that entrainment
in the plume will be involuntary. However, if there is at-

“traction due to plume composition, exposure in the plume

could be very much longer than would be predicted by
physical modeling. If avoidance reactions oceur, migration
may be thwarted. Thus, concentrations in both the mixing
zone and the zone of passage should be reduced before dis-
charge to levels below those at which such behavioral
modifications affect the populations of the subject organisms.

Modern techniques of waste water injection such as
diffusers and high velocity jets may form barriers to free
passage due to responses of organisms to currents. Turbu-
lence of flows opposing stream direction may create traps
for those organisms which migrate’upstream by orientation
to opposing currents. These organisms may remain in the
mixing zone in response to currents created by the discharge.

Recommendation

Because of varying local physical and chemical
conditions and biological phenomena, no single-
value recommendation can be made on the per-
centage of river width necessary to allow passage of
critical free-swimming and drifting organisms so
that negligible or no effects are produced on their
populations. As a guideline no more than 23 the
width of a water-body should be devoted to mixing
zones thus leaving at least 14 free as a zone of
passage.
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'BIOLOGICAL MONITORING

Monitoring of aquatic environments has traditionally in-
cluded obtaining physical and chemical dafa that are used
to evaluate the effects of pollutants on living organisms.
Biological monitoring has reccived less emphasis than
chemical or physical monitoring, because biological assess-
ments were once not as readily amenable to numerical
expression and tended to be more time consuming and
more expensive, This is no longer true. Aquatic organisms
can serve as natural menitors of environmental quality and
should be included in programs designed to provide con-
tinuous records of water quality, because they integrate
all of the stresses placed on an aquatic system and reflect
the combined effect, Chemical-physical assessments identify
individual components, so the two types of assessments are
mutually supporting rather than mutually exclusive.

A Dbiologidal monitoring program is essential in de-
termining the synergistic or antagonistic interactions of
components of waste discharges and the resulting effects on
living organisms, However, biological monitoring does not
replace chemical and physical monitoring; each program
provides information supplemental to the others.

PROGRAMS

An ideal biological monitoring program has four com-
ponents: (1) field surveys, (2) in-plant biological monitoring,
(3) bioassays, and (4) simulation techniques. Obviously no
biclogical monitoring program is routine, nor does it neces-
sarily have to inciude all of the above components. However,

each of the components provides valuable and useful
information.

FIELD SURVEYS

Field survevs are needed to obtain adequate data on
biclogical, chemical, and physical water quality to de-
termine the nature of the system and the possible adverse
effects of waste discharges on beneficial uses of the system.
Two methods for continuously monitoring the effects of
pollution on a receiving water have been described. Patrick
et.al. (1854}%* described the use of diatoms as natural moni-
tors of various types of pollution. Various species of shellfish,

especially oysters suspended in trays, have been described
as an effective method of monitoring pollution (Galtsoff .
et al; 1947).4 Field surveys should be carried out at suitable
intervals depending on local conditions. For example, in
determining the impact of a new or relocated municipal
or industrial discharge, it is desirable to perform the
following functions: '

® survey the stream as a part of the site selection pro-
cedure;

e continue the field survey prior to construction to
determine existing water quality: at this time it is
also useful to make bioassays using simulated plant
“wastes and representative organisms from the re-
ceiving systems, and to establish biomonitorir-
. stations; i

® monitor the effects of construction;

® carry out bicassays using actual plant wastes and
effiuents after the plant is in operation, and make
field surveys to determine any changes from pre-
construction results.

BODY BURDENS OF TOXICANTS

Body burdens of toxicants that can be concentrated by
biota should be measured regularly. These data can provide

. early warning hefore concentrations in water become readily

available and can provide warnings of incipient effects in
the biota being monitored.

IN-PLANT BIOLOGICAL MONITORING

Present information systems do not provide data rapidly
enough to be of use in environmental management, because
the constituents of 2 waste stream are likely to vary, from
hour to hour and from day to day. Potentially harmful
materials should be detected before they enter the receiving
water and before substantial damage has been done to the
ecosystem,

* Citations are listed at the end of the Section. They can be locate
alphabetically within subtopics or by their superior numbers w!
run consecutively across subtopics for the entire Section.
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Several potentially useful methods for rapid in-plant
meonitoring are being explored (Sparks et al. 1969, Waller
anrl Cairng 1969%), and one rapid in-stream method is now
< ‘ional (Cairns et al. 1968,2 Cairns and Dickson 19718).
T st in-plant methods use changes in heart rate, respi-
ration, and movements of fish within a container to detect
sublethal concentrations of toxicants in a waste discharge.
Continual information on -toxicity of a waste should enable
sanitary engineers to identify those periods likely to produce
the most toxic wastes and to identify those components of
the production process that contribute significantly to
toxicity. This could be accomplished with bioassays as
‘they are currently used, but rarely are enough samples
taken over a period of time sufficient to give the range of
information that would be available with continually oper-
ating bioassay techniques.

BIQASSAYS

Of equal importance to the river surveys and the in-plant
and in-stream monitoring systems is the availability of
toxicity information based on a predictive bicassay. The
bioassay provides valuable information pertaining to the
effects of potential or contemplated discharges on aquatic
life. Acute bioassays are useful as a shortcut or predictive
method of estimating safe concentrations by use of suitable
application factors for many pollutants, as recommended
throughout this Report. - .

TTawever, determining only the acute lethal toxicity of

Biological Monstoring/117

wastes is no longer adequate. Good health and an ability
to function vigorously are as important for aquatic eco-
systems as they are for humans. The former end point of
bioassays, viz., death, has been supplanted by more subtle
end points such as the protection of respiration, growth,
reproductive success, and a variety of other functional
changes (Cairns 1967).! Acute toxicity determinations are
being supplemented by long-term tests often involving an
entire life cycle. The larter require more time and expense
than short-term tests, but they provide better predictive
information about biologically safe concentrations of various
toxicants. Bioassays of organisms other than fish are be-
coming increasingly common because of the realization
that elimination of the lower organisms can also have serious
consequences.

SIMULATION TECHNIQUES

The fourth component now available to provide ecological
information is the use of scale models. Models are used to
study major ecological or environmental problems by simu-
lating prospective new uses. Engineering scale models are
common, but ecological scale models or environmental
simulation systems are not yet as commonly used. Experi-
mental streams and reservoirs have been constructed to
predict toxicity of waste discharges, determine factors re-
sponsible for productivity of aquatic communities, and
answer questions about plant site location (Haydu 1968,%
Warren and Davis 19719),
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BIOASSAYS

Bioassays are used to evaluate a given pollutant in terms
of existing water quality. Most pollution problems involve
discharges of unknown and variable composition where
more than one toxicant or stress is present. In evaluating
criteria for specific toxicants, consideration must be given
to other environmental influences such as dissolved oxygen,
temperature, and pH.

Harmful effects of pollutants can be described by one or
more of the following terms:

acute—involves a stimulus severe enough to bring
about a response speedily, usually within four days
for fish.

subacute—involves a stimulus less severe than an
acute stimulus, producing a response in a longer
time; may become chronic.

chronic—involves a lingering or continuous stimu-
lus; often signifying periods of about one-tenth of
the life span or more,

lethal—causes death by direct action.

sublethal—insufficient to cause death.

cumulative—-—bmught about, or increased in- strength
by successive additions.

Two broad categories of effect (Alderdice 1967)' may
be distinguished : acute toxicity which is usually lethal, and
chronic toxicity which may be lethal or sublethal.

MEASURES OF TOXICITY

Most of the available toxicity data are reported as the
median tolerance limit (TLm or TL50) or median lethal
concentration (LC50). Either symbol signifies the concen-
tration that kills 50 per cent of the test organisms within 2
specified time span, usually in 96 hours. The customary
96-hour (four-day) time period is recommended as adequate
for most routine tests of acute toxicity with fish. A threshold
of acute toxicity will have been attained within this time
in the majority of cases (Sprague 1969).4¢ This lethal thresholid
concentration is usually noticeable in the data. Sometimes
. mortality continues, and tests of 2 week or longer would be
necessary to determine the threshold. The lethal threshold

concentration should be reported if it is demonstrated,
because it is better for comparative purposes than the
arbitrary 96-hour LC50. Absence of any ‘apparent threshoid
is equally noteworthy.

The median lethal concentration is a convenient reference

"point for expressing the acute lethal toxicity of a given

toxicant to the average or typical test animal. Obviously it
is in no way a safe concentration, although occasionally
the two have been confused. Safe levels, which permit
reproduction, growth, and all other normal life-processes
in the fish’s natural habitat, usually are much lower than
the LC50. In this book, the recommended criteria are
intended to be safe levels.

Substantial data on long-term effects and safe levels. ar=
available for only 2 few toxicants. Information is now :
cumulating on the effect of toxicants on reproduction, an
important aspect of all long-term toxicity tests. Other infor-
mation is being gathered on sublethal effects on growth,
performance, avoidance reactions, and social behavior of

_ fish. Also important is the sensitivity of organisms at various

life stages, Many organisms are most sensitive in the larval,
nymphal, molting, or fry stage; some are most sensitive in
the egg and sperm stage.

It would be desirable if a single, universal, rapid, bio-
logical test could be used to measure directly sublethal
effects of a poilutant. Data on sublethal responses of fish
have been used, such as respiratory rates and “coughing,”
swimming speed, avoidance behavior, and specific physio-
logical and biochemical changes in various organisms; and
histological studies have been made. A review of these
(Sprague 1971)45 shows that no single test is meaningful for
all kinds of pollutants. Therefore, it is recommended that
routine assessment and prediction of safe levels be made by
carrying out bioassays for acute lethal toxicity and multiply-
ing the lethal concentration by a suitable application factor.
The application factors used and recommended here have
been derived principally from chronic or sublethal labora-
tory experiments or from well documented field studies of
polluted situations.

Acceptable concentrations of toxicants to which organ
are exposed continually must be lower than the hig....
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concentrations that may be reached occasionally but briefly
without causing damage. Both maximum short-time con-
ce tions and the more restrictive range of safe concen-
tr. .18 for continuous exposure are useful. The recommen-
dations in this Report are those considered safe for con-
tinuous exposure, although in some cases there has also
been an indication of permissible higher levels for short
periods.

In field situations and industrial operations, average
24-hour concentrations can be determined by obtaining
composite or continuous samples. After 24 hours, the
sample may be mixed and analyzed. The concentration
found will represent the average concentration. Samples
obtained this way are more reproducible and easier to
secure than the instantaneous sample of maximum concen-
trations. However, average concenirations are of little sig-
nificance if fish are killed by a sharp peak of concentration,
and for that reason maximum concentrations must also
be considered.

METHODS FOR BIOASSAYS

Although there are many types of assays, two are in
general use:

‘1. the static bioassay in which the organisms are held
in a tank containing the test solution, and
“the continuous flow or flow-through bioassay in
W.....) the test solution is renewed continually.

The difference between the two types is not always great,
but one can have clear advantages over the other.

An outline of methods for routine bioassays has been
given in “Standard Methods for the Examination of Water
and Wastewater” (American Public Health Association,
American Water Works Association, Water Pollution Con-
trol Federation, 1971,1! hereafter referred to as Standard
Methods 197148). Cope (1961)* described biocassay re-
porting, and Cairns (1969)* presented a rating system
for evaluating the quality of the tests. Sprague (1969,4
1970, 197145) reviewed research to develop more incisive
testing methods. Their findings are utilized in this Report.

Procedure for acute bicassay with ‘fish is now relatively
standardized and usually incorporates:

® 3 series of replicate test containers, each with a
different but constant concentration of the toxicant;

® a group of sirnilar fish, usually 10, in each container;

® observations of fish mortality during exposures that
last between. one day and one week, usually four
days; and

® final results expressed as LG50,

aer factors that are required for good bioassay practice
arc priefly summarized in the references mentioned above.

Bioassays/119

CHECKLIST FOR PROCEDURES

Species

A selected strain of fish or other aquatic organisms of
local importance should be used in bioassays concucted
for the purpose of pollution monitoring. Preferably it-
should be a game or pan fish, which are usually among the
more sensitive. Ability to duplicate experiments is enhanced
by the use of a selected strain of test organisms (Lennon
1967).% A selected strain can also help to determine the
difference between toxicants more reliably, and to detect
discrepancies in results due to apparatus. A National Re-
search Council subcommittee chaired by Dr. S. F. Snieszko
is currently preparing a report, Standards and guidelines for
the breeding, care, and management of laboratory animals— Fish,
which will be useful in this area. Susceptibility to toxicants
among different species of fish is generally less than might
be expected—sometimes no greater than when a single
species is tested in different types of water. For example,
trout and certain coarse fishes were equally resistant to
ammonia when tests continued for several days to give the
less sensitive species time to react (Ball 1967a);! and even
for zine, the coarse fishes were no more than 3.8 times as
resistant as trout (Ball 1967h).!4 Recommendations for the
selected test fish will often provide protection to other
aquatic animals and plants. There are exceptions to this
generalization: for example, copper is quite damaging to
algae and mollusks, and insecticides are especially dangerous
to aquatic arthropods. Sufficient data exist to predict these
situations. When they are expected, bioassays should be
run with two kinds of invertebrates and two kinds of algae
(Patrick et al. 1968}.%

In the case of important bodies of water, there is good
reason to test several kinds of aquatic organisms in addition
to fish. Patrick et al. (1968)* made a comparative study of
the effects of 20 pollutants on fish, snails, and diatoms and
found that no single kind of organisrn was most sensitive
in all situations. The short-term bioassay method for fish
may also be used for many of the larger invertebrate ani-
mals. A greater volume of test- water and rate of flow, or
both, may be required in relation to weight of the animals
since their metabolic rate is higher on a weight basis.

Larvae of mollusks or crustaceans can be good test ani-
mals. The crustacean Daphnia is a good test animal and was
widely used in comparative studies of toxicants by Ander-
son (1950).2 Recently Biesinger and Christensen (unpub-
lished data, 1971)% have carried out tests on the chronic
effects of toxicants on growth; survival, and reproduction
of Daphnia magna. Because of the rapid life cycle of Daphnia,
experiments on chronic toxicity can be completed in about
the same time as an acute toxicity test with fish,

_ Patrick et al. (1968)%# have shown that diatormns, snails
and fish exposed for roughly comparable periods of time
and in similar environmental conditions very often have
similar LC50’s, but at other times these may differ greatly.
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However, for some toxicants diatoms were most sensitive;
for others, fish; and for others, snails. When one is comparing
data of this type, one questions whether 2 LC50 for a diatom
population in which a number of divisions have occurred
during the test period is comparable to that obtained for
fish and snails in which no reproduction has occurred during
the test period. In the sense that there are 50 per cent fewer
cells in the LC50 concentration than there are in the diatom
control culture, the test is somewhat equivalent to a test
of acute toxicity that results in 50 per cent fewer surviving
fish in the LC50 than in the control container. Also loss of
ability to grow and divide might be just as fatal to a micro-
bial population as death of a substantial number of its
members would be to a fish population,

When the absolute time for the test is considered, there
are also reasons for believing that exposure of diatoms to a
toxicant through several generations might not constitute
a chronic test, because it is quite possible that for toxicants
to accumulate in a cell may require a period of exposure
much more lengthy than that encompassed in the average

test which only spans a few generations. This would be--

particularly true when the organisms were dividing rapidly
and the additional protoplasm diluted the material being
accumulated.

Dilution Water

Toxicants should be tested in the water that will receive
the pollutant in question. In this way all modifying factors
and combined toxicities will be present. It is not advisable
to use tap water for dilution, because it may contain chlorine
and other harmful materials such as copper, zing, or lead
from plumbing systems. Routine dechlorination does not
insure complete removal of chlorine.

Variations in physical and chemical characteristics of
water affect toxicity of pollutants. Effects of five environ-
mental entities on the lethal threshold of ammonia were
ilustrated a decade ago (Lloyd 1961b).%* Hardness of water
is particularly important in toxicity of metals. Hydrogen
ion concentration is an important modifying factor for
ammonia and cyanide. Higher temperatures sometimes
increase toxicity of a pollutant, but recent work shows that
phenol, hydrogen cyanide, ammonia, and zinc may be
more toxic at low temperatures {United Kingdom Ministry
of Technology 1969).% Dissolved oxygen levels that are
below saturation will increase toxicity, and this is predictable
(Lloyd 1961a;% Brown 1968).1¢

The supply of dilution water must be adequate to main-
tain constant test conditions. In both static and continuous
flow tests, a sufficiently large volume of test water must be

“used, and it must be replaced or replenished frequentiy.
This is to provide oxygen for the organism and dilution of
metabolic wastes, to limit changes in temperature and pH,
and to compensate for degradation, volatilization, intake,
and sorption of the toxicant. In static tests, there should be
two-or three liters of water per gram of fish, changed daily,

or increased proportionally in volume for the number of
days of the test. In continucus flow tests, the flow must
provide at least two or three liters of water per gram of fish
per day, and it must equal test-volume in five hours ¢

less, giving 90 per cent replacement in half a day or less.

Acclimation

Acclimatizing - the test organism to the specific water
hefore the bioassay hegins may have marked effect upon
the outcome. Abrupt changes in quality of the water should
be avoided., Time for acclimation of the organisms to the
conditions of the diluent water should be as generous as
possible, dependent on life span. At least two weeks is
recommended for fish.

Test Methods

Test methods must be adequately described when the
results are given. Several bioassay procedures are listed in
Table I1I~1. Adequate and appropriate control tests must
always be run (Sprague 1969).%% Survival of the control
organisms is a minimum indication of the quality of the
test organisms. In addition, levels of survival and health
in holding tanks should be indicated and the conclusions
recorded.

TABLE III-1—Recommended Literature Sources for Bioasso*

and Biomonitoring Procedures with Various Aquatic

Organisms
¥lnd of sreanism Tyoe of response Anproprizie sitvations far use Refarance

Figh and Macreinverte-  96-hour lathai concan-  To maasurs inthal toxicity of 3 Standard Methods 187148
brates tration washs of known of unkaown

compotition. Toservaasa
Toundation for extrapoiating

1o presumably safs concantra-

tens. To mondor indastriai
effluonts. ]

Fish and macreinvorte-  Lelhal threshold con-  For rasearch applications {o Sprague 19693 1970%
brates cantzation document lethal threchalds,

Fish and inverte- Incipient {ethal tem- For rasearch to determise Fry 1347,2 Brait 195218
brales peratures &L uitimate (sthal tempsrature ranges of

incigiant lothal fem-  agiven spaciss.
peratures:

Fish, ....oooovvvenin. Respiratory movements  Quick (1-day) inditation of Schapmburg ol al. 13672

a3 seute tublethal possibe subfathal sftacte,
) faspaitss i For ressacoh and ioitoring.

Fish 0., fathedd min-  Reproduction, growth,  Chronic fests fes researchan  Mgund 1968,°7 Mounl &
nows, brook trout, and survival sals concentrations. Stephan 1967,
blgegill} . Brungs 196819 MeKim

& Beneit 1971,% Ealen
15702¢

Daghnia............... Survival, growth, and  Rapid completian of chronic Anderson 1350,12 Bis-

reproguction fasts for tasting spaclal sus- singer & Christenisn
- . captibility of crustaceans (Unpublishad dais)s:
Diatoms............... Survival, growih, and A sensitlva, rapid, chronic test  Patrick [958¢@
regroduction for tasearch, pradiction, of
moniteringe

Martine crustacean, Survival, growth, and A sensitive, rapld, chromic test  Woslks 196750
larvae mollusks dovalopment through for research, prediction, ar

immaiurs stages manitormge

aaguires an oparator with some specialized biological training,
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Dissolve_d Oxygen

The problem of maintaining dissolved oxygen concen-
T s suitable for aquatic life in the test water can be
di  it. The suggestions on test volume and replacement
times {see Dilution Water above) should provide for ade-
quate oxygen in most cases. However, with some pollutants,
insufficient oXygen may be present in the test water because
o biochemical and a chemical oxygen demand (BOD and
COD) may consume much of the available dissolved oxygen.
Aeration or oxygenation may degrade or remove the test
material. Devices for maintaining satisfactory dissolved
oxyveen in static tests have been proposed and used with some
degree of effectiveness, and are described in Doudoroff
et al. (1951).%

Concentrations -

Pericdic measurements of concentration of the toxicant
should be made at least at the beginning and end of the
~ bioassay. If this is not possible, introduced concentrations
may be stated alone, but it should be realized that actual
concentrations in the water may become reduced. }

In the flow-through type of bioassay, a large quantity of
iest water can be made up and used gradually. More often
a device is used to add toxicant to a flow of water, and the
mixture is discharged into the test container, using apparatus
such as “dipping bird” dosers described by Brungs and
Mount (1967} Other devices have been developed by
Sta*l (1967),Y and Mount and Warner (1965),® using
tl ser technique. ‘ '

Evaluation of Results

Mortality rates at the longest exposure time should be
plotted on a vertical probit scale against concentrations of
toxicants on a horizontal logarithmic scale. The concen-
tration which causes 50 per cent mortality can be read and
used as LC350. Errors in LC50 can be estimated using the
simple nomograph procedures described by Litchfield and
Wilcoxon (1949).% A more refined estimate of error may
be made using the methods of Finney {1952),** which can
be programmed for a computer.

The value of the results would.be improved if the LC50%s
were estimated (by the above procedures) at frequent
exposure times such as 1, 2, 4, 81, 1442, 24, 48, 72,
and 96 hours. A toxicity curve of time versus LC50 could
then be constructed on logarithmic axes. The lethal thresh-
old concentration could then be estimated in many cases
(Sprague 1969)%° to provide a more valid single number
for description of acute toxicity than the arbitrary 96-hour
LC50. ‘

For some purposes, such as basic research or situations
where short exposures are of particular concern, it would
be desirable to follow and plot separately the mortality of
the group of fish in each tank. In this way, the median
fe time can be estimated for a given concentration.
M. ads for doing this are given in Appendix II-A.
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APPLICATION FACTORS

Short-term or acute toxicity tests do not indicate concen-
trations of a potential toxicant that are harmless under
conditions of long-term exposure. Nevertheless, for each
toxicant there is obviously a numerical value for the ratio
of the safe concentration to the acutely lethal concentration.
Such vawes are called application factors. In some cases
this safe-to-lethal ratio is known with reasonable accuracy
from experimental work, as in the examples given in Table
III-2. However, for most toxicants. the safe level has not
been d=termined, and must be predicted by some approxi-
mate method. In these cases, the assumption has been
made in this Report, that the numerical value of the safe-
to-lethal ratio, the application factor, is constant for related
groups of chemicals. Values for the ratio will be recom-
mended. The safe level of a particular toxicant can then
be estimated approximately by carrying out an acute bio-
assay to determine the lethal concentration, then multi-
plying this by the suggested application factor. An appli-
cation factor does not make allowance for unknown factors.
It is merely a fractional or decimal factor applied to a
lethal concentration to estimate the safe concentration.

Ideally, an application factor should be determined for
each waste material in question. To do this, it is necessary
first to determine the lethal concentration of the waste
according to the Dhioassay procedures outlined above. To
obtain the application factor, the safe concentration of the
same waste must be determined for the same species by
thorough research on physiological, biochemical, and be-
havioral effects, and by studying growth, reproduction,
and production in the laboratory and field. The safe-to-
lethal ratio obtained could then be used as an application
factor in a given situation, by working from the measured
LC50 of a particular kind of waste to predict the safe
concentration. ' :

TABLE III-2—Ratios between the safe concentration and the
lethal concentration which have been determined experi-
mentally for potential aquatic pollutants. Sources of data
are given in the sections on the individual pollutants.

Materig! Specias of animai Safe-to-lgthal ratia

LAS......o.covv s Fathead minnow (Pimephaies promelas) Botwean 0,14 and 0.28
(=about £.21)
Chiorine.............. Fathead minnow 0.18
Gammatus ’ - 0.16
Sulftdes. _............ Fathead minnow and while sucker {Catostomus commeersoni) 0.1z
Walieya pike (Stizostedion vilreum v.) 0.22%
Coppet..........un... Several species of fish close 10 2.1
Trivalea? chromium.... Fathead minnow 0.037
Hexavalent chcomium.. Fathaad minnow 8.0
Brook, kot (Satvarinus tontinalis) . 4.
, Rainbow treut (Saimo gairdneri) 0.04
Malathion............ Fathead minnaw and bluegill (Lepomis machrochiris) - 0.03
Carbaryl Fish specias . 0.02
" Fathead minnow 0.02
Raiabow ang Brook trout - <002
Fathead minnow b 108
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In this approach, a 96-hour LC50 is determined for the
pollutant using water from the receiving stream for dilution.
The test organisms selected should be among the most
gensitive species, or an important local species at a sensitive
life stage, or a species whose relative sensitivity is known.
This procedure takes into consideration the effects of local

water quality and the stress or adverse effects of wastes

already present in the stream. The LC50 thus found is
then multiplied by the application factor for that waste to
determine its safe concentration in the specific stream or
section of stream. Such Dioassays should be repeated at
least monthly or when changes in process or rate of waste
discharge are observed.

For example, if the 96-hour LC350 is 0.5 milligrams per
liter (mg/1) and the concentration of the waste found to be
safe is 0.01 mg/l, the ratio would he:

Safe Concantration_0.0l =__I__
96-hour LG50 0.50 50

In this instance, the safe-to-lethal ratio is 0.02. It can bhe
used as an application factor in other situations. Then, in
a given situation involving this waste, the safe concentration
in the receiving stream would be found by multiplying the
four-day LC350 by 0.02.

This predictive procedure based on lethal concentrations
is useful, hecause the precise safe level of many pollutants
is not known because of the uncertainty about toxicity- of
mixed effluents and the difference in sensitivity among fish
and fish food organisms. Henderson (1957)*7 and Tarzwell
{1962)*® have discussed various factors involved in de-
~ veloping application factors. Studies by Mount and Stephan
(1967),% Brungs (1969),'* Mount (1968),* McKim and
Benoit {1971),% and Eaton {1970)* in which continuous
exposure was used, reveal that the safe-to-lethal ratic that
permits spawning ranges over nearly two orders of magni-
tude, Exposure will not be constant in most cases, and

higher concentrations usually can be tolerated for short -

- periods. :

Lethal threshold concentrations, which may require more
than 98-hour exposures, may be beneficially used (Sprague
1969)% to replace 96-hour LC50 in the above procedures,
and there is a trend today to use such threshold concen-
trations (Eatdn 1970).%¢

At present, safe levels have been determined for only a
few wastes, and as a result only a few application factérs are
known. Because the determination of safe levels of pollutants
is an involved process, interim procedures for estimating
tolerable concentrations of various wastes in receiving waters
must be used. To meet this situation, three universal appli-
cation factors selected on the basis of present knowledge,
experience, and judgment are recommended at the end of
this section. Where toxicants have a nonpersistent nature
{2 half life of less than 4 days) or noncumulative effects,
an application factor of 0.1 of the 96-hour LC50 should
not be exceeded at any time or place after mixing with the

receiving waters. The 24-hour average of the concentration
of these toxicants should not exceed 0.05 of the LCS50 if
aquatic life is to be protected. For toxic materials which
are persistent or cumulative the concentrations should n¢

exceed 0.05 of the 96-hour LCS50 at any time or place, an.
the 24-hour average concentration should not exceed 0.01

~ of the 96-hour LC30 in order to protect aquatic life. It is

proposed that these general application factors be applied
to LC50 values determined in the manner described ahove
to set tolerable concentrations of wastes in the receiving
stream.

MIXTURES OF TWO OR MORE TOXICANTS

The toxicity of a mixture of pollutants may be estimated
by expressing the actual concentration of each toxicant as
a proportion of its lethal threshold concentration (usually
equal to the 96-hour LC50) and adding the resulting
numbers for all the toxicants. If the total is 1.0 or greater,
the mixture will be lethal.

The system of adding different toxicants in this way is
lrased on the premise that their lethal actions are additive.
Unlikely as it seems, this simple rule has been found to
govern the combined lethal action of many pairs and mix-
tures of quite dissimilar toxicants, such as copper and
ammonia, and zinc and phenol in the laboratory (Herbert
and Vandyke 1964,® Jordan and Lloyd 1964, Brown
ct al. 1968).7 The rule holds true in field studies (Herbert
1965,2® Sprague et al. 1965).* The method of addition is
useful and reasonably accurate for predicting thresholds
lethal effects in mixtures.

There is also evidence of a lower limit for additive lethal
effects, For ammonia and certain other pollutants, levels
below 0.1 of the lethal concentration do not seem to con-
tribute to the lethal action of a mixture (Brown et al. 1969,'7
Lloyd and Orr 1969).% This lower cutoff point of 0.1 of
the LC50 should be used when it is necessary to assess the
lethal effects of a mixture of toxicants.

SUBLETHAL EFFECTS

Sublethal or chronic effects of mixtures are of great im-
portance. Sublethal concentrations of different toxicants
should be, additive in effect. Here again, it would be ex-
pected that for any given toxicant there would be some low
concentration that would have no deleterious effect on an
organism and would not contribute any sublethat toxicity
to a mixture, but there is little research on this-subject.
Biesinger and Christensen (unpublished data 1971),% con-
cluded that subchronic concentrations of 21 toxicants were
close to being additive in causing chronic effects on repro-
duction in Daphnia. Copper and zinc concentrations of
about 0.01 of the LC50 are additive in causing avoidance
reactions (Sprague et al. 1965).%% On the other hand, some-
what lower metal concentrations of about 0.003 of the LC=0
do not seem to be additive in affecting reproduction of
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(Eaton unpublished data 1971).}* Perhaps there is a lower
cutoflf point than 0.01 of the LC50 for single pollutants
co-~ibuting to sublethal toxicity of a mixture.

i interim solution, it i3 recommended that the con-
tribution of a single pollutant to the sublethal toxicity of a
mixture should not e counted if it is less than 0.2 of the
recommended level for that pollutant. Applying this to a
basic recommended level of 0.05 (see the Recommendation
that follows) of the L5 would yield a value of 0.01 of the
L.C50, corresponding to the possible cutoff point suggested
above,

It is expected that cerain cases of joint toxicity will not
be covered by simple addition. The most obvious exception
would be when two toxicants combine chemically. For
example, mixed solutions of cyanides and metals could

cause addition of toxicity or very different effects if the-

metal and cyanide combined (Doudoroff et al. 1966).2* A
thorough understanding of chemical reactions is necessary
in these cases.

For further discussions of bioassays and the difficulties
posed in assessing sublethal effects of toxicants on organisms,
see Section IV, pp. 233-237.

Recommendations for the Use of Application Factors to
Estimate Safe Concentrations of Toxic Wastes in Receiving
Streams

Where specific application factors have been determined
fc ~ viven material, they should be used instead of the safe
¢ atration levels of wastés given below:

(a) Concentration of materials that are nonpersistent
or have noncumulative effects should not exceed 0.1 of
. the 96-hour LC50 at any time or place after mixing with
the receiving waters. The 24-hour average of the concen-
tration of these materials should not exceed 0.05 of the
LC50 after mixing.

(b) For toxicants which are persistent or cumulative,
the concentrations should not exceed 0.05 of the 96-hour
LC50 at any time or place, nor should the 24-hour average
concentration exceed 0.01 of the 96-hour L.C50.

(c) When two or more toxic materials are present at
the same time in the receiving water, it should be assumed
unless proven otherwise that their individual toxicities are
additive and that some reduction in the permissible concen-
trations is necessary. The amount of reduction required is
a function of both the number of toxic materials present
and their concentrations in respect to the permissible con-
centrations. The following relationship will assure that the
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combined amounts of the several substances do not exceed
a permissible concentration:

C. Go

L +Lb+ + <l o
This formula may be applied where C,, Cs, . . . C, are the
measured or expected concentrations of the several toxic
materials in the water, and L,, L, . . . L, are the respective
concentrations recommended or those derived by using
recommended application factors on hivessays done under
local conditions. Should the sum of the several fractions
exceed 1.0, a local restriction on the concentration of one
or more of the substances is necessary,

C and L can be measured in any convenient chemical
unit as proportions of the LC30 or in any other desired way,
as long as the numerator and denominator of any single
fraction are in the same units. To remove natural trace
concentrations and low nonadditive concentrations from
the above formula, any single fraction which has a value
less than 0.2 should be removed from the calculation.

7

. Example:

Small quantities of five toxicants are measured in a
- stream as follows:

3 micrograms/liter (zg/1} of zinc; 3 ug/1 of phenol;
3 pg/l of un-ionized aminonia as calculated from
Figure [1I-10 (see Ammonia, p. 186); 1 pg/l of
cyanide; and 1 pg/l of chlorme

A bioassay with zinc sulphate indicates that the 96.
hour LC50 is 1.2 mg/l. The application factor for
zinc is 0.005; therefore, the allowable limit is 0.005 X
1.2=0.006 mg/l. Initial bioassays with phenol, am-
monia, and cyanide indicate that the recommended
values are the safe concentrations stated in other sec-
tions of the Report, not the fractions of LC50; so the
limits are 0.1 mg/l, 0.02 mg/l, and 0.005 mg/l. The
permissible limit for chlorine (page 189) is 0,003 mg/1.
Therefore, the total toxicity is estimated as follows for
zinc, phenol, ammonia, cyanide, and chlorine, re-

spectively:
0.003_L0.003+0.003J_0‘001_|_0.001
0.006 ° 0.1 '0.02 '0.005"0.003

=0.54-0.034+0.154+0.24+0.33

The second and third terms, i.e., phenol and ammeonia,-
should be deleted since they are below the minimum
of 0.2 for additive effects. This leaves 0.5+0.2+0.33 =
1.03, indicating that the total sublethal effect of these
three toxicants is slightly above the permissible level
and that no higher concentration of any of the three
is safe. Thus none can be added as a pollutant.

10813




PHYSICAL MANIPULATION OF THE ENVIRONMENT

Numerdus activities initiated to maximize certain uses of
water resources often adversely affect water quality and
minimize other uses. These activities have caused both
benefit and ‘harm in terms of environmental quality. The
common forms of physical alteration of watersheds are
channelization, dredging; filling, shoreline meodifications
(of lakes and streams), clearing of vegetation, rip-rapping,
diking, leveling, sand and gravel removal, and impounding
of streams.

Channelization is widespread throughout the United

States, and many studies have been conducted documenting
its effects. Channelization usually increases stream gradient
and flow rates. The quiet areas or backwaters are either
eliminated or cut off from the main flow of the stream, the
stream bed is made smooth, thus reducing the habitats
available to benthic organisms, and surrounding marshes
and swarnps are more rapidly drained. The steeper gradient
increases velocity allowing the stream to carry a greater
suspended load and causing increased turbidity. The rate
of organic waste transformation per mile is usually reduced,
and destruction of spawning and nursery areas often occurs.
Trautman (1939),%” Smith and Larimore (1963),% Peters
and Alvord (1964),% Welker (1967),% Martin (1969},%
and Gebhards (1970)® have discussed the harmful effects
6f channelization on some fish populations and the effect
on stimulation of less desirable species.

Dredging undertaken to increase water depth often
destroys highly productive habitats such as marshes (Mar-
shall 1968, Copeland and Dickens 1969).%° The spoils
from dredging activities are frequently disposed of in other
shallow sites causing further loss of productive areas. For
example, Taylor and Saloman (1968)% reported that since
1950 there has been a 20 per cent decrease in surface area
of productive Boca Ciega Bay, Florida, due to fill areas.
"It has become common practice to fill in marshy sites near
large metropolitan areas (e.g., San Francisco Bay, Jamaica
Bay) to provide for airport construction and industrial
development.

In addition to the material that is actually removed by
the dredging process, a considerable amount of waste is

- suspended in the water resulting in high turbidities (Mackin

1961).% If the dredged sediments are relatively nontoxic,
gross cffects on motile aquatic life may not be noticeable,
but benthic communities may be drastically affected by the
increased redeposition of silt (Ingle 1952).%

In many instances either high nutrient or toxic sediments
are suspended or deposited during the dredging process.
This action may kill aquatic organisms by exposure to the
toxicants present or by the depletion of dissolved oxygen
concentrations, or both. Brown and Clark (1968)% noted
a dissolved -oxygen reduction of 16 to 83 per cent when
oxidizable sediments were resuspended. In many cases dis-
turbed sediments contzining high nutrient concentrations
may stimulate undesirable forms of phytoplankton or
Cladophora. Gannon and Beeton (1969)57 categorized harbr-
sediments in five groups. Those most severely pollu
were toxic to various animals and did not stimulate growu
of phytoplankton. Other sediments were toxic but stimu-
lated plant growth. The least polluted sediments were not
toxic and stimulated growth of phytoplankton but not
Cladophora. ‘ : '

Three basic aspects must be considered in evaluating the
impact of dredging and disposal on the aquatic environ-
ment: (1) the amount and nature of the dredgings, (2) the
nature and quality of the environments of removal and
disposal, and (3) the ecological responses. All vary widely
in different environments, and it is not possible to identify
an optimal dredging and disposal system. Consequently,
the most suitable program must be developed for each
situation. Even in situations where soil is deposited in
diked enclosures or used for fill, care must be taken to
monitor averflow, seepage, and runoff waters for toxic and
stimulatory materials.

Artificial impoundments may have serious environmental
impact on natural aquatic ecosystems. Dams and othér
artificial barriers frequently block migration and may
destroy large areas of specialized habitat. Aquatic organisms
are frequently subjected to physical damage if they are
allowed to pass through or over hydroelectric power units
and other man-made objects when properly designed
barriers are not provided. At large dams, especially 1
designed for hydroelectric power, water drawn from . ..

10814

»
H



pool behind the dam is &equeﬁtly taken from great depths,
resulting in the release to the receiving stream of waters
low ~ - dissolved oxygen and excessively cold. This can be 2

pr 1, particularly in areas where nonnative fish are.

tocked, :

Cutting down forests, planting the laud in crops, and
partially covering the surface of a watershed by building
roads, houses, and industries can have detrimental effects
s water ways. Wark and Keller (1963)% showed that in
the Potomac River Basin (Washington, D.C.) reducing the
orest cover from 80 per cent to 20 per cent increased the
innual sediment yield from 50 to 400 tons per square mile
ver year. The planting of land in crops increased the sedi-
ment yield from 70 to 300 tons per square mile per year,
or a fourfold increase as the land crops increased from 10
per cent to 50 per cent. Likens et al. (1970)% showed that
_utting down the forest in the Hubbard Brook area (Ver-
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mont) caused substantial changes in the streams. The sedi-
ment load increased fourfold over a period from May 1966
to May 1968. Furthermore, the particulate matter drained
from the deforested watershed became increasingly in-
organic in content, thus reducing the value of the sediment
as a food source. The nutrient content of the water was also
affected by cutting down the forests. The nitrate concen-
tration increased from 0.9 mg/l prior to the cutting of
vegetation to 53 mg/l two years later. Temperatures of
streams in deforested areas were higher, particularly during
the summer months, than those of streams bordered bv
forests (Brown and Krygier 1970).%

Prior to any physical alterations of a watershed, a
thorough investigation should be conducted to determine
the expected balance between benefits and adverse environ-
mental effects.
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SUSPENDED AND SETTLEABLE SOLIDS

Suspended and settleable solids include both inorganic
and organic materials, Inorganic components include sand,
silt, and clay originating from erosion, mining, agriculture,
and areas of construction. Organic matter may be com-
posed of a variety of materials added to the ecosystem from
natural and man-made sources, These inorganic and organic
sources are discussed in the Panel Report on Marine
Aquatic Life and Wildlife (Section IV), and the effects of
land—-water relationships are described in the report on
Recreation and Aesthetics (Section I).

SOIL A5 A SOURCE OF MINERAL PARTICLES

Soil structure and drainage patterns, together with the
intensity and temporal distribution of rainfall that directly
affect the kind and amount of protective vegetative cover,
determine the susceptibility of a soil to erosion. Where
rain occurs more or less uniformly throughout the year,

protective grasses, shrubs, or trees develop (Leopold, et al. - -

1964).7% Where rainfall occurs intermittently, as in arid
areas, growth of protective plants is limited thus allowing
unchecked erosion of soils.

Wetting and drying cause swelling and shrinking of clay
soils and leave the surface susceptible to entrainment in
surface water flows. Suspended soil particle concentrations
in rivers, therefore, are at their peak at the beginning of
flood flows, Data on the concentration of suspended matter

-in most of the significant streams of the United States are
presented in the U.S. Geological Survey Water Supply
Papers. ' :

Streams transport boulders, rocks, pebbles, and sand by
intermittent rolling motions, or by intermittent suspension
and deposition as particles are entrained and later settled
on the bed, Fine particles are held in suspension for long
_periods, depending on the intensity of the turbulence. Fine

“silt particles, when dispersed in fresh waters, remain almost
continuously suspended, and suspension of dispersed clay
mineral particles may be maintained even by the thermally
induced motions in water. These fine mineral particles are
the soil materials of greatest significance to the turbidity
values of a particular water.

The suspended and settleable solids and the bed of a water
boedy must be considered as interrelated, interacting parts.
For example, Langlois (1941)7 reported that in Lake Erie
the average of 40 parts per million (ppm) of suspended
matter in the water was found to change quickly to more
than 200 ppm with a strong wind. He further explained
that this increase is attributed to sediments resuspended by
wave action. These sediments enter from streams or from
shoreline erosion.

Suspended clay mineral particles are weakly cohesive in
fresh river waters having either unusually low dissolved salt
concentrations or high concentrations of multivalent cations.
Aggregations of fine particles form and settie on the bed to
form soft fluffy deposits when such waters enter a lake or
impoundment. However, clay mineral particles are -
persed or only weakly cohesive in most rivers.

EFFECTS OF SUSPENDED PAR'I_'ICI.ES IN WATER

The composition and concentrations of suspended parti-
cles in surface waters are important because of their effects
on light penetration, temperature, solubility products, and
aquatic life (Cairns 1968).” The mechanical or abrasive
action of particulate material is of importance to the higher
aquatic organisms, such as mussels and fish. Gills may be
clogged and their proper functions of respiration and
excretion impaired. Blanketing of plants and sessile animals
with sediment as well as the blanketing of important
habitats, such as spawning sites, can cause drastic changes
in aquatic ecosystems. If sedimentation, even of inert
particles, covers substantial amounts of organic material,
dnacrobic conditions can occur and produce noxious gases
and other objectionable characteristics, such as low dis-
solved oxygen and decreases in pH. -

Absorption of sunlight by natural waters. is strongly
affected by the presence of suspended solids. The intensity
of light (I) at any distance along a light ray (L) is; for a
uniform suspension, expressed by the formula:

I= Io —koL,

where I is the intensity just below the water surface (L =

.~
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; iz the extinction coefficient for the suspended solids, and
1= the concentration of suspended solids. L can be related

c - warer depth by the zenith angle, #, the angle of
el.  on, 7, and the index of refraction of water, 1.33, by
-nell’s rule: '

ST 33

the depth, D, is L cos r. Refraction makes the light path
nore nearly vertical under water than the sun’s rays,
xcept when the sun’s rays are themselves normal to the
vater surface. .

The growth of fixed and suspended aquatic plants can
e limited by ‘the intensity of sunlight. An example of the

lecrease in the photic zone was calculated for San Francisco.

ay (Krone 1963)," where k was 1.18X10% square centi-
neters per gram. For a typical suspended solids concen-
ration of 50X 10~% grams per cubic centimeter, for an
gae requiring 20 foot candles or more for its multipli-
:ation, and under incident sunlight of 13,000 foot candies
he photic zone did not exceed 1.1 meters. A reduction in
-1spended solids concentration to 20X 10-¢ g/cm? increased
‘he maximum depth of the phetic zone to 2.8 meters.
Because suspended particles inhibit the penetration of
unlight, water temperatures are affected, and increasing

urbidity results in increasing absorption near the water”

jurface so that turbid waters warm more rapidly at the
ar than do clearer waters. Warming and the accom-
»a. g decrease in density stabilize water and may inhibit
sertical mixing. Lower oxygen transfer value from air to
~ater results when surface waters are heated. This action
z:ombined with inhibited vertical mixing reduces the rate of
sxygen transfer downward. Still or slowly moving water ‘is
aost affected.

The rate of warming, ¢7/d!, at any distance from the
wmrface along a light path, [, in water having uniform
suspended material is

dT [ch] ek
odlu W [k
dt oC

where p is the water density and C is the specific heat of
the water. This equation shows that an increase in suspended
sediment concentration increases the rate of warming near
the surface and decreases exponentially with depth. The
hiological significance of this relationship is in the effect on
time of formation, vertical distribution of thermal stratifi-
cation, and stability of the upper strata. Increasing tur-
bidity could change the stratification patterns of a lake and
thus change the temperature distribution, oxygen regime,
and composition of the biological communities.

ADSORPTION OF TOXIC MATERIALS

ended mineral particles have irregular, large surface
areas, with electrostatic charges. As a consequence, clay
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minerals may sorb catior:s, anions, and organic compounds.
Pesticides and heavy mezais may be absorbed on suspended
clay particles and strongiv held with them. The sorption
of chemicals by suspended matter is particularly important
if it leads to a buildup of toxic and radioactive materials’
in a limited arca with the possibility of sudden release of
these toxicants. One such example has been reporied by
Benoit et al. (1967).7 Gannon and Beeton (1969)7 reported
that sediments with the foillowing characteristics dredged
from various harbors on the Great Lakes were usually toxic
to various organisms: COD 42,000 mg/l, volatile solids
4,000 mg/l, ammonia 0.075 mg/g, phosphate-P 0.65 mg/g.

The capacity of minerais to hold dissolved toxic materials
is different for each material and type of clay mineral. An
example illustrates the magnitudes of sorptive capacities:
the cation exchange capacity (determined by the number
of negatively charged sites on clay mineral surfaces) ranges
from a few milliequivalents per hundred grams (me/100 g)
of mineral for kaolinite clay to more than 100 me/100 g for
montmorillonite clay. Typical estuarial sediments, which are
mixtures of clay, silt, and sand minerals, have iexchange
capacities ranging from 15 to 60 me/100 g (Krone 1963).7
The large amounts of such material that enter many
estuaries and lakes from tributary streams provide continu-
ally renewed sorptive capacity that removes materials such
as heavy metals, phosphorus, and radioactive ions. The
average new sediment load flowing through the San Fran-
cisco Bay-Delta system, for example, has a total cation
exchange capacity of a billion equivalents per year.

The sorptive capacity effectively creates the large assimi~
lative capacity of muddy waters. A reduction in suspended
mineral solids in surface waters can cause an increase in
the concentrations of dissolved toxic materials contributed
by existing waste discharges.

EFFECTS ON FISH AND INVERTEBRATES

The surface of particulate matter may act as a substratum
for microbial species, although the particle itself may or
may not contribute to their nutrition. When the presence
of particulate matter enabies the environment to support
substantial increased populations of aquatic microorganisms,
the dissolved oxygen concentration, pH, and other char-
acteristics of the water are frequently altered. '

There are several ways in which an excessive concen-
tration of finely divided solid matter might be harmful to
a fishery in a river or a lake (European Inland Fisheries
Advisory Commission, EIFAC 1965).7 These include:

® acting directly on fish swimming in water in which
solids are suspended, ¢ither killing them or-reducing
their growth rate and resistance to disease;

® preventing the successful development of fish eggs
and larvae; '
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® modifying natural movements and migrations of fish;
¢ reducing the food available to fish;
o affecting efficiency in catching the fish.

With respect to chemically inert suspended solids and to -

waters that are otherwise satisfactory for the maintenance of
freshwater fisheries, EIFAC (1965)7% reported:

& there is no evidence that concentrations of suspended
solids less than 25 mg/l have any harmful eflects
on fisheries;

¢ it should usually be possible to maintain good or
moderate fisheries in waters that normally contain
25 to 80 mg/l suspended solids; other factors being
equal, however, the yield of fish from such waters
might be somewhat lower than from those in the
preceding category;

® waters normally containing from 80 to 400 mg/l
suspended solids are unlikely to support good fresh-
water fisheries, although fisheries may sometimes
be found at the lower concentrations within this
range;

® only poor fisheries are likely to be found in waters
that normally contain more than 400 mg/1 suspended
solids.

In addition, although several thousand parts per million
suspended solids may not kill fish during several hours or
days exposure, temporary high concentrations should be
prevented in rivers where good fisheries are to be main-
tained. The spawning grounds of most fish should be kept
as free as possible from finely divided solids.

While the low turbidities reported above reflected values
that should protect the ecosystem, Wailen {1951)® reported
that fish can tolerate higher -concentrations. Behavioral
‘reactions were not observed until concentrations of tur-
bidity neared 20,000 mg/l, and in one species reactions did
not appear until turbidities reached 100,000 mg/l. Most
species tested endured exposures of more than 100,000 mg/1
turbidity for 2 week or longer, but these same fishes finally
died at turbidities of 175,000 to 225,000 mg/l. Lethal
turbidities caused the death of fishes within 15 minutes to
two hours exposure. Fishes that succumbed had opercular
cavities and gill filaments clogged with silty clay particles
from the water. . .

In a study of fish and macroinvertebrate populations
over a four-year period in a stream receiving sediment from
a crushed limestone quarry, Gammon (1970)" found that
inputs that increased the suspended solids load less than
40 mg/l (normal suspended solids was 38 to 41 mg/! and’
volatile suspended solids 16 to 30 mg/l) resulted in a 25
per cent reduction in macroinvertebrate density in the
stream below the quarry. A heavy silt input caused increases
of more than 120 mg/l including some decomposition of
sediment, and resulted in a 60 per cent reduction in density

of macroinvertebrates, Population diversity indices were
unaffected because most species responded to the same
degree. The standing crop of fish decreased dramatical
when heavy sediment occurred in the spring; but fish
mained in pools during the summer when the input was

“heavy and vacated the pools only after deposits of sediment

accumulated. .After winter floods removed sediment de-
posits, fish returned to the pools and achieved levels of 50
per cent of the normal standing crop by early June.

Not all particulate matier affects organisms in the same
way. For example, Smith, et al. (1965)7 found that the
lethal action of pulp-mill fiber on walleye fingerlings
(Stizosiedion vitreum vitreum) and fathead minnows (Pimephales
promelas) was influenced by the type of fiber. In 96-hour
bioassays, mortality of the minnows in 2,000 ppm suspen-
sions was 78 per cent in conifer groundwood, 34 per cent
in conifer kraft, and 4 per cent in aspen groundwood. High
temperatures and reduced dissolved oxygen concentrations
increased the lethal action of fiber,

Buck (1956)™ studied the growth of fish in 39 farm ponds
having a wide range of turbidities. The ponds were cleared
of fish and then restocked with largemouth black bass
(Micropterus salmoides), bluegill (Lepomis macrochirus), and
redear sunfish (Lepomis misrolophus). After two growing
seasons the yields of fish were:

® clear ponds (less than 25 mg/l
suspended solids)

® intermediate (25-100 mg/l
suspended solids)

¢ muddy (more than 100 mg/l
suspended solids) ~

161.5 1b/acre
94.0' Ib/acre

29.3 lh/acre

The rate of reproduction was also reduced by turbidity,
and the critical concentration for all three species appeared
to be about 75-100 mg/1. In the same paper, Buck reported
that largemouth black bass (Micropterus salmoides), crappies
(Pomoxis), and channel catfish (letalurus-punctatus) grew more
slowly in a reservoir where the water had an average
turbidity of 130 mg/] than in another reservoir where the
water was always clear.

Floating materials, including large objects as well as very
fine substances, can adversely affect the activities of aquatic

- life. Floating logs shut out sunlight and interfere particularly

with surface feeding fish. Logs may also leach various types
of organic acids due to the action of water. If they have
been sprayed with pesticides or treated chemically, these
substances may also leach into the water. As the logs float
downstream their bark often disengages and falls to the
bed of the stream, disturbing benthic habitats. Aquatic life
is also affected by fine substances, such as sawdust, peelings,
hair from tanneries, wood fibers, containers, scum, oil,
garbage, and materials from untreated municipal an:

dustrial wastes, tars and greases, and precipitated chemic. ..
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Suspended and Settleable Solids/ 129

‘ecommendations - : ¢ Aguatic communities should be protected if the
following maximum concentrations of suspended

T <combined effect of color and turbidity should . .
solids exist:

1 ‘hange the compensation point more than

- 10 per cent from its seasonally established norm, High level of protection 25mg/l
nor should such a change place more than 10 Moderate protection 80 mg/1
per cent of the biomass of photosynthetic orga- Low level of protection 400 mg /1
nisms below the compensation point. Very low level of protection over 400 mg /1
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COLOR

The true color of a specific water sample is the resuft of
substances in solution; thus it can be measured only after
suspended material has been removed. Celor may be of
organic or mineral origin and may be the result of natural
processes as well as manufacturing operations. Organic
sources include humic materials, peat, plankton, aquatic
plants, and tannins. Inorganic substances are largely me-
tallic, although iron and manganese, the most important
substances, are usually not in selution. They affect color as
particles. Heavy-metal complexes are frequent contributors
to the color problem.

Many industries (such as pulp and paper, textile, refining,
chemicals, dyes and explosives, and tanning) discharge
materials that contribute to the color of water. Conventional
biological waste treatment procedures are frequcntly in-
effective in removing color. On the other hand, such treat-
ment. processes have caused an accentuation of the level
of color during passage through the treatment plant.
Physicochemical treatment processes are frequently pre-
ferable to biological treatment if color removal is critical
{Eve and Aldous 1968,% King and Randall 1970%%),

The tendency for an accentuation of color to occur as a
result of complexing of a heavy metal with an organic sub-
stance may also lead to problems in surface waters. A rela-
tively color-free discharge from a manufacturing operation,
may, upen contact with iron in a stream; produce a highly
colored water that would significantly affect aquatic life
{(Hem 1960,% Stumm and Morgan 1962%),

The standard platinum-cobalt method of measuring color
is applicable to a wide variety of water samples (Standard

Methods 1971).%5 However, industrial wastes frequently
produce colors dissimilar to the standard platinum-cobalt
color, making the comparison technique of limited value.
The standard unit of color in water is that level produced
by 1 mg/! of platinum as chloroplatinate ion {Standard
Methods 1971).%% Natural color in surface waters ranges
from less than one color unit to more than 200 in highly
colored bodies of water (Nordell 1961).8

That light intensity at which oxygen production in photo-
synthesis and oxygen consumption by respiration of the
plants concerned are equal is known as the compensation
point, and the depth at which the compensation point oc-
curs is called the compensation depth. For a given body of
water this depth varies with several condirions, including
season, time of day, the exient of cloud cover, conditic
the water, and the taxonomic composition of the flor:
volved. As commonly used, the compensation point refers
to that intensity of light which is such that the plant’s
oxygen production during the day will be sufficient to
balance the oxygen consurnption during the whole 24-hour
period (Welch 1952).

Recommendation

The combined effect of color and turbidity should
not change the compensation point more than 19
per cent from its seasonally established norm, nor
should such a change place more than 10 per cent
of the biomass of photosynthetic orgamsms below
the compensatxon point.

-~
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DISSOLVED GASES

JSSOLVED OXYGEN

Oxygen requirements of aquatic life have been extensively
udied. Comprehensive papers have been presented by
oudoroff and Shumway (1967),* Doudoroff and Warren
1965),% Ellis (1937),%® and Fry (1960).*% (Much of the
:search on temperature requirements also considers oxygen,
nd references cited in the discussion of Heat and Temper-
_ure, p. 151, are relevant here.) The most comprehensive
sview yet to appear has been written by Doudoroff and
humway for the food and Agriculture Organization
FAQ) of the United Nations (1970).% This FAO report
rovides the most advanced summary of scientific research
r oxygen needs of fish, and it has served as a basis for most

‘ecommendations presented in this discussion. In
ar. .ar, it provided the criteria for citing different levels
{ protection for fish, for change from natural levels of
xygen concentration, and for the actual numerical values
:commended. Much of the text below has been quoted
erbatim or condensed from the FAO report. Its recommen-
ations have been modified in only two ways: the insertion
f a floor of 4 mg/] as a minimum, and the suggestion that
atural minima be assumed to be equal to saturation
:vels if the occurrence of lower minima cannot be definitely
stablished, Doudoroff and Shumway covered oxygen con-

“entrations ‘below the floor of 4 mg/]; however, the 4 mg/]
Jor has been adopted in thls report for reasons explained
elow.

evels of Protection’

Most species of adult fish can survive at very low concen-
rations of dissolved oxygen. Even broock trout (Salvelinus
ntinalis) have been acclimated in the laboratory to less
han 2 mg/l of Os. In natural waters, the minimum concen-
ration that allows continued existence of a varied fish
auna, including valuable food and game species, is not
igh. This minimum is not above 4 mg/l and may be much
wer,

However, in evaluating criteria, it is not important to
mnov “ow long an animal can resist death by asphyxiation
1. lissolved oxygen concentrations. Instead, data on
he oxygen requirements. for egg development, for newly

hatched larvae, for normal growth and activity, and for
completing all stages of the reproductive cycle are pertinent.
Upon review of the available research, one fact becomes
clear: any reduction of dissolved oxygen can reduce the
efficiency of oxygen uptake by aquatic animals and hence
reduce their ability to meet demands of their environment.
There is evidently no concentration level or percentage of
saturation to which the O; content of natural waters can
be reduced without causing or risking some adverse effects
on the reproduction, growth, and consequently, the pro-
duction of fishes inhabiting those waters.

Accordingly, no single, arbitrary recommendation can
be set for dissolved oxygen concentrations that will be
favorable for all kinds of fish in all kinds of waters, or even
one kind of fish in a single kind of water. Any reduction in
oxygen may be harmful by affecting fish production and
the potential yield of a fishery.

The selection. of a level of protection {Table II1-3) is a
socioeconomic decision, not a biological one. Once the
level of protection is selected, appropriate scientific recom-
mendations may be derived from the criteria presented in
this discussion,

Basis for Recommendations

The decision to base the recommendations on Q- con-

centration minima, and not on average concentrations,

arises from various considerations. Deleterious effects on
fish seem to depend more on extremes than on averages.
For example, the growth of young fish is slowed markediy

if the oxygen concentration falls to 3 mg/l for part of the

day, even if it rises as high as 18 mg/l at other times. It
could be an inaccurate ahd possibly controversial task to
carry out the sets of measurements required to decide
whether a criterion based on averages was being met.

A daily fluctuation of O; is to be expected where there is
appreciable photosynthetic activity of aquatic plants. In .
such cases, the minimum O, concentration will usually be
found just before daybreak, and sampling should be done
at that.time. Sampling should also take into account the
possible differences in depth or width of the water bedy.
The guiding principle should be to sample the places where
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132/ Section III—Freshwater Aquatic Life and Wildlife

aquatic organisms actuaily live or the parts of the habitat
where they should be able to live.

Before recommendations are proposed, it is necessary to
evaluate criteria for the natural, seasonal O, minimum

from which the recommendations can be derived. Natural -

Jevels are assumed to be the saturation levels, uniess scien-
tific data show that the natural levels were already low in
the absence of man.made effects.

Certain waters in regions of low human populations can
still be adequately studied in their natural or pristine con-
dition. In these cases the minimum O concentration at
different seasons, temperatures, and stream discharge vol-
umes can be determined by direct observation. Such ob-
served conditions can also be useful in estimating seasonal
minima in similar waters- in similar geographical regions
where natural levels can no longer be observed because of
waste discharges or other man-made changes.

In many populated regions, some or all of the streams
and lakes have been altered. Direct determination of
natural minima may no longer be possible. In these cases
the assumption of year-round saturation with O is made
in the absence of other evidence.

Supersaturation of water with dissolved oxygen may
occur ag the result of photosynthesis by aquatic vegetation.
There is some evidence that this may be deleterious to
aquatic animals because of gas bubble disease (see Total
Dissolved Gases, p. 135}.

Despite the statements in previous paragraphs that there

is no single O» concentration which is faverable to all species-

and ecosystems, it is obvious that there are, nevertheless,
very low O: concentrations that are unfevorable to almost
all aquatic: organisms. Therefore, a floor of 4 mg/l is
recommended except in situations where the natural level
of dissolved oxygen is less than 4 mg/l in which case no
further depression is desirable. The value of 4 mg/l has
been selected because there is evidence of subacute or
‘chronic damage to several fish below this concentration.
Doudoroff and Shumway (1970)® review the work "of
several authors as giverr below, illustrating such damage.
Fathead minnows (Pimephales promeias) held at 4 mg/l
spawned satisfactorily; only 25 per cent of the resultant
fry survived for 30 days, compared to 66 per cent survival
at 5 mg/l." At an oxygen level of 3 mg/l, survival of fry
was even further reduced to 5 per cent (Brungs 19721
personal communication)., Shumway et al. (1964)% found that
the dry weight of coho salmon (Oncorkynchus kisutch) alevins
(with yolk sac removed) was reduced by 59 per cent when
they had been held at 3.8 mg/l of oxygen, compared to
weights of the controls. The embryos of sturgeon (Acipenser)
suffered complete mortality at oxygen concentrations of
3.0 to 3.5 mg/], compared to only 18 per cent mortality at
50 to 5.5 mg/l (Yurovitskii 1964)."® Largemouth bass
(Micropterus salmoides) embryos reared at 25 C showed sur-
vival equal to controls only at oxygen levels above 3.5 mgy/1
(Dudley 1969).% Efficiency of food conversion by juvenile

bass was nearly independent of O, at 5 mg/! and higher,
but growth rate was reduced by 16.5 per cent at 4 mg/l,
and 30 per cent at 3 mg/l (Stewart et al. 1967).% Sipnii--
reductions in growth of underyearling coho salmon
curred at the same Q. concentrations (Herrmann et al.
1962).% Although many other experiments have shown
little or no damage to performance of fish at 4 mg/l, or
lower, the evidence given above shows appreciable effects
on embryonic and juvenile survival and growth for several
species of fish sufficient to justify this value.

Warm- and Coldwater Fishes

There are many associations and types of fish fauna
throughout the country. Dissolved oxygen criteria for cold-
water fishes and warmwater game fishes are considered
together in this report. There is no evidence.to suggest
that the more sensitive warmwater species have lower O.
requirements than the more sensitive coldwater fishes. The
difference in Oy requirements is probably not greater than
the difference of the solubility of O; in water at the maxi-
mum temperatures to which these two kinds of fish are
normally exposed in summer (Doudoroff and Shumway
1970).% In warmwater regions, however, the variety of
fishes and fish habitats is relatively great, and there are
many warmwater species that are exceedingly tolerant of
O, deficiency.

Unusvai Waters

There are certain types of waters that naturally hav
oxygen content, such as the “black waters” draining swa...ps
of the Southeastern United States. {Other examples include
certain deep ocean waters and eutrophic waters that support
heavy biomass, the respiration of which reduces O, content
much of the time.) A special situation prevails in the deep
layers (hypolimnion) of some lakes. Such layers do not mix
with the surface layers for extended periods and may have
reduced Oy, or almost none. Fish cannot live in the deep
layers of many such lakes during a large part of the year,
alihough each lake of this kind must be considered as a
special case. However, the recommendation that ne oxygen-
consuming wastes should be released into the deep layers
still applies, since there may be no opportunity for reaeration
for an entire season. ' :

Qrganisms Other Than Fish

Most research concerning oxygen requirements for fresh.
water organisms deals with fish; but since fish depend upor
other aquatic species for food, it is necessary to conside:
the O, requirements of these organisms. This Section make:
the assumption that the O, requirements of other compon.
ents of the aquatic community are compatible with fist
(Doudoroff and Shumway 1970).% There are certain excep
tions where exceedingly important invertebrate organism
may be very sensitive tolow Os, more sensitive thant 1t
species in that habitat (Doudoroff and Shumway 1. .}
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he situation is somewhat more complicated for inverte-
-ates and aquatic plants, inasmuch as organic pollution that

ur
o\

=duction of O also directly increases food material.
:, it appears equally true for sensitive invertebrates

for fish that any reduction of dissolved O, may have de-
terious effects on their production. For example, Nebeker
972)%7 has found that although a certain mayfly (Ephemera
nulans) can survive at 4.0 mg/l of oxygen for four days,
1y reduction of oxygen below saturation causes a decrease
successful transformation of the immature to the aduit

. age.

ilmonid Spawning

For spawning of salmonid fishes during the season when

1gs are in the gravel, there are even greater requirements

r O than those given by the high level of protection.
jee Table II1-3 for description of levels.) This is because
1e water associated with the gravel may contain less oxygen
ian the water in the stream above the gravel, There is
>undant evidence that salmonid eggs are adversely affected
. direct proportion to reduction in Oy The oxygen criteria
r eggs should be about half way between the nearly
.aximum and high levels of protection.

FARTE III-3—Guidelines for Selecting Desired Type and
L f Protection of Fish Against Deleterious Effects of
Reduced Oxygen Concentrations

evel of protection

Intended type of protection

Possibls spplicaiion

uly Maximume

derate...,......,

For virtuslly unimpeited prodictivity and
unchanged guality of a fghary,

Mot Hkely 1o cause appreciable change in
the ecosystem, nor material raduction of
fish production. Some Impairment is
tisked, but appreciable demage is not to
be expecied at thass fevels of oxygen.

Fisharies should persist, ustally with no
wericus impairmant, but wilh soms de-
crease in production,

Should parmid the porsistence of sizesbla
populaticns of tolerant species and sue-
cossful passage of most migrandst, Much
redised produgiion of alimination of sen-
sitiva fshis ikely. ‘

Apprepriate for conservahon areas, parks, and
water badlss of high or unique vaive. Re-
quires, practically spsaking, that fittls ot no
denxygenating wastes be added 1o natural
walers, Nor must there be any activilies
such as unfavorable iand use which would
feduce 01 lavals,

Could bw agpropriate for fisheries or aguatic
scosystems of some Impertance, which
should aot he impaired by other uses of

Gould b used for fisherins which ace valued,
but must ea-uxist with major industries ar
denss human population.

Agaropriata for Mgheries ihat hava some com-
marcial or fecrestional value, but are 10
unimpertant compared with oiher water
uses, that their maintenanca cannof be 2
major objective of pallution contrel.

This typs of protection sheuld howevar, pro-
vida for survival of sensitive specias in 2dult
of subadult lifs siages for shott petieds
duting the yvear, if oxygen levals at other
fimes are satfsfaclory for growth, reprodeoe-
fign, etc,

Weals that there could be a higher laval of pratection that would reguirs oxygen to be mear rtural level st alt times,

[t
b
g,

"+ maximam requizes only that uxygen shovld not faft betow the lowest level charactaristic of the s2ason,
grotact migrating saimonids, which would requite 2! ieast a Maderats level of prolaction, for 2onesof

£tssolved Gases/133

Interaction with Toxic Pollutants or Other Environmental
Factors

It is known that reduced oxygen levels increase the
toxicity of pollutants. A method for predicting this inter-
action has been given by Brown (1968),% and a theoretical
background by Lioyd (1961).”® The disposal of toxic pol-
lutants must be controiled so that their concentrations will
not be unduly harmful at prescribed aceeptable levels of
Oz, temperature, and pH. The levels of oxygen recom-
mended in this Section are independent of the presence of
toxic wastes, no matter what the nature of the interaction
between these toxicants and O, deficiencies. Carbon dioxide

is an exception, because its concentration influences the

safe level of oxygen. The recommendations for Q. are
valid when the CO: concéntration is within the limits
recommended in the section on CO,.

Application of Recommendations

As previously stated, the recommendations herein differ
in two important respects from those widely used. First,
they are not fixed values independent of natural conditions.
Second, they offer a choice of different levels of protection
of fishes, the selection of any one of which is primarily a
socioeconomic decision, not a biological one.

Table ITI-4 presents guidelines for the protection of
fishes at each of four levels. Each column shows the level
to which the dissolved O, can be reduced and still provide
the stated level of protection for local fisheries. The values
can be derived from the equations given in the recommen-
dations. These equations have been calculated to fit the
curves shown in the figure on page 264 of Doudoroff and
Shumway (1970),% which serve as the basis of the recom-
mendations. To use Table III-4, the estimated natural
seasonal minimum should first be determined on the basis
of available data or from expert judgment. This may be
taken to be the minimum saturation value for the season,
unless there is scientific evidence that losses of O; levels
prevailed naturally. The word “season” here means a
period based on local climatic and hydrologic conditions,
during which the natural thermal and dissolved O, regime
of a stream or lake can be expected to be fairly uniform.
Division of the year into equal three-month periods, such
as December-February, March-May, is satisfactory. How-
ever, under special conditions, the designated seasons could

.be periods longer or shorter than three months, and couid

in fact be taken as individual months, The selected periods
need not be equal in length.

When the lowest natural value for the season has been -
estimated, the desired kind and level of protection should
then be selected according to the guidelines in Table ITI-3,
The recommended minimum level of dissolved oxygen may
then be found in the selected column of Table 1114, or as
given by the formula in the recommendation.
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184 /Section III—Freshwater Aquatic Life and Wildlife

TABLE IIl~i—~Example of Recommended Minimum
Concentrations of Dissolved Oxygen

Eclimated nstural Recommended minimum coatenirations of 04 for
seasona| minimum  Cotresponding tamperaturn of salscted lavals of peatestion
concaptration of  ozygen-saturated frezh water
oxygen in watet Nearly High Moderats Low
maximal
H {a) {a} 5 [ R & A X
] 45CCR) (115FX0) § 5.6 41 449
1 3C (85.0F) 7 [ ] 83 [A']
[] 21.5C (8L.5F) ] 141 51 [ %]
] ¢ (69.9P) 9 1.7 &2 45
10 16 {80.5F) 1° 1.2 £.5 i
12 LG (45.9F) 12 1.8 &t 4.8
" 1.5¢ QLR u 4.3 4 ] 4.9

 Ingiuded to caver walare that are natursliy somewhat deficlent tn Oz A saturation vafus of § my/[ might be
found n warm springs or very saline watars. A satursfion value of B mg/| would apply to warm sea water (32 C=
90 F).

Nota: The desired kind and leval of protection of 2 given Sody of water shoutd first ba selected (across head of
tabie), The estimated seasoral minimum soncentration of dissolved oxygen under raturai conditions should thes be
determinad on the basis of available data, and located in the left hand cofurhn of the table. The recommended mini-
mum concantration of exygea for the season is then taken from the tabls. AU values are In milligrams of O« per

tat, Yalues fof natural saasamal minitna other than those listed are given by the tocmols and quatilcations in the
suetion on recommendations.

Examples

¢ It is desired to give moderate protection to trout
(Salvelinus fontinalis) in a small stream during the
summer. The maximum summer temperature is 20 C
(68 F); the salt content of the water is low and has
negligible effect on the oxygen saturation value. The
atmospheric pressure is 760 millimeters (mm) Hg.
Oxygen saturation is therefore 9.2 mg/l. This is as-
sumed to be the natural seasonal minimum in the
absence of evidence of lower natural concentrations.
Interpolating from Table III-4 or using the recom-
mended formula, reveals 2 minimum permissible con-
centration of oxygen during the summer of 6.2 mg/l.
If a high level of protection had been selected, the
recommendation would have been 7.8 mg/l. A low
level of protection, providing little or no protection
for trout but some for more tolerant fish, would require
a recommendation of 4.5 mg/l. Other recommen-
dations would be calculated in a similar way for other
seasons.

¢ It is decided to give moderate protection to large-
mouth bass (Micropterus salmoides) during the summer.
Stream temperature reaches a maximum of 35 G
(95 F) during summer, and lowest seasonal saturation
value is accordingly 7.1 mg/l. The recommendation
for minimum oxygen concentration is 5.4 mg/l.

® For low protection of fish in summer in the same
stream described above (for largemouth bass), the
recommendation would be 4.0 mg/l, which is also the
floor value recommended.

® It is desired to protect marine fish in full-strength
sea water (35 parts per thousand salinity) with a maxi-
mum seasonal temperature of 16 C (61 F). The satu-
ration value of 8 mg/| is assumed to be the natural dis-
solved oxygen minimum for the season. For a high level
of protection, the recommendation is 7.1 mg/l, for a
moderate level of protection it is 5.8 mg/], and for a
low level of protection it is 4.3 mg/1. '

It should be stressed that the recommendations are the
minimum values for any time during the same season.

Recommendations

(a) For nearly maximal protection of fish a...
other aquatic life, the minimum dissolved oxygen
in any season (defined previousiy) should not be
less than the estimated natural seasonal minimum-.
concentration (defined previously) characteristic of’
that body of water for the same season. In esti-
mating natural minima, it is assumed that waters
are saturated, unless there is evidence that they
were lower in the absence of man-made influences.

(b) For a high level of protection of fish, the
minimum dissolved oxygen concentration in any
season should not be less than that given by the
following formula in which M=the estimated
natural seasonal minimum concentration char-
acteristic of that body of water for the same season,
as qualified in (a):

Criterion* =1.41M —0.0476 M2 — 1,11

(c) For a moderate level of protection of fish, the
minimum dissolved oxygen concentration in any
season should not be less than is given by the
following formula with qualifications as in (b):

Criterion*=1.08M —0.0415M2 - 0.202

(d) For a low level of protection of fish,
minimum Q. in any season should not be less t.
given by the following formula with qualifications
as in (b):

 Criterion* =0.674M —0.0264M?+0.577

(e) A floor value of 4 mg /1 is recommended except
in those situations where the natural level of dis-
solved oxygen is less than 4 mg/l, in which case no
further depression is desirable.

(f) For spawning grounds of salmonid fishes,
higher O, levels are required as given in the follow-
ing formula with qualifications as in (b):

Criterion*=1.19M —0.0242M>—0.418

(8) In stratified entrophic and dystrophic lakes,
the dissolved oxygen requirements may not apply
to the hypolimnion and such lakes shouid be con-
sidered on a case by case basis. In other stratified
lakes, recommendations (a), (b), (¢}, and (d) apply;
and if the oxygen is below 4 mg/l, recommendation’
(e) applies. In unstratified lakes recommendations
apply to the entire circulating water mass.

(i) All the foregoing recommendations appiy to
all waters except waters designated as mixing zones

* All values are instantaneous, and final value should be expr---+d
to two significant figures.
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ee section on Mixing Zones p. 112). In locations
here gupersaturation occurs, the increased levels
‘o~ 'en shouid conform to the recommendations
1.  liscussion of Total Dissolved Gases, p. 139.

JTAL DISSOLVED GASES (SUPERSATURATION)

Excessive total dissolved gas pressure (supersaturation) is
relatively new aspect of water quality. Previously, super-
wuration was believed to be a problem that was limited to
¢ water supplies of fish culture facilities (Shelford and
Jdee 1913).2% Lindroth (1957)'%¢ reported that spillways
hydroelectric dams in Sweden caused supersaturation,
id recently Ebel (1969)! and Beiningen and Ebel (1968)1%3
tablished that spillways at dams caused gas bubble disease
be a limiting factor for aquatic life in the Columbia and
1ake Rivers. Renfro (1963)'% and others reported that
" .cessive algal blooms have caused gas bubble disease in
atic water. DeMont and Miller (in press)'™® and Malous
al. (1972)17 reported gas bubble disease among fish and
ollusks living in the heated effluents of steam generating
ations, Therefore, modified dissolved gas pressures as a
sult of dams, eutrophication, and thermal discharges
‘esent a widespread potential for adversely affecting fish
1d aquatic’ invertebrates. Gas bubble disease has been
udied frequently since Gorham (1898,7% 1899%% puh.
shed his initial papers, with the result that general knowl-
lge of the causes, consequences, and adverse levels are
e ~te to evaluate criteria for this water quality char-
Pl ’
Sas bubble disease 18 caused by excessive total dissolved
¢ pressure but it is not caused by lhe dissolved nitrogen gas
ene (Marsh and Gorham 1904, Shelford and Allee
313,135 Englehorn 1943,115 Harvey et al. 1944a,' Doudoroff
157,11 Harvey and Cooper 1962).2% Englehorn (1943)15
aalyzed the gases contained in the bubbles that were
rmed in fish suffering from gas bubble disease and. found
1at their gas composition was essentially identical ro air.
his was confirmed by Shirahata (1966).1%

liologic Factors

Gas bubble disease (GBD) results when the uncompen-
ited total gas pressure is greater in the water than in the
1, but several important factors influence the etiology of
BD. These factors include: exposure time and physical
«ctors such as hydrostatic pressure; other compensating
rces and biological factors such as species or life stage
slerance or levels of activity; and any other factors that
1fiuence gas solubility. Of these factors perhaps none are
1ore commonly misunderstood than the physical roles of
stal dissolved gas pressure* and hydrostatic pressure. The
llowing discussion is intended to clarify these roles.

* In this Section gas tension will be called gas pressure and total

as t— —‘on will be called total dissolved gas pressure (TDGP). This .

b one as a descriptive aid to readers who are not familiar with
1€ te...unology and yet need to convey these principles to laymen,

Dz'.s'}alued Gases/135

Each component gas in air exerts a measurable pressure,
and the sum of these pressures constitutes atmospheric or
barometric pressure, which is equivalent per unit of surface
area at standard conditions to a pressure exerted by a
column of mercury 760mm high or 2 column of water

- about 10 meters high (at sea level, excluding water vapor

pressure). The pressure of an individual gas in air is called
a partial pressure, and in water it is called a tension; both
terms are an acknowledgement that the pressure of an indi-
vidual gas is cnly part of the total atmospheric pressure.
Likewise, each component gas will dissolve in water inde-
pendently of all other gases, and when at equilibrium with
the air, the pressure (tension) of a specific dissolved gas is
equivalent to its partial pressure in the air, This relationship
is evident in Table III-5 which lists the main constituents
of dry air and their approximate partial pressures at sea
level. B

When supersaturation occurs, the diffusion pressure im-
balance between the dissclved gas phase and the atmos-
pheric phase favors a net transfer of gases from the water to
the air, Generally this transfer cannot be accomplished fast
encugh by diffusion alone to prevent the formation of gas
hubbles. However, a gas huhble cannot form in the water
unless gas nuclei are present {Evans and Walder 1969,118
Harvey et al. 1944b1) and unless the total dissolved gas
pressure exceeds the sum of the compensating pressures such
as hydrostatic pressure. Additional compensating pressures
include blood pressure and viscosity, and their benefits
may be significant.

Gas nuclei are probably unavoidable in surface water
or in animals, because such nuclei are generated by any
factor which decreases gas solubility, and because extreme
measures are required to dissolve gas nuclei (Evans and
Walder 1969;!'¢ Harvey et al. 1944b)."22 Therefore, hydro-
static pressure is a major, preventive factor in gas bubble
disease. ‘

The effect of hydrostatic pressure is to oppose gas bubble
formation, For example, one cannot blow a bubble out of
a tube immersed in water until the gas pressure in the tube
slightly exceeds the hydrostatic pressure at the end of the
tube. Likewise a bubble cannot form in water, blood, or

TABLE I1I-5—Composition of Dry Air and Partial Pressures
of Selected Gases at Sea Level

Gas Moleculara parcontage  Times atmospharic pressure  Individual gash pressure in air of

i dry air waler at se2 level

Nteoooonnnns .084 %760 mm Hg . =543.418 mm Hy
[ P 20,546 # 59,189
T S 0.5 “ 7.0 ~
£0a. 0.033 " L.
He......... 0.00191 " 0.0138
He,. 0.00082 " ., 0.0 "

159,4827 ma Re

« Blusekaut (15118),

b At ttandasd conditions extluding carrsctions for waler vapor rassure.
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tissue until the total gas pressure therein exceeds the sum of.
atmospheric pressure (760mm Hg) plus hydrostatic pressure
pius any other restraining forces. This relationship is
illustrated in Figure III-1 which shows, for éxample, that
gas bubbles could form in fresh water to a depth of about
one meter when the total dissolved gas pressure is equal to
1.10 atmospheres; but they could not form below that
point.

Excessive total dissolved gas pressure relative to ambient
atmospheric pressure, therefore, represents a greater threat
to aquatic organisms in the shallow but importantly pro-
ductive littoral zone than.in the deeper sublittoral zone.
For example, if fish or their food organisms remain within a
meter of the surface in water having a total dissolved gas
pressure of 1.10 atmospheres, they are theoretically capable
of developing gas bubble disease, especially if their body
processes further decrease gas solubility by such means as
physical activity, metabolic heat, increased osmolarity, or
decreased blood pressure.

Hydrostatic pressure only opposes bubble formation; it
does not decrease the kinetic energy of dissolved gas mole-
cules except at extreme pressures. If this were not the case,
aerobic animal life would be eliminated at or below a water
depth equivalent to the pressure of oxygen, because there
would be no oxygen pressure to drive O across the gill
membrane and thence into the blood. For a more detailed
discussion of this subject, the reader is referred to Van
Liere and Stickney’s (1963)13 and Randall’s (1970a)it
excellent reviews.

Gas Bubbles Cannot Form

Ivdrosuaic Pressure
Compuensation Poing

Water Depth in Meters
w

]

Gas Bubbles May Form

J I ! 1 ]

1.10 1.20 .30 C .40

Toud Dissolved Gas Pressure in Atmospheres

FIGURE Ill-1—Relationship af Total Dissolved Gas Pressure
-to Hydrostatic Pressure in Preventing Gas Bubble Formation

A final example will clarify the importance of total dis-
solved gas pressure. Eutrophic lakes often become super-
saturated with photosynthetic dissolved oxygen, and such
lakes commonly approach (or exceed) 120 per cent’
saturation values for oxygen. But this only represents
additional dissolved gas pressure of about 32mm Hg
(0:=159.19 mm HgX0.2=31.83 mm Hg) which equals:

760 mm Hg-+31.83 mm Hg
760 mm Hg

=1.04] atmospheres of total
 dissolved gas pressure

This imbalance apparently can be compensated in part by
metabolic oxygen consumption, blood pressure, or both.
On the other hand, a 1,000-fold increase in the neon
saturation level would only increase the total dissclved gas
pressure by about 1.8 mm Hg or: ‘

1.8 mm Hg+760 mm Hg
760 mm Hg

=1.002 atmospheres

This would not cause gas bubble disease.
The opposite situation can occur in spring water, where
dissolved oxygen pressure is low and dissolved nitrogen and
other gas pressures are high. In an actual case (Schneider
personal communication),*** dissolved nitrogen was reported to
be 124 per cent of its air saturation value, whereas oxygen
was 46 per cent of its air saturation value; total gas pressure
was 1.046 of dry atmospheric pressure, Fish were living in
this water, and although they probably suffered from
hypoxia, they showed no symptoms of gas bubble diser

How dissolved gases come out of solution and .
bubbles (cavitate) is a basic physical and physiological
topic which is only summarized here. Harvey et al. (1944b)122
determined that bubble formation is promoted by boundary
zone or surface interfaces which reduce surface tension and
thereby decrease the dissolved gas pressure required for
cavitation. For this reason, one usually sees gas hubbles
forming first and growing fastest on. submersed interfaces,
such as tank walls, sticks, or the external surfaces of aquatic
life. '

Gas nuclei are apparently required for bubble formation,
and these are considered to be ultra micro bubbles (Evans
and Walder 1969).!1¢ These nuclei apparently represent an
equilibrium between the extremely high compressive energy
of surface tension and the pressure of contained gases. Lack
of gas nuclei probably accounts for instances when extremely
high but uncompensated dissolved gas pressures failed to
cause bubble formation (Pease and Blinks 1947,!3° Hem-
mingsen 1970).12¢ Gas nuclei are produced by anything that
decreases gas solubility or surface tension (Harvey et al.
19445,*2 Hills 1967,*# Evans and Walder 1969)1% and they
can be eliminated at least temporarily by extremely high
pressure which drives them back into solution (Evans and
Walder 1969).118

Possible causes of gas nuclet formation in organism< in-
clude negative pressures in skeletal or cardiac muscle d

¥
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ronounced activity (Whitaker et al. 1945}, eddy currents
1 the blood vascular system, synthetic or biologically pro-
uc- ' eurface-active compounds, and possible salting-out
fic.  iuring hemoconcentration (as in saltwater adap-
.on), Once a bubble has formed, it grows via the diffusion
£ a'l gases into it.

Many factors influence the incidence and severity of gas
uhile, disease. For example, the fat content of an animal
:2v influence its susceptibility. This has not heen studied
1 fish, but Boycott and Damant (1908),'" Behnke (1942),1®
ad Gersh et al. (1944)%7 report that far mammals are
iore susceptible than lean mammals to the “bends” in
igh-altitude decompression. This may be particularly sig-
ificant to non-feeding adult Pacific salmon which begin
1eir spawning run with considerable stored fat. This may
tso account in part for differences in the tolerances of
fferent age groups or fish species. Susceptibility to gas
ubirle disease is unpredictable among wild fish, particularly
‘hen they are free to change their water depth and level of
ctivity,

‘as Bubble Disease Syndrome and Effects

Although the literature documents many occurrences of
as bubble disease, data are usually missing for several
nportant physical factors, such as hydrostatic pressure,
arometric pressure, relative humidity, Salinity, temper-
ture or other factors leading to calculation of total dis-
b1k 15 pressure. The most frequently reported parameter:
=2 ueen the calculated dissolved nitrogen (N,) concen-
-ation or its percentage saturation, from which one can
stimate the pressure of inert gases. Thus the reported N.
alues provide only a general indication of the total dis-
slved gas pressure, which unfortunately tends to convey
e erroneous concept that N; is the instigative or only sig-
ificant factor in gas bubble disease,

Gas bubbles probably form first on the external surfaces
f aquatic life, where total hydrostatic pressure is least and
shere an interface exists. Bubbles within the body of ani-
1als probably form later at low dissolved gas pressures,
ecause blood pressure and other factors may provide ad-
itional resistance to bubble formation. However, at high
issolved gas pressure (>1.25 atm) bubbles in the blood
1ay be the first recognizable symptom (Schneider personal
smmunication), M In the case of larval fishes, zooplankton,
v other small forms of aquatic life, the effect of external
ubbles may be a blockage of the flow of water across the
ills and asphyxiation or a change in buoyancy (Shirahata
966).1% The latter probably causes additional energy
xpenditure or floatation, causing potentially lethal exposure
> ultraviolet radiation or potential predation.
~ The direct internal effects of gas bubble disease include a
ariety of symptoms that appear to be related primarily to
he | of total dissolved gas pressure, the exposure time,
na . in vive location of lowest compensatory pressure.

Dissolved Gases/137

The following is a résumé of Shirahata’s (1966)}¢ results,
As the uncompensated total dissolved gas pressure increases,
bubbles begin to appear on the fish, then within the skin,
the roof of the mouth, within the fins, or within the ab-

‘dominal cavity. Gas pockets may also form behind the eye-

ball and cause an exophthalmic “pop-eyed” condition.
Probably gas emboli in the blood are the last primary
symptoms to develop, because blood pressure and piasma
viscosity oppose bubble formation. At some as yet undefined
point, gas emboli become sufficiently large and frequent
to cause hemostasis in blood vessels, which in turn may
cause extensive tissue damage or complete hemostasis by
filling the heart chamber with gas. The latter is the usual
direct cause of death.

Exophthalmus or “pop-eye” and eye damage can be
caused by ‘several factors other than gas bubble disease
and one should be duly cautious when tempred to diagnose
gas bubble disease based solely on these criteria. While the
above symptoms can be caused by excessive dissolved gas
pressure (Westgard 1964),'4" they can also he caused by
malnutrition, abrasion, and possibly by infection. Unfortu-
nately there is no known definitive way 1o distinguish be-
tween latent eye damage caused by previous exposure to
excessive dissolved gas pressure and other causes.

Secondary, latent, or sublethal effects of gas bubble
disease in fish include promoting other diseases, necrosis, or
other tissue changes, hemorrhages, blindness, and repro-
ductive failure (Harvey and Cooper 1962, Westgard
1964,!% Pauley and Nakatani 1967, and Bouck et al.
1971). There is no known evidence that supersaturation
causes a nitrogen narcosis in fish (such as can be experienced
by scuba divers), as this requires high dissolved gas pressures
probably above 10 atm. However, one can expect that fish
afflicted with gas bubble disease or the above secondary
effects might have their normal behavior altered.

There is no definitive evidence that fishes can detect
supersaturation (Shelford and Allee 1913),1%5 or that they
actively avoid it by seeking hydrostatic pressure compen-
sation (Ebel 1969)."2 However, the potential capacity tS

_avoid supersaturation or to compensate by sounding is

limited among anadromous species by the necessity of
ascending their home river and by dams with relatively
shallow fish ladders. This may also apply to other species
that reproduce in or otherwise live in shallow-water niches.
Physiological adaptation to supersaturation seems unliikely,
and this contention is supported by the preliminary studies
of Coutant and Genoway (1968) .10

Interaction between gas bubble disease and other stresses
is highly likely but not clearly established. Fish were more

‘susceptible to a given level of total dissolved gas pressure

when wounded (Egusa 1955).11¢ The thermal tolerance of
Pacific salmon was reduced when N: levels were 125 to
180 per cent in the case of juveniles (Ebel et al. 1971),13
and when N: levels were > 118 per cent in the case of adults
(Coutant and Genoway 1968).199 Chemicals or other factors
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that influence body activity or cardiovascular activity may
also influence blood pressure (Randall 1970b),'% and this
would be expected to influence the degree to which the.dis-
solved gas pressure is in excess, and hence the tolerance to
gas bubble disease.

Variation in biclogical response is a prominent aspect of
gas bubble disease, which should not be surprising in view
of the numerous influential factors. Some of this variation
might be explained by physiclogical differences between
life stages or species, degree of fatness, blood pressure,
bicod viscosity, metabolic heat, body size, muscular ac-
tivity, and blood osmolarity. For example, susceptibility to
gas bubble disease may be inversely related to blood (or
hemolymph) pressure. There is wide variation in blood
pressure between life stages, between fish species, and be-
tween invertebrate species. Based on aortic blood pressures
alone, one can hypothesize that largemouth bass (Micropterus
salmoides) might be more susceptible to gas bubble disease
than chinook salmon (Oncorhynchus tshawyischa) if other fac-
tors are equal. This contention is also supported by the
ohservations that gas bubbles form in the blood of bullfrogs
more easily than in rats (Berg et al. 1945),'% possibly
because of differences in blood pressure (Brand et al.
1951).107 )

Tolerance to supersaturation also varies between body
sizes or life stages; Shirahata (1966)'% relates this, in part,
to an increase in cardiac and skeletal muscle activity.
Larger fish were generally more sensitive to supersaturation
than were smaller fish in most studies (Wiebe and McGavock
1932,12 Egusa 1955,'% Shirahata 1966,'%® Harvey and
Cooper 1962).12 Wood (1968}'4? has the opposite view, but
he provides no supporting evidence. Possibly larger fish are
more susceptible to gas bubble disease in part because they
can develop greater metabolic heat than smaller fish. In
this regard, Carey and Teal (1969)'® reported that large
tuna may have a muscle temperature as much as 10 C above
the water temperature.

Data are quite limited on the tolerance of zooplankters
and other aquatic invertebrates to excessive dissolved gas
pressure, Evans and Walder (1969)"* demonstrated that
invertebrates can develop gas bubble disease. Unpublished
observations by Nebeker* demonstrate that Daphnia sp. and
Gammarus sp. are susceptible to gas bubble disease. On the
other hand, it is widely known that some aquatic inverte-
brates are capable of diel migrations that may expose thern
to a considerable change in dissolved gas pressure; but
apparently these organisms can tolerate or otherwise handle
such changes. In view-of the paucity of data, nothing firm
can he said regarding the general tolerance of invertebrates
to supersaturation.

* A, V. Nebeker, Western Fish Toxicology Station, U.S. Environ-
mental Protection Agency, 200 S. W, 35th Street, Corvallis, Oregon,
97330.

Analytical Considerations

The apparatus and method of Van Slyke et al. (1934)13¢
are still the standard analytical tools for most gas analyse- -
Scholander et al. (1955)14 and others have developed simi:
methods with modifications to accomodate their special
needs. More recently, Swinnerton et al. {1962)!37 published
a-gas analysis method that utilizes gas-liquid chromatog-
raphy. However, both of these basic methods have draw-
backs, because they either require special expertise or do not
otherwise meet the field needs of limnologists and fisheries
or pollution biologists.

A new device by Weiss® measures the differential gas
pressure between the air and the water within fifteen
minutes. This portable device is simple to operate, easy and
inexpensive to build, and gives direct readings in mm Hg.
Unpublished data by Weiss show that this instrument has
an accuracy comparable to the Van Siyke and the chro-
matographic procedures. The instrument consists of a gas
sensor (150 ft. coil of small diameter, thin-walled, silicone
rubber tube) connected to a mercury manometer. The
sensor is placed underwater where the air in the tubing
equilibrates with the dissolved gases in the water. The
resulting gas pressure is read directly via the mercury
manometer which gives a positive value for supersaturated
water and a negative value for water that is not fully
saturated.

Total Dissolved Gas Pressure Criteria

Safe upper limits for dissolved gases must be based on
total dissolved gas pressures (sum of all gas tensions) ..
not solely on the saturation value of dissolved nitrogen gas
alone. Furthermore, such limits must provide for the safety
of aquatic organisms that inhabit or frequent the shallow
littoral zone, where an existing supersaturation could be
worsened by heating, photesynthetic oxygen production,
or other factors. There is little information on the chronic
sublethal effects of gas bubble disease and almost all the
research has been limited, to species of the family Salmonidae.
Likewise, gas tolerance data are unavailable for zooplankters
and most other aquatic invertebrates. Therefore, it is neces-
sary to judge safe limits from data on mortality of selected
salmonid fishes that were held under conditions approxi-
mating the shallow water of 2 hypothetical littoral zone.
These data are:

1. Shirahata (1966)'% reported that advanced fry of
rainbow trout (Salmo gairdneri) experienced 10 per cent
mortality when N. was about 111 per cent of its saturation
value. He concludes that, . . . the nitrogen contents which
did not cause any gas disease were .. .less than 110 per
cent to the more advanced fry.” :

*Dr. Ray Weiss, University of California, Scripps, Institute of
Oceanography, Geological Research Division, P. O. Box 109, La Jolla,
California 92037,
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2. Harvey and Cooper (1962)** reported that fry of
sckeye salmon {Oncorkynchus nerka) suffered latent effects
1ecr~sis and hemorrhages) for some time after normal gas
v ere said to have been restored.

3. Coutant and Genoway (1968)'% reported that sexu-

ily precocious spring chinook salmon (Oncorhynchus tshawyt-
+ha) weighing 2 to 4 kg, experienced extensive mortality
1 six days when exposed at or above 118 per cent of N
iuration; these salmon experienced no mortality when
I; was below 110 per cent of saturation.

‘Whether or not other species or life stages of aquatic life
1ay be more or less sensitive than the above salmonids
smains to be’ proven. In the meantime, the above refer-

nces provide the main basis for establishing the followmg :

stal dissolved gas recommcndatlons

.ecommendations

Available data for salmonid fish suggest that
quatic life will be protected only when total dis-
olved gas pressure in water is no greater than 110
er cent of the existing atmospheric pressure. Any
rolonged artificial increase in total dissolved gas

ressure should be avoided in view of the incom-

dete body of information.

:ARBON DIOXIDE

' on dioxide exists in two major forms in water. It
na, ..ter into the bicarbonate buffering system at various
oncentrations depending on the pH of the water. In ad-
lition, “free” carbon dioxide may also exist, and this com-
onent affects the respiration of fish (Fry 1957).'" Because
if respiratory effects, free carbon dioxide is the form con-
idered most significant to aquatic life.

The concentration of free carbon dioxide, where oxygen-
lemanding wastes are not excessive, is a function of pH,
emperature, alkalinity, and the atmospheric pressure of
:arbon dioxide. Doudoroff (1957)*47 reported that concen-
rations of free carbon dioxide above 20 mg/] occur rarely,

wven in polluted waters; and Ellis (1937)!% found that the

ree carbon dioxide content of Atlantic Coast streams ranged
setween zero and 12 mg/1. Ellis (1937)*% and Hart (1944)'9
»oth reported that in 90 to 95 per cent of, the fresh waters
n the United States that support a good and diverse fish
sopulation the free carbon dioxide concentrations fall below
» mg/L.

An excess of free earbon dioxide may have adverse effects
sn aquatic life. Powers and Clark (1943)'%® and Warren
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(1971)1%7 reported that fish are able to detect and to respond

to slight gradients in carbon dioxide tension. Brinley

{1943)14¢ and Héglund (1961)! observed that fish may
avoid free carbon dioxide levels as low as 1.0 to 6.0 mg/1.

Elevated carbon dioxide concentrations may interfere
with the ability of fish to respire properly and may thus
affect dissolved oxygen uptake. Doudoroff and Katz
{1950} and Doudoroff and Shumway (1970)'% reported
that where dissolved oxygen uptake interference does occur,

" the free carbon dioxide concentrations which appreciakly

affect this are higher than those found in polluted waters.
In bioassay tests using ten species of warmwater fish, Hart
{1944)'*2 found that the gizzard shad {Doresoma cepedianum)
was the most sensitive and -was unable to remove oxygen
from water 50 per cent saturated with dissolved oxygen in
the presence of 88 mg/l of free carbon dioxide. The less.
sensitive, largemouth bass (Micropterus salmoides) was unable
to extract oxygen when the carbon dioxide level reached
175 mg/l. Below 60 mg/l of free carbon dioxide, most
species of fish had little trouble in extracting dissolved
oxygen from the water. i

High concentrations of free carbon dioxide cause pro-
nournced increases in the minimum dissolved oxygen require-
ment of coho salmon (Oncorhynchus kisuwtch), but these fish
acclimatized rapidly to carbon dioxide concentrations as
high as 175 mg/] at 20 C when the dissolved oxygen level
was near saturation (McNeil 1956).1%% '

Basu (1959)*¢* found that for most fish species, carbon
dioxide affected the fishes’ ability to consume oxygen in a
predictable manner. He further indicated that temperature
affected carbon dioxide sensitivity, being less at higher water
temperatures.

The ability of fish to acclimatize to increases in carbon
dioxide concentrations as high as 60 mg/l with little effect
has been indicated by Haskell and Davies (1958).152
Doudorofl and Shumway (1970)'# indicate that the ability
of fish to detect low free carbon dioxide concentrations, the
presence of low carbon dioxide levels in most waters, and
the ability of fish to acclimatize to carbon dioxide in the
water probably prevent this constituent from becoming
a major hazard.

" Recommendation

Concentrations of free carbon dioxide above 20
mg/1 occur rarely. Fish acclimatize to increases in
carbon dioxide levels as high as 60 mg/1 with little
effect. However, fish are able to detect and respond
to slight gradients and many avoid free carbon
dioxide levels as low as 1.0 to 6.0 mg/l.
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ACIDITY, ALKALINITY, AND pH

NATURAL CONDITIONS AND SIGNIFICANCE

Acidity in natural waters is caused by carbon dioxide,
mineral acids, weakly dissociated acids, and the salts of
strong acids and weak bases. The alkalinity of a water is
actually a measure of the capacity of the carbonate-
bicarbonate system to buffer the water against change in
pH. Technical informatién on alkalinity has recently been
reviewed by Kemp (1971).1%

An index of the hydrogen ion activity is pH. Even
though pH determinations are used as an indication of
acidity or alkalinity or both, pH is not a2 measure of cither,
There is a relationship between pH, acidity, and alkalinity
(Standard Methods 1971):1% water with a pH of 4.5 or
lower has no measurable alkalinity, and water with a pH
of 8.3 or higher has no measurable acidity. In natural
water, where the pH may often be in the vicinity of 8.3,
acidity is not a factor of concern. In most productive fresh
waters, the pH falls in a range between 6.5 and 8.5 (except
when increased by photosynthetic activity). Some regions
have soft waters with poor buffering capacity and naturally
low pH. They tend to be less productive. Such conditions
are found especially in dark colored waters draining from
coniferous forests or ruskegs, and in swampy sections of
the Southeast. For a variety of reasons, some waters may
exhibit quite extreme pH values, Before these are considered
natural conditions, it should be ascertained that they have
not actually resulted from man-made changes, such as
stripping of ground cover or old mining activities, This is
important because the recommendations refer to estimated
natural levels.

TOXICITY TQO AQUATIC LIFE

Seme aquatic organisms, especially algae, have been
found to live at pH 2 and lower, and others at pH 10 and
higher; however, such organisms are relatively few. Some
natural waters with a pH of 4 support healthy populations
of fish and other organisms. In these cases the acidity is
due primarily to carbon dioxide and natural organic acids,
and the water has little buffering capacity. Other natural
waters with a pH of 9.5 also support fish but are not usually
highly productive. |

The effects of pH on aquatic life have been reviewed in
detail in excellent reports by the European Inland Fisheries
Advisory Commission (1969)'® and Katz (1969).18 In.
terpretations and summaries of these reviews are given in

Table III-6.

ADVERSE INDIRECT EFFECTS OR SIDE EFFECTS

Addition of either acids or alkalies to water may be
harmful not only by producing acid or alkaline conditions,
but also by increasing the toxicity of various components
in the waters. For example, acidification of water may
release free carbon dioxide. This exerts a toxic action ad-
ditional to that of the lower pH. Recommendations for pH
are valid if carbon dioxide is less than 25 mg/l (see the
discussion of Carbon Dioxide, p. 139).

A reduction of about [.5 pH units can cause a thousa
fold increase in the acute toxicity of a metallocyaniae
complex (Doudoroff et al. 1966).'*® The addition of strong
alkalies may cause the formation of undissociated NH,OH or
un-ionized NH; in quantities that may be toxic (Lloyd
1951,16 Burrows 1964).'® Many other pollutants may
change their toxicity to a lesser extent. It is difficult to
predict whether toxicity will increase or decrease for a
given direction of change in pH.

Weakly dissociated acids and bases must be considered
in terms of their toxicities, as well as their effects on pH
and alkalinity. . ' o

The availability of many nutrient substances varies with
the hydrogen ion concentration. Some trace metals become
more soluble at low pH. At higher pH values, iron tends
to become unavailable to some plants, and hence the pro-
duction of the whole aquatic community may be affected.

The major buffering system in natural waters is the
carbonate system that not only neutralizes acids and bases
to reduce the fluctuations in pH, but also forms a reservoir
of carbon for photosynthesis. This process is indispensable,
because there is a limit on the rate at which carbon dioxide
can be obtained from the atmosphere to replace that in the
water. Thus the productivity of waters is closely correlated
to the carbonate buffering system. The addition of mineral
acids preempts the carbonate buffering capacity, anc

140
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TABLE III-6—zA Summary of Some Effects of pH on
Freshwater Fish and Other Aquatic Organisms

Knowa effects

3-12.4.... Some caddis flies (Trichoptera) survive but emergence reduced.
B8, .. Rapidly lethal to 2il spectes of Ash,
i.5=1%.0.... Rapidly lethal {a saimaonids. The vpper Amit Is dathat to carp (Cyprinus carpio), goldfish (Carassius
auratus), and pike. Lathar tg some stoneffes (Plecoplera) and dragonflies (Odonata), Caddis
Yy smesgencs Teduced,

Withstood by salmonids for short perieds but eventuslly lethal, Exceeds tolsrance of bluegills

{Lepomis macrachirus) and probably goldfish. Same typical sionefliss and mayfies (Ephemera)
survive with reduced emargence.

Letha te saimonids over 3 prolenged period of time and ro viable fishery for coldwater species.
Reduces populations of warmwaler fish and may be harmful to deveiapment stages, Causes
raduced emergance of some staneflies.

Liksly to bs harmfut to saimonids and perch {Perca) if prasant for 3 considerable length of time
and #a viahie fithecy lor coldwater wpecies, Reduced gapulations of warmwater fish. Catp ayoid
thase levals.

Approachas tolerance Simit of some salmonids, whitefish (Coregonus), catfish (lclaluridas), and
perch. Avaided by goldfish. No apparent etfacts on Laveriebrates.

Motlity of tarp sperm reduced. Partial mortalily of burbat (Lota lolz) sggs.

Full fish groduction. No known harmiyl effecls on aduit or immature fish; buk 7.0 is near fow iimit
for Gammarus rapraduction and perhaps 1ar soms ather crustageans,

MNot lethal to fish unless heavy melals or cyanides {hat are more toxic at low oH are present.
Ganerally tull fish qroduction, hut for (athead minnow (Pimegales ptomelas), treguency of
spawning and numbaer of 8ggs are somewhat reduced. lnverishraies sxcept crostaceans ralatively
sormal, intiuding common pecurrsnce of mailusks. Microorganisms, algse, and ugher plants
essantially gorms, ’

Le=i05, ...

=109, ...

L0-8.5.....

L52.0. ...

R -
0-8.4....

LFLLLL

8.5 ..
papulatiens with varied species can exist with some axceptions. Reproduction of Gammares and
Daphnia pravented, perhaps olher crustacesns, Aquatic pianls and micreofganisms relatively
normai excapt lungi fraquent.

. Easlern brook trout (Salvefinus fontinalis) survive at ovar pH 5.4, Rafnbow Wraut {Salmo gairdnacd)
do not aceer, In natursd siteations, small pogulatians of relativaly few spacies of fish can ba
found. Growth rate of carp reduced. Spawning af fathsad minnow signifieantly reducad, Mollusks
rare,

Very restricted fish papufations hut not [ethal 1 eny s species unless CO2 is high (aver 25 ppm),
or walsr containg iran szls, May ba lethal to wggs and larvae of sensilive fish species. Provests
spawning of lathead minnow. Banthic invartebrates moderataly diverse, with certain dlzgk [lies
(¢Stmuitldaa}, mayélles ¢ Ephemereita), stonoflies, and midges (Chironomirae) prasentic numbers,
Lethal to other invértebrates such as the mayily. Baclerial spacies divetsily decreased; yansis
and sulfur and iron bacterfa (Thiobacilus-Fareobacilius) common. Algae reasonabiy diverse and
higher plants will grow,

Mo viabla Nshery cas be maintalnad. Likaly to be lathal to eggs and Iry of saimonids. A seimonid
popufation could not raproduce. Harmul, but not nacessariy (ethal to carg. Adult brown trout
(Saima trutta) can survive in peat waters, Banthic fauna restricted, mayfiins raduced. Lethal o
several typical stonefties. [nhitits emergence of certain caddls fiy, stonefly, and midge larvas.
Diatoms ars daminaat algie,

. Fish populations limiled; only 2 law spacles survive. Perch, some coarse fish, and pike can acgli-
mate tothis pH, bud only pike reproduce. Lethatto fathead minnow. Some caddis lies and dragen-
flies found in such habitals; certain midges dominant. Flora restrieted.

Lethai to saimonids and bluegllis. Limit of toterancs of pumkingeed (Lepomis gitbasus), perch,
pile, and some cozrse Wsh. All fora and fauna seversfy restrictad in sumber of species. Cattail
{Typha) is only common highes plant,

Unlixely that any fsh can survive for more than 2 few hours, A faw kinds of invertabrates sugh 25
cerlain midges and alderflies, and a (ew spacies of 3igae may befound at this pH rangs :nd lower

WEE. L

W5E0. ...

L0-3.5,,,..

riginal biclogical productivity is reduced in proportion to
he degree that such capacity is exhausted. Therefore, the
ninimum essential buffering capacity and tolerable pH
“mits are important water quality considerations.

Because of this importance, there should be no serious
lepletion of the carhonate buffering capacity, and it is
ecommended that reduction of alkalinity of natural waters
hould not exceed 25 per cent.

. Uniikely to be toric ta Ash uniexs fres carban dioxida is present in excass of 100 pym. Good agualic

Acidity, Alkelinity, end pH/141

Recommendations

Suggested maximum and minimum levels of
protection for aquatic life are given in the following
recommendations. A single range of values could
not apply to all kinds of fish, nor could it cover the
different degrees of graded effects. The selection of
the level of protection is a socioeconomic decision,
not a biological one. The levels are defined in Table
ITI-3 {see the discussion of Dissolved Oxygen).

Nearly Maximum Level of Protection

* pH not less than 6.5 nor more than 8.5. No
change greater than 4.5 units above the esti-
.mated natural seasonal maximum, nor be-
low the estimated natural seasonal mini-
mauin.

High Level of Protection

e pH not less than 6.0 nor more than 9.0. No
change greater than 0.5 units outside the
estimated natural seasonal maximum and
minimum.

Maderate Level of Protection

e pH not less than 6.0 nor more than %.0. No
change greater than 1.0 units outside the
estimated natural seasonal maximum and
minimum.

Low lavel of Pretection

e pH not less than 5.5 nor more than 9.5. No
change greater than 1.5 units outside the
estimated natural seasonal maximum and
minimum.

Additional Requirements for All Levels of Protection

¢ If a natural pH is outside the stated range of
pH for a given level of protection, no further
change is desirable.

® The extreme range of pH fluctuation in an);
location should not be greater than 2.0 units.
If naturai fluctuation exceeds this, pH should
not be altered. :

» The natural daily and seasonal patterns of
pH variation should be maintained, although
the absolute values may be altered within
the limits specified.

¢ The total alkalinity of water is not to be de-
creased more than 25 per cent below the
natural level,
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- DISSOLVED SOLIDS AND HARDNESS™

Surface water at some time and place may contain a
trace or more of any water-soluble substance. The signifi-
cance and the effects of small concentrations of these sub-
stances are discussed separately throughout this Report.
The presence and relative abundance of these constituents
in water is influenced by several factors, including surface
runoff, geochemistry of the watershed, atmospheric fallout
including snow and rainfall, man-created effluents, and
biological and chemical processes in the water itself. Many
of these dissolved materials are essential to the life processes
of aquatic organisms, For a general discussiont of the chem-
istry of fresh water the reader is referred to Hutchinson
(1957)'%7 and Ruttner (1963).17

A general term describing the concentration of dissolved
materials in water is iolel dissolved solids. The more con-
spicuous constituents of total dissolved solids in natural
surface waters include carbonates, sulfates, chlorides, phos-
phates, and nitrates. These anions occur in combination
with such metallic cations as calcium, sodium, potassium,
magnesium, and iron to form ionizable salts (Reid 1961).17

Concentrations and relative proportions of dissolved ma-
terials vary widely with locality and time. Hart et al.
(1945)1#¢ reported that in the inland waters of the United
States which support a mixed biota, 5 per cent have a dis-
solved solids concentration under 72 mg/l; about 50 per
cent under 169 mg/l; and 95 per cent under 400 mg/L
Table III-7 provides information on ranges and median
concentrations of the major ions in United States streams.

The guantity and quality of dissolved solids are major
factors in determining the variety and abundance of plants
and animals in an aquatic system. They serve as nutrients
in productivity, osmotic stress, and direct toxicity. A major
change in quantity or composition of total dissolved solids
changes the structure and function of aquatic ecosystems.
Such changes are difficult to predict,

Concentrations of dissolved solids affecting freshwater

fish by osmotic stress are not well known. Mace (1953)'%

and Rounsefell and Everhart (1953)1" reported that the

upper limit may range between 5,000 and 10,000 mg/] total
- dissolved solids, depending on species and prior acclimati-
zation. The literature indicates that concentrations of total

dissolved solids that cause osmotic stress in adult fish are
higher than the concentrations existing in most fresh waters
of the United States. Many dissolved materials are toxic at
concentrations lower than those where osmotic effect can
be expected. (See Toxic Substances, p. 172, and Acidity,
Alkalinity, and pH, p. 140.)

Hardness of surface waters is a component of total dis-
solved solids and is chiefly attributable to calcium and
magnesium ions, Other jons such as strontium, barium,
manganese, iron, copper, zine, and lead add to hardness,
but since they are normally present in minor concentrations
their effect is usually minimal. Generally, the biological
productivity of a water is directly correlated with its hard-
ness. However, while calcium and magnesium contribute
to hardness and productivity, many other elements {w'
present in concentrations which contribute a substa.
measure of hardness) reduce bioclogical productivity and
are toxic. Hardness per se has no biclogical significance
because biological effects are a function of the specific
concentrations and combinations of the elements present.

The term ‘“hardness” serves a useful purpose as a general
index of water type, buffering capacity, and productivity.
Waters high in caltium and magnesium ions (hard water)
lowér the toxicity of many metals to aguatic life (Brown

1968185 Lloyd and Herbert 1962).1% (See Figure I1I-9 in

the discussion of Metals, p. 178.) However, the term
“hardness” should be avoided in delineating water quality

TABLE ITI-7—Major Dissolved Constituents of River Waters
Representing About 90 Percent of Total Stream Flow in the
United Stares

Conztituent Madian mg/t Range mg/i
Youl dissolved solids. ....... reveeees ] 2480
Blcarhonate (HCDL)......... e L] 40-130
Sulfate (SO :......eevennnn. . n 11-60
Chlarids (€0..............cenus 9 1w
Caleium (Ca)............o.ovee ves n 1582
Magnesium (Mp).................. v 7 3.5
Sodicm and potresium (N2 and X)........... 0 85

Soarce: Atter Harl et al. (1545 ’ .

140
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Dissolved Soiids and Hardness; 143

:quirements for aquatic life. More emphasis should be characteristic of particular habitats are signifi-
laced on specific ions. cantly changed. When dissolved materials are al-
tered, bioassays and field studies can determine
the limits that may be toleratéd without en-
Total dissolved materials should not be changed dangering the structure and function of the
o the extent that the biological communities aquatic ecosystem. -

o rendation
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oiLS

Yosses of oil that can have an adverse effect on water
quality and aquatic life can dccur in many of the phases of
oil production, refining, transportation, and use. Pollution
may be in the form of floating oils, emulsified oils, or solution
of the water soluble fraction of these oils. _

The toxicity of crude oil has been difficult to interpret
gince crude oil may contain many different organic com-
pounds and inorganic elements. The composition of such
oils may-vary from region to region, and petroleum products
produced can be drastically different in character in line
with their different intended uses {Purdy 1958).1% The
major components of crude oil can be categorized as ali-
phatic normal hydrocarbons, cyclic paraffin hydrocarbons,
aromatic hydrocarbons, naphtheno-aromatic hydrocarbons,
‘resins, asphaltenes, heteroatomic compounds, and metallic
compounds (Bestougeff 1967).'76 The aromatic hydro-
carbons in crude oil appear to be the major group of acutely
toxic compounds (Blumer 1971,178 Shelton 1971).1%

Because the biological effects of oils and the relative
merits of control measures are discussed in detail in
Section IV (p. 257) of this Report, only effects of special
interest or pertinence to fresh water are discussed here.
The effects of floating oil on wildlife are discussed on p. 196.

OIL REFINERY EFFLUENTS

Copeland and Dorris (1964)% studied primary pro-
ductivity and community respiration in a series of oil
refinery effluent oxidation ponds. These ponds received
waste waters which had been in contact with the crude oil
and various products produced within the refinery. Surface
oils were skimmed. In the series of oxidation ponds, pri-
mary productivity and community respiration measure-
ments clearly indicated that primary producers were limited
in the first ponds, probably by toxins in the water. Oxidation
ponds further along in the series typically supported algal
blooms. Apparently degradation of the toxic organic com-
pounds reduced their concentration below the threshold
lethal to the algae. Primary productivity was not greater
than community respiration in the first ponds in the series.
Minter (1964)'% found that species diversity of phyto-

plankton was lowest in the first four ponds of the series of
ten. A “‘stug” of unknown toxic substance drastically re-
duced the species diversity in all ponds. Zooplankton
volumes increased in the latter half of the pond series,
presumably as a result of decreasing toxicity. Benthic fauna
species diversity in streams receiving oil refinery effluents
was low near the outfall and progressively increased down-
sireamn as biological assimilation reduced the concentration
of toxins (Wilhm and Dorris 1966, Harrel et al. 1967,
Mathis and Dorris 1968191},

Long-term, continuous-flow bioassays of biologicaily
treated oil refinery effluents indicated that complex re-
fineries produce effluents which contain cumulative toxins
of substances that cause accumulative deleterious effects
(Graham and Dorris 1968)." Subsequent long-term
tinuous-flow bioassays of biologically treated oil refi
effluents indicated that passage of the effluent through acti-
vated carbon columns does not remove the fish toxicants.
Of the fathead minnows (Pimphales promelas) tested, half
were killed in 14 days, and only 10 per cent survived 30
days (Burks 19722 personal communication). Trace organic
compounds identified in extracts from the effluent were a
homologous series of aliphatic hydrocarbons (CiiHas through
CheH3s) and isomers of cresol and xylenol. Since the soluble
fractions derived from oil refirieries are quantitatively, and
to some extent qualitatively, different from those derived
from oil spills, care must be taken to differentiate between
these two sources.

FREE AND FLOATING OiL

Free oil or emulsions may adhere to the gills of fish,
interfering with respiration and causing asphyxia. Within
limits, fish are able to combat this by defensive mucous
secretions {Cole 1941).1" Free oil and emulsions may like-
wise coat aquatic plants and destroy them (McKee and
Wolf 1963),18

‘Fish and benthic organisms may be affected by soluble
substances extracted from the oils or by coating = m

emulsified oils. Water soluble -compounds from crt. r
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manufactured oils may also contain tainting substances
which affect the taste of fish and waterfowl (Krishnawami
an-? Rupchanko 1969).18

icity tests for oily substances provide a broad range
of results which do not permit rigorous safety evaluations.
The variabilities are due to differences in petroleum prod-
ucts. tested, non-uniform testing procedures, and species
differences. Most of the research on the effects of oils on
aquatic life has used pure compounds which exist only in
low percentages in many petroleum products or crude oils.

0ils/145

Table III-8 illustrates the range of reported toxicities. For
halo-, nitro-, or thio-derivatives, the expected toxicity
would be greater.

Because of the basic difficulties in evaluating the toxicity,
especially of the emulsified oils, and because there is some
evidence that oils may persist and have subtle chronic
effects (Blumer 1971),17¢ the maximum allowable concen-
tration of emulsified oils should be determined on an indi-
vidual basis and kept below 0.05 of the 96-hour LC50 for
sensitive species.

TABLE Ifl=§—Toxicity Ranges

Chemicat ppm, CORS. Effect Species Investigator
ARG, ..o e kil:} nomd Daphaia magna Anderson 194417
BEnZENE. ..o 3 86 hr LS50 Pimaphaias grometas Pickering & Henderson 19665197
o] 9 hr LTR Lepammis macrochirys
32 96 hr LCSD Carassius auratus e et e
CIO. .. oiieciiiii e i) 96 hr LC50 ,  Lepomis maerochirys Caitns & Sehaier 1R
CYCIORBIANR. ooviein i iiniesiiiainias k' ] 96 hr LCS5G Pimeghales promeias Pickering & Henderson 1956197
A 6 v LGS Lepomis macrochirtss " "
2 e Carassius avratus
45 e s .. Lohistes retcutatus
Elhyibenzene..... ......ocooieiiia n L . ... Pimophales premsiss
e e i, . Lepomis mazsrochirts
n e .. Carasstus zuratus
n cd s eee ... LODISEES reticulatus
Heptan®........oooovimiiiinieeiinenis 4 48 br LC50 Gambusia atlnis Wallen st ), 195730
US0PTRRE. .. . eennenrriarrririanienmennnas 15 45 hr LC50 Pimephales promejas Pickering L Hendetson 1966197
k] D P Lenomis macroghirus e N
it} T TTTTTN ... Carassivs suratus
140 " ... Lobistes raticubatus
Neg. L S, 5.8 " . Lepomis macrachirus Cairng & Schefer 1959177
6.6-7.5 e Physa heterostropha e, e et aas
Naghtialane...........oveveeeiiaiannes 165 48 br £C50 Gambusia atfinis Wailen ot af, 195720
TOIMBM... ., ecieniricnie i ciainanes 1280 e e eas e arere e aaes e TN
Y] 48 hr 1650 Pimephales promatas Plekering & Henderson 1966197
H e Legomis macrochirus “ "
62 F . Carsssitz avratus
66 e Lebistes retlcttatus
GasolEE. ... L] A8 hr LCSD Alora sapidisuma Tagatz 1961299
L] 96 hr LGS0 Salmo gairdnen Metnck et ak, 195514
COERE ol 52, 4, 500 46 hr LUK Saimo gairdnesi Turnbuli et 8] 1954204
Diesei tusl. ....... . 167 48 hr LCX0 Alosz sagidissimia Tagatz 1651208
Bunker oil........ un e e Alosz sapidissima O N e e b e ettt
Bunker Call..ccvvnvivmiiinnianaiiianins 1700 168 hr LLSG Salmy salar Spraga ahd Carson Manuseript 1970200

SEDIMENTED OfL

Ludzack et al, (1957)! found that the sediment in the
Ottawa River in Ohio downstream from a refinery consisted
of up to 17.8 per cent oil. Hunt (1957)% and Hartung and
Klingler (1968)'8 reported on the occurrence of sedimented
oil in the Detroit River. North et al. (1965)* found sedi-
mented oils after an oil pollution incident in marine coves
in Baja California, Forbes and Richardson (1913)¥# re-
ported 2.5 per cent oils in the bottom deposits of the Illinots
River. McCauley (1964)¥2 reported finding oily bottom
de  “ts after oil pollution near Boston. Thus, while the
Tt ; may be scattered, the evidence is clear that the

existence of sedimented oils in association with oil poliution -
is widespread.

There'is an increasing body of evidence indicating that
aliphatic hydrocarbons are synthesized by aquatic organisms
and find their way into sediments in areas which have little
or no history of oil pollution (Han et al. 1968,%* Avigan
and Blumer 1968'"*), Hydrocarbons have been reported in
the recent sediments of lakes in Minnesota (Swain 1956)20
and the Gulf of Mexico (Stevens et al. 1936).20

Areas which contain oily sediments usually have an im-
poverished benthic fauna; it is not clear to what extent oil
contributes to this, because of the presence of other pel-
lutants (Flunt 1962).1% However, there are recurring reports
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of a probable relationship between sedimented oils and
altered benthic communities. Sedimented oils may act as
_concentrators for chlorinated hydrocarbon pesticides (Har-
tung and Klingler 1970),1“ but the biological nnphcataons
indicate that additional study is required.

Because of the differences in toxicities of sedimented oils
and because of limited knowledge on quantities which are
harmful to aquatic life, it is suggested that the concentration
of hexane extractable substances (exclusive of elemental
sulfur) in air-dried sediments not be permitted to increase
above 1,000 mg/kg on a dry weight basis.

-Recommendations

Aquatic life and wildlife should be protected
where:
e there is no visible oil on the surface;

e emulsified o:ls do not exceed 0.05 of the %6-hour
LC50;

» concentration of hexane extractable substances
(exclusive of elemental sulfur) in air-dried sedi-
ments does not increase above 1,000 mg/kg on a
dry weight basis.
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TAINTING SUBSTANCES

Discharges from municipal wastewater treatment plants,
a variety of industrial wastes and organic compounds, as
well a3 biclogical organisms, can impart objectionable taste,
odor, or color to the flesh of fish and other edible aquatic
organisms. Such tainting can occur in waters with concen-
trations of the offending material lower than those recog-
nized as being harmful to an animal (Tables I1I-9 and
ITI-10).

BIOLOGICAL CAUSES OF TAINTING

Thaysen (1935)** and Thaysen and Pentelow (1936)2%
demonstrated that 2 muddy or earthy taste can be imparted
to the flesh of trout by material produced by an odiferous
s "es of Actinomyces. Lopinot (1962)%4 reported a serious
3 .nd municipal water supply tainting problem cn the
Mississippi River in Illinois during a period when actino-
mycetes, Oscillatoria, Scenedesmus, and Actinastrum were abun-
dant.” Ogcillateria princeps and O. agardhi in plankton of a
German lake were reported by Cornelius and Bandt
(19338)22 as causing off-flavor in lake fish. Aschner et al.
{1967)*° concluded that the benthic alga, O. fenuss, in
tearing ponds in Israel was responsible for imparting such
a bad flavor to carp (Cyprinus carpio) that the fish -were
unacceptable on the market. Henley’s (1970)*! investigation
of odorous metabolites of Cyanophyta showed that Anabaena
circinalis releases geosmin and indicated that this material
was responsible for the musty or earthy odor often char-
acteristic of water from reservoirs with heavy algal growths
in summer and fall,

Oysters occasionally exhibit green coloration of the gills
due to absorption of the blue-green plgmcnt of the diatom,
Navicule, (Ranson 1927),2%

TAINTING CAUSED BY CHEMICALS

Phenolic compounds are often associated with both water

" and fish tainting problems (Table II1-9}. However, Albers-
meyer (1957)*® and Albersmeyer and Erichsen (1959)2%®
found that, after being dephenolated, both a carbelated oil
light oil still imparted a taste to fish more pronounced

t. . that produced by similar exposures to naphthalene

and methylnaphthalene (phenolated compounds). They
concluded that other hydrocarbons in the oils were more
responsible for imparting off-flavor than the phenolic ma-
terials in the two naphthalenes tested.

Refineries (Fetterolf 1962),%5 oily wastes (Zillich 1969),236
and crude oil (Galtsoff et al. 1935)** have been associated
with off-flavor problems of fish and shellfish in both fresh-
water and marine situations (Westman and Hoff 1963).3%
Krishnawami and Kupchanko {1969)*3 demonstrated that
rainbow trout (Salmo gairdnert) adsorbed enough compounds
from a stream polluted with oil slicks and oil refinery
effluents to exhibit a definite oily taste and flavor. In waters
receiving black liquor from kraft pulp mills, the gills and
mantles of oysters developed a gray color (Galtsoff et al.
1947).2% The authors also found this condition in oysters
grown in waters receiving domestic sewage, Newton
{1967)?" confined trout in live-cages and correlated inten-

TABLE IIl-9—Wastewaters Found to have Lowered the
Palatability of Fish Flesh

Goncantration in N
Wastewater source water affacting Speies Referante
palatahility of fish
24-Dmig.plant............. 50~100 mg/1 Trout Shumway 1965220
Coal—coking................. 0.02-0,Ymg/l:  Freshwaler fish Bandt 195521
Coml=bat,...............00 2.1 meg/l Freshwatst fish Bandt 1955200
Kraft procass (untreated). .. ... 1=25, by vel.  Sabman Shumway and Chadwick
: 1oy
Kraft process (treated)........ 9-1207 by vol.  Salmon Shumway and Palensky, un-
published daty?s®
Krafland neulral ssifile ™ ................ Trout Mewlon $967527
procass -
. Municipsidumprunoff........ ... Channel caifish Thomas and Kicks 1871302
{letafurus punctatus)
Municipat untragted sawage  ................ Channgl catfish Thomas and Higks 1971232
(2 lotations)
Municipal wastewater ... ........ Channel catfish Thomas and Hicks 197123
{reatment plants (4 feeation)
Munitipal wastewater 11135 by vol.  Freshwatar fish Shumway tnd Palensky, un-
\reatmant plant (Primaty) published datasr®
Municipal wastswaler 202655 by vef.  Freshwaler fish Shumway and Patensky, un-

tregtment plant (Secondary) publishad data®s?
Oilywastes. ................. —ooiiieii. Trout Tillich 19832
Rellnery...... .......... Trout Fetterolf 19621
Sewage containing phenels. ... Frasiwater fsh Bandt 195521

Slawghterhousas (2 tocations),, ................ Ghannel catfish Thomas ang Hicks 197120

147
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TABLE IIl-10--Concentrations of Chemical Compounds in
Water That Con Cause Tainting of the Flesh of Fish and
Other Aquatic Organisms

Charmical Estimated thryshoid leve! in waler Ralnence*
(mg/h

acetophenans........... e e 0.5 d
sorylonitrile.. ..o 1’ t
L 0.07 [ 4
L PPN 0.2 ]

[ LT | DT [ X) i
BTl e 0.12 4
crasylic acid (meta pera)................ . 0.2 d
N-butylmercagtan. .............oonis . .06 £
o-see. butyiphemal . .................... e 0.3 d
petert. bulylphenal. .. ..., 0.03 d
ochilorephenol. .o.oe o 0,0001 {0 0.015 b, d. e
p-chiorephenol. ... 0.0110 0.03 a0t
2,3-dichioraphenol. ...........eueees... 0.084 ]

2, &-dichlorophenol.................. el 0.001 to 0.014 g1 g
2,5-dichlarephenol.............0....... 0.0 4
2, G-dichloroghanel..................... 0.035 i
2-methyd, 4-chicrophenol............ ... 0,075 1
2-mathyl, 6-chiorophenol ... 0.003 4
-phenyighanel......... 1 d -
2,4, 6-ttichlorophenal.................. 0.003 to 0.05 I
phonol. .........oviiiiniiinniians f 11010 de
phenols in poifuted river............. 0.0210 0,15 3
diphenyloxids...............o.0i0s 0.05 d
B, B-dithlocadiethyl ether............. 1.09t01.0 dy
p-dichlorobanzans. ..............o..e... i 0.25 d
eAhyBaNZADE, ...t <0,25 d
ethanethiol......oooooien 024 [3
elylacrylate. .. ... 0.5 g
formatdehyde. .. .. " o5 £
kerosene ... - " 0.1 [
kerosens plus kaolin................ 1 i
isopropylbenzend.................e. <0,25 d
naphtha. ... 0.1 d
HAORERRE . s 1 3
naphthol..........oo 0.5 ]
Zpaphthol......ooo [ %] £
dimethylamine. ..o 1 i
-MathyIsEIreng, . .. ..o 0.25 [ ]
ail, amulsifiable. ... ..o >15 d
pyridine. .. St 28 L4
pyrocatechsl, . 0.8%5 At
pyrogallol, . e aees W10 30 a
quinofing. . .............e [P TTTR §.5101 3
PAAUINANA. ... s 0.5 [
eI RPN 0.25 [
BOUBRG. ... e 0.25 d
oulboard motor fuel, as exhaust................... 2.6 gal/acra-eot 6 h
guadaenl. ... . 0,042 I

* Retorence key:
2 Bangy 1455211
b Boetivs 1954213
¢ English atal. 19634 .
d Fatteroll 1964215 published the rasults of A, W, Winstan, Jr. of the Dow Chemical Company. The data are
aiso artilable in an undaled mimasgraphed ratease of the company
e Sehulze 1951197
f Shumway 198522
g Shumway, D. L.and J, R. Palansky,2? unpublished data (15713,
h Surber, ol al, 1585720
i Westman and Hofl 18532

sity of off-flavor with proximity to the discharge of a paper
mill using both the neutral sulfite and kraft processes.
Shellfish have the ability to concentrate and store rnetals
at levels greater than the concentrations in the water (see
Section [, pp. 36-37, and Section IV, p. 240). Oyster flesh

can become green-colored from copper accumulation. The-

copper content of normal-colored oyster flesh from uncon-
taminated areas varied from 0.170 to 0.214 mg copper per
oyster, or from 8.21 to 13.77 mg per 100 grams dry weight
{Galtsoff and Whipple 1931,°® Galtsoff 1964%7). Oystex
growing in adjacent areas slightly contaminated with copper
salts had green-colored flesh and contained from 1.27 to
2.46 mg copper per oyster, or from 121 to 27! mg per 100
grams dry weight.

If an effluent containing a variety of components is as-
sociated with a tainting prohlem, identification of the taint-
producing component or components is necessary for effi-
cient isolation and removal in waste treatment. For ex-
ample, Shumway (1966)%® exposed salmon to various con-
centrations of wastes and waste components discharged
from a plant producing pesticides. Although concentrations
of the combined wastes at about 50 to 100 mg/1 were found
to impart objectionable flavor to test fish, one of the major
components of the plant waste, 2,4-dichlorophenol, was
found capable of impairing Ravor at exposure levels of
about 1 to 3 ug/l.

A preliminary laboratory study (English et al. 1963)%4
showed that outboard motor exhaust damages the quality
of water in several ways, the most noticeable of which are
unpleasant taste and odor in the water and off-flavoring
of fish flesh, A later field study {(Surber et al. 1965)%
determined the threshold level of tainting of fish in pond
and lake waters to be about 2.6 gal/acre-foot of fuel as
exhaust, accumulating over a 2-month period. The gasoline
used was regular grade, and the lubricating oil (34 pint/gs
was a popular brand of packaged outboard motor oil. |

UPTAKE AND LOSS OF FLAVOR-IMPAIRING
MATERIALS

Experiments involving method and rates of uptake and
loss of flavor-impairing materials by aquatic organisms
have been reported by few investigators. From data avail-
able it is obvious that rates are highly variable. Thaysen
and Pentelow (1936)*3 exposed trout to extract from
odoriferous Actinomyces. They showed that fish exposed to
10 ppm of extract acquired an off-flavor in one hour.
The exposed fish were also removed and held in uncontami-
nated water for perieds up to five days. The level of tainting,
which showed no diminution after 27 hours, became less
marked after 2 to 3 days, and no tainting could be detected
after 5 days in fresh water.

Shumway and Palensky (unpublished data)®® exposed trout
to three separate concentrations of each of the following
chemicals, o-cresol, 2 ,4-dichlorophenol, pyridine, and
n-butylmercaptan, for periods up to 168 hours. With all
four chemicals, maximum off-flavor generally occurred in
33.5 hours or less. In-a few exceptions, a gradual increase
in off-flavor appeared to occur with increasing time up to
168 hours, although the magnitude of increase in off-fla-
with time was minor in nature. In tests with ¢-chlorophe:
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Boetius (1954)%2 reported that eels required up to 11 days
exposure before flavor impairment was detected. The time
re  ‘~ed to impair flavor was found to be related to the
€. re concentration, with low concentrations requiring
longer exposure periods.

Shumway (1966)#3 found that the flesh of salmon exposed
experimentally to industrial wastes containing mainly phe-
nols acquired maximum off-flavor in 35 hours or less, with
much of the rainting occurring within the first 6 hours.
After the salmon were transferred to uncontaminated water,
most of the acquired off-flavor was lost within 20 hours,
although some ofi-flavor remained up to 72 hours.

In other tests, Shumway and Palensky (unpublished datq)?®
observed flavor impairment in trout after 24-hour exposure
to 2,4-dichlorophenol. After only 33.5 hours in uncontami-
nated water, the flavor of the trout had returned to the
preexposure level, with most of the reduction in off-flavor
occurring within 6.5 hours.

Korschgen et al. (1870)2 transferred carp (Cyprinus
carpie) to uncontaminated ponds from two sitps, one of
which received effluents from a major municipality and one
of which received little or no effluent. Retention up to 18
days in the holding ponds failed to improve the flavor of the
carp from the contaminated site. These authors also re-
ported that channel catfish (Jefalurus punctatus) transferred
from the Ohio River to control water lost about half of
their off-flavor in 7 days and nearly all of it in 21 days.

L IFICATION OF CAUSES OF OFF-FLAVORED
ORGANISMS

Determination that a tainting problem exists, or identifi-
cation of a taint-causing material, involves field or labora-
tory exposure periods and organoleptic tests. When properly
conducted, these tests are reliable but time-consuming.
Wright (1966)2% reported on the use of gas chromatography
in conjunction with organoleptic tests. The chromatographic
scans were compared with scans of industrial process waste
streams to identify the taint-producing wastes. Gas chro-

matographic techniques are employed routinely in food .

technology laboratories investigating flavor and odor prop-
erties (Rhoades and Millar 1965).%8

EXPOSURE l’\ND ORGANOLEPTIC TESTS

Field exposure tests (bioassays} are used to determine
the existence or the magnitude of a tainting problem in a
water body. Fish or other edible aquatic life are held for a
period of time in cages at selected locations in and around
a suspected problem area or waste discharge and eventually
evaluated for flavor. Laboratory biocassays are normally
utilized to determine the tainting potential of wastes, waste
components, or specific chemicals. Although either static
< tinuous-flow bioassays can be used in laboratory tests,
co.anuous-flow systems are considered far superior to static
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tests. Exposure bioassays are followed by the organoleptic
evaluation of the flesh of the test organisms.

In their studies of tainted organisms, investigators have
used a number of different bicassay and flavor-evaluation
procedures, some of which have produced poorly defined
results. The following guidelines are based primarily on the
successful procedures of Shumway and Newton (personal
communications).2®

Test Fish

The flesh of the fish to be exposed should be mild and
consistent in flavor. For convenience in holding and taste
testing, fish weighing between 200 and 400 grams are de-
sirable, although smaller or larger fish are acceptable.
Largemouth bass (Micropterus salmoides), vellow perch (Perca
favescens), channel catfish, bluegill (Lepomis macrochirus),
trout, salmon flatfishes (Pleuronectiformes), and others have
proven to be acceptable test fish.

Exposure Period

In general, test fish should be exposed for a period not
less than 48 hours. Shorter or longer exposures will be
advisable in some situations, although possible stress, disease,
and mortality resulting from longer retention of test fish
and maintenance of holding facilities may negate advantages
of long exposure.

Exposure Conditions

The following conditions are desirable in’laboratory
bioassays:

Dissolved oxygen........ near saturation

Temperature. .. ........ 16-15 C for salmonids, and
20-25 C for warmwater fish

pH.......... L 6.0-8.0, or pH of receiving
water

Lighe. ................. intensity held at a low level

Water. . ............... uncontaminated, or quality

of the receiving water; never
distilled water

Preparation of Test Fish and Evaluation

Exposed fish and control fish, either fresh or fresh-frozen
and subsequently thawed, are individually double-wrapped
in aluminum foil, placed in an oven and cooked at about
375 F for 15 to 30 minutes, as size requires. Large fish may
be portioned for cooking. No seasoning of any kind is
added. Portions of the cooked fish may be placed in small
coded cups and served warm to the judges for flavor evalu-
ation. A known “reference” may be provided to aid judges
in making comparisons. A minimum of ten experienced
judges, each seated in an isolation booth or similar area,
smell, taste, and score each sample. This method offers
tighter control of variables and conforms more to off-favor
evaluations conducted in food laboratories than the more
informal procedure helow.
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An alternative method is to place the cocked fish, still
partially wrapped in foil to preserve the heat and flavor,
on a large table. The judges start concurrently and work

their way around the table, recording aroma and flavor.
If a judge tastes more than six samples during a test, a
lessening of organoleptic acuity may occur.

‘When investigating the potential of a substance to pro-
duce taint, a word-evaluation scale for intensity of off-flavor
ranging from no off-flavor to extreme off-flavor, has proven
successful with trained, experienced judges. Numerical
values from O to 6 are applied to the word scale for deri-
vation of off-flavor indices and statistical evaluation.

When using the above method, less experienced judges
tend to over-react to slight off-flavor. For this reason, in
less formal tests evaluating the effect of a substance on the
palatability of the organism, an hedonic scale accompanied
by word-judgments describing palatability is appropriate,
i.e., O~—excellent, 1—very good, 2—good, 3—fair, 4—just
acceptable, 5—not quite acceptable, 6—very poor, inedible,
and 7-—extremely poor, repulsive. Scores of the judges on
each sample are averaged to determine final numerical or
word-judgment values,

To determine whether there are acceptability differences
between controls and test organisms, a triangle test may be
used in which two samples are alike and one is different.
Judges are asked to select the like samples, to indicate the

degree of difference, and to rate both the like and the odd
samples on a preference scale.

-STATISTICAL EVALUATION

The triangle test is particularly well adapted to statistical
analysis, but the organoleptic testing nc(:essary is' more -
extensive than when hedonic scales are used.. ‘

Application of the two-way analyses of variance to
hedonic-scale data is an acceptable test, but professional
assistance with statistical procedures is desirable. Reliance
on the word-judgment system is sufficient for general infor-
mation purposes.

Recommendations

e To prevent tainting of fish and other edible
aquatic organismes, it is recommended that sub-
stances which cause tainting should not be pres-
ent in water in concentrations that lower. the
acceptability of such organisms as determined
by exposure bjoassay and organoleptic tests.

- Values in Tables II1-9 and III-10 are recom-

mended as guidelines in determining what con-
centrations of wastes and substances in water
may cause tainting of the flesh of fish or other
aquatic organisms.
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HEAT AND TEMPERATURE

Living organisms do not respond to the quantity of heat
but to degrees of temperature or to temperature changes
caused by transfer of heat. The importance of temperature
to acquatic organisins is well known, and the composition
of aquatic communities depends largely on the temperature
characteristics of their environment. Organisms have upper
and lower thermal tolerance limits, optimum temperatures
for growth, preferred temperatures in thermal gradients,
and temperature limitations for migration, spawning, and
egg incubation. Temperature also affects the physical
environment of the aquatic medium, (e.g., viscosity, degree
of ice cover, and oxygen capacity. Therefore, the com-
position of aguatic communities depends largely on tem-
perature characteristics of the environment, In recent

there has been an accelerated demand for cooling
wewcts for power stations that release large quantities of
heat, causing, or threatening to cause, either a warming of
rivers, lakes, and coastal waters, or a rapid cooling when the
artificial sources of heat are abruptly terminated. For these
reasons, the environmental consequences of temperature
changes must be considered in assessments of water quality
requirements of aquatic organisms.

The “natural” temperatures of surface waters of the
United States vary from 0 C to over 40 C as a function of
latitude, altitude, season, time of day, duration of flow,
depth, and many other variables. The agents that affect
the natural temperature are so numerous that it is unlikely
that two bodies of water, even in the same latitude, would

. have exactly the same thermal characteristics. Moreover, a

single aquatic habitat typically does not have uniform or

consistent thermal characteristics. Since aill aquatic or-
ganisms (with the exception of aquatic mammals and a
_few large, fast-swimming fish) have body temperatures that
conform to the water temperature, these natural variations
create conditions that are optimum at times, but are
generally above or below optima for particular physio-
logical, behavioral, and competitive functions of the species
present. :
Because significant temperature changes may affect the
sosition of an aquatic or wildlife community, an
. aced change in the thermal characteristics of an eco-

system may be detrimental. On the other hand, altered
thermal characteristics may be-beneficial, as evidenced in
most fish hatchery practices and at other aquacultural
facilities. (See the discussion of Aquaculture in Section IV.)

The general difficulty in developing suitable criteria for
temperature (which would limit the addition of heat) lies
in determining the deviation from ‘‘natural” temperature a
particular body of water can experience without suffering
adverse effects on its biota. Whatever requirements are
suggested, a ‘“‘natural” seasonal cycle must be retzined,
annual spring and fall changes in temperature must be
gradual, and large unnatural day-to-day fluctuations
should be avoided. In view of the many variables, it seems
obvious that no single temperature requirement can be
applied uniformly to continental or large regional areas;
the requirements must be closely related to each body of
water and to its particular community of organisms,
especially the important species found in it. These should
include invertebrates, plankton, or other plant and animal
life that mav be of importance to food chains or otherwise
interact with species of direct interest to man. Since thermal
requirements of various species differ, the social choice of
the species to be protected allows for different “levels of
protection” among water bodies as suggested by Doudoroff
and Shumway (1970)** for dissolved oxygen criteria. (See
Dissolved Oxygen, p. 131.) Although such decisions clearly
transcend the scientific judgments needed in establishing
thermal criteria for protecting selected species, biologists can
aid in making them. Some measures useful in assigning
levels of importance to species are: (1) high vield to com-
mercial or sport fishertes, (2) large biomass in the existing
ecosystem {if desirable), (3) important links in food chains
of other species judged important for other reasons, and
(4) “endangered” or unique status. If it is desirable to
attempt strict preservation of an existing ecosystem, the
most sensitive species or life stage may dictate the criteria
selected. .

Criteria for making recornmendations for water tem-
perature to protect desirable aquatic life cannot be simply a
maximum allowed change from “natural temperatures.”
This is principally because a change of even one degree from

151
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an ambient temperature has varying significance for an
organism, depending upon where the ambient level lies
within the tolerance range. In addition, historic tempera-
ture records or, alternatively, the existing ambient tempera-
ture prior to any thermal alterations by man are not always
reliable indicators of desirable conditions for aquatic
populations. Multiple developments of water resources also

change water temperatures both upward (e.g., upstream-

power plants or shallow reservoirs) and downward (e.g.,
deepwater releases from large reservoirs), so that “ambient”
and *natural” are exceedingly difficult to define at a given
point over periods of several years.

Criteria for temperature should consider both the multiple
thermal requirements of aquatic species and requirements
for balanced communities. The number of distance require-
ments and the necessary values for each require periodic
reexamination as knowledge of thermal effects on aquatic
species and communities increases. Currently definable
requirements include:

® maximum sustained temperatures that are con-
sistent with maintaining desirable levels of pro-
ductivity;

® maximum levels of metabolic acclimation to warm
temperatures that will permit return to ambient
winter temperatures should artificial sources of
heat cease;

® temperature limitations for survival of brief exposures
to temperature extremes, both upper and lower;

® restricted temperature ranges for various stages of
reproduction, including (for fish) gonad growth and
gamete maturation, spawning migration, release of
gametes, development of the embryo, commence-
ment of independent feeding {and other activities)
by juveniles; and temperatures required for meta-
morphosis, emergence, and other activities of lower
forms;

. thermal limits for diverse compositions of species of
aquatic communities, particularly where reduction
in diversity creates nuisance growths of certain
organisms, or where important food sources or
chains are altered;

® thermal requirements of downstream aquatic life
where upstream warming of a cold-water source will
adversely affect downstream temperature require-
ments. - |

Thermal criteria must also be formulated with knowledge

of how man alters temperatures, the hydrodynamics of the

,changes, and how the biota can reasonably be expected to
interact with the thermal regimes produced. It is not

sufficient, for example, to define only the thermal criteria

for sustained production of a species in open waters, because

large numbers of organisms may also be exposed to thermal

changes by being pumped ‘through the condensers and

mixing zone of a power plant. Design engineers need

particularly to know the biological limitations to their
design options in such instances. Such considerations may .
reveal nonthermal impacts of cooling processes that may
outweigh temperature effects, such as impingement of fis

upon intake screens, mechanical or chemical -damage to
zooplankton ‘in condensers, or effects of altered current

_patterns on bottom fauna in a discharge area. The environ-

mnental situations of aquatic organisms (e.g., where they
are, when they are there, in what numbers) must also be
understood. Thermal criteria for migratory species should
be applied to a certain area only when the species is actually
there. Although thermal effects of power stations are
currently of great interest, other less dramatic causes of
temperature change inciuding deforestation, stream chan-
nelization, and impoundment of flowing water must be
recognized.

DEVELOPMENT OF CRITERIA

Thermal criteria necessary for the protection of species or
communities are discussed separately below. The order of
presentation of the different criteria does not imply priority
for any one body of water. The descriptions define preferred
methods and procedures for judging thermal requirements,
and generally do not give numerical values (except in
Appendix II-C). Specific values for all limitations would
require a biological handbook that is far beyond the scope
of this Section. The criteria may seem complex, but they
represent an extensively developed framework of knowledy
about biological responses. (A sample application of the.

criteria begins on page 166, Use of Temperature Criteria.)

"TERMINOLOGY DEFINED

Some basic thermal responses of aquatic organisms will.
be referred to repeatedly and are defined and reviewed
briefly here. Effects of heat on organisms and aquatic
communities have been reviewed periodically (e.g., Bullock
1935,%% Brett 1956;*% Fry 1947.%7% 1964,*"8 1967;*" Kinne
1970%%), Some effects have been analyzed in the context of
thermal modification by power plants (Parker and Krenkel
1969;%8 Krenkel and Parker 1969:2 Cairns 1968; Clark
19692 and Coutant 1970¢2%), Bibliographic information
is available from Kennedy and Mihursky (1967),** Raney
and Menzel (1969),%? and from annual reviews published
by the Water Pollution Control Federation (Coutant
1968,265 1969,265 19702,%67 1971270},

Each species (and often each distinct life-stage of a species)
has a characteristic tolerance range of temperature as a
consequence of acclimations (internal biochemical adjust-
ments) made while at previous holding temperature (Figure
I11-2; Brett 1856*%}. Ordinarily, the ends of this range, or
the lethal thresholds, are defined by survival of 50 per cent

-of a sample of individuals. Lethal thresholds typically are

({3

referred to as “incipient lethal temperatures,” and te
perature beyond these ranges would be considered “c
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tremne.” The tolerance range is adjusted upward by ac-
climation to warmer water and downward to cooler water,
al*’ -gh there is a limit to such accommodation. The
lo :nd of the range usually is at zero degrees centigrade
32 F) for species in temperate latitudes (somewhat less for
:aline waters), while the upper end terminates in an
“ultimate incipient lethal temperature” (Fry et al. 1946%81),
This ultirnate threshold temperature represents the “break-
ing point” between the highest temperatures to which an
animal can be acclimated and the lowest of the extreme
-emperatures that will kill the warm-acclimated organism.
Any rate of temperature change over a period of minutes

Ultimate incipient lethal temperature
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FIGURE IIl-2—Upper and lower lethal temperatures for
young sockeye salmon (Oncorhynchus nerka) plotted to
show the zone of tolerance. Within this zone two other zones
are represented to illustrate (1)an area beyond which growth
wo+""7 be poor to none-at-all under the influence of the loading
e if metabolic demand, and (2) an area beyond which
tew...erature is likely to inhibit normal reproduction.
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FIGURE IIl-3~Median resistance times to high tempera-
tures among young chinook (Oncorhynchus tshawytscha)
acclimated to remperatures indicated. Line A-B denotes
rising lethal threshold (incipient lethal temperatures) with
increasing acclimation temperature. This rise eventually
ceases at the ultimate lethal threshold (ultimate upper
incipient lethal temperature), line B-C.

to a few hours will not greatly affect the thermal tolerance
limits, since acclimation to changing temperatures requires
several days (Brett 1941).23 )

At the temperatures above and below the incipient lethal
temperatures, survival depends not only on the temperature
but also on the duration of exposure, with mortality oc-
curring more rapidly the farther the temperature is from
the threshold (Figure III-3). (See Coutant 1970a*? and
1970b*%8 for further discussion based on both field and
laboratory studies.) Thus, organisms respond to extreme
high and low temperatures in 3 manner similar to the
dosage-response pattern which is common to toxicants,
pharmaceuticals, and radiation (Bliss 1937).2% Such tests
seldom extend beyond one week in duration. .
MAXIMUM ACCEPTABLE TEMPERATURES FOR
PROLONGED EXPOSURES

Specific criteria for prolonged exposure (1 week or longer)
must be defined for warm arid for cold seasons. Additional
criteria for gradual temperature (and life cycle) changes
during reproduction and development periods are dis-
cussed on pp. 162-165.
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. SPRING, SUMMER, AND FALL MAXIMA FOR
PROLONGED EXPOSURE -

Occupancy of habitats by most aquatic organisms is
often limited within the thermal tolerance range to tem-
peratures somewhat below the ultimate upper incipient
lethal temperature, This is the result of poor physiological
performance at near lethal levels (e.g., growth, metabolic
scope for activities, appetite, food conversion efficiency),
interspecies competition, disease, predation, and other
subtle ecological factors (Fry 1951;277 Brett 1971%%¢), This
complex limitation is evidenced by restricted southern and
altitudinal distributions of many species. On the other hand,
optimum temperatures (such as those producing fastest
growth rates) are not generally necessary at all times to
maintain thriving populations and are often exceeded in
nature during summer months (Fry 1951;%7 Cooper 1953264
Beyerle and Cooper 1960;%* Kramer and Smith 1960%).
Moderate temperature fluctuations' can generally be
tolerated as long as a maximum upper limit is not exceeded
for long periods.

A true temperature limit for exposures long enough to
reflect metabolic acclimation and optimum ecological per-
formance must lie somewhere between the physiological
optimum and the ultimate upper incipient lethal tempera-
tures. Brett (1960)*% suggested that a provisional long-
term exposure limit be the temperature greater than opti-
mum that allowed 75 per cent of optimum performance.
His suggestion has not been tested by definitive studies.

Examination of literature on performance, metabolic
rate, temperature preference, growth, natural distribution,
and tolerance of several species has yielded an apparently
sound theoretical basis for estimating an upper temperature
limit for long term exposure and a method for doing this
with 2 minimum of additional research. New data will
provide refinement, but this method forms a useful guide
for the present time. The method is based on the general
observations summarized here and in Figure 111-4(a, b, ¢).

. Performances of organisms aver a range of tempera-
tures are available in the scientific literature for a variety of
functions. Figures 111-4a and b show three characteristic
types of responses numbered I through 3, of which types 1
and 2 have coinciding optimum peaks. These optimum
temperatures are characteristic for a species (or life stage).

2. Degrees of impairment from optimum levels of
various performance functions are not uniform with in-
creasing temperature above the optimum for a single species.
The most sensitive function appears to be growth rate, for
which a temperature of zero growth (with abundant food)
can be determined for important species and life stages.
Growth rate of organisms appears to be an integrator of all
factors acting on an organism. Growth rate should probably
be expressed as net biomass gain or net growth (McCormick
et al. 1971)%% of the population, to account for deaths.

3. The maximum temperature at which several species

are consistently found in nature (Fry 1951;%7 Narver
1970)%8 lies near the average of the optimum temperatire
and the temperature of zero net growth. '

4. Comparison of patterns in Figures [II-4a and
arnong different species indicates that while the trends aio
similar, the optimum is closer to the lethal level in some
species than it is in sockeye salmon, Invertebrates exhibit a
patrern of temperature ¢ffects on growth rate that is very
similar to that of fish (Figure ITI-4c}.

The optimum temperature may be influenced by rate of
feeding. Brett et al. (1969)%%7 demonstrated a shift in opti-
mum toward cooler temperatures for sockeye salmon when
ration was restricted. In a similar experiment with channel
catfish, Andrews and Stickney (1972)** could see no such
shift. Lack of a general shift in optimum may be due to
compensating changes in activity of the fish (Fry personal .
observation),**

These observations suggest that an average of the opti-
mum temperature and the temperature of zero net growth
[(opt. temp. =+ z.n.g. temp)/2] would be a useful estimate of
a limiting weekly mean temperature for resident organisms,
providing the peak temperatures do not exceed values
recommended for short-term exposures. Optimum growth
rate would generally be reduced to no lower than 80 per cent
of the maximum if the limiting temperature is as averaged
above {Tabie III-11). This range of reduction from opti-
mum appears acceptable, although there are no quantita-
tive studies available that would allow the criterion to be
based upon a specific level of impairment. ‘

The criteria for maximum upper temperature must al.. .
for seasonal changes, because different life stages of many
species will have different thermal requirements for the
average of their optimum and zero net growths. Thus a
juvenile fish in May will be likely to have a lower maximum
acceptable temperature than will the same fish in July, and
this must be reflected in the thermal criteria for a waterbody.

TABLE III-11—Summary of Some Upper Limiting

Temperatures in C, (for periods longer than one week)

Based Upon Optimum Temperatures and Tempetrarures
of Zero Net Growth.

opt+zng Goaf
Specins Optimom  2ero nat Relefence aptimum
growlh 2

Catostomus commersoni (while sucker}..... 17 8.6 . 2.3 %

Coregonds eetedii (ciseo of lgke heming). ... 16 2.2 McCormick et al, 8 - R
197302

Iealurus punctatus (channel catfish)........ 1 35.7  Strawn 197030 3.8 L1

B PP RPN || 35,7 Andfewsand Stickney  32.8 1]
1972

Legomis macrochirus (bluegill) (year 11)..... 2 8.5 McComish 19713 25.3 il

Micropterus salmoides (largemouth bass).... 215 W Strawn 196§ 0.8 | :£]

Notropis atherincides (emerald shimer).. ..., i 3 * n.s 5]

Salvefinus fontinalis (brook trout),.......... 154 18.8 . 111 ]

*National Water Quality Laboratory, Duluth, Ming., onpublishad data,?28
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While this approach to developing the maximum sus-
tained temperature appears justified on the basis of available
knowledge, few limits can be derived from existing data in
the literature on zero growth. On the other hand, there is a

sizeable body of data on the ultimate incipient lethal
temperature that could serve as a substitute for the data or:
temperature of zero net growth. A practical consideratic™
in recommending criteria is the time required to cond:
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FIGURE III-4b—Performance of Sockeye Saimon (Oncorhynchus nerka ) in Relation to Acclimation Temnperature
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research necessary to provide missing data. Techniques for
determining incipient lethal temperatures are standardized
(B~ *+ 1952)%2 whereas those for zero growth are not.
mperature that is one-third of the range between the
Jptimum temperature and the ultimate incipient lethal
temperature that can be calculated by the formula

ultimate incipient lethal temp.—optimum temp.
3

optimum temp. 4+
(Equation 1)

yields values that are very close to {optimum temp.
z.n.g. temp.)/2. For example, the values are, respectively,
32.7 and 32.8 C for channel catfish and 30.6 and 30.8 for
largemouth bass {data from Table 1118 and Appendix II).
This formula offers a practical method for obtaining allow-

200
150
H
£
2
1=
=
100
13
Q
50
0| !

Temperature in C

Ansell 1968 243

FIGURE HI-4c—M. mercenaria: The general relationship
between temperature and the rate of shell growth, based on
fleld measurements of growth and temperature, '

®: sires in Poole Harbor, England; O: North American sites.
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abie hmits, while retaining as its scienrific basis the require-
ments of preserving adequate rates of growth. Some limits

_obtained from data in the literature are given in Table

I1I-12. A hypothetical example of the effect of this limit on

‘growth of largemouth bass is illustrated in Figure I11-5,

Figure III-5 shows a hypothetical example of the effects
of the limit on maximum weekly average temperature on
growthi rates of juvenile largemouth bass. Growth data as a
function nf temperature are from Strawn 196179, the ambi-
ent temperature is an averaged curve for Lake Norman,
N. €, adapted from data supplied by Duke Power Com-
pany. A general temperature elevation of 10 F is used to
provide an extreme example. Incremental growth rates
(mm, wk} are plotted on the main figure, while annual ac-
cumulated growth is piotted in the inset. Simplifying as-
sumptions were that growth rates and the relationship of
growth rate to temperature were constant throughout the
year, and that there would be sufficient food to sustain
maximum attainable growth rates at all times.

The criterion for a specific location would be determined
by the most sensitive life stage of an important species
likely to be present in that location at that time. Since
many fishes have restricted habitats (e.g., specific depth
zones) at many life stages, the thermal criterion must be
applied to the proper zone. There is field evidence that fish
avoid localized areas of unfavorably warm water. This has
been demonstrated both in lakes where coldwater fish
normally evacuate warm shallows in summer (Smith
1964)%® and at power station mixing zones {Gammon
1970;%82 Merriman et al. 1965}.%% In most large bodies of
water there are both vertical and horizontal thermal
gradients that mobile organisms can follow to avoid un-

favorable high (or low) temperatures.

The summer maxima need not, therefore, apply to
mixing zones that occupy a smail percentage of the suitable
habitat or necessarily to all zones where organisms have
free egress to copler water. The maxima must apply, how-
ever, to restricted local habitats, such as lake hypolimnia or
thermoclines, that provide important summer sanctuary
areas for cold-water species. Any avoidance of a warm area
not part of the normal seasonal habitat of the species will
mean that less area of the water body is available to support
the population and that production may be reduced. Such:
reduction should not interfere with biological communities
or populations of important species to a degree that is
damaging to the ecosystem .or other beneficial uses. Non-.
maobile organisms that must remain in the warm zone will
probably be the limiting organisms for that location. Any
recommendation for upper limiting temperatures must be
applied carefully with understanding of. the population
dynamics of the species in question in order to establish
both local and regional requirements.
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FIGURE III=~S—A hypothetical example of the effects of the limit on maximum weekly
average temperature on growth rates of juvenile largemouth bass, Growth data as a function
of temperature are from Strawn 1961; the ambient temperature is an everaged curve for Lake ——

Norman, N.C., adapted jrom data supplied by Duke Power Company. A general temperature - 38
elevation of 10 F is used to provide an extreme example. Incremental growth rates (mm/wk)
are plotted on the main figure, while annual accumulated growth is plotted in the inset, _| 16
Simplifying assumptions were that growth rates and the relationship of growth rate to tem-
- perature were constant throughout the year, and that there would be sufficient food to sus-
tain maximum atrainable growth rates at all times. 34
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TABLE I1I-12—Summary of Some Upper Limiting Temperatures for Prolonged Exposures of Fishes Based on Optimum Tem-
peratures end Ultimate Upper Incipient Lethal Temperatures (Equation 1),

Optimum i Uitimats upget inciplant Maximtm weakly sverage
Spocies Funetisn . Beferance Iethal temperature Relarenca temperature (Eq. 1)
¢ F ¢ F . .8 F
Catostomus commiarsani (while sugker)... .., n 0.8 growth unpubl, NWQLs 83 8.7 Harl 18401 2.8 ]
Ceregonus artadti (Cisco or ¥ake herring). ... 18 6.8 growth MeCormick ot b, 1571502 %7 T8.3  Edsall and Cotby 18703% 19.2 86,8
Ietalurus punctatys (channel catisk)......... n 8% growth Strawn 1870;320 Andraws and Sticknsy B0 100.4  Aflsnand Strawn t9Gko ! 90.9
197132
Lapamis macrockrus (hlusg e 19)........ 2 TL.6 growlh McComish 1871301 3.8 82.4 Rart 1852 5.9 13.6
' Anderson 195924
Micropterus dufomieu (smallimoutn bass).. .. %.2 [ 4] feawllt Horning and Pearsan 1320 ELR I 9.0 Hotning and Pearson 1972191 Ay §5.9
.3 [ growth Pask 1968209
ave 1.3 .
Micropterus saimwdes (largemouth barsXfry). A5 8.5 poih Strawn 1861314 36.4 91.5  Hartigs2us 0.5 8.7
Natroms 2therinvides (emerald shiner)....... a 80.6  growth unpubl., NWaLE 0.7 8.3 Hart 18w .2 8z.8
Gncorhynchus nerka (sackeys saiman)....... 15.0 5.9  qrowth Bret of al, 1989287 5.4 7.0 Brett13sies 183 Bl.Y
15.0 58.0 other funciions  Brett 1971390
Cjuveniles)........covoriniiiinn e, 15.0 maz. swimming
Pysudepleuronsctes Americanus (wintar
Nounder).....ccvvnvaas 13.0 64.4 growih Brott 1970265 2.1 8.4 Hoft and Westman 1364229 .8 .z
Saima trutta {brown $tout). .., Btot? 5.5 growth Braft (570285 3.5 .3 Bighai 196027 16.2 Bl.2
ave 12,5
Salvelinus (ontinalis (hrook ttout)........... 15.4 59,7 growth unpubl, NWGL? 25,5 1.9 Fry, Hatt and Walker, 1846201 18,2 048
13.0 55.4 growlh | Baldwin 19573
15 58 matabolic Graham 19458
e 14.5 58.1 scope
Safvelinus nasnaycwsh (iake traut)............ ] 50,3 scops dor aclivity  Glbson and Fry 185428 2.5 Gibson and Fry 15543 18.8 5.8
(2 matzholi sm)
17 62,6  swimming speed
aye 18,5 BT

Heat added to upper reaches of some cold rivers can be
retained throughout the river’s remaining iength (Jaske
and Synoground 1970).2*¢ This factor adds to the natural
trend of warming at distances from headwaters. Thermal
additions in headwaters, therefore, may contribute sub-
stantially to reduction of cold-water species in downstream
areas (Mount 1970).3% Upstream thermal additions should
be evaluated for their effects on summer maxima at down-
stream locations, as well as in the immediate vicinity of
the heat source,

Recommendation’

Growth of aquatic organisms. would be main-
tained at levels necessary for sustaining actively
growing and reproducing populations if the maxi-
mum weekly average temperature in the zone in-
habited by the species at that time does not exceed
one-third of the range between the optimurn tem-
perature and the ultimate upper incipient lethal
temperature of the species (Equation 1, page 157),
and the temperatures above the weekly average do
not exceed the criterion for short-term exposures.
This mazimum need not apply to acceptable mix-
ing zones (see proportional relationships of mixing
zones to receiving systems, p. 114), and must be
applied with adequate understanding of the normai
seasonal distribution of the important species:

WINTER MAXIMA

Although artificially produced temperature elevations
during winter months may actually bring the temperature
closer to optimum or preferred temperature for important

‘species and attract fish (Trembley 1965),* metabolic

acclimation to these higher levels can preclude safe return
of the orgamism to ambient temperatures should the
artificial heating suddenly cease (Pennsylvania Fish Com-
mission 1971:%0 Robinson 1970)%¢ or the organism be
driven from the heat area. For example, sockeye salmon
(Oncorhynchus nerka) acclimated to 20 C suffered 50 percent
mortality in the [aboratory when their temperature was
dropped suddenly to 5 C (Brett 1871:2%¢ see Figure 11I-3).
The same population of fish withstood a drop to zero when
acclimated to 5 C. The lower limit of the range of thermal
toletance of important species must, therefore, be main-
tained at the normal seasonal ambient temperatures
throughout cold seasons, unless special provisions are made
to assure that rapid temperature drop will not occur or that
organisms cannot become acclimated to elevated tempera-
tures. This can be accomplished by limitations on tempera-
ture elevations in such areas as discharge canals and mixing
zones where organisms may reside, or by insuring that
maximum temperatures occur only in areas not accessible
to important aquatic life for lengths of -time sufficient to
allow metabolic acclimation. Such inaccessible areas we
include the high-velocity zones of diffusers or screened «..
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warge channels. This reduction of maximum temperatures
nuld not preclude use of slightly warmed areas as sites for
= ’inter fisheries.

'[. .onsideration may be important in some regions at
nes other than in winter. The Great Lakes, for example,
e susceptible to rapid changes in elevation of the thermo-
ine in summer which may induce rapid decreases in
creline temperatures, Fish acclimated to exceptionally
gh temperatures in discharge canals may be killed or
verely stressed without changes in power plant opera-
.nis (Robinsop 1968).3% Such regions should take special
ste of this possibility.

Some numerical values for acclimation temperatures and
wer limits of tolerance rvanges (lower incipient lethal

mperatures) are given in Appendix II-C. Other data must-

- provided by further research. There are tio adequate
ata available with which to estimate a safety factor for no
ress from cold shocks, Experiments currently in progress,
owever, suggest that channel catfish fingerlings are more
iseeptible to predation after being cooled more than 5 to
C (Coutant, unpublished data).®*

The effects of limiting ice formation in lakes and rivers
would be carefully observed. This aspect of maximum
inter temperatures is apparent, although there is insuffi-
ient evidence to estimate its importance.

ecommendation

1 rtant species should be protected if the
aamaiim weekly average temperature during win-
er months in any area to which they have access
o0es not exceed the acclimation temperature
minus a 2 C safety factor) that raises the lower
ethal threshold temperature of such species above
ae normal ambient water temperatures for that
eason, and the criterion for short-term exposures
s not exceeded. This recommendaticn applies es-

secially to locations where organisms may be at-

racted from the receiving water and subjected to
apid thermal drop, as in the low velocity areas of
vater diversions (intake or discharge), canals, and
nixing zones.

yHORT-TERM EXPOSURE TO EXTREME TEMPERATURE

To protect aquatic life and yet allow other uses of the
vater, it is essential to know the lengths of time organisms
:an survive extreme temperatures (i.e., temperatures that
wceed the 7-day incipient lethal temperature). Both
jatural environments and power plant cooling systems can
sriefly reach temperature extremes (both upper and lower)

.ithout apparent detrimental effect to the aquatic life
‘Frv 1951 ;%7 Becker et al. 1871).7¢

ength of time that 50 per cent of a populatmn will
urv.ve temperature above the incipient lethal temperature

Heat and Temperature /161

can be calculated from a regression equation of experi-
mental data (such as those in Figure III-3) as follows:

log (time} =a+b (témp.) (Equation 2)

where time is expressed in minutes, temperature in degrees
centigrade and where a and b are intercept and slope,
respectively, which are characteristics of each acclimation
temperature for each species. In some cases the time-
temperature relatonship is more complex than the semi-
logarithmic model given above. Equation 2, however, is
the most applicable, and is generally accepted by the
scientific community (Fry 1967).*" Caution is recom-
mended in extrapolating beyond the data limits of the
original research (Appendix II-C). The rate of temperature
change does not appear to alter this equation, as long as the
change occurs more rapidly thar over several days (Brett
1941 Temke 1970).9 Thermal resistance may be
diminished by the simultaneous presence of toxicants or
other dehilitating factors (Ebel et al. 1970,*"® and summary
by Coutant 1970c).*® The most accurate predictability can
be derived from data collected using water from the site
under evaluation.

Because the egquations based on research on thermal
tolerance predict 50 per cent mortality, a safety factor is
needed to assure no mortality. Several studies have indi-
cated that 2 2 C reduction of an upper stress temperature
results in no mortalities within an equivalent exposure
duration (Fry et al. 1942;% Black 1953).>* The validity
of a two degree safety factor was strengthened by the results
of Coutant (1970a).*” He showed that about 15 to 20
per cent of the exposure time, for median mortality ata given
high temperature, induced selective predation on thermally
shocked salmon and trout. (This also amounted to reduction
of the effective stress temperature by about 2 C.) Un-
published data from subsequent predation experiments
showed that this reduction of about 2 C also applied to the
incipient lethal temperature. The level at which there is no
increased vulnerability to predation is the best estimate of a
no-stress exposure that is currently available. No similar
safety factor has been explored for tolerance of low tem-
peratures. Further research may determine that safety
factors, as well as tolerance limits, have to be decided

independently for each species, life stage, and water quality

situation.

Information needed for predicting survival of a number
of species of fish and invertebrates under short-term condi-
tions of heat extremes is presented in Appendix I1I-C. This
information includes (for each acclimation temperature)
upper and lower incipient lethal temperatures: coefficients
a and b for the thermal resistance equation ; and information
on size, life stage, and geographic source of the species.
It is clear that adequate data are available for only a small
percentage of aquatic species, and additional research is
necessary. Thermal resistance information should be
obtained locally for critical areas to account for simul-
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taneous presence of toxicants or other debilitating factors,
a consideration not reflected in Appendix II-C data. More
data are -available for upper lethal temperatures than for
lower.

The resistance time equation, Equation 2, can be’

rearranged to incorporate the 2 C margin of safety and also
to define conditions for survival {right side of the equation
less than or equal to 1) as follows:
time .
1= Tolerbtmmp Dl (Equation 3)
Low levels of mortality of some aquatic organisms are not
necessarily detrimental to ecosystems, because permissible
mortality levels can be established. This is how fishing or
shellfishing activities are managed, Many states and inter-
national agencies have established c¢laborate systems for
setting an allowable rate of mortality (for sport and com-
mercial fish) in order to assure needed reproduction and
survival, (This should not imply, however, that a form of
pollution should be allowed to take the entire harvestable
vield.) Warm discharge water from a power plant may
sufficiently stirnulate reproduction of some organisms (e.g.,
zooplankton), such that those killed during passage through
the maximally heated areas are replaced within a few hours,
and no impact of the mortalities can be found in the open
water {Churchill and Woijtalik. 1969;%* Heinle 1969),58
On the other hand, Jensen (1971)®® calculated that even
five percent additional mortality of O.age brook trout
(Salvelinus fontinalis} decreased the yield of the trout fishery,
and 50 per cent additional mortality would, theoretically.
cause extinction of the population. Obviously, there can be
ne adequate generalization concerning the impact of short-
term effects on entire ecosystems, for each case will be
somewhat different. Future research must be directed
toward determining the effects of local temperature siresses
on population dynamics. A complete discussion will not be
attemnpted here. Criteria for complete short-term protection
may not always be necessary and should be applied with an
adequate understanding of local conditions.

Recommendation

Unless there is justifiable reason to believe it
unnecessary for maintenance of populations of a
species, the right side of Equation 3 for that
species should not be allowed to increase above
unity when the temperature exceeds the incipient
lethal temperature minus 2 C:

1> time

= 10Die+bitemp.+2)]

Values for g and b at the appropriate acclimation
temperature for some species can be obtained from
Appendix II-C or through additional research if
necessary data are not available. This recommen-

dation applies to all locations where organisms te

be protected are exposed, including areas within

mixing zones and water diversions such as power
station cooling water.

REPRODUCTION AND DEVELOPMENT

The sequence of events relating to gonad growth and
gamete maturation, spawning migration, release of gametes,
development of the egg and embryo, and commencement
of independent feeding represents one of the most complex
phenomena in nature, both for fish (Brett 1970)%% and
invertebrates (Kinne 1970).%% These events are generally
the most thermally sensitive of all life stages. Other environ-
mental factors, such as light and salinity, often seasonal in
nature, can also profoundly affect the response to tempera-
ture (Wiche 1968).%3 The general physiological state of the
organisms (e.g., energy reserves), which is an integration of
previous history, has a strong effect on reproductive poten-
tial (Kinne 1970).*% The erratic sequence of failures and
successes of different vear classes of lake fish attests to the
unreliability of natural conditions for providing optimum
reproduction.

Abnormal, short-term temperature fluctuations appear ta
be of greatest significance in reduced production of juvenile
fish and invertebrates (Kinne, 1963).% Such thermal
fluctuations can be a prominent consequence of water use
as in hydroelectric power (rapid changes in river flow rates),
thermal electric power (thermal discharges at fiuctua
power levels), navigation (irregular lock releases),
irrigation (irregular water diversions and wasteway re-
leases). Jaske and Synoground (1970)#2 have documented
such temperature changes due to interacting thermal and
hydroelectric discharges on the Columbia River..

Tolerable limits or variations of temperature change
throughout development, and particularly at the most’
sensitive life stages, differ among species, There is no
adequate summary of data on such thermal requirements
for successful reproduction. The data are scattered through
many years of natural history observations (however, see
Breder and Rosen 1966%% for a recent compilation of some
data; also see Table ITT-i3). High priority must be assigned
to summarizing existing information and obtaining that
which is lacking. '

Uniform elevations of temperature by a few degrees
during the spawning period, while maintaining short-term
temperature cycles and seascnal thermal patterns, appear
to have little overall effect on the reproductive cycle of
resident aquatic species, other than to advance the timing
for spring spawners or delay it for fall spawners. Such shifts
are often seen in nature, although no quantitative measure-
ments of reproductive success have been made in this
connection. For example, thriving populations of many
fishes occur in diverse streams of the Tennessee Valle: ‘n
which the date of the spawning temperature may var .
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' TABLE III-13—Spawning Requirements of Some Fish, Arranged in Ascending Order of Spawning Temperatures

{ Adapted from Wojtalik, T. A., unpublished manuscript )*

Fithas Tedp, (€} Spawning site Renye in spawning degth Daily srawhing ime Eggsite Incubsiien perind
’ tays (Temp. C)
™ .
ostedion canadense. ... 50 Shallow gravel bars -4 laat Night Bottom 5 (5.0
lieye
FTR HIEEBUM. ... 1.0 Gravel, rubble, boulders on bar  3=10tset Day, aight Botem e
[Enose gar
AENHBUE OSIBUL. ... .8 Flooded shalaws Flooded shallows ;] Weads B (20.07
ie.Bass
LET T T T PP n.7 Sand L rock shores 2-12 [nat Day, long but e3p. night Sutface 1 (15.8)
121 garis
S03OMa MICTOPOME . .....uviiriiineinranannes 120
iited suckes
WUEME MEMAOES, ..o 2.2
e sucker .
estomtis COMMEESoni. ........o..iieieniinnirnins 1L0-13.6 Streamsorbant Day, wight Batom - e
rary minnow )
bograthus nuehalis. . ......ooovvuvaniririrniieen 13.4 COVBE i ieireeireaiiiiaeaees Day Botom e
ded pygmo sunfish
SOMAZANBUM. . .oeertarevrercennenerneas 13.5-16.7
iide crappie
oS ANNUELAS. ..o0v et 14.0-16.0  Submerged materials in shafows . Day Bottom 1 (.1-8.3
fead minnow .4
Tephalas prOMEES. ......oiiieininiiedees 2.0 Shallows Nr. sirface Day lnderside floating chjects ....................
mouth buffale !
ohus eyprimellis......oo i e WE18,3 Smllows e Day Bottom 10 (1.7
gemauth bass
ropters salmoides. . ............cooviineienaeiiis 15.8  Shallows near bank 30 inches Day Bettam 5 (189)
tmon shiner
IrOMS COTAUIUS  oouirrinsyenneccanerainerraans 15.6-18.3 Smallgravetstreame .. Day Bottam
Iden shirer :
lemigonus ErYSBIMAS. ... ovveiiiiniiininiene 156  Pays Lshoals,weeds ...l Bay Weeds 4 (15.6%)
1en sunfish .
JOPUS CYINREIS. .oevsers i iriariaran s 15,6 Bank, shallows inchas 10 114 lest Day Bolom
idisfish
mgem Il tee 8.0 Ovar gravel bars Hr. suriacs Hight, day Botom
E
i Berrarrnrarneieiariiresieriesnsanans 16.5
zar= shad
Tosama copadiaum. ... ... 18,7
alimouth bars
sroptorus dolamiotl. ...l W1 Grave! rock shora 320 feel Oay Bottom 7 (18.0)
Jtted bass
craplerus pURUBIS . ........coovinenninrineses 1.0 Smailstreams,Bar .. Day Bottom &5 (0.0)
any darter ’
dottoma AlETUM. ... ».0
nge spotted sunfish
somis hUmilis. .uvevnen e w2
iziimauth buRalo
ohus bubalus. ........ TN R ]
1k bunaio
(17 5.9 .
1] L
finus carpln. ... P 19.0  Floaded shallows Hr, strizcs Day wight . Bottom (18,7
wrifl .
ramis maeroehlrug. ... 19,4 Weeds, thallows 2-4 fest Ony Bottom 114-3 (2.2
dbreast sunfish
F 1111 T TS N deritase e raes .0
annel caifish .0 .
lurus PURGHITES, ..o e e 6.7  Bank ity <10 fust Day, night Bottots 310 (15.0)
rite calfish
B, ettt r e e rr ey 20.0  Sand gravel bar <10 feet Nay Bottom 67 (23,5-29.0)
pkinsend .
pamis BROSUS. . .oeue e e 0.0  Bank shallows <5 et Day Bottom i@y
1ck crappie .
mosis figromaculatit. ... 0.0
ook silverside
bidesthes sleculus. .. ..o, 3.0 Over gravel Surface Pay Wends, bottem =~ .
own bullhead., .. ... .
alurus nehulosus. .. .1 Shaitows, weeds InchestoGfest Weeds, bottam § (.0
wreadfin thad .
0S0MA PELRNRNIR. ...ooottttininaeeirininnnsns .4 Shallow snd opan watsr Surface Day Bottom ., 3T
armouth
PO e reaanen 4.0 Bank shallows <5t Day Bottom 134 (15.0-8)7)
yer '
orosl. AR e 9-24.4 RiMes,straams - e Day Bottom e
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TABLE III-13—Spawning Requirements of Some Fish, Arranged in Ascending Order of Spawning Temperatures—Continued ‘

Fishes . Temp.{C} Spawming slls

Hange in spawaing degth

Daily spawning time Egg sits Incubistion period

days (Yomp

Elun catlish
tetalocus turcetus, .......veeenvnne. ST
Flathezd eatish
"Pylodictis plivarts. . .......oocociiiiii e
Redear sanfish
LopOmis MEECRlophyS .. ... vvvvuenririniarsoraeensns
Longear sunfish
Lomegmolit.......ooeveneecii i aenbeaaae
Frastwater drum
* Aplodinatus prunmiens..........ocoviieririiiinai
River carpsuches

Quiet, variols

Spelied buithesd

Ietadurus sorracamthtis. ...........oo0iveniiiiiianin,
Yallow bulihesd
Lomatalis.......c..oovneiiiiiiiiii s e

Quiat, shaltows 135=d leek

inchas to 10 fast

Eattom 0 (8.8

* T. A, Woltalik, Tennesses Valley Authority, Masele Shoals, Alabama.*=

given year by 22 to 65 days. Exammatlon of the literature
shows that shifts in spawning dates by nearly one month
are commen in natural waters throughout the U.S. Popula-
tions of some species at the southern limits of their dis-
wribution are exceptions, e.g., the lake whitefish (Coregonus
clupeaformis) in Lake Erie that require a prolonged, cold
incubation period (Lawler 1963)* and species such as
yellow perch (Perca flavescens) that require a long chill period
for egg maturation prior to spawning (Jones, unpublished
data), %7

This biological plasticity suggests that the annual spmng
rise, or fall drop, in temperature might safely be advanced
{or delayed) by nearly one month in many regions, as long
as the thermal requirements that are necessary for migra-
tion, spawning, and other activities are not eliminated and
the necessary chill periods, maturation times, or incubation
periods are preserved for important species. Production of
food organisms may advance in a similar way, with little
distuption of food chains, although there is little evidence to
support this assumption (but see Coutant 1968;%*5 Coutant
and Steele 1968;% and Nebeker 1971).3" The process is
similar to the latitudinal differences within the range of a
given species.

. Highly mobile species that dcpend upon temperaturc
synchrony among widely different regions or environments
for various phases of the reproductive or rearing cycle {e.g.,
anadromous salmonids or aquatic insects) could be faced
with dangers of dis-synchrony if one area is warmed, but
another is not. Poor long-term success of one year class of
Fraser River (British Columbia) sockeye salmon (Oncoriyn-
chus nerka) was attributed to early (and highly successful)
‘fry production and emigration during an abnormally warm
summer followed by unsuccessful, premature feeding
. activity in the cold and still unproductive estuary (Vernon
1958).#% Anadromous species are zble, in some cases, (see
studies of eulachon (7haleichthys pacificus) by Smith and

Saalfeld 1955)*" to modify their migrations and spawning
to coincide with the proper temperatures whenever and
wherever they occur.

Rates of embryonic development that could lead to pre-
mature hatching are determined by temperatures of the
microhabitat of the embryo. Temperatures of the micro-
habitat may be quite different from those of the remainder
of the waterbody. For example, a thermal effluent at the
temperature of maximum water density {approximately
4 C) can sink in a lake whose surface water temper-
is colder (Hoglund and Spigarelli, 1972).*® Incub. 4
eggs of such species as lake trout (Salvelinus namayeush) and
various coregonids on the lake bottorn may be intermittently
exposed to temperatures warmer than normal. Hatching
may be advanced to dates that are too early for survival of
the fry in their nursery. areas. Hoglund and Spigarelli
1972,*0 using temperature data from a sinking plume in

_Lake Michigan, theorized that if lake herring (Coregonus

artedii) eggs had been incubated at the location of one ot
their temperature sensors, the fry would have hatched
seven days early. Thermal limitations must, therefore, apply
at the proper location for the particular species or life stage
to be protected.

Recommendations

After their specific limiting temperatures and
exposure times have been determined by studies
tailored to local conditions, the reproductive ac-
tivity of selected species will be protected in areas
where:

e periods required for gonad growth and gamete
maturation are preserved;

® no temperature differentials are created that
block spawning migrations, although some delay
or advancement of timing based upon local - ~-
ditions may be tolerated;
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temperatures are not raised to a level at which
necessary spawning or incubation temperatures
of “'inter;spawning species cannot occur;

5 ) temperature changes are not induced in
spawning areas, either in mixing zones or in
mixed water bodies (the thermal and geographic
limits to such changes will be dependent upon
local requirements of species, including the
spawning microhabitat, e.g., bottom gravels,
littoral zone, and surface strata);

timing of reproductive events is not altered to
the extent that synchrony is broken where repro-
duction or rearing of certain life stages is shown
to be dependent upon cyclic food sources or other
factors at remote locations. '
normal patterns of gradual temperature changes
throughout the year are maintained,

‘hese requirements should supersede all others
uring times when they apply.

!

HANGES IN STRUCTURE OF AQUATIC COMMUNITIES

Significant change in temperature or in thermal patterns
ver a period of time may cause some change in the com-
osition of aquatic communities (i.e., the species represented

nd the numbers of individuals in each species). This has .

een documented by field studies at power plants (Trembley
95 1960)*! and by laboratory investigations (McIntyre
9 3 Allowing temperature changes to alter significantly
e community structure in natural waters may be detri-
nental, even though species of direct importance to man
ire not efiminated. :

The limits of allowable change in species diversity due to
=mperature changes should not differ from those applicable
o any other pollutant. This general topic is treated in
fetail in reviews by others (Brookhaven National Lab.
1969)%% and is discussed in Appendix II-B, Community
Structure and Diversity Indices, p. 408.

IUISANCE ORGANISMS

Alteration of aquatic communities by the addition of heat
nay occasionally result in growths of nuisance organisms
srovided that other environmental conditions essential to
such growths (e.g., nutrients) exist. Poltoracka (1968)34
{ocumented the growth stimulation of plankton in an
artificially heated small lake; Trembley (1965%!) re-
ported dense growths of attached algae in the discharge
-anal and shallow discharge plume of a power station {where
the algae broke loose periodically releasing decomposing
organic matter to the receiving water). Other instances of
algal growths in effluent channels of power stations were
reviewed by Coutant (1970c).?®

1ged thermal patterns (e.gs, in stratified lakes) may

gre alter the seasonal appearances of nuisance algal
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growths even though the temperature changes are induced
by altered circulation patterns (e.g., artificial destratifica-
tion). Dense growths of plankton have been retarded in
some instances and stimulated in others (Fast 1968;¥% and
unpublished data 1971).325 ‘

Data on temperature limits or thermal distributions in
which nuisance growths will be produced are not presently
available due in part to the complex interactions with other
growth stimulants. There is not sufficlent evidence to say
that any temperature increase will necessarily result in
increased nuisance organisms. Careful evaluation of local
conditions is required for any reasonable prediction of
effect.

Recommendation

Nuisance growths- of organisms may develop
where there are increases in temperature or alter-
ations of the temporal or spatial distribution of
heat in water. There should be careful evaluation
of all factors contributing to nuisance growths at
any site before establishment of thermal limits
based upon this response, and temperature limits
should be set in conjunction with restrictions on
other factors (see the discussion of Eutrophication
and Nutrients in Section I). '

CONCLUSIONS

Recommendations for temperature limits to protect
aquatic life consist of the following two upper limits for any
time of the year (Figure I11-6).

1. One limit consists of a2 maximum weekly average
temperature that:

(a) in the warmer months (e.g., April through
October in the North, and March through
November in the South) is one third of the range
between the optimum temperature and the
ultimate upper incipient lethal temperature for the
most sensitive important species (or appropriate
life stage) that is normally found at that location at
that time; or
in the cooler months (e.g., mid-October to mid-
April in the North, and December to February in
the South) is that elevated temperature from which
important species die when that elevated tem-
perature is suddenly dropped to the normal
ambient temperature, with the limit being the
acclimation temperature (minus a 2 C safety
factor), when the lower incipient lethal tempera-
ture equals the normal ambient water temperature-
(in-some regions this limit may also be applicable
in summer); or
during reproduction seasons {generally April-June’
and September-October in the North, and March-
May and October-November in the South) is that

(b)

(c)
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temperature that meets specific site requirements
for successful migration, spawning, egg incubation,
fry rearing, and other reproductive functions of
~ important species; or
(d) at -a specific site is found necessary to preserve
normal species diversity or prevent undesirable
growths of nuisance organisms.
2. The second limit is the time-dependent maximum
terperature for short exposures as given by the species-
specific equation:

time
1> ——
-_— 10[a+b(hmp.+2)]

Local requirements for reproduction should supersede
all other requirements when they are applicable. Detailed
ecological analysis of both natural and man-modified
aquatic environments is necessary to ascertain when these
requirements should apply.

c|F A
30 1 86 .
Time-Temperature
Limics for
Short Exposures ™
/S —
ﬁ / -

g / /
2 / /
2 2068 /

E A -
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USE OF TEMPERATURE CRITERIA

A hypothetical electric power station using lake water f~
cooling is illustrated as a typical example in Figure I
This discussion concerns the apphcauon of thermal criteria
to this typlcal situation.

The size of the power station is 1,000 megawatts electnc_' ‘
(MW,) if nuclear, or 1,700 MW, if fossil-fueled (oil, coal,
gas); and it releases 6.8 billion British Thermal Units
(BTU) per hour to the aquatic environment. This size is
representative of power stations currently being installed.
Temperature rise at the condensers would be 20F with
cooling water flowing at the rate of 1,520 cubic feet/second
(ft3/sec) or 682,000 gallons/minute, Flow couid be in-
creased to reduce temperature rise.

- The schematic Figure II1-7 is drawn with two alternative

.discharge arrangemenss to iliustrate the extent to which

design features affect thermal impacts upon aquatic life

Time-Temperature History
for Short Exposures

Maximum Weekly Average, Summer

Ve - (Based on species or community)
AN

v =N

\ \

\
A

\ ' Reproduction
" // Requirements
10 "50/\ I\w'laxl‘i{r]num
eekly
Maximum Weekly Qj\{erage.
) . inter
Average, Winter ‘
0132
J F M A M J ) A S 0 N D

Annual Calendar

FIGURE III-6—Schematic Summary of Thermal Criteria
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FIGURE I1I-7—Hypothetical Power Plant Site For Application of Water Temperature Criteria
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Warm condenser water can be carried from the station to
the lake by (a) a pipe carrying water at a high flow velocity
or (b) a canal in which the warm water flows slowly. There
is little cooling in .a canal, as measurements at several
existing power stations have shown. Water can be released
to the lake by using any of several combinations of water
velocity and volume (i.e., number of outlets) or outlet
dimensions and locations. These design features largely
determine the configuration of the thermal plumes illus-
trated in Figure I1I-7 resulting from either rapid dilution
with lake water or from slow release as a surface layer. The
isotherms were placed according to computer simulation
of thermal discharges (Pritchard 1971)%* and represent a
condition without lake currents to aid mixing.

Exact configuration of an actual plume depends upon
many factors (some of which change seasonally or even
hourly) such as local patterns of currents, wind, and bottom
and shore topography,

Analytical Steps

f

Perspective of the organisms in the water body and of the
pertinent non-biological considerations (chemical, hy-
drological, hydraulic) is an essential beginning. This
perspective requires a certain amount of literature survey
or on site study if the information is not well known. Two
steps are particularly important:

1. identification of the important species and com-
munity (primary production, species diversity, etc.) that are
relevant to this site; and

2. determination of life patterns of the important species .

(seasonal distribution, migrations, spawning areas, nursery
and rearing areas, sites of commercial or sport fisheries).
This information should include as much specific informa-

tion on thermal requirements as it is possible to obtain °

from the litérature.

~

Other steps relate the life patterns and environmental
requirements of the biota to the sources of potential thermal
damage from the power plant. These steps can be identified

‘with specific areas in Figure III-7.

Aquatic Areas Sensitive to Temperatore -Change

Five principal areas offer potential for biological damage
from thermal changes, labeled A-E on Figure II1-7. (There
are other areas associated with mechanical or chemical
effects that cannot be treated here; see the index.)

Area A The cooling water as it passes through the intake,
intake piping (A;), condensers, discharge piping
(Ag) or canal (A':), and thermal plume (A; or
A'3), carrying with it small organisms (such as
phytoplankton, zooplankton, invertebrate larvae,
and fish eggs or .larvae). Organisms receive a
thermal shock to ‘the full 20 F above ambient

temperature with a duration that depends upox:
the rate of water flow and the temperature dre
in the plume.
Waiter of the. plume alone that entrains t
small and larger organisms (inclhuding small fiss
as it is diluted (B or B’). Organisms receive
thermal shocks from temperatures ranging from
the discharge to:the ambient temperature, de-
pending upon where they are entrained. '
Area C Benthic environment where bottom organism:
{(including fish eggs) can be heated chronically or
periodically by the thermal plume (C or C).
Area D The slightly warmed mixed water body (or large
segment of it) where all organisms experience a
slightly warmer average temperature (D).
Area E The discharge canal in which resident or seasonal
populations reside at abnormally high tempera-
tures (E). :

Area B

Cooling Water Entrainment

It is not adequate to consider only thermal criteria for
water bodies alone when large numbers of aquatic organisms
may be pumped through a power plant. The probability
of an organism being pumped through will depend upon
the ratio of the volume of cooling water in the plant to the
volume in the lake (or to the volume passing the plant in a
river or tidal fresh water). Tidal environments (both
freshwater and saline) offer greater potential for entrain-
ment -than is apparent, since the same water mass
move back and forth past the plant many times during ....
lifetime of pelagic residence time of most organisms.
Thermal shocks that could be experienced by organisms
entrained at the hypothetical power station are shown in
Figure I11I-8, '

Detrimenta] effects of thermal exposures reteived during
entrainment can be judged by using the following equation
for short-term exposures to extreme temperatures:

General cfritcrion: > Wﬁ%

Values for a and b in the equation for the species of aquatic
organisms that are likely to be pumped with cooling water
may be obtained from Appendix II, or the data may be
obtained using the methods of Brett (1952).22 The prevailing
intake temperature would determine the acclimatipn
temperature to be selected from the table.

For example, juvenile largemouth bass may frequent the
near-shore waters of this lake and be drawn into the intake.
To determine whether the hypothetical thermal discharges
(Figure I1I-7) would be detrimental for juvenile bass, the
following analysis can’ be made (assuming, for example,
that the lake is in Wisconsin where these basic data for bass
are available):

Criterion for juvenile bass (Wisconsin) when i.

10858



Heat and Temperature/169

Cunal

Condenser
Fiping ~g]

Canal

Intake Piping
Dilution Plume
Intake
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Plume
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2 +0

35
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Time After Initiad Heating {hrs.)

Modified afier Coutant 1970c268

FIGURE III-8—Time Course of Temperature Change in Cooling Warer Passing Through the Example Power Station with
Two Alternate chharges The Canal Is Assumed to Flow at a Rate of 3 Ft. Per Sec.

temperature (acclimation) is 70 F (21.11 C). (Data
from Appendix I1-C).

1> time
- 10{84.3549—0.9739.(mmp.+2}]

Canal

Criterion applied to entrainment to end of discharge
canal (discharge temperature is 70 F plus the 20 degree
rise in the condensers or 90 F (32.22 C). The thermal
plume would provide additional exposure above the
lethal threshold, minus 2 G (29.5 C or 85.1 F) of more
than four hours

| > 60
= 10l34.3649—0.9789(32.2242)]
1>8.15
Conclusion:

Juvenile bass would not survive to the end of the
discharge canal.

Nilution

Criterion applied to entrainment in the system em-

ploying rapid dilution.

1.2
12 1()[34.3649—0.9783(32.22+2.0)]
1.2
>
tz 7.36

Travel time in piping to discharge is assumed to be
| min., and temperature drop to below the lethal
threshold minus 2 C (29.5 C or 85.1 F) is about 10 sec.
(Pritchard, 1971) 3 ‘

Conclusion '
Juvenile bass would survive this thermal exposure:
1>0.1630 )
By using the equation in the following form,
log (time) =a-b (temp.+2)

the length of time that bass could barely survive the
expected temperature rise could be calculated, thus
allowing selection of an appropriate discharge system.
For example:

log (time) = 34.3649~—0.9789 (34.22)
log (time) =0.8669
time =7.36
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This would be about 1,325 feet of canal flowing at
3 ft/sec.

1t is apparent that a long discharge canal, a nonrecircu-
lating cooling pond, a very long offshore nive, or delayed
dilution in a mixing zone (such as the one promoting surface
cooling) could prolong the duration of exposure of pumped
organisms and thereby increase the likelihood of damage to
them. Precise information on the travel times of the cooling
water in the discharge system is needed to conduct this
analysis. '

The calculations have ignored changing temperatures in
the thermal plume, because the canal alone was lethal, and
cooling in the plume with rapid dilution was so rapid that
the additional expesure was only for 10 seconds (assumed to
be at the discharge temperature the whole time). There
may be other circumstances under which the effect of
decreasing exposure temperature in the plume may be
of interest. ,

Effects of changing temperatures in the plume can be
estimated by summing the effects of incremental exposures
for short time periods (Fry et al. 1946°), For example, the
surface cooling plume of Figures I11~7 and III-8 could be
considered to be composed of several short time spans, each
with an average temperature, until the temperature had
dropped to the upper lethal threshold minus 2 C for the
juvenile bass. Each time period would be calculated as if
it were a single exposure, and the calculated values for all
time periods would be summed and compared with unity,
as follows: '

time;
1 0 [a+bi{temp.14+2))

time,
* 10lot+bitemp. o]

time, .
JQlatbitemp. +2)) + i

The surface cooling plume of Figure III-6 (exclusive of
the canal) could be considered to comsist of 15 min at
89.7F (32,06 C), 15 min at 89.2F (31.78 C), 15 min at
88.7F (31.4C), 15 min at 88.2 F (31.22 C), 15 min at
87.8 F (31.00 C), until the lethal threshold for 70 F acclima-
tion minus 2 C (85.1 F) was reached. The calcuiation would
proceed as follows:

12 15
= 1([34.5043—0.9780(32, 08+2)]

' .15
+ + oo

10[34.3549—-0,9780(31.1B+2)]

In this case, the bass would not survive through the first
15-minute period. In other such calculations, several steps
would_have to be summed before unity was reached (if not
reached, the plume would not be detrimental), .

Entraginment in the Plume

Organisms mixed with the thermal plume during dilution
will also receive thermal shocks, although the maximum
temperatures will generally be less than the discharge

temperature. The number of organisms affected to some
degree may be significantly greater than the numbers
actually pumped through the plant. The route of maximum
thermal exposure for each plume is indicated in Figu
III~7 by a dashed line. This route should be analyzed i
determine the maximum reproducible effect.

Detrimental effects of these exposures can also be judged
by using the criterion for short-term exposures to extreme
temperatures. The analytical steps were outlined above for
estimating the effects on organisms that pass through the
thermal plume portions of the entrainment thermal pattern.
There would have been no mortalities of the largemouth
bass from entrainment in the plume with rapid dilution, due
to the short duration of exposure (about 10 seconds). Any
bass that were entrained in the near-shore portions of the
larger plume, and remained in it, would have died in less
than 15 minutes.

Bottom Organisms Impacted by the Plume

Bottom communities of invertebrates, algae, rooted
aquatic plants, and many incubating fish eggs can be
exposed to warm plume- water, particularly in shallow
environments. In some circumstances the warming can be
continuous, in ethers it can be intermittent due to changes
in plume configuration with changes in currents, winds, or
other factors. Clearly a thermal plume that stratifies and
occupies only the upper part of the water column will have
least effect on bottom biota,

Several approaches are useful in evaluating effects on
community. Some have predictive capability, while othe.
are suitable largely for identifying effects after they have
occurred. The criterion for short-term exposures identified
relatively brief periods of detrimental high temperatures.
Instead of the organism passing through zones of elevated
temperatures, as in the previous examples, the organism is
sedentary, and the thermal pulse passes over it. Developing
fish eggs may be very sensitive to such changes. A brief
pulse of high temperature that kills large numbers of orga-
nisms may affect a bottom area for time periods far longer
than the immediate exposure time. Repeated sublethal ex-
posures may also be detrimental, although the process is
more complex than straight-forward summation. Analysis
of single exposures proceeds exactly as described for plume,
entrainment.

The criterion for prolonged exposures is more generally
applicable. The maximum tolerable weekly average tem-
perature may be determined by the organisms present and
the phase of their life cycle. In May, for example, the
maximum heat tolerance temperature for the community
may be determined by incubating fish eggs or fish fry on the
bottom. In July it may be determined by the important
resident invertebrate species. A well-designed thermal dis-
charge should not require an extensive mixing zone where
these criteria are exempted. Special criteria for reproduc
processes may have to be applied, although thermal
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charges should be located so that zones important for
-eproduction—rmigration, spawning, incubation—are not
1367 ‘

ria for species diversity provide a useful tool for
denufying effects of thermal changes after they have
aceurred, particularly the effects of subtle changes that are
a result of community interactions rather than physiclogical
responses by one or more major species. Further research
mav identify critical temperatures or sequences of tem-
perature changes that cannot be exceeded and may thereby
orovide a predictive capability as well. (See Appendix
[1-B.) '

Mixed Water Body {or major region thereof}

This is the region most commonly considered in es-

tablishing water quality standards, for it generally includes-

:he major area of the water body. Here the results of thermal
additions are observed as small temperature increases over a

large area (instead of high temperatures locally at the dis-

charge point), and all heat sources become integrated into
the normal annual temperature cycle (Figure III-6 and
Figure I1I-7 insert).

Detrimental high temperatures in this area (or parts of
it) are defined by the criteria for maximum temperatures
for prolonged exposure {warm and cool months) for the
most sensitive species or life stage occurring there, at each
tme of year, and by the criteria for reproduction.

For example, in the lake with the hypothetical power
st , there may be 40 principal fish species, of which half
are .onsidered important. These species have spawning
temperatures ranging from 5 to 6 C for the sauger (Stizo-
stedion canadense) to 26.7 C for the spotted bullhead (Ietalurus
serracanthus). They also have a similar range of temperatures
required for egg incubation, and a range of maximum
temperatures for prolonged exposures of juveniles and
adults, The requirements, however, may be met any time
within normal time spans, such as January 1 to 24 for sauger
spawning, and March 25 to April 29 for smallmouth bass
spawning. Maximum temperatures for prolonged exposures
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may increase steadily throughout a spring period. To
predict effects of thermal discharges the pertinent tempera-
tures for reproductive activities and maximum temperatures
for each life stage can be plotted over a 12-month period
such as shown in Fig. III-6. A maximum annual tempera-
ture curve can become apparent when sufficient biological
data are available. Mount (1970)3% gives an example of
this type of analysis.

Discharge Canal

Canais or embayments that carry nearly undiluted
condenser cooling water can develop biclogical communities
that are atvpical of normal seasonal communities. Interest
in these areas does not generally derive from concern for a
balanced ecosystem, but rather from effects that the altered
communitics can have on the entire aquatic ecosystem.

The general criteria for nuisance organisms may be
applicable. In the discharge canals of some existing power
stations, extensive mats of temperature-tolerant blue-green
algae grow and periodically break away, adding a decom-
posing organic matter to the nearby shorelines, :

The winter criterion for maximum temperatures for
prolonged exposures identifies the potential for fish kills due
to rapid decreases in temperature. During cold seasons
particularly, fish are attracted to warmer water of an
enclosed area, such as a discharge canal. Large numbers
may reside there for sufficiently long periods to become
metabolically: acclimated to the warm water. For any
acclimation temperature there is a minimum temperature
to which the species can be cooled rapidly and still survive
(lower incipient lethal temperature). These numerical
combinations, where data are available, are found in
Appendix II-C. There would be 50 per cent mortality, for
example, if largemouth bass acclimated in a discharge
canal to 20 C, were cooled to 5.5 C or below. If normal
winter ambient temperature is less than 5.5 C, then the
winter maximum should be below 20 C, perhaps nearer
15 C. If it is difficult to maintain the lower temperatures,
fish should be excluded from the area.
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TOXIC SUBSTANCES

ORGANIC MERCURY

Until recently, mercury most commonly entered the
aquatic environment by leaching from geological formations
and by water transport to streams and lakes. Since the
industrial revolution, however, mcreasmg amounts of mer-
cury have been added to the aquatic environment with
waste products from manufacturing processes or through
improper disposal of industrial and consumer products. In
addition, large quantities of mercury enter the environment
when ores are smelted to recover such metals as copper,
lead, and zinc {Klein 1971),34% and when fossil fuels are
burned. Whereas the maximum amount of mercury released
by weathering processes is approximately 230 metric tons
per year worldwide, the amount released by the burning
of coal is on the order of 3000 tons per year; and a further
quantity, probably comparable to 3000 tons, is emitted
from industrial processes (Joensuu 1971).34

In urban and industrial areas consumer products con-
taining mercury are often disposed of in sewer systems.
These mercury discharges, though individually small, can-
not be considered insignificant, because cumulatively they
add large quantities of mercury to the water courses that
receive these efffuents. On the average, the mercury concen-
tration in sewage effluent is one order of magnitude greater
than its concentration in the water course that receives it
(DItri unpublished data 1971).3% Based on Klein and Gold-
berg’s 1970344 report of mercury concentrations in samples
of ocean sediments near municipal sewer out-falls, it can
be calculated that in an urban area from 400 to 500 pounds
of mercury per million population are discharged to re-
ceiving waters every year. The uses of mercury are varied,
and its consumption is fairly large. The National Academy
of Sciences (1969)*7 reported the consumption of mercury
by user category. -

World attention focused on the environmental mercury
problem when human beings were poisoned by eating
contaminated fish and shell fish during the middle and late
1930’s in Minamata, Japan. Since the first occurrence of
“Minamata disease” in 1953, 121 cases resulting in 46
deaths have been confirmed in the Minamata area with an

additional 47 confirmed cases and 6 deaths in nearby
Niigata. (Takeuchi 1970).3%

In Sweden in the 1950°s, conservationists charged that
the abundance of methylmercury in the environment was
causing severe poisoning in seed-eating birds and their
predators (Johnels et al. 1967).%% These poisonings could
be related to the use of methylmercury in seed dressings.
When these seed dressings were prohibited, levels of mercury
declined substantially in seed-eating animals. At about the
same time, investigators found high levels of mercury in
fish in waters off Sweden, practically all of it in the form
of methylmercury.

Blologlcul Meihyluhon

Some microbes are capabie of hiclogically synthesiz
methylmercury from mercury ions (Jensen and Jernelov
1969;%% Wood et al. 1969;%% Dunlap 19713 Fagerstrdm
and Jerneldv 1971).%4 At low concentrations, the formation
of dimethylmercury is favored in the methyl transfer reaction
but at higher concentrations of mercury, the major product
appears to be monomethylmercury. In any particular eco-
systemn, the amounts of mono- and dimethylmercury com-
pounds are determined by the presence of microbial species,
the amount of organic pollution loading, the mercury con-
centration, temperature, and pH (Wood et al. 1969),35%

Biclogical Magnification

Aquatic organisms concentrate methylmercury in their.
bodies either directly from the water or through the food
chain (Johnels et al. 1967;%2 Hannerz 1968;%® Hasselrot
1968,%% Miettinen et al. 1970%%), Northern pike (Esox
{ucius) and rainbow trout (Salmo gairdneri} are able to as-
similate and con&;entratc methylmercury directly into their
muscle tissues from ingested food (Miettinen et al. 1970).34¢
In general, mercury in organisms eaten by fish increases at
each trophic level of the food chain (Hamilton 1971).3%
The magnitude of the bioaccumulation of mercury is de-
termined by the species, its exposure, feeding habits,
metabolic rate, age and size, quality of the water, and -
degree of mercury pollution in the water. Rucker

179
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Amend (1969)# established that rainbow trout contained
nercury levels of 4.0 and 17.3 pg/g in their muscle and
¢id~+ tigsue after being exposed to 60 ug/] of ethylmercury
o hour a day over 10 days. Fresh water phytopiankton,
nacrophytes, and fish are capable of biologically magnifying
nercury concentrations from water 1000 times (Chapman
>t al. 1968).330 Johnels et al. (1967)%¢ reported a mercury
:oncentration factor from water to pike of 5000 or more.
Johnels et al. (1967)%* had previously shown that when
nercury levels in pike muscle were below 0.2 ug/g, the
avel was relatively constant irrespective of weight, but
ibove 0.2 wg/g, the concentration of mercury tended to
ncrease with increasing age and weight.

Experiments in progress at the National Water Quality
Laboratory in Duluth, Minnesota, (Mount unpublished
fata 1971)%! indicate that when brook trout (Salvelinus
‘ontinalis) are held in water containing 0.05 ug/l of methyl-
mercury for 2 months they can accumulate more than
).5 ug/g of mercury. This is a magnification of 10,000
times. In the same experiments, exposure to 0.03 g/l for

5 months resulted in continuing accumulation in fish tissue '

with no indication of a plateau. In a group of fish held at
one ug/l, some organs contained 30 ug/g. Some fresh water
invertebrates have also been reported to have a 10,000
magnification {Hannerz 1968).3%

Although the mechanisms by which mercury accumulates
and concentrates have not been fully explained, at least
three factors are involved: the metabolic rate of individual
A8 ‘fferences in the selection of food as fish mature;
anu e epithelial surface of the fish (Wobeser et al. 197037
Hannerz 1968).2* The rate at which fish lose methyl-
mercury also has considerable effect on magnification of
mercury in the tissues. Miettinen et al. have shown in a
series of papers (1970)%6 that the loss of methylmercury is
poth fast and slow in fishes. The fast loss occurs early, while
mercury is being redistributed through the body, and lasts
only a few weeks. The subsequent-loss from established
binding sites follows slowly; a half-life is estimated to be
on the order of 2 years. These rates mean that fishes, and
perhaps other lower vertebrates, reduce their content of
methylmercury many times more slowly than do the higher
terrestrial vertebrates. Man, for example, is usually con-
sidered to excrete half of any given mercury . .residue in
about 80 days. Extremely low rates of loss have also been
shown in different species of aquatic mollusks and crayfish
(Cambarus) (Nelson 1971}.348

Excessive mercury residues in the sediments are dissipated
only slowly. Léfroth (1970)%4 estimated that aquatic habi-
tats poliuted with mercury continue to contaminate fish for
as long as 10 to 100 years after pollution has stopped.

Mereury in Fresh Watars

Mercury measured in the water of selected rivers of the
U 1 States ranged from less than 0.1 ug/l to 17 ug/l.
T, .hirds of the rivers contained 0.1 ug/l or less (Wallace
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et al. 1971).%% The value of 0.1 pg/! is aiso reported as the
earliest reliable estimate of mercury levels in uncontami-
nated fresh water (Swedish National Institute of Public
Health 1971).%% Some rivers tested by the Swedish Institute
were as low as 0.05 ug/l, which was also the average mercury
level in some salt waters. '

Toxicity of Organic Mercury in Water

The chemical form of methylmercury administered to
fish makes litde difference in its toxic effect (Miettinen et
al. 1970).%4 The methylmercury bound to sulfhydryl groups
of proteins, as it would be in nature, is just as toxic as the
free unbound icnic form. i

Fish are able to survive relatively high concentrations of
organomercurials for a short time with few ill effects. For
example, fry of steel head trout (Salme gairdneri) and
fingerlings of sockeye salmon (Oncorhynchus nerka) are able
to survive in 10 mg/l of pyridyl mercuric acetate for one
hour with no toxic effects (Rucker and Whipple 1951).3%0
The LC50 of pyridyl mercuric acetate for some freshwater
fish ranges from 390 ug/] to 26,000 pg/l for exposures be-
tween 24 and 72 hours (Willford 1966;%¢ Clemmens and
Sneed 1958, 1959),3%

As the exposure times lengthen, lower concentrations of
mercury are lethal, On the basis of 120-hour bicassay tests
of three species of minnows, Van Horn and Balch (1955)354
determined that the minimum lethal concentrations of
pyridyl mercuric acetate, pyridyl mercuric chloride, phenyl
mercuric acetate, and ethyl mercuric phosphate averaged
250 ug/l

Recent experiments at the National Water Quality Lab-
oratory (Mount, personal communication 1971)%% indicated
that 0.2 ug/l of methylmercury killed fathead minnows
(Pimephales promelas) within 6 to 8 weeks. Toxicity data from
this same laboratory on several other species including

Gammarus, Daphnia, top minnow (Fundulus sp.) and brook

trout (Salvelinus fontinalis) indicated that none was more
sensitive than the fathead minnow.

Northern pike seem to be more sensitive. When they
were reared in water containing 0.1 ug/1 of methylmercury
for a season and then placed in clean water, they underwent
continuing mortality. Scattered ‘mortality from this source
could ordinarily not be detected in nature, because the -
affected fish became uncoordinated and probably would
have been eaten by predators (Hannerz 1968,%* quoted by
Nelson 1971%48), :

Some species of plankton are particularly sensitive.
Studies of the effect of mercury on phytoplankton species
confirmed that concentrations as low as 0.1 ug/] of selected
organomercurial fungicides decreased both the photosynthe-
sis and the growth of laboratory cultures of the marine
alga MNitzschia delicatissum, as well as of some fresh water
phytoplankton species (Harriss et al. 1970).%%7 Ethyi.
mercury phosphate is lethal to marine phytoplankton at
60 pg/l, and levels as low as 0.5 pg/] drastically limit their
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growth (Ukeles 1962).252 There is insufficient information

about the thresholds for chronic toxicity.

Tissue Levels and Toxicity

There is almost no information on the concentrations of
mercury in the tissues of agquatic organisms that are likely
to cause mortality of the organisms themselves. Fish and
shellfish found dead in Minamata contained 9 to 24 ug/g
of mercury on the usual wet-weight basis; presumably some
of these levels were lethal (Nelson 1971).%48 Miettinen et al.
{1970)%4® showed that pike which had been experimentally
killed by methylmercury contained from 5 to 9.1 pg/g and
averaged 6.4 and 7.4 micrograms of methylmercury per
gram of muscle tissue.

Discussion of Proposed Recommoendations

At the present time there are not sufficient data available
to determine the levels of mercury in water that are safe
for aquatic organisms under chronic exposure. There have
not been, for example, any experiments on the effects of
chronic exposure to mercury on reproduction and growth
of fish in the laboratory. Since experiments on sublethal
effects are lacking, the next most useful information is on
lethal effects following moderately long exposures of weeks
or months. The lowest concentration shown to be lethal to
fish is 0.2 ug/1 of methylmercury which is lethal to fathead
minnows (Pimephales promelas) in six weeks. Because 0.2 pg/l
of methylmercury has been shown to be lethal, it is suggested
that this concentration of mercury not be exceeded at any
time or place in natural waters. Since phytoplankton are
more sensitive, the average concentration of methylmercury
in water probably should not exceed 0.05 ug/l for their
protection, This recommended average is approximately
equal to the supposed natural concentrations of mercury
in water; hence little mercury can be added to the aquatic
environment. The National Water Quality Laboratory
(Mount, unpublished data 1971)% found that exposure of
trout to 0.05 ug/l of methylmercury for 3 months resulted
in concentrations of 0.5 pg/g, the Food and Drug Adminis-
tration guideline for the maximum leve! for edible portions
of fish flesh.

These concentrations of mercury or methylmercury in
water are very low and difficult to measure or differentiate
without special equipment and preparation. These low
concentrations can also only be measured as total mercury.
Since sediments may contain 10,000 times the amount of
mercury in water, suspended solids in water can seriously
affect the values found in analyses of water for mercury
(Jerneldv 1972).34 Because of these difficulties and because
the real danger of mercury pollution results from a biological
magnification, recommendations for mercury residues in
tissues of aquatic organisms should be developed. This
would make monitoring and control not only more effective
and certain but also more feasible technically. Unfortu-
nately, data are not yet available on the residue levels that

are safe for the aquatic organisms themselves and for
organisms higher in the food chain, such as predatory fish .
or fish-eating birds, It is known that concentrations of 5. to_
10 pg/g are found in some fish that died of methylmercu
poisoning, and that 0.01 to 0.2 ug/g is apparently a vsua.
background level in freshwater fish. Because data are lacking
for safe residue levels in aquatic food chains, it-is suggested .
that the Food & Drug Administration guideline level of -
0.5 pg/g of total mercury in edible portions of freshwater
fish used as human food he the guideline to protect predators
in aquatic food chains. ‘

Hence, mercury residues should not exceed 0.5 pg/g in
any aquatic organisms. If levels approaching this are found,
there should be total elimination of all possible sources of
mercury pollution.

No distinction has been drawn between organic and in-
organic forms of mercury in these discussions because of the
possibility of biological transformation to the organic phase
in aquatic habitats. Since the form of mercury in water
cannot be readily determined, the recommendations are
primarily based upon methylmercury but expressed as total
mercury.

Recommendations

Selected species of fish and predatory aquatic
organisms should be protected when the foliowing
conditions are fulfilled: (1) the concentration of
total mercury does not exceed a total body burden
of 0.5 ug/g wet weight in any aquatic organisr
(2) the total mercury concentrations in unfilter.
water do not exceed 0.2 zg/1 at any time or piace;
and (3) the average total mercury concentration in
unfiltered water does not exceed 0.05 ug/l.

PHTHALATE ESTERS

"The occurrence of dialkyl phthalate residues has been
established in various segments of the aquatic environment
of North America. Phthalate ester residues occur principally
in samples of water, sediment, and aquatic’ organisms in
industrial and heavily populated areas (Stalling 1972).3%
In fish di-n-butyl phthalate residues ranged from 0 to 500
1g/kg, and di-2-ethylhexyl phthalate residues were as high
as 3,200 ug/kg. No well-documented information exists on
the fate of phthalate compounds in aquatic environments,

Phthalate esters are widely used as plasticizers, particu-
larly in polyvinyl chloride (PVC) piastics. The most
common phthalate ester plasticizer is di-2-ethylhexyl phthal-
ate. Di-n-butyl phthalate has been used as an insect repellent
{Frear 1969)*%® and in pesticide formulations to retard
volatilization {Schoof et al. 1963).3% Production of dioctyl
phthalate ester placticizers was estimated to be 4.10 < 103 1bs
in 1970 (Neelyl 970).%%% Total phthalate ester production
was reported to be 8.40 X [0¢ [bs in 1968, of which 4.40 X 108,
Ibs were dioctyl phthalate esters (Nematollahi et al, 1967% ™*
Production of phthalic anhydride was estimated to
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7.60X 102 1bs in 1970 (Neely 1970).3%3 PVC plastic formula-
:ions may contain 30 to 60 parts per hundred of phthalatc

sst lasticizer (Nematollahi et al, 1967).%%4

‘oxicity

Studies to determine the acute or chronic toxicity effects
>f phthalate esters or other plasticizers on aquatic organisms
aave only recently been undertaken (Stalling 1972).36¢ For
:xample, the acute toxicity of di-n-butyl phthalare to fish
s extremely low compared to pesticides (Table I11I-14).

Daphnia magna were exposed to 0.1 ug/l of *C di-a-butyl
shthalate and the organisms accumulated chemical residues
of 600 ug/kg within 10 days, or a 6,000-fold magnification
(Saunders, unpublished data 1971).3%" However, after transfer
of the Daphnia to uncontaminated water, approximately
30 per cent of the di-n-butyl phthalate was excreted in three
days. It was recently found that a concentration of 3 pg/i
of di-2-ethylhexyl phthalate significantly reduced the growth
and reproduction of Daphnia magna (Sanders unpublished
data 1971).%7

The acute toxicity of phthalate esters appears to be rela-
*ively insignificant, but these compounds may be detri-
mental to aquatic organisms at low chronic concentrations.

Recommendation

Until a2 more detailed evaluation is made of toxi-
cological effects of phthalate esters on aquatic eco-
- was, a safety factor of 0.1 has been applied to
d:  .or Daphnia magna toxicity, and a level not
to exceed 0.3 pg/l should protect fish and their
food supply.

POLYCHLORINATED BIPHENYLS

Polychiorinated biphenyls (PCB) have been found in fish
and wildlife in many parts of the world and at levels that
may adversely affect aquatic organisms (Jensen et al
1969;%7% Holmes et al, 1967;%"* Koeman et al. 19697
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TABLE III-14—Acute Toxicity of Di-n-butyl Phthalate to
Four Species of Fish and Daphnia Magna,

LESD in g/t

Species Taﬁmﬂrt W hr 40 1
Fathead minnow (Pimephales pramalis).... ................ 28] 1300 (Stalling)2s0
Sluegit (Lepomis macrachirus).. ... 120 - - 731 {Stallingpee
Channel calfish {ictaltrrus punciatug) 0 810 2910 (Slalling)es
Rainbow trout (Seimoguirdnerl)........... ... el §470 (Sangerg)er
Daphoia magna....... b aee e aaeiterre teearerreerns meerereeirirenn > 3000 (Sandersys?

Risebrough et al. 1968).?% The environmental occurrence,
uses, and present toxicological aspects of PCB were recently
reviewed by Peakall and Lincer (1970),%*% Gustafson
(1970),%" Risebrough (1970),%7 and Reynolds (1971).%8

Biphenyls may have 1 to 10 attached chlorine atoms,
making possible over 200 compounds (Gustafson 1970).372
PCB occur as residues in fish, and presumably also in water,
as mixtures of chlorinated biphenyl isomers as shown in
Table IIT-15 (Stalling and Johnson, unpublished data 1970,%%
Stalling in press®?),

Analysis of PCB has been accomplished by gas chromatog-
raphy after separation of PCB from pesticides. A separation
method has been described by Armour and Burke (1970}%%
and modified by Stalling and Huckins (1971),%! A method
using separation on a charcoal column has shown good
reproducibility (Frank and Rees, personal communication).¥%
No standardized gas-liquid chromatography method has
been proposed for the analysis of mixtures of PCB in en-
vironmental samples. The solubility of these formulations
in water has not been precisely determined, but it is in the
range of 100 to 1,000 pg/l (Papageorge 1970).3%% Since
PCB have gas chromatographic characteristics similar to
many organochlorine pesticides, they can cause serious
interference in the gas chromatographic determination of
chiorinated insecticides (Risebrough et al. 1968).38¢

The Monsanto Company, the sole manufacturer of PCB

TABLE I1I-15—Composition of PCB Residues in Selected Fish Samples from the 1970 National Pesticide Res:due
Monitoring Program

PGB Rasidus a3 Aractor © type(ug/t whole body)

River Logation Speties

1232 241 1244 Co1260 Total
[ 11 O SRR Clncinnatf, 0. Carp Cyprinus carpip 10 b1 12 5.0 11
[ O SRR Clncinnat, 0. White crappie Poximus annularus i 5.6 i
BB, Mariatts, 0. Channsl catfish letaturus punctaius 1 49 n
ONG.....ooaiaiirariaraaiinn e Matiotts, 0. Channei catflsh | 13 4.8 k[ 3
L £ 11 T Redwood, Mizs. Smalimouth bufaly Icticbus dubahus I N )
Hudson .. Poughkeepsiv, N.Y. Gofdfish Carassius auratus’ T m
Allegheny. ve.. MNairona, Pa, Wallsye Stezostadion vitreum v, 25 LA 35
elaware., ve.. Camden, RJ. 'White perch Roceus americanus 6.8 2.9 1
Lapu Faar, vv.. Ellzzbuth Town, N.C. Glzzatd shad Porosoma cepatianum 2.6 1.1 2
Lake M=*rig, +.. Part Ontario, N.Y, White perch 4.6 1.2 ks
ME i, Memphis, Tens. Drum Aplodinatus grunniens A ¥ ] .4 9
ML e, Lowall, Mass, Orum B.1 12 a
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in the United States {(Gustafson 1970),*" markets eight
formulations of chlorinated biphenyls under the trademarks
Aroclor ® 1221, 1232, 1242, 1248, 1254, 1260, 1262, and

1268. The last two digits of each formulation designate the

percent chlorine. Aroclor ® 1248 and 1254 are produced in
greatest quantmes They are used as dielectric fluids in
capacitors and in closed-system heat exchangers (Papa-
george 1970).%8% Aroclor ® 1242 is used as a hydraulic fluid,
and Aroclor ® 1260 as a plasticizer. Chlorinated terphenyls
are marketed under the trademark Aroclor ® 5442 and 5460,
and a mixture of bi- and terphenyls is designated Aroclor ®
4465, The isomer composition and chromatographic char-
acteristics of each formulation have been described by
Stalling and Huckins (1971)® and Bagley et al. (1970).%™
A contaminant of some PCB, especially those manufactured
in Europe, are chlorinated dibenzofurans (Brungs personal
communication 1972).%% Although these byproducts would
appear to be extremely toxic, no data are available on their
toxicity to aquatic life,

" Direct Lethal Toxicity !

Studies of toxicity of PCB to aquatic organisms are limited.
They show considerable variation of toxicity to different
species, as well as variation with the chlorine content of the
PCB. Nevertheless, some trends in the toxic characteristics
have become apparent, principally from the work of Mayer
as described below:

® The higher the per cent chlorine, the lower the ap-
parent toxicity of PCB to fish (Mayer, in press).*™
This was found in 15-day intermittent-flow bicassays
using bluegills (Lepomis macrochirus) and channel cat-
fish (letalurus punciatus) with Aroclor® 1242, 1248,
1254, All LC50 values were in the range 10 to 300
g/l .

® The bluegill/channel catfish experiments also iltus-
trated that all LC50 values decreased significantly
when éxposures continued from 15 to 20 days. The
96-hour LC50 of 2 PCB to fish cannot adequately
méasure its lethal toxicity. )

® The same tests showed that the toxicity of Aroclor ®
1248 doubled when the temperature was raised from
20 Cto 27 C. '

To invertebrates, Aroclor® 1242 has about the same
acute toxicity that it has to fish. In 4- and 7-day tests
(Saunders, in press),’® it killed Gammarus at 42 pg/l and
crayfish (Cambarus) at 30 pg/l, with values that were similar
to the 15-day LC50 reported for bluegills. However, there
is an extreme range in the reported short-term lethal levels
of Aroclor® 1254 for invertebrates. Saunders (in press)®®
reported a 96-hour LC50 as 80 ug/l for crayfish and only
3 pg/l for glass shrimp (Paleosmonetes) in 7-day tests; and
Duke et al. (1970)3" reported that as little as 0.94 ug/l
killed immature pink shrimp (Panaeus duorarum). Part of this
variation is related to exposure periods in the tests; part

is no doubt the variation in species response. Again this
emphasizes the point that shortsterm tests of acute toxicitic:
of PCB have serious limitations.

Marine animals may be more easily mlled by PCB th
freshwater ones (see Section I'V). When two estuarine fishe.

- (Lagodon rhomboides and Leiostomus xanthurus) were exposed
for 14 to 45 days to Aroclor® 1254, mortalities were ob-

served at 5 ug/l (Hansen, et al. 1971).3® This indicated a

‘toxicity about five times greater than summarized above

for freshwater fish but about the same as the toxicity for the
marine crustaceans mentioned above.

Feeding Studias -

Dietary exposure to PCB seems to be less of a direct
hazard to fish than exposure in water. Coho salmon
{Oncorhynchus kisutch) fed Aroclor ® 1254 in varying amounts
up to 14,500 pg/kg body weight per day accumulated whole
body residues which were only 0.9 to 0.5 of the level in
the food after 240 days of dietary exposure. Growth rates
were not affected. However, all fish exposed to the highest
treatment died after 240 days exposure; and thyroid activity
was stimulated in all except the group treated at the lowest
concentration (Mehrle and Grant unpublished daia 1971).%%4

At present, evaluation of data from laboratory experi-
ments indicates that exposures to PCB in water represents
a greater hazard to fish than dietary exposures. However,
in the environment, residue accumulation from dietary .
sources could be more important, because PCB have a
high affinity for sediments, and therefore, they readily er
food chains (Duke et al. 1970;*" Nimmo, et al, 1971}.%

Residues in Tis;ue

It is clear that widespread pollution of major waterways
has occurred, and that appreciable PCB residues exist in
fish. When analyses of 40 fish from the 1970 National
Pesticide Monitoring Program were made, only one of the -
fish was found to contain less than 1 ug/g PCB (Stalling
and Mayer 1972).* The 10 highest residue levels in the
40 selected fish ranged from 19 ug/g to 213 wg/g whole
bady weight.

By contrast, residues measured in ocean fish have been
generally below | pg/g (Risebrough 1970;%7 fensen, et al.
1969).37¢ Between the ranges in freshwater fish and those
in marine fish are the levels of PCB found in seals (Jensen
et al. 1969;%7¢ Holden 1970),%"* and in the eggs of fish-
eating birds in North America (Anderson et al. 1969;%%
Mulhern et al. 1971;*% Reynolds 1971).3%

In laboratory experiments, crustacea exposed to varying
levels of Aroclor ® 1254 in the water concentrated the PCB
within their bodies more than 20,000 times. The tissue
residues may sometimes reach an equilibrium, and in
Gammarus fasciatus PCB did not concentrate beyond 27,000
times despite an additional 3-week exposure to 1.6 pg/l
Aroclor ® (Saunders 1972).%% In contrast, PCB residue- ~»
crayfish did not reach equilibrium after a 28-day expo.
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PCB concentration factars by two estuarine fishes, Lagondon
riomboides and Lefostomus xanthurus, were similar to that
de  ™ed above for crustaceans, i.e., about 10,000 to 50,000
@i .he exposure levels in water (Hansen et al. 1971).%"
it 1 important to note that these accumulations occurred
at water concentrations of PCB that killed the fish in 15
1o +3 days.

Also similar were the accumulation ratios of 26,000 to
36,000 for bluegills (Lepomis macrockirus) chronically exposed
to 2 to 15 ug,1 of Aroclor ® 1248 and 1254. Fathead minnows
i Pimepheles promelas) chromically exposed to Aroclor ® 1242
and [254 for 8 weeks concentrated PCB 100,000 and
200,000 times the exposure levels, respectively. Residues of
50 ug/l (whole body) resulted from exposure for 8 weeks
to 0.3 ug/l Aroclor ® 1254 (Nebeker ét al, 1972).3% These
experiments with bluegills also indicated that the maximum
tevels of PCB were generally related to the concentration
of PCB in the water (50,000-200,000 times higher) to which
they were exposed (Stalling and Huckins unpublished data
1971).%97

~ Effects on Reproduction

PCB residues in salmon eggs are apparently related to
mortality of eggs. In preliminary investigations in Sweden,
Jensen and his associates (1970)%77 reported that when
residues in groups of eggs ranged from 0.4 to 1.9 ug/g on
a whole-weight basis (7.7 to 34 pg/g on a fat basis), related
mo-+alities ranged from 16 per cent up to 100 per cent.

concentrations in the range of 0.5 to 10 pg/l in
warter interfered with reproduction of several aquatic ani-
mals according to recent work of Nebeker et al. (1971).*%
About 3 ug/l of Aroclor® 1248 was the highest concen-
tration that did not affect reproduction of Daphniz magna
and Gammarus pseudolimnaens, In tests of reproduction by
fathead minnows (Pimephales promelas) all died when exposed
chronically to greater than 8.3 ug/1 of either Aroclor ® 1242
or Aroclor® 1254. Reproduction occurred at and below
5.4 ug/l Aroclor® 1242, and at and below 1.8 ug/l of
Aroclor ® 1254,

The association between residue levels and biological
effects in aquatic animals is scarcely known, but the work
of Jensen et al. (1970)%77 suggested that about 0.5 ng/g of
PCB in whole salmon eggs might be the threshold for egg
mortality. Such a level in eggs would he associated with
levels in general body tissue (e.g., muscle) of 2.5 to 5.0 pg/g.
The residue in muscle corresponded to the present Food and
Drug Administration level for allowable levels of PCB in
fish used as human food. Residues measured in the survey
by the 1970 National Pesticide Monitoring Program were
generally above 5 ug/g. _

Applying a minimal safety factor of 10 for protection of
the affected population, and for protection of other species
higher in the food chain, would yield a maximum permis-
§ ‘ssue concentration of 0.5 pg/g in any aquatic organism
in .y habitat affected by PCB.
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General Consideralions and Further Needs

Another means of control would be justified in view of
the toxicity of PCB, the lack of knowledge about how it
first enters natural ecosystems as a pollutant, and its ap-
parent distribution in high concentrations in freshwater
fish in the United States. This methed would be 1o regulate
the manufacture of PCB and maintain close control of its
uses to avoid situations where PCB is lost to the environ-
ment. The Monsante Clempany recently restricted the sale
of PCB for uses in which disposal of the end products could
not be controlled, as with plasticizers (Gustafson 1970).37

Basis for Recommendations

For PCB Jevels in water, the most sensitive reaction shown
by aquatic organisms is to the lethal effects of low concen-
trations continually present in water for long periods (weeks
or months). Concentrations in the range of 1 to 8 pg/l
have been shown to be lethal to several animals.

The work of Hansen, et al. (1971)%% and Stallings and
Huckins (unpublished data 1971)®' indicates that concen-
trations of 0.01 pg/1 of PCB in water over periods of up to
36 weeks could lead to dangerous levels of PCB in the
tissues of aquatic organisms. Accumulation by factors of
75,000 to 200,000 times is indicated by their work. If the
higher ratio is taken, 0.0l ug/l in water might result in 2.0
#g/g in flesh on whole fish basis. This is comparable to the
residue level in salmon eggs associated with complete
mortality of embryos. Therefore, a concentration is recom-
mended that is reduced by a factor of 5, or 0.002 pg/l. In
addition, 2 control based on residue levels is required, as
well as one based on PCB in the water..

Recommendations

Aguatic life should be protected where the maxij-

"mum concentration of total PCB in unfiltered
‘water does not exceed 0.002 ug/1 at any time or

place, and the residues in the general body tissues

of any aquatic organism do not exceed 0.5 ug/g.

METALS

General Data-

Several reviews of the toxicity of metals are available
(e.g., Skidmore 1964;%% McKee and Wolf 1963;4s
Doudoroff and Katz 1953).%%¢ Some of the most relevant
research is currently in progress or only recently completed.
Some deals with chronic effects of metals on survival,
growth, and reproduction of fish and other organisms. The
completed studies have estimated safe concentrations, and
from these application factors have been derived as defined
in the discussion of bioassays (pp. 118-123).

The important relation between water hardness and
lethal toxicity is well documented for some metals (see
Figure III-9). For copper, the diﬂ'erencg‘ in toxicity may
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10t be related to the difference in hardness per se, but to
he difference in alkalinity of the water that accompanies
:hr -~ in hardness (Stff 1971).4% Nevertheless, the re-
a: .0 hardness is a convenient and accepted one. The
2rdness classification developed by the U.S. Geological
Survey is the following:

Soft 0- 60 mg/t (hardness as CaCO;)
Moderately hard 61-120 mg/1
Hard in excess of 120 mg/]

There are many chemical species of metals in water;
iome are toxic to aquatic life, others are not, Hydrogen ion
:oncentration in water is extremely important in governing
‘he ‘species and solubility of metals and therefore the lethal
oxicity. At high pH, many heavy metals form hydroxides
or basic carbonates that are relatively insoluble and tend
© precipitate. They may, however, remain suspended in
‘he water as fine particles (O’Connor et al. 1964;% Stiff
1971).44

The toxicity of suspended hydroxides of metal depends
on the particular situation. For example, suspended zinc has
oeen found to be nontoxic (Sprague 1964a& b}, 4% equally
as toxic as dissolved zinc (Lloyd 1960)*® and more toxic
than dissolved zinc (Mount 1966).47 This indicates that
suspended zinc is at least potentially poisonous, and there-
fore the total metal measured in the water should be con-
sidered toxic. It is difficult to predict the effect of pH on
oxi~ty, For example, low pH (about 5) as well as high pH
(a 9) reduced toxicity of copper and zinc compared to
that at neutral pH (Fisheries Research Board of Canada
unpublished data 1971).4% Therefore pH should be regulated
in bioassays with metals in order to simulate local conditions
and to explore any effect of local variation of pH.

In addition to hardness, numerous other factors influence
the lethal toxicity of copper to fish. McKee and Wolf
{1963)4% and Doudoroff and Katz (1953)%¢ inctuded dis-
solved oxygen, temperature, turbidity, carbon dioxide,
magnesium salts, and phosphates as factors affecting copper
toxicity. Artificial chelating compounds such as nitrilp-
triacetic acid can reduce or eliminate toxic effects of zinc
and other metals (Sprague 1968b)‘® and there may be
natural chelating agents that would do the same thing.
Certain organic ligands (Bender et al. 1970)® and amino
acids from sewage treatment plant effluent {United King-
dom Ministry of Technology 1969)4%* also reduce the
toxicity of copper by forming copper-organic complexes
that do not contribute to lethal toxicity. It is safe to assume
that some of these factors will influence the toxicity of other
metals. In addition, the amount of metals found (at least
temporarily)} in living biological matter is included in most
routine water analyses. At the present time, however, it is
not possible to predict accurately the amount of total metal
in any environment that may be lethal, biclogically active,
o itributory to toxicity., Consequently, the following
re.._amendations are made. .
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Recommendations

Since forms or species of metais in water may
change with shifts in the water quality, and since
the toxicity to aquatic life may concurrently
change in as yet unpredictable ways, it is recom-
mended that water quality criterla for a given
metal be based on the total amount of it in the

water, regardless of the chemical state or form of

the metal, except that settleable solids should be
excluded from the analysis (Standard Methods
1971).4% Additionally, hardness affects the toxicity
of many metals (see Figure II1-9),

Metals which have collected in the sediments
can redissolve into the water, and such redissolved
metals should meet the criteria for heavy metals.
To protect aquatic life, amounts likely to be harm-
ful should not occur in the sediments.

It is recommended that any metal species not
specifically mentioned in this report but suspected
of causing detrimental effects on aquatic life be
examined as outlined in the section on Bioassays.

Aluminum

Current research by Freeman and Everhart (197197
indicated that aluminum salts were slightly soluble at
neutral pH; 0.05 mg/] dissolved and had no sublethal
effects on fish. At pH 9, at least 5 mg/] of aluminum dis-
solved and this killed fingerling rainbow trout within 48
hours. However, the suspended precipitate of ionized alumi-
num is toxic. In most natural waters, the ionized or po-
tentially ionizable aluminum would be in the form of anionic
or neutral precipitates, and anything greater than 0.1 mg/1 -
of this would be deleterious to growth and survival of fish.

Recommendation

Careful examination of toxicity problems should
be made to protect aquatic life in situations where
the presence -of ionic aluminum is suspected.
Aluminum may have conmderably greater toxicity
than has been assumed.

Cadmium

This metal is an extremely dangerous cumulative poison.
In mammals (Nilsson 1970),*® fish (Eaton unpublished data
1971}, and probably other animals, there is insidious,
progressive, chronic poisoning because there is almost. no
excretion of the metal. In its acute lethal action on rainbow
trout (Salmo gairdneri), Ball (1967)* found cadmium un-
usually slow. A lethal threshold of 0.0l mg/l was not dis-
cernible until seven days’ exposure. Other investigators
(Pickering and Gast, in press,®” Eaton unpublished data
1971)4% have determined lethal threshold concentrations in
fathead minnows in 2 to 6 days and in bluegill in 96 hours.
The chronically safe levels for both fathead minnows
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(Pimephales promelas) (Pickering and Gast, in press)?” and
bluegill sunfish (Lepomis macrochirus) (Eaton unpublished data
1971)%? in hard water (200 mg/1 as CaCQ;) are hetween
0.06 and 0.03 mg/l. In these exposures, death of eggs or
early larvae ‘was one of the effects observed. at the lowest

unsafe concentrations tested. Recent exposures of eggs and
" larvae at the National Water Quality Laboratory (Duluth)
in soft water (45 mg/l as CaCQO;) demonstrated that 0,01
mg/1 was unsafe; 0.004 mg/] was safe for several warm- and
coldwater fishes, including some salmonids; and the safe
level for coho salmon fry (Oncorfiynchus kisuich) was lower,
i.e., between 0.004 mg/l and 0.00} mg/l (McKim and
Eaton unpublished data 1971).449

Daphnia magna appeared to be very sensitive to cadmium.
Concentrations of 0.0005 mg/] were found to reduce repro-
duction in one-generation exposures lasting three weeks
(Biesinger and Christensen unpublished data 1971).4° This
sensitivity is probably representative of other crustaceans
as well.

4

Recommendation

Aquatic life should be protected where levels of
cadmium do not exceed ¢.03 mg/l in water having
total hardness above 100 mg/t as CaCQO,, or 9.004
mg/l in waters with a hardness of 100 mg/l or
below at any time or place. Habitats should be
safe for crustaceans or the eggs and larvae of
salmon if the levels of cadmium do not exceed
0.003 mg/l1 in hard water or 0.0004 mg/l in soft
water at any time or place. '

Chromium

The chronic toxicity of hexavalent chromium to fish has
been studied by Olson (1958),%* and Olson and Foster
(1956,%3 1957).4 Their data demonstrated a pronounced
cumulative toxicity of chromium to rainbow trout and
chinook salmon (Oncorhynchus tskawytscha). Duodoroff and
Katz (1953)%¢ found that bluegills (Lepomis macrochirus)
tolerated a 43 mg/! level for 20 days in hard water. Cairns
(1956),%? using chromic oxide (CrQy), found that a concen-
tration of 104 mg/l was toxic to bluegills'in 6 to 84 hours.
Bioassays conducted with four species of fish gave 96-hour
LC50’s of hexavalent chromium that ranged from 17 to
118 mg/l, indicating little effect of hardness on toxicity
(Pickering and Henderson 1966).4¢

Recently some tests of chronic effects on reproduction of

. fish have been carried out. The 96-hour LC50 and safe
concentrations for hexavalent chromium were 33 and 1.0
mg/]1 for fathead minnows (Pimephales promelas) in hard
water (Pickering unpublished data 1971),%* 50 and 0.6 mg/]
for brook trout {Salvelinus fontinalis) in soft water, and 69
and 0.3 mg/l for rainbow trout (Sa/mo gairdneri} in soft
water (Benoit unpublished data 1971).4% Equivalent values
for trivalent chromium were little different: 27 mg/l for
the 96-hour LC50, and 1.0 mg/] for a safe concentration

for fathead minnows in hard water (Pickering unpublishe:
data 1971).44¢

For Daphnia the LCS0 of hexavalent chromium was rr
ported as 0.05 mg/l, and the chronic no-effect level
trivalent chromium on reproduction was 0.33 mg/l (Bie-
singer and Christensen unpublished data 1971).4 Some data
are available concerning the toxicity of chromium to aigae.
The concentrations of chromium that inhibited growth for
the test organisms are as follows (Hervey 1949):4° Chlor-
ococcales, 3.2 to 6.4 mg/l; Euglenoids, 0.32 o 1.6 mg/}:
and diatoms, 0.032 to 0.32 mg/l. Patrick (unpublished data
1971)#7 found that 50 per cent growth reduction for two
diatoms in hard and soft water occurred at 0.2 to 0.4 mg/]
chromium.

Thus it is apparent that there is a great range of sensi-
tivity to chromium among different species of organisms
and in-different waters. Those lethal levels reported above
are 17 to 118 mg/] for fish, 0.05 mg/i for invertebrates, and
0.032 to 6.4 mg/l for algae, the highest value being 3,700
times the lowest one. The apparent “safe” concentration
for fish is moderately high, but the recommended maximum
concentration of 0.05 mg/l has been selected in order to
protect ather organisms, in particular Dephria and certain
diatoms which are affected at slightly below this concen-
tration.

Recommendation

Mixed aquatic populations should be protected
where the concentration of total chromium
water does not exceed 0.05 mg/l at any time ..
place.

Copper

-Copper is known to be particularly toxic to algae and
mollusks, and the implications of this should be considered
for any given body of water. Based on studies of eflects on
these organisms, it is known that the criteria for fish protect
these other forms as well. Recent work (Biesinger et al.
unpublished data 1971)*%* indicated that the safe level of
copper for reproduction and growth of Daphnia magne in
soft water (45 mg/l as CaCOy) is 0.006 mg/l, "which is
similar to the concentrations described below as safe for
fish. The relationship of LC50 to water hardness was shown
in Figure III-7 for rainbow trout (Salme gairdnert).

The safe concentration of copper for reproduction by fat-
head minnows (Pimephales promelas) in hard water (200
mg/l as CaCOy) was between 0.015 and 0.033 mg/!l .
(Mount 1968),%% and in soft water (30 mg/l as CaCOy)
was between 0.011 and 0.018 mg/! (Mount and Stephan
1969),4* More recent work with fathead minnows in hard
water indicated that a concentration of 0.033 mg/] would
probably be safe (Brungs unpublished data 1971).4% Ac-
ceptable reproduction by brook trout (Salvelinus fontinalis)
in soft water (45 mg/l as CaCOs) occurred between 0
and 0.018 mg/1 (McKim and Benoit 1971).48 The saft

10870

!



lethal ratios determined in these studies varied sormewhat;
but that for hard water is close to 0.1 and that for soft water
is oximately 0.1 to 0.2. In very soft water, typical of
.. aorthern and mountainous regions, 0.1 of the 96-hour
LC50 for sensitive species would be close to what is con-
sidered a natural concentration in these waters.

Recent work indicated that avoidance reactions by fish
may be as restrictive as reproductive requirements or even
more so (Sprague 1964b).4® It has been demonstrated that
4tlantic salmon (Salmo salar) avoid a concentration of 0.004
me/l in the laboratory.

Recommendation

Once 2 96-hour LC50 has been determined using
the receiving water in question and the most sensi-
tive important species in the locality as the test
organism, a concentration of copper safe to aquatic
life in that water can be estimated by multiplying
the 96-hour LC50 by an application factor of 0.1.

1

lead

Lead has a low solubility of 0.5 mg/] in soft water and
onty 0.003 mg/l in hard water, although higher concen-
trations of suspended and colloidal lead may remain in the
water. The extreme effects of water hardness on lead toxicity
are demonstrated by the LCS50 values in hard and soft
w 3, The 96-hour LC50 values in soft water (20 to 45
n., as CaCOy) were 5 to 7 mg/l and 4 to 5 mg/l for the
fathead minnow (Pimephales promelas) and the brook trout
(Salvelinus fontinalis) respectively (Pickering and Henderson
1966,48 Benoit unpublished data 1971).4% Brown (1968)"
reported a 96-hour LC30 of 1 mg/l for rainbow trout
(Salmo gairdneri) in soft water (50 mg/l as CaCOy). (See
Figure II1-9 for other values for this species.) The 96-hour
LC350 values of lead in hard water were 482 mg/l and
442 mg/l for fathead minnow and brook trout (Pickering
and Henderson 1966).4

There is not sufficient information on chronic taxicity
of lead to fish to justify recommending values as application
factors. However, preliminary information on long ex-
posures (2 to 3 months) on rainbow trout and brook trout
(Everhart unpublished data 1971,%% Benoit unpublished data
1971)498 indicated detrimental effects at 0.10 mg/! of lead
in soft water (20 to 45 mg/l as CaCQy), a safe-to-lethal
ratio of less than 0.02.

Growth of guppies (Lebistes) was affected by 1.24 mg/1
of lead (Crandall and Goodnight 1962},4 Jones (1939)41
and Hawksley (1967)® found chronic or sublethal effects
on sticklebacks from lead concentrations of 0.1 and 0.3
mg/l. The conditioned behavior of goldfish (Carassius
auratus) in a light-dark shuttlebox was adversely affected
b .07 mg/l of lead in soft water (Weir and Hine 1970).4%7

ronic lead toxicity was recently investigated with
.Daphnia magna (Biesinger and Christensen unpublished data
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1971)# and the effect on reproduction was ohserved at a
level of 0.03 mg/! of lead. This concentration of 0.03 mg/l,
the safe level for Daphnia, is recommended as the criterion
for protection of aquatic life. It is probably also close to
the safe level for fish, because the tests described above,

- although somewhat preliminary, indicated that concen-

trations about 2 or 3 times higher had detrimental effects.

Recommendation

The concentration of lead in water should not
be higher than 0.03 mg/I at any time or place in

.order to protect aquatic life.

Mercury

Most data about mercury involve the organic compounds
(see the discussion of Organic Mercury, p. 172.) Infor-
mation is available, however, for inorganic mercury in the
form of mercuric ions. Short-term 96-hour bioassay studies
indicated that concentrations of 1 mg/l are fatal to fish
(Boetius 1960,*® Jones 1939, Weir and Hine 1970).47
For long-term exposures of 10 days or more, mercury levels
as low as 10 to 20 mg/I have been shown to be fatal to fish
(Uspenskaya 1946).43

Recommendation

In protecting aquatic life, the recommendations
for organic mercury (p. 174) also pertain here,.
Nicket

The 96-hour LC350 of nickel for fathead minnows
(Pimephales promelas) ranges from 5 mg/l in soft water (20
mg/l as CaCQ;) to 43 mg/] in hard water (360 mg/] as
CaCO;) under static test conditions (Pickering and Hender-
son 1966).2 In water of 200 mg/1 hardness (as CaCQOy),
the 96-hour LC50 for fathegd minnows was 26 to 31 mg/l
with a chronically safe concentration between 0.8 and 0.4
mg/l (Pickering unpublished data 1971).%® On the basis of
this work, an application factor of 0.02 appeared to be
appropriate for the protection of fish. If this factor is used,
the estimated safe concentration of nickel for fathead
minnows in soft water would be about 0.1 mg/l. Using
static test conditions and Dephnia magna, Biesinger and
Christensen (unpublished data 1971)*® determined that a
nickel concentration of 0.095 mg/] reduced reproduction
during a 3-week exposure in soft water (45 mg/1 as CaCQO;),
and a nickel concentration of 0.030 mg/1 had no effect.
This result indicated that the sensitivity of Daphnia magna
is comparable to that of fish.

Recommendation

Once a 96-hour LC50 has been determined using
the receiving water in question and the most sensi-
tive important species in the locality as the test
organism, a concentration of nickel safe to aquatic
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life in that water can be estimated by multiplying
the 96-hour LC50 by an application factor of 0.02.

Zine

The acute lethal toxicity of zinc is greatly affected by
water hardness (see Figure III-7), Pickering and Henderson
(1966)4% determined the 96-hour LC50 of zinc for fathead
minnows {Pimephales promelas) and bluegills (Lepomis macro-
chirus) using static test conditions. For fathead minnows in
soft water (20 mg/l as CaCQO;) the LC50 was 0.87 mg/],
and in hard water (360 mg/l as CaCOy) it was 33 mg/L.
Bluepills were more resistant in both waters. Similarly the
lethal threshold concentration was 3 or 4 times as high for
coarse fish as for trout (Salvelinus fontinalis) (Ball 1967).%¢

The 24-hour LC5H0 of zine for rainbow trout (Salmo
gatrdneri) was reduced only 20 per cent when the fish were
forced to swim at 85 per cent of their maximum sustained
swimming speed (Herbert and Shurben 1964).4* The maxi-
mum effect of a reduction in dissolved oxygen from 6 to 7
mg/I to 2 mg/l on the acute toxicity of zinc was a 50 per cent
increase (Lloyd 1961,%2 Cairns and Scheier 1958,%* Picker-
ing 1968).4* The effects are small in comparison to the
difference between acutely toxic and safe concentrations.
The recommended application factor recognizes these
effects.

A chronic test in hard water (200 mg/l as CaCOQy),
involving fathead minnow reproduction, determined the
safe concentration of zinc to be between 0.03 mg/l, which
had no-effect, and 0.18 mg/l, which caused 83 per cent
reduction in fecundity (Brungs 1969}.4% Using the 96-hour
LC50 of 9.2 mg/l, the ratio of the above no-effect concen-
tration to the LC50 is 0.0034. Interpolation suggests that
about 0.005 of the LC50 would cause 20 per cent reduction
of fecundity, making the best estimate of a valid application
factor close to 0.003. o

There was a reduction in reproduction of Daphnia magna

at a zinc conceéntration of 0.10 mg/l using soft water (45

mg/1 as CaCQy3) (Biesinger and Christensen unpublished data
1971).4% No effect was ohserved at 0.07 mg/l, which indi-
cated that Daphnia magna was more resistant to zinc than
the fathead minnow.

Avoidance reactions by rainbow trout in the laboratory
have been caused by 0.01 of the LC50 of zinc (Sprague
1968a), 43

Recommendation

Once a 96-hour LC50 has been determined using
the receiving water in question and the most sensi-
tive important species in the locality as the test
. organism, a concentration of zinc safe to aquatic

. life in that water can be estimated by mulitiplying.

the 96-hour LC50 by an application factor of 0.005.

PESTICIDES

Pesticides are chemicals, natural and synthetic, used to.
control or destroy plant and animal life considered -adver
to human society. Since the 1940's a large number c.
synthetic organic compounds have been developed for .
pesticide purposes. Presently there are thousands of regis-
tered formulations incorporating nearly 900 different chemi- .
cals. Trends in production and use of pesticides indicate an.
annual increase of about 13 per cent, and there are pre-
dictions of increased demand during the next decade (Mrak
1969).477 The subject of pesticides and their environmental -
significance has been carefully evaluated in the Report of
the Secretary’s Commission on Pesticides and their Re-
lationship to Environmental Health (Mrak 1969).47

Methods, Rate, and Frequency of Application

Pesticides are used for a wide variety of purposes in a
multitude of environmental situations. Often they are
categorized according to their use or intended target (e.g.,
insecticide, herbicide, fungicide), but their release in the
environment presents an inherent hazard to many non-
target organisms. Some degree of contamination and risk
is assumned with nearly all pesticide use. The risk to aquatic
ecosystems depends upon the chemical and physical prop-
erties of the pesticide, type of formulation, frequency, rate
and methods of application, and the nature of the receiving
system. '

The pesticides of greatest concern are those that 2
persistent for long periods and accumulate in the envire.
ment; those that are highly toxic to man, fish, and wildlife;
and those that are used in large volumes over broad areas.
A list of such chemicals recommended for monitoring in the -
environment appears in Appendix II-F. The majority of
these compounds are either insecticides or herbicides used
extensively in agriculture, public health; and for household
or garden purposes. In the absence of definitive data on
their individual behavior and their individual effect on the
environment, some generalization about pesticides is re-
quired to serve as a guideline for establishing water quality
criteria to protect aquatic life. In specific instances, how-
ever, each compound must be considered individually on
the basis of information about its reaction in the environ-
ment and its effect on aquatic organisms.

Sources and Distribution

The major sources of pesticides in water are runoff from
treated lands, industrial discharges, and domestic sewage.
Significant contributions may also occur in fallout from

- atmospheric drift and in precipitation (Tarrant and Tatton

1968).4%% Applications to water surfaces, intentional or
otherwise, will result in rapid and extensive contamination.
The persistent organochlorine pesticides have received the
greatest attention in monitoring programs (Lichtenb

et al. 1970,*" Henderson et al. 1969).1 Their extens.
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distribution in aquartic systems is indicative of environ-
mental loading from both point and nonpoint sources.

® 7 ny pesticides have a low water solubility that favors
th apid sorption on suspended or sedimented materials
and their affinity to plant and animal lipids. Soluble or
dispersed fractions of pesticides in the water rapidly decline
after initial contamination, resulting in increased concen-
trations in the sediments (Yule and Tomlin 1971).9% In
streams, much of the residue is in continuous transport on
suspended particulate material or in sediments (Zabik
1969).4® The distribution within the stream flow is non-
uniform because of unequal velocity and unequal distri-
bution of suspended materials within the stream bed (Feltz
et al. 1971).4%% Seasonal fluctuations in runoff and use
pattern cause major changes in concentration during the
year, but the continuous downstream transport tends to
reduce levels in the upper reaches of streams while increas-
ing them in the downstream areas and eventually in major
receiving basins (i.e., lakes, reservoirs, or estuaries). If
applications in a watershed cease entirely, residues in the
stream will gradually and continuously decline (Sprague
et al. 1971).% A similar decjine would be expected in the
receiving hasins but at a slower rate.

In lakes the sediments apparently act as a reservoir from
which the pesticide is partitioned into the water phase
according to the solubility of the compound, the concen-
tration in the sediment, and the type of sediment (Hamelink
et =l 1971).4%8 Dissolved natural organic materials in the
w may greatly enhance the water solubility of some
pesucides (Wershaw et al. 1969).%% Some investigations
indicated pesticides may be less available to the water in
eutrophic systems where the higher organic content in the
sediments has a greater capacity to hold pesticide residues
{Lotse et al. 1968,*2 Hartung 1970*%). This in part ex-
plained the difference in time required for some waters to
“detoxify,” as observed in lakes treated with toxaphene to
eradicate undesirable fish species (Terriere et al. 1966).488

Herbicides apphed to aquatic systems to control plant
growths are removed from the water by abserption in the
plants or sorption to the hydrosoil. The rate of disappearance
from the water may be dependent upon the availability of
suitable sorption sites. Frank and Comes (1967)%% found
residues of dichlobenil in soil and water up to 160 days after
application. They also found that diquat and paraquat
residues were persistent in hydrosoils for approximately 3
to 6 months after application. Granular. herbicide treat-
ments made on a volume basis deposit greater quantities on
the hydrosoil in deep water areas than in water of less depth.
The granules may supply herbicide to the water over a
period of time dependmg upon solubility of the herbicide,
concentrations in the granule, and other conditions.

Because the distribution of pesticides is nonumform
sampling methods and frequency, as well as selection of
5 ‘ing sites, must be scientifically determined (Feltz
e . 1971).%% Pesticides found in the water in suspended
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particulate material and in sediments may be toxic to
aquatic organisms or contribute to residue accumulation
in them. :

Persistence and Biclogical Accumulation

All organic pesticides are subject to metabolic and non-
metabolic degradation in the environment. Specific com-
pounds vary widely in their rate of degradation, and some
form degradation products that may be both persistent and
toxic. Most pesticides are readilv degraded to nontoxic or
elermnentary materials within a few days to a few months;
these compounds may be absorbed by aquatic organisms,
but the residues do not necessarily accumulate or persist
for long periods. Concentrations in the organism may be
higher than ambient water levels, but they rapidly decline
as water concentrations are diminished. Examples of such
dynamic exchange have been demonstrated with malathion
(Bender 1969),%*** methoxychlor (Burdick et al. 1968),4°
and various herbicides (Mullison 1970}.47* If degradation
in water is completed within sufficient time to prevent toxic
or adverse physiological effects, these nonpersistent com-
pounds do not pose a long-term hazard to aquatic life.
However, degradation rates of specific pesticides are often
dependent upon environmental conditions. Considerable
variation in persistence may he observed in waters of differ-
ent types, Gakstatter and Weiss (1965),%® for example,
have shown that wide variations in the stability of organic
phosphorous insecticides in water solutions is dependent
upon the pH of the water. The half-life of malathion was
rectuced from about six months at pH 6 to’'only ane to two
weeks at pH 8. Repeated applications and slow degradation
rates may maintain elevated environmental concentrations,
but there is no indication that these compounds can be
accumulated through the food chain.

Some pesticides, primarily the organochlorine com-
pounds, are extremely stable, degrading only siowly or
forming persistent degradation products. Aquatic organisms
may accumulate these compounds directly by absorption
from water and by eating contaminated food organisms.
In waters containing very low concentrations of pesticides,
fish probably obtain the greatest amount of residue from
contaminated foods; but the amount retained in the tissue
appears to be a function of the pesticide concentration in-
the water and its rate of elimination from the brganism
{(Hamelink et al. 1971}.48 The transfer of residues from
prey to predator in the food chain ultimately results in
residues in the higher trophic levels many thousand times
higher than ambient water levels. Examples of trophic
accumulation have been described in several locations in-
cluding Clear Lake, California (Hunt and Bischoff 1960),463
and Lake Poinsett, South Dakota (Hannon et al. 1970).4%

Residves

Samples of wild fish have often contained pesticide resi-
dues in greater concentrations than are tolerated in any
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commercially produced agricultural products. - The highest
concentrations are often found in the most highly prized
fish. Coho salmon- (Oncorhyncus kisutch) from Lake Michigan
are not considered acceptable for sale in interstate commerce
on the basis of an interim guideline for DDT and its
metabolites set for fish by the U.S. Food and Drug Adminis-
tration (Mount 1968).47% Lake trout (Salvelinus namaycush)
and some catches of chubs (Coregonus kiyi and Coregonus hoyi)
and lake herring (Coregonus artedi) from Lake Michigan also
exceed the guideline limits and are thus not considered
acceptable for interstate commerce (Reinert 1970;4% Michi-
gan Department of Agriculture personal communication).®®
Pesticide residues in fish or fish products may enter the
human food chain indirectly in other ways, as in fish oil
and meal used in domestic animal feeds.

Fish may survive relatively high residue concentrations
in their body fats, but residues concentrated in the eggs of
mature fish may be lethal to the developing fry. Up to
100 per cent loss of lake trout (Salvelinus namaycush) fry
occurred when residues of DDT-DDD in the eggs exceeded
4,75 mg/kg (Burdick et al. 1964).4% A similar mortality
was reported in coho salmon fry from Lake Michigan
where eggs contained significant quantities of DDT, di-
eldrin, and polychlorinated biphenyls ( Johnson and Pecor
1969488 Johnson 1968).4%% Johnson (1967)4¢7 reported that
adult fish not harmed by low concentrations of endrin in
water accumulated levels in the eggs that were lethal to the
developing fry. Residues in fish may be directly harmful
under stress conditions or at different temperature regimes.
Brook trout (Salvelinus fontinalis) fed DDT at 3.0 mg/kg
body weight per week for 26 weeks suffered 96.2 per cent
mortality during a period of reduced feeding and declining
water temperature. Mortality of untreated conwol fish
during the same period was 1.2 per cent (Macek 1968).473

Declining water temperature during the fall was believed

to cause delayed mortality of salmon parr in streams con-
taminated with DDT (Elson 1967).45 ‘

In addition to the problem of pesticide residues in aquatic
systems, other problems suggest themselves and remain to
be investigated, including the potential of resistant fish
species to accumulate levels hazardous to other species
(Rosato and Ferguson 1968) ;4% the potential for enhanced
residue storage when fish are exposed to more than one
compound (Mayer et al. 1970);17¢ and the potential effect
of metabolites not presently identified. The adverse effects
of DDT on .the reproductive performance of fish-eating
hirds has been well documented. (See the discussion of
Wildlife, pp. 194~198.)

Levels of persistent pesticides in water that will not resuit

in undesirable effects cannot be determined on the basis of

present knowledge. Water concentrations below the practical
limits of detection have resulted in unaceeptable residues in
fish for human consumption and have affected reproduction
and survival of aquatic life. Criteria based upon residue

concentrations in the tissues of selected species may offer
some guidance. ‘Tolerance levels for pesticides in wild fish
have not been established, but action levels have been sug-

- gested by the U.S: Food and Drug Administration (Mous

1968).47¢ However, acceptable concentrations of persistent
pesticides that offer protection to aquatic life and human

-health are unknown.: -

It should also be recognized that residue criteria are
probably unacceptable except on a total ecosystem basis.
Residues in stream fish may meet some guidelines, but
pesticides from that stream may eventually create excessive
residues in fish in the downstream receiving basins. Until
more is known of the effects of persistent pesticide residues,
any accumulation must be considered undesirable.

Toxicity

Concentrations of pesticides that are lethal to aquatic life
have often oceurred in local areas where applications overlap
streams or lakes, in streams receiving runoff from recently
treated areas, and where misuse or spillage has occurred.
Applications of pesticides to water to control noxious
plants, fish, or insects have also killed desirable species.
Fish populations, however, usually recovered within a few

- months to a year (Elson 1967).45 The recovery of aquatic

invertebrates in areas that have been heavily contaminated
may require a longer period, with some species requiring
several years to regain precontamination numbers (Cope
1961,4% Ide 1967).4% Undesirable species of insects may be
the first to repopulate the area (Hynes 1961),%¢ and
some instances the species composition has been complete.,.
changed (Hopkins et al. 1966).4% Areas that are contami-
nated by pesticide application are subject to loss of fish
populations and reduced food for fish growth (Schoenthal
196448 Kerswill and Edwards 1967) .48 Where residues are
persistent in bottom sediments for long periods, benthic
organisms may be damaged even though water concen-
trations remain low (Wilson and Bond 1969),488

Pesticides are toxic to aquatic life over wide ranges,
Great differences in susceptibility to different compounds
exist between' species and within species. For example,
96-hour LCS50 values of 5 to 610,000 pg/l were reported
for various fish species exposed to organophosphate pesti-
cides (Pickering et al. 1962).4™ In addition to species’
differences, the toxicity may be medified by differences in
formulation, environmental conditions, animal size and age,
and physiological condition. The effect of combinations of
pesticides on aquatic organisms has not received sufficient
attention. Macek (unpublished data 1971)* reported that
combinations of various common pesticides were synergistic
in their action on bluegill (Lepomis macrochirus) and rainbow
trout (Salmo gairdneri), while others had additive effects.
Several of the combinations that were found to be syner-

gistic are recommended for insect pest control (Table
I11-~186).
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TABLE JII-16—Acute Tosic Interaction of Pesticide
Combinations to Rainbow Trout and Bluegills.

Ainztion
Compotnd A Compound B Toxic interaction

Yapoma Additive
Endrin Additive

. Disldrin Additive
Azinphosmathyl Additive

. Toxaphena Additives
Zeslian Additive
BHE Synergistice
Conper sullste Synergistic
Diatinon Synerqistic
1]:13 Additivee
Endosufian Additive
v.. Muthoxyehlar Syiargistise
. Bapex Synarglstic
Copper suifate Antagonistic

poT Additive
EPN Synerqistic
Parathion Synergistic
Porthans Synergistice
Larharyl Synergistics
Toxaphens Additiyas
Copper sulfats Synesgittic

... DOT Additive
. Azinphosmethyl Additivee
Methoxychtor Additive
Parathien Additives
ROt Additive
Endosutian Additives
Carbaryl Additives
Sumithion Additive

a This combination recommsnded for cantra of Insesl pests by the 11,5, Department of Agricutitrve.
Net —enilion of trade nemes does not conslitute endorsement

Most data on pesticide effects on aquatic life are limited
to a few species and concentrations that are lethal in
short-term tests, The few chronic tests conducted with
aquatic species indicated that toxic effects occurred at much
lower concentrations. Mount and Stephan (1967)%% found
the 96-hour LC30 for fathead minnows (Pimephales promelas)
in malathion wag 9,000 ug/l, but spinal deformities in adult
fish occurred during a 10-month exposure to 580 ug/l.
Eaton (1970)*% found that bluegill suffered the same
crippling effects after chronic exposure to 7.4 ug/l malathion
and the 96-hour LC50 was 108 pg/lL. .

Where chronic toxicity data are available, they may be
used to develop application factors to estimate safe levels.
Mount and Stephan (1967)4"% have suggested using an
application factor consisting of the laboratory-determined
maximum concentration that has no effect on chronic
exposure divided by the 96-hour LC50. Using this method,
Eaton (1970)4% showed that application factors for bluegill
and fathead minnow exposed to malathion were similar
despite a greater than 30-fold difference in species sensi-
tivity. Application factors derived for one compound may
be appropriate for closely related compounds that have a
similar mode of action, but additional research is necessary
t ify this concept. In the absence of chronic toxicity
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data, the application factors for many compounds must be
arbitrary values set with the intention of providing some
margin of safety for sensitive species, prolonged exposure,
and potential effects of interaction with other compounds.

Busis for Criteria

The reported acute toxicity values and subacute effects
of pesticides for aquatic life are listed in Appendix [I-D.
The acute toxicity values multiplied by the appropriate
application factor provided the recommended criteria. The
96-hour LCS50 should be multiplied by an application factor
of 0.01 in most cases. The value derived from multiplying
the 96-hour LC30 by a factor of 0.01 can be used as the
24-hour average concentration.

Recommended concentrations of pesticides may be below
those presently detectable without additional extraction and
concentration techniques. However, concentrations below
those detectable by routine techniques are known to cause
detrimental effects to aquatic organisms and to man.
Therefore, recommendations are based on bioassay pro-
cedures and the use of an appropriate application factor.

The recommendations are based upon the most sensitive
species. Permissible concentrations in water have been sug-
gested only where several animal species have been tested.
Where toxicity data are not available, acute toxicity bio-
assays should be conducted with locally important sensitive
aquatic species, and safe levels should be estimated by using
an application factor of 0.01.

Some organochlorine pesticides (i.e., DDT including
DDD and DDE, aldrin, dieldrin, endrin, chlordane, hepta-
chlor, toxaphene, lindane, endosulfan, and benzene hexa-
chloride) are considered especially hazardous because of
their persistence and accumulation in aguatic crganisms.
These compounds, including some of their metabolites, are
directly toxic to various aquatic species at concentrations
of less than one pg/l. Their accumulation in aquatic systems
presents a hazard, both real and potential, to animals in
the higher trophic levels, including man (Pimentel 1971,4%
Mrak 1969, Kraybill 1969, Gillett 1969).47 Present
knowledge is not yet sufficient to predict or estimate safe
concentrations of these compounds in aquatic systerns. How-
ever, residue concentrations in aquatic organisms provide a-
measure of environmental contamination. Therefore, spe-
cific maximum tissue concentrations have heen recom-
mended as a guidgline for water quality control.

Recommendq.tions

Organochlorine Insecticides The recommenda-
tions for selected organcchlorine insecticides are
based upon levels in water and residue concentra-
tions in whole fish on a wet weight basis. Aquatic
life shouid be protected where the maximum con-
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centration of the organochlorine pesticide in the
water does not exceed the values listed in Tabie
HI-17.

For the protection of predators, the following

values are suggested for residues in whole fish (wet -

weight): DDT (including DDD and DDE)—1.0
mg/kg: aldrin, dieldrin, endrin, heptachlor. (in-
cluding heptachlor epoxide), chlordane, lindane,
benzene hexachloride, toxaphene, and endo-
sulfan—~0.1 mg/kg, either singly or in combination.
For further discussion, see the section on Wildlife

(p. 197).

If fish and wildlife are to be protected, and where .

residues exceed the recommended concentrations,
pesticide use should be restricted until the recom-
mended concentrations are reached (except where
a substitute pesticide will not protect human
health).

Other pesticides The recommended maximum
concentrations of pesticides in freshwater are listed
in Table III-i8 except that where pesticides are
applied to water to kill undesirable aquatic life,
the values will be higher. In the latter instances,
care should be taken to avoid indiscriminate use
and to insure that application of the pesticide
follows the prescribed methods.

OTHER TOXICANTS

Ammonia

Ammonia is discharged from a wide variety of industrial
processes and cleaning operations that use ammonia or
ammeonia salts, Ammonia also results from the decompo-
sition of organic matter.

Ammonia gas is soluble in water in the form of am-
monium hydroxide to the extent of 100,000 mg/1 at 20 C.
Ammmonium hydroxide disscciates readily into ammonium

TABLE HI-17—Recommended Masimum Concentrations of
Organochlorine Pesticides in Whole (Unfiltered) Water,
Sampled at Any Time and Any Piace.»

Qrganachioring pasticides Recommendad mazimum eoncentration (p.g/1)
Aldrin. . e, - 0.01
DT e e 0.002
T e s 0.008
Disldrin, ... e £.005
Chiordang. ...........ooveie e 0.04
Endosttam. ... e 0,003
Endtin, .., 4.002
Heplaghlar.......oooveei e, . 0.0
Lindana...... 0.02
Methoxyehlor, 0.005
Toxaphene.......... 0.01

* Concentrations were datermined by muliplying ta acute-toxieity valvas for e more sensitive spacies (Appeadix
11-0} by an appfication fastar of 001 except whees an expasimentally deriva¢ application factor is indicated,

TABLE III~18—Recommended Maximum Concentrations of

.O_ther Pesticides in Whole (Unfiltered) Water, Sampled at

Any Time and Any Place.*

Orpancphsphate insecticides Recommanded mexitum conceniration /1)

@)
0.001
1L
)
by
0.1
o.un
()
0.089
0.0
0.08
095
0.001
L8

m

0.002

0. 004

0.4

0.0004

(L] '
0.03

(b}

0.4

0.082

Carbiamate insecticides

Recommended maximem concentrations (ug/7)

()
)
()
0.0z
0.1

Resommended Mmavimum concenirations { . 5/5

(&)

206.0

&}

1)

(-

)

(b)

10.3

{0}

{}

08

.0

Dichlons, 0.2
Diguat. .. 6.5
Diuren. .. . 1.6
Ditelitan. ...... . )
Dinitrebuty! pheno . (hy
Dighenamid. ... [L)]
2,4-D (PEBE) (L}
2.4-D (BEE). 49
24-D(IGE).............. {b}
2,4-D (Diethylaming salts). ()]
Endottea! (Disodium sait)... ()]
Endothal {Digolassium salt) . (b)
...... ) ®

. 45.0

Hyamina-1822. , ()
Hyaming-298. )
Hydrathal-47. {5}
Hydretiaal-191.,, {0
. Hydrothal plus. . (b)
1PL... {b)
MCPA. .. . - (b
CMolinate, ... ' (B}
L O ' ()]
Paraquat, .........oociireea reren e L )]



TABLE III-18—Continued

“tgrbicides, fungicide and delofiants Reccommanded maximum concenirstion (/1)
SOOI, .. (L]
iglotam. . {b)
HOBBM . vveeeeasssssree s eseneasconaesrans ®)
ey (SEE)....... 2.5
Jilvex (PGBEY, ... 2.0
diwex (108)........... )]
dlvex FPotassiumeait). ... )
AMATINE, .. i e i es .o
TREHN, ... e )]
onglate. ... JETTOP ()
Botanitals Recommendsd maximum concentrations {,g/1}
A e e 0.082
Lo L0 1L T R o.M
THAOME. ... e 10.0

< Cancentrations wefe delermined by multiplying the actte texicity valuss for the mare sansitive spacias (Ap-
#ndix 11-0) by an application factor of .01 excapt whars an sxperimentally derivad application fastat is indicsted,
o Insufficiont data to determing safe concentratians.

and hydroxy! ions as follows:
NH;+H;O—HN+0OH-

The equilibrium of the reaction is dependent upon pH,
and within the pH range of most natural waters ammonium
ions predominate (Figure III-10). Since the toxic com-
ponent of ammonia solutions is the un-ionized ammonia,
to~’ ‘fy of ammonia solutions increases with increased pH
(1 937,97 Wuyhrmann et al. 1947,%8 Wuhrmann and
Woger 1948,%° Downing and Merkens ]9554¢),

Wuhrmann (1852),%7 Downing and Merkens (1955), 1
and Merkens and Downing (1957)%* found that a decrease
in dissolved oxygen concentration increased the toxicity of
un-ionized ammonia to several species of freshwater fishes.
Lioyd (1961)%2 showed that the increase in toxicity of
un-ionized ammonia to rainbow trout (Salme gairdneri) with
decreased oxygen was considerably more severe than for
zinc, copper, lead, or phenol.

Much of the data on ammonia toxicity is not useable,
because reporting of chemical conditions or experimental
control was unsatisfactory. Ellis (1937)%7 reported that
total ammonia nitrogen concentrations of 2.5 mg/] in the
pH range of 7.4 to 8.5 were harmful to several fish species,
but concentrations of 1.5 mg/l were not. Most streams
without a source of pollution contained considerably less
than | mg/] total ammonia. The sublethal and acutely
toxic concentrations of un-ionized ammonia for various fish
species are given in Table ITI-19,

Brockway (1950)#4 found impairment of oxygen-carrying
capacity of the blood of trout at a total ammonia nitrogen
concentration of 0.3 mg/l. Fromm (1970)*°® found that at
total ammonia nitrogen concentrations of 5 mg/1, ammonia
exeretion by rainbow trout (Salmo gairdner:} was inhibited;
Z 1g/1 the trout became hyperexcitable; and at 8 mg/!
(approximately 1 mg/l un-ionized ammeonia) 50 per cent
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TABLE III-19—Sublethal and Acutely Toxic Concentrations
of Un-Jlonized Ammonia for Various Fish Species

Acule No subiethal
Species mortality  edect (mg/D} Author
LC50 (mg/D
Stickiobagk,._..................... 1821 . Hazel st af. (1871)s00
Striped bess (Marone saxatalis).. ..., 1.%2.8 ........... ... et e s
Rainbow trout,........ .. .. 0.3 Lloyd and Ore (1969)508
Parchi {Paread.............. _....... 0.2 Ball (T85Ty%
Roach (Hasperolbugus)...... .......... 03 . e e
Rudd {Scardmius),,...... ............ 0.3 ... ... T e
Bream (Legomis) ...l LAl vt et ey e e
Rainbow trout......................... a4l . v e
Rainbow trout...................c0vns 0.42-0.98 ... Llayd end Herbert (1960)50¢
Atlantie s3imen (Salmp QR .......... 0.8 ... Hecoart and Shurben (1965)5»
Raimbow troth...................ol 0.88 TS,
TRk, .o e <0.27  Reichenbach-Klinke (135T)504
Chincok salmoe {Oncorhynehts ........... <8006 Burrowt {1964)40s
tshawyischa)

< To Insure a high level of protection, the mean of the 36-hour L£50"s was useq as a basa, and an application fag
tor of 0. 05 applied to arrive at an acceqtabla level for most species in fresh water, Two apparently resistant speces
wera omitied besause they ware [ar out of fine with the others, Ater application of the factor, the resultant javel 1s
approximately haif that projected fromt the data of Lioyd and Qrr (1889).503

1

were dead in 24 hours {Fromm 1970).*® Goldfish (Carassius
auratus) were more tolerant; at 40 mg/l of total ammonia
nitrogen, 10 per cent were dead in 24 hours. '
Burrows (1964)* found progressive gill hyperplasia in
fingerling chinook salmon (Oncorfynchus tshawytscha) during

. a six-week exposure to the lowest concentration applied,

0.006 mg/l un-ionized ammonia. Reichenbach-Klinke
{1967)%¢ also noted gill hyperplasia, as well as pathology of
the liver and blood, of various species at un-ionized am-
monia concentrations of 0.27 mg/l. Exposure of carp
(Cyprinus carpio) to sublethal un-ionized ammonia concen-
trations in the range of 0.11 to 0.34 mg/] resulted in ex-
tensive necrotic changes and tissue disintegration in various
organs (Flis 1968}.48

- Lloyd and Orr (1969} found that volume of urine pro-
duction -increased with exposure to increasing ammonia
concentrations, but that an ammonia concentration of 12
per cent of the lethal threshold concentration resulted in
no increased production of urine. This concentration of
un-icnized ammonia was 0.046 mg/] for the rainbow trout
used in the experiments.

Recommendation-

Once a 96-hour LC50 has been determined using
the receiving water in question and the most sensi-
tive important species in the locality as the test
organism, a concentration of un-ionized ammonia
(NH,) safe to aguatic life in that water can be esti-
mated by multiplying the 96-hr LC50 by an appli-
cation factor of 0.05; but no concentration greater
than 0.02 mg/l is recommended at any time or

- place.
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Shlorine

"srine and chloramines are widely used in treatment of
ve.  .e water supplies and sewage-treatment-plant efluents,
and in power plants, textile and paper mills, and certain
‘sther industries. Field tests conducted on caged fish in
strrams below a sewage outfall where chlorinated and non-
chiorinated effluents were discharged showed that toxic
conditivng occurred for rainbow trout {(Selme gairdneri) 0.8
miles below the plant discharge point when chiorinated
efluents were discharged {Basch et al. 1971}.%" It has also
been shown that total numbers of fish and numbers of
snecies were drastically reduced below industrial plants

discharging chlorinated sewage effluents (Tsai 1968,51%:

1670), 18

The toxicity to aquatic life of chlorine in water will
gepend upon the concentration of residual chiorine re-
maining and the relative amounts of free chlorine and chlor-
amnines. Since addition of chlorine or hypochlorites to water
containing nitrogenous materials rapidly forms chloramines,
problems of toxicity in most receiving waters are related to
~hloramine concentrations. Merkens (1958)%% stated that
toxicities of free chlorine and chloramines were best esti-
mated from total chlorine residuals. In monitoring pro-
grams, evaluation of chlorine content of water is usually
stated in terms of total chlorine residuals. Because the
chlorine concentrations of concern are below the level of
4e” ion by the orthotolidine method, a more sensitive
a .cal technique is recommended.

The literature summarized by McKee and Wolf {1963)54
showed a wide range of acute chlorine toxicity to various
aquatic organisms, but the conditions of the tests varied so
widely that estimation of generally applicable acute or
safe levels cannot be derived from the combined data. It
has also been demonstrated that small amounts of chlorine
can greatly increase the toxicity of various industrial
effluents.

‘Merkens (1958)"% found that at pH 7.0, 0.008 mg/I
residual chlorine killed half the test fish in seven days. The
“est results were obtained using the amperometric titration
and the diethyl-p-phenylene diamine methods of chlorine
analysis. Zillich (1972),5® working with chlorinated sewage
effluent, determined that threshold toxicity for fathead
minnows (Pimephales promelas) was 0.04-0.05 mg/1 residual

chlorine. In two series of 96-hour LC50 tests an average of

2.05-0.19 mg/1 residual chlorine was noted. Basch et al.
(1971} found 96-hour LC30 for rainbow trout (Saimo
gairdneri) to be 0.23 mg/l. Arthur and Eaton (1971),50
working with fathead minnows and Gammarus pseudolimnaeus,
found that the 96-hour LC50 total residual chlorine
(as chloramine) for Gemmarus was 0.22 mg-/l, and that
all minnows were dead after 72 hours at 0.15 mg/lL
Afta~ seven days exposure to 0.09 mg/l, the first fish died.
T 250 for minnows was thercfore between these levels.
In caronic tests extending for 15 weeks, survival of Gammarus
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was reduced at 0.04 mg/l, and reproduction was reduced at
0.0034 mg/1. Growth and survival of fathead minnows after
21 weeks was not affected by continuous exposure to 0.043
mg/| total chloramines, but fecundity of females was re-
duced. The highest level showing no significant effect was
0.016 mg/l. Merkens (1958)%5 postulated by extrapolation
that a concentration of 0.004 mg/! residual chlorine would
permit one ha!f the test fish to survive one year. Sprague
and Drury (1969}%¢ have shown an avoidance response of
rainbow trout to free chlorine at 0.001 mg/l.

Aquatic organisms will tolerate longer short-term ex-
posures to much higher levels of chlorine than the concen-
trations which have adverse chronic effects. Brungs (1972)12
in a review has noted that ]-hour LC50’s of fish vary from
0.74 to 0.88 mg/], and -that longer short-term exposures
have LC50's lower but still substantially higher than ac-
ceptable for long-term exposure. Available information,
however, does not show what effect repeated exposure to
these, or lower levels, will have on aquatic life,

Because Gammarus, an essential food for fish, is affected
at 0.0034 mg/l, and a safe level is judged to be one that
will not permit adverse effect on any element of the biota,
the following recommendation has been made. -

Recommendation

Aquatic life should be protected where the con-
centration of residual chlorine in the receiving
system does not exceed 0.003 mg/l at any time or
place. Aguatic organisms will tolerate short-term
exposure to high levels of chlorine. Until more is
known about the short-term effects, it is recom-
mended that total residual chlorine should not
exceed 0.05 mg/l for a period up to 30-minutes in
any 24-hour period.

Cyanides

The cyanide radical is a constituent of many compounds
or complex ions that may be present in industrial wastes. -
Cyanide-bearing wastes may derive from gas works, coke
ovens, scrubbing of gases in steel plants, metal plating
operations, and chemical industries. The toxicity of cyanides
varies widely with pH, temperature, and dissolved oxygen
concentration. The pH is especially important, since the
toxicity of some cyanide complexes changes manyfold over
the range commonly found in receiving waters.

“¥ree cyanide” (CN- ion and HCN) occurs mostly as
molecular hydrogen cyanide, the more toxic form, at pH lev-
els of natural waters as well as in unusually acid waters. Fifty
per cent jonization of the acid occurs at pH near 9.3. Free
cyanide concentrations from 0.05 to 0.01 mg/1 as CN have
proved fatal to many sensitive fishes {Jones 1964},%7 and
levels much above 0.2 mg/] are rapidly fatal for most
species of fish. A level as low as 0.0]1 mg/1 is known to have
a pronounced, rapid, and lasting effect on the swimming
ability of salmonid fishes.
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The work of Doudoroff et al. (1966)52¢ has demonstrated
that the effective toxicant to fish in nearly all solutions of
complex metallocyanides tested was molecular HCN, the
complex ions being relatively harmiess. The total cyanide
content of such solutions is not a reliable index of their
toxicity, The HCN derives from dissociation of the complex
jons, which can be greatly influenced by pH changes.
Doudoroff {1956)%? demonstrated a more than thousand-
fold increase of the toxicity of the nickelocyanide complex
associated with a decrease of pH from 8.0 to 6.5. A change
in pH from 7.8 to 7.5 increased the toxicity more than
tenfold.

Burdick and Lipschuetz (1948)% have shown that so-
lutions containing the ferro and ferricyanide complexes
become highly toxic to fish through photodecomposition
upon exposure to sunlight. Numerous investigations have
shown that toxicity of free cvanide increased at reduced
oxygen concentrations (Downing 1954,%* Wuhrmann and
Woker 1955,%28 Burdick et al. 1958,% Cairns and Scheier
1963).%2 The toxic action i3 known to be accelerated
markedly by increased temperature {Wuhrmann and Woker
1955,%28 Cajrns and Scheier 1963),5 but the influence of
temperature during long exposure has not .been demon-
strated. The toxicity of the nitriles (organic cyanides) to fish
varied greatly. Henderson et al. {1960)%% found marked

cumulative toxicity of acrylonitrile. Lactonitrile decom- ..

posed rapidly in water yielding free cyanide, and its high
toxicity evidently was due to the HCN formed.

The toxicity of cyanide to diatoms varied little with
change of temperature and was a little greater in soft water
than in hard water (Patrick unpublished data 1971).5%8 For
Nitzehia linearis, concentrations found to cause a 50 per cent
reduction in growth of the population in soft water (44
mg/l Ca-Mg as CaCQ;,) were 0.92 mg/1 (CN) at 72 F, 0.30

mg/l at 82 F, and 0.28 mg/l at 86 F. For Navicula seminulum -

var. Hustediil, the concentrations reducing growth of the
population by 50 per cent in hard water (170 mg/l Ca-Mg
as CaCO3) were found to be 0.36 mg/1 at 72 F, 0.49 mg/}
at 82 F, and 0.42 mg/] at 86 F. Cyanide appeared to be
more toxic to animals than to algae.

Recommended maximum concentrations of cyanide-bear-
ing wastes of unknown composition and properties should
be determined by static and flow-through bioassays. The
bioassays should be performed with dissolved oxygen, tem-
perature, and pH held at the local water quality conditions
under which cyanides are most toxic. Because the partial
dissociation of some complex metallocyanide ions may be
slow, static bioassays may reveal much greater toxicity
than that demonstrable by the flow-through methods. On
the other hand, standing test solutions of simple and some
complex cyanides exposed to the atmosphere gradually lose
their toxicity, because the volatile HCN escapes.

Chemical determination of the concentration of undis-
sociated, molecular HCN alone may be the best way to
evaluate the danger of free cyanidé to fish in waters receiving

cyanide bearing wastes. Such tests may reveal the occur-
rence of harmful concentrations of HCN not predictable
through bioassay of the wastes. Because an acceptahi~
concentration of HCN or fraction of a L.C50 of eyanis

and cyanide-bearing effluents has not yet been positively

‘determined, a conservative estimate must be made; and.

because levels.as low as 0.01 mg/] have proved harmful °
under some conditions, a factor of 0.05 should .be applied .
to LC50 levels.

Recommendation

.Once a 96-hour LC50 has been determined using
the receiving water in question and the most sensi-
tive important species in the locality as the test
organism, a concentration of free cyanide (CN-)
safe to aquatic life in that water can be estimated
by multiplying the 96-hour L.C50 by an application
factor of 0.05; but no concentration greater than
0.005 mg/l is recommended at any time or place.

Detergents i

Detergents are a common component of sewage and in-
dustrial effluents derived in largest amounts from household
cleaning agents. In 1965 a shift from tetrapropylene-derived
alkylbenzene sulfonates (ABS) to the more biodegradable
linear alkylate sulfonates (LAS) was made by the detergent
industry. In current detergent formulas, LAS is the primary
toxic active compound, two to four times more toxic than
ABS (Pickering 1966).5% However, toxicity of LAS
appears along with the methylene blue active substan.
(MBAS) response upon biodegradation {(Swisher 1967).3%7
Retrieval of MBAS data from the National Surveillance
Stations throughout the U.8. from 1966 to the present
showed that the mean of 3,608 samples was less than 0.1
mg/L. There has been a downward trend in MBAS concen-
trations. Only four stations reported mean concentrations
greater than 0.2 mg/l. .

The MBAS determination has been the routine anaiytical
method for-measurement of surfactant concentrations. Posi-
tive errors are more common than negativé ones in the
determination of anionic surfactants in water (Standard
Methods 1971).5% An infrared. determination or a carbon
absorption cleanup procedure is recommended when high
MBAS concentrations are found.

Marchetti (1965)5% critically reviewed the effects of de-
tergents on aquatic life. Most available information on
LAS toxicity relates to fish. Short term studies by a number
of investigators have shown that lethal concentrations to
selected fish species vary from 0.2 to 10.0 mg/1 (Hokanson
and Smith 1971).5® Bardach et al. (1965)%" reported that
10 mg/] is lethal to bullheads (Jetalurus sp.), and that 0.5
mg/1 eroded 50 per cent of their taste buds within 24 days.
Thatcher and Santner (1966)538 found 96-hour LC50-values
from 3.3 to 6.4 mg/] for five species of fish.

Pickering .and Thatcher (1970)% found in their stu.
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chronic toxicity that a concentration of 0.63 mg/1 had no
measurable effect, on the life cycle of the fathead minnow
[F ‘ales promelas), while a concentration of 1.2 mg/l was
ie.  to the newly hatched fry. A safe level should be
Jetween 14 and 28 per cent of the 96-hour L.C50. Hokanson
and Smith (1971)%% reported that a concentration of [ mg/1
was an approximate safe concentration for ~bluegills in
Mississippi River water of good quality. Arthur (1970}
‘ound that the no-effect level of LAS on Gammarus pseudo-
"imnaeus was 0.2 to 0.4 mg/l. This investigator also subjected
spculate and pulmonate snails to 60-week exposures of
LAS and showed the toxicity levels to be 0.4 to 1.0 mg/]
and greater than 4.4 mg/l, respectively.

Detergent Builders -

-Phosphates have been included in household detergents
‘0 increase their effectiveness, although this use has been
seriously questioned recently. Nitrilotriacetate (NTA) and
sther builders have been tried, but most are either less
:ffective or have been barred for reasons of potential health
hazard. Available builders do not have serious direct effects
m fish or aquatic organisms at concentrations likely to be
:ncountered in receiving waters. In view of the uncertain
‘egal status of present commercial detergents and the
:xtensive search for adequate substitutes now in progress,
-ecommendations for builders are not practical at this time.
However, it can be stated that a satisfactory builder should
€ Jogically degradable and nontoxic to aquatic
or,  .sms and humans, and that it should not cause aes-
thetic problems in the receilving water.

Recommendation

Once a 96-hour LC50 has been determined using
the receiving water in question and the most sensi-
tive important species in the locality as the test
organism, a concentration of LAS safe to aquatic
life in that water can be estimated by multiplying
the %6-hour LC50 by an application factor of 9.05;
but- no concentration greater than 0.2 mg/l is
recommended at any time or place.

Phenolics

Phenols and phenolic wastes are derived from petroleumn,
coke, and chemical industries; wood distillation; and do-
mestic and animal wastes. Many phenolic compounds are
more toxic than pure phenol: their toxicity varies with the
combinations and general nature of total wastes. Acute
toxicity of pure phenol varies between 0.079 mg/! in 30
minutes to minnows, and 56.0 mg/1 in 96 hours to mosquito
fish {(Gambusia affinis). Mitrovic et al, (1968)%¢ found &
18-hour L.C50 of 7.5 mg/I to trout; they noted that exposure,
to £ 5 mg/l caused damage to epithelial célls in 2 hours,
@ ttensive damage to reproductive systems in 7 days.
Elhs (1937)%% reported 1.0 mg/l safe to trout; and 0.10
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mg/1 was found nonlethal to bluegill (Lepomis macrochirus)
in 48 hours (Turnbull et al. 1954) .3 These studies illustrated
the wide range of phenol toxicity. There is noi yet adequate
documentation about chronic effects and toxicity of mixed
wastes on which to base recommendations of safe levels for
fish.

Phenolics affect the taste of fish at levels that do not
appear to affect fish physiology adversely. Mixed wastes
often have more objectionable effects than pure materials,
For example, 2,4-dicholorphenol affects taste at- ¢.001 1o
0.005 mg/1; p-chlorophenol at 0.01 to 0.06 mg/l; and
2-methyl, 6-chlorophenol at 0.003 mg/l. (See the discussion
of Tainting Substances, p. 147.) Pure phenol did not affect
taste until levels of 1 to 10 mg/l were reached (Fetterolf
1964).5% The taste of fish in most polluted situations is
adversely affected by phenolics before acute toxic effects
are observed.

Recommendations

in view of the wide range of concentrations of
phenolics which produce toxic effects in fish and
the generally lower levels which taint fish flesh, it
is recommended that taste and odor criteria be
used to determine suitability of waste receiving
waters to support usable fish populations. Where
problems of fish kilis occur or fish are subjected to
occasional short-term exposure to phenolic com-
pounds, a %-hour LC50 should be determined
using the receiving water in question and the most
gensitive important fish in the locality as the test
animal. Concentrations of phenolic compounds
safe to fish in that watér can then be estimated by
multiplying the %-hour LC50 by an application
factor of 0.05; but no concentration greater than
0.1 mg/1 is recommended at any time or place.
Tests of other species will be necessary 1o protect
other trophic levels.

Sulfides

- Sulfides are constituents of many industrial wastes, such
as those from tanneries, paper mills, chemical plants, and
gas works. Hydrogen sulfide may be generated by the
anaerobic decomposition of sewage and other organic
matter in the water, and in sludge beds. Natural production
of HsS may also result from deposits of organic material.

When soluble sulfides are added to water, they react
with hydrogen ions to form HS~ or H,S, the proportion of
cach depending on the pH-values. The toxicity of sulfides
derives primarily from H.S rather than the sulfide ion. The
rapid combination of HaS with other materials, including
oxygen, has frequently caused investigators to overlook the
importance of HsS as it affects aquatic life, especially when
it originates from sludge beds. Because water samples
usually are not taken at the mud/water interface, the im-
portance of HsS in this habitat for fish eggs, fish fry, and
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sh food organisms is often overlooked (Colby and Smith
967).548

¥*  -ogen sulfide is a poisonous gas, soluble in water to
¢ .t of about 4,000 mg/1 at 20 C and one atmosphere
¢ pressure (Figure III-11). Upon solution, it dissociates
ccording to the reaction H,S—HS$-+H* and HS-—
—~+H+* At pH 9, about 99 per cent of the sulfide is in
1¢ form of HS™; at pH 7 it is about equally divided between
I8~ and H.S; and at pH 5 about 99 per cent is present
. 5 Hes :

Consequently, the toxicity of sulfides increases at lower
H because a greater proportion is in the form of undisscci-
ted H,S. Only at pH 10 and above is the sulfide ion
resent in appreciable amounts.
‘here the pH may be neutral or below 7.0, or where oxygen
wels are low but not lethal, problems arising from sulfides
r from hydrogen sulfide generated in sludge deposits will
e increased.

Much available data on the toxicity of hydrogen sulfide
» fish and aquatic life have been based on extremely short
xposure periods and have failed to give adequate infor-
1ation on water quality, oxygen, and pH. Consequently,
arty data have suggested that concentrations between 0.3
nd 4.0 mg/l permit fish to survive (Schaut 19394
"anHorn 1958, Bonn and Follis 1967,%¢ Theede et al,
969).%* Recent data both in field sitmations and under
ontrolled laboratory conditions demonstrated hydrogen
Ufi”~ toxicity at lower concentrations. Colby and Smith
15 5 found that concentrations as high as 0.7 mg/l
cre tound within 20 mm of the bottom on sludge beds,
nd that levels of 0.1 to 0.02 mg/] were common within the
rst 20 mm of water above this layer, Walleye (St:zostedion
itreum v.) eggs held in trays in this zone did not hatch.

delman and Smith (1970)%3 reported that hatching of

orthern pike (Esox fiwius) eggs was substantially reduced
t 0.025 mg/l of H:S, and at 0.047 mg/l mortality was
Imost complete. Northern pike fry had 96-hour LC50
alues that varied from 0.017 to 0.032 mg/! at normal
xygen levels (6.0 mg/l). The highest concentration of
vdrogen sulfide at which no short-term effects on eggs or
'y were observed was 0.814 mg/l. Smith and Oseid (in
ress 1971),%4% working on eggs, fry, and juveniles of walleyes
nd white suckers (Catestomus commersonni), and Smith
1971),%" working on walleyes and fathead minnows
Pimephales promelas), found that safe levels varied from
0029 to 0.012 mg/l with eggs being the least sensitive and

In polluted situations,’
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TABLE III-20=-96-Hour LC50 and Saje Levels Based on Ne
Adverse Effect on Critical Life History Stages

Species §6-Hr. LG (mg/T Safy tevelse (mg/M
Northern Pike...............cccoovuenee, [F14] 0.037 0.0
iy 0.0% 1004
Walleys,....... s a.em o0z
iy ©.007 0.08%7
venile 0.017 0.0037
While SUBker.. ......oovnivemininnanns [ - PP ROTR 0.015
Ity 0.0018 e.o02
Javenile 49188 0.402
Faitmad minaows..........o.el juvenils 03 (LN0 5003
adult 0.032 0.003
Bluegilh. .......ocvvin juventle 0.032 0.0¢2
. adult 0.092 0.002
Gammarys pssudoimnzeus T 0.442 (10-day) 0.0033
Heragenia fimbatd........................ 0.3

@ Safe levels ars construed to mean no demanstrabla daleterions effect on quﬂ'ﬂl or grawth after Jong-term
chronie exposure. -

juveniles being the most sensitive in short-term tests (Table
I11-20). In 96-hour bicassays fathead minnows and goldfish
{Carassius auratus) varied greatly in tolerance to hydrogen
sulfide with changes in temperature. They were more
tolerant at low temperatures {6 to 10 C).

On the basis of chronic tests evaluating growth and
survival, the safe level for bluegill (Lepomis macrockirus)
juveniles and adults was 0.002 mg/l. White sucker eggs all
hatched at 0.015 mg/], but juveniles showed a negligible
growth reduction at 0.002 mg/l. Safe levels for fathead
minnows were between 0.002 and 0.003 mg/l. Studies on
various arthropods (Gammarus pseudolimnaeus and Hexagenia
limbata), useful as fish food, indicated that safe levels were
between 0.002 and 0.003 mg/1 (Smith 1971).54" Some species
typical of normally stressed habn:ats were much more re-
sistant (Asellus sp, )

Recommendation

On the basis of available data, a level of undis-
sociated hydrogen sulfide assumed to be safe for
all aguatic organisms including fish is 0.002 mg/1.
At a pH of 6.0 and a temperature of 13.0 C, approxi-
mately 99 per cent of the total sulfide is present as
undissociated hydrogen sulfide. Therefore, to pro-
tect aquatic organisms within the acceptable limits
of pH and temperature, it is recommended that
the concentration of total sulfides not exceed ¢.002
mg/l at any time or place. :
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WILDLIFE

In this report, wildlife is defined as all species of verte-
brates other than fish and man. To assure the short-term
and long-term survival of wildlife, the water of the aquatic
ecosystem must be of the quality and quantity to furnish
the necessary life support throughout the life-cycle of the
species involved. In addition to the quantity, the quality of
food substances produced by the aquatic environment must
be adeguate to support the long-term survival of the wild-
life species.

Many species of wildlife require the existence of specific,
complex, and relatively undisturbed ecosystems for their
continued existence. Aquatic ecosystems, such as bogs,
muskegs, seepages, swamps, and marshes, can exhibit
marked fragility under the influence of changing water
levels, various pollutants, fire, or human activity. Changes
in the abundance of animal populations living in such
aquatic communities can result in reactions and altered
abundance of plant life, which in turn will have repercus-
sions of other species of animal life. In general, these transi-
tional ecosystems between land and water are characterized
by very high productivity and importance for wiidlife, and
they should thus be maintained in that state to the greatest
possible extent. _ '

In many instances, criteria to protect fish and inverte-
brates or to provide water suitable for consumption by man
or domestic animals will also provide the minimal requisites

for some species of wildlife. This would be true for species -

that use water only for direct consumption or that feed on
aquatic organisms to only 2 minor extent. For many species
of wildlife, however, the setting of water quality criteria is
complicated by their ecclogical position at the apex of com-
plex food webs, and also by the extreme mobility of some
wildlife, especially birds.

- Those substances which are concentrated via food chains,
such as many chlorinated hydrocarbons, present special
problems for those species that occupy the apex of long food
chains. In those instances, environmental levels which are
safe for fish, do not necessarily convey safety to predators or
even to scavengers that consume fish.

PROTECTION OF FOOD AND SHELTER FOR WILDLIFE

A number of factors can be identified that can affect
specific components of the ecosystem and cause reduced
food and shelter for wildlife. These factors also affect fish
and other squatic life and therefore are discussed in greater
detail in appropriate related subtopics.

PH

In bioassays with aquatic plants, Sincock (1968)%* found
that when the pH of the water in test vessels dropped to 4.5,
recdhead-grass (Potomogeton perfoliatus), a valuable water-
fow! food plant, died within a few days, Similarly, in F
Bay, Virginia, between August and November, 1963, .. .
aquatic plant production declined from 164 to 13 pounds
per acre. This atypical decline was immediately preceded
by a decline in pH to 6.5 compared to previous midsummer
readings of 7.7 to 9.2. (U.S. Bureau of Sport Fisheries and
Wildlife). 5 .

Recommendation

Aqguatic plants of greatest value as food for water-
fowl thrive best in waters with a sumimner pH range
of 7.0 to 9.2. ' '

ALKALINITY

Generally, waters with reasonably high bicarbonate alka-
linity are more productive of valuable waterfow} food plants
than are waters with low bicarbonate alkalinity. Few waters
with less than 25 mg/1 bicarbonate alkalinity can be classed
among the better waterfowl habitats. Many waterfowl habi-
tats productive of valuable foods, such as sago pondweed
(Potamogeton pectinatus), widgeongrass (Rappia maritima and
R. occidentalis), banana waterlily (Castalia flava), wild celery,
(Veallisneria americana), and others have a bicarbonate alka-
linity range of 35 to 200 mg/1.

Definitive submerged aquatic plant communities de
in waters with different concentrations of bicarb.
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ilkalinity. It is logical to assume that excessive and pro-
onged fluctuation in alkalinity would not be c;onducive to
it “ation of any one plant community type. Sufficient
xp._.mental evidence is not available to define the effects
f various degrees and rates of change in alkalinity on
waatic plant communities, Fluctuations of 50 mg/1 prob-
ibly would contribute to 'unstable plant communities.
Tluctuations of chis magnitude may be due to canals con-
recting watersheds, diversion of irrigation water, or flood
Yiversion canals (Federal Water Pollution Control Adminis-
ration 1968, hereafter referred to as FWPCA 1968).%%

tecommendation

Waterfowl habitats should have a bicarbonate
kalinity between 30 and 130 mg/l to be pro-
'uctive. Fluctuations should be less than 50 mg/l1
Tom natural conditions.

VALINITY

Salinity can also affect plant communities. All saline
vater communities, from slightly brackish to marine, pro-
mece valuable waterfowl foods, and the most important
:onsideration is the degree of fluctuation of salinity. The
rermination of seeds and the growth of seedlings are critical
tages in the plant-salinity relationship; plants become more
olerant to salinity with age.

S~linities from 0.35 to 0.9 per cent NaCl in drinking
vl ave been shown to be toxic to many members of the
rder Galliformes {chickens, pheasant, quail) (Krista et al.
.961,%3%% Scrivner 1946,5% Field and Evans 19465%),

Young ducklings were killed or retarded in growth as a
‘esult of salt poisoning by solutions equal to those found on
he Suisun Marsh, California, during the surmmer months.
jalinity maxima varied from 0.55 to 1.74 per cent, and the
neans varied from 0.07 to 1.26 per cent during July from
.956 to 1960 {Griffith 1962-63).%4

tecommendation

Salinity should be kept as close to natural con-
litions as poessible. Rapid fluctuations should be
mninimized.

JGHY PENETRATION

Criteria for light penetration established in the discus-
1ons of Color (p. 130) and Settleable Solids (p. 129) should
iso be adequate to provide for the preduction of aquatic
slants for freshwater wildlife.

SETTLEABLE SUBSTANCES

Accumulation of silt deposits are destructive to aquatic
ola-  due especially to the creation of a soft, semi-liquid
m_ aum inadequate for the anchoring of roots. Back
Bay, Virginia, and Currituck Sound, North Carolina, serve
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as examples of the destructive nature of silt deposition..
Approximately 40 square miles of bottom are covered with
soft, semi-liquid silts up to 5 inches deep; these areas, con-
stituting one-fifth of the total area, produce only 1 per cent
of the total aquatic plant production (FWPCA 1968). 582

Recommendation

Setteable substances can destroy the usefulness
of aquatic bottoms to waterfowl, and for that
reason, settleable substances should be minimized
in areas expected to support waterfowl.

PRODUCTION OF WILDLIFE FOODS OTHER THAN
PLANTS

The production of protozoans, crustaceans, aquatic in-
sects, other invertebrates, and fish is dependent on water
quality. The water quality requirements for the production
of fish are dealt with elsewhere in this Section, and a normal
level of productivity of invertebrates is also required for the
normal production of fish that feed upon them, '

While it is well known that many species of invertebrates
are easily affected by low concentrations of poltutants, such
as insecticides, in water {Gaufin et al. 1965, Burdick et al.
1968,%*% Kennedy et al. 1970%84), most of the field studies do
not supply reliable exposure dataz, and most laboratory
studies are of too short a duration or are performed under
static conditions, allowing no reliable extrapolations to
natural conditions. The general impression to be gained
from these studies is that insects and crustaceans tend to be
as sensitive as or more sensitive than fish to various insecti-
cides, and that many molluscs and oligochetes tend to be
less sensitive. ‘

TEMPERATURE

The increasing discharge of warmed industrial and do-
mestic effluents into northern streams and lakes has changed
the duration and extent of normal ice cover in these north-
ern regions. This has prompted changes in the normal
overwintering pattérn of some species of waterfowl. Thus,
Hunt (1957)%% details the increasing use since 1930 of the
Detroit River as a wintering area for black duck (dnas
rubripes), canvasback (Aythya valisneria), lesser scaup (Aythya
affines), and redhead (Athye americana). In this process,
waterfow]l may become crowded into areas near industrial
complexes with a shrinking supply of winter food. The
proximity of sources of pollutants, food shortages, and low
air temperatures often interact to produce unusually high
waterfowl mortalities.

Recommendation

Changes in natural freezing patterns and dates
should be avoided as far as possible in order to
minimize abnormal. concentrations of wintering
waterfowl.
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196/ Section III—Freshwater Aquatic Life and Wildlife

SPECIFIC POTENTIALLY HARMEUL.SUBSTANCES
Direct Acting Substances

Qils Waterbirds and aquatic mammals, such as musk-
rat and otter, require water that is free from surface oil.
Catastrophic losses of waterbirds have resulted from the
contamination of plumages by oils. Diving birds appear to
be more susceptibie to oiling than other species (Hawkes
1961).57 Heavy contamination of the plumage results in
loss of buoyancy and drowning. Lower levels of contamina-
tion cause excessive heat loss resulting in an energy deficit
which expresses itself in an accelerated starvation {Hartung
19672).5¢7 Less than 5 mg of oil per bird can produce sig-
nificant increases in heat loss. The ingestion of oils may
contribute to mortalities, and this is especially true for some
manufactured oils {(Hartung and Hunt 1966).5% When
small quantities of oil are coated onto eggs by incubating
mallards (Anas platyrhynchos), the likelihood of those eggs to
hatch is greatly reduced (Hartung 1965).%%® Rittinghaus
(1956)%! reported an incident in which numerous Cabot's
Terns { Thalasseus sandvicensis) and other shorebirds became
contaminated with oil that had been washed on shore. Eggs
which were subsequently oiled by the plumage of oiled fe-
male terns did not hatch even after 50 days of incubation.
The absence of visible surface oils should protect wildlife
from direct effect.

Qils can be sedimented by coating particulates on the
surface and then sinking to the bottom. Sedimented oils
have been associated with changes in benthic communities
(Hunt 1957)%"¢ and have been shown to act as concentrators
for chlorinated hydrocarbon pesticides (Hartung and
Klingler 1970%77).

Recommendation

To protect waterfowl], there should be no visible
floating oil (see p. 146 of this Section and pp. 263-264
of Section IV).

~ Lead Waterfowl often mistake spent lead shot for seed
or grit and ingest it. See Section IV, pp. 227-228, for a
discussion of this problem.

Recommendation

The recommendation of the Marine Aquatic Life
and Wildlife Panel, Section IV, (p. 228) to protect
waterfowl also applies to the freshwater environ-
ment.

Botulism Poisoning Botulism is a2 food poisoning
caused by the ingestion of the toxin of Clostridium botulinum
of any six immunologically distinct types, designated A
through F. The disease; as it occurs in epizootic proportions
‘in wild birds, is most commonly of the C type, although
outbreaks of type E botulism have been observed on the
Great Lakes (Kaufman and Fay 1964%%, Fay 1966%%).

Cl. botulinum, a widely distributed anaerobic bacterium,
is capable of existing for many years in its dormant spare

form, even under chemically and physically adverse en-
vironmental conditions. Its toxins are produced in the
course of its metabolic activity as the vegetative form grov ~
and reproduces in suitable media. Qutbreaks occur wh
aquatic birds consume this preformed toxin.

The highest morbidity and mortality rates from botulism
in aquatic birds have been recorded in shallow, alkaline
lakes or marshes in the western United States, and outbreaks
have most commonly occurred from July through Septem-
ber and, in some years, October. The optimum tempera-
tures for growth of the bacterium or the toxin production,
or both, have been reported as low as 25 C (Hunter et al.
1970)577 and as high as 37 C (Quortrup and Sudheimer
1942888), The discrepancies are probably the result of differ-
ences in the experimental conditions under which the meas-
urements were made and the strains of Cl. botulinum type G
used.

The popular belief that avian botulism epizootics are as-
sociated with low water levels and consequent stagnation is
not necessarily supported by facts. In three of the years of
heaviest bird losses in the history of the Bear River Migra-
tory Bird Refuge (1965, 1967, and 1971), the water supply
was considerably more abundant than normal (Hunter,
California Department of Fish and Game, personal communi-
cation; unpublished Buréau of Sport Fisheries and Wildlife
reports®). The high water levels caused flooding of mud
flats not normally under water in the summer months. Simi-
lar inundations of soil that had been dry for several ye~-<
have been associated previously with outbreaks on the
River Refuge and in other epizootic areas. A partial ex-
planation for these associations may be that flooding of dry
ground is commonly followed by a proliferation of many
species of aquatic invertebrates (McKnight 1970%7), the
carcasses of which may be utilized by Cl. botulinum.

Bell et al. {1955)% provided experimental support for an
idea expressed earlier by Kalmbach (1934).5® According to
their “microenvironment concept,” the bodies of inverte-
brate animals provide the nutrients and the anaerobic en-
vironment required by C. botulinum type C for growth and
toxin production. These bodies would presumably also offer
some protection to the bacterium and its toxin from a chemi-
cally unfavorable ambient medium: Jensen and Allen
(1960)%7® presented evidence of a possible relationship be-
tween die-offs of certain invertebrate species and subsequent
botulism outbreaks.

The relationship between alkalinity .or sahmty of the
marsh and the occurrence of botulism outbreaks is not clear.
Invertebrate carcasses suspended in distilled water support
high levels of toxin (Bell et al. 1955).%% Laboratory media

_are commonly composed of ingredients such as peptones,

yeast extract, and glucose, without added salts. The medium
used routinely at the Bear River Research Station for the
culture of Cl. botulinum type C has a pH of 6.8 to 7.0 after
heat sterilization. McKee et al. (1958)%% showed that

pH was automatically maintained at a particular leve. .n
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laboratory cultures of Cl. botulinum type C throughout the
growth period, the largest amount of toxin was produced at
pf” "7, the lowest level tested. Decomposing carcasses of
bt .ead of botulism commonly contain very high concen-
irations of type C toxin, and in these cases production is
ardinarily independent of the chemical composition of the
marsh. . o

Kalmbach {1934)%! tabulated the salt concentrations of
water samples collected from 10 known botulism epizootic
areas. The values ranged from 261 to 102,658 ppm (omit-
ting the highest, which was taken from a lake where the bird
losses were possibly from a cause other than botulism).

Christiansen and Low (1970)%¢ recorded conductance
measurements on water in the management units of the
Bear River Migratory Bird Refuge and the Farmington Bay
Waterfow! Management Area, both sites of botulism out-
breaks varying in severity from vear to year. The average
conductance of water flowing into the five units of the Bear
River Refuge in five summers (1959-1963) ranged from 3.7
to 4.9 millimhos per centimeter at 25 C. The readings on
outflowing water from the five units ranged from 4.4 t0 8.3
mmbhos, Comparable figures for the three Farmington Bay
units were 1.8 to 3.2 (inflow) and 3.2 to 4.8 mmhos (out-
flow}. Thus the salinity range of the inflowing water at Bear
River was comparable to that of the outflowing water at
Farmington.

These data suggest that salt concentration of the water in
ap ~~izootic area is not one of the critical factors influencing
tl :urrence of outbreaks. If high salinity does favor their
. ccurrence, it is probably not because of its effect on Cl.
sotulinum itself. Other possible expianations for the higher
incidence of botulism in shallow, alkaline marshes are:

» Saline waters may support higher invertebrate popu-
lation levels than do relatively fresh waters. (Com-
parisons, as they relate to avian botulism, have not
been made.)

» High salinity may inhibit some of the microorganisms
that compete with Cl. botulinrum for nutrients or those
that cause deterioration of the toxin.

s Salinity may have no significant effect on the in-
vertebrates or the bacteria, but it increases the sus-
ceptibility of the birds. Cooch (1964}%7 has shown
that type C botulinum toxin decreases the activity of
the salt gland in ducks, reducing its capacity to
eliminate salt. Birds so affected succumb to smaller
doses of toxin than do those provided with fresh
water, ‘

» OQutbreaks of botulism poisoning tend to be associ-
ated with or affected by insect die-offs, water tem-
peratures above 70 F, fluctuations in water levels and
elevated concentrations of dissolved solids.

Recommendation

tbreaks of botulism poisoning tend to be as-
s. _ated with, or affected by insect die-offs, water
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temperature above 70 F, fluctuating water levels,
and elevared concentrations of dissolved solids.
Management of these factors may reduce outbreaks
of botulism poisoning.

Substances Acting After Mugniﬁcution in Food Chains

Chlorinated Hydrocarbon Pesticides

DDT and Derivatives DDT and its abundant de-
rivatives DDE and TDE have high lipid solubility and low
water solubility, and thus tend to concentrate in the lipid,
i.e., living fraction of the aquatic environment (Hartung
1967b).%68 DDE is the most stable of the DDT compounds
and has been especially implicated in producing thinning of
egg shells, increased breakage of eggs, reproductive failure
in species occupying the apex of aquatic food chains in areas
with long histories of DDT usage. ‘

Reproductive failures and local extirpation associated
with egg shell thinning have been reported for several North
American bird species. The phenomenon was first described
and is most wide-spread for the peregrine falcon {(Faleo
peregrinus) (Hickey and Anderson 1968).57¢ Since then simi-
lar phenomena have been described in Brown Pelicans
(Pelecanus occidentalis) (Anderson and Hickey 1970)%! and
species of several other families of predatory birds. Further
increases of DDE in large receiving basins, such as the Great
Lakes, would be expected to increase the extent of repro-
-ductive failure among predatory aquatic bird populations,
Concentrations as low as 2.8 ppm p,p'DDE on a wet.
weight basis produced experimental thinning of egg shells in
the American Kestrel (Falce sparvarius) (Wiemeyer and
Porter 1970).% Heath et al. (1969)5 induced significant
levels of eggshell thinning in mallards after feeding them
similarly low levels of DDE. Concentrations of DDT com-
pounds in the water of Lake Michigan have been estimated
to be 1 to 3 parts per trillion (Reinert 1970)%° (Table
111-21). Concentrations that would permit the assured sur-
vival of sensitive predatory bird species are evidently much
lower than that. Because such low concentrations cannot be
reliably measured by present technologies and because the
concentrating factor for the food chains appears to be vari-
able or is not known, or.both, a biological monitoring sys-
tem should be chosen. If it is desired to protect a number of
fish-eating and raptorial birds, it is essential to reduce the

" levels of DDE contamination, especially in large receiving

basins (see Section IV). .

The available data indicate that there should not be con- .
centrations greater than 1 mg/kg of total DDT in any
aquatic plants or animals in order to protect most species of
aquatic wildlife. Present unpublished data indicate effects
for even lower levels of DDE to some species of predatory
birds (Stickel unpublished data}.®™ .

Present envitonmental levels vastly exceed the recom-
mended levels in many locations, and continued direct or
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TABLE IIl=2]==Relationship of DDT and Metabolites to

Eggshell Thinning
Spocies Dosage* wat- Pusticide level ~ Thinning Refernnce
wught basis “lneges
. Porcent
Mallezd. .......oceeine 1000 mg/kg N.O. ’ - Tueker & Haegole, 197004
single dese
Prairly falcon (Faico N.D.4 0-10 ppm DDE - %] Endorson & Berger, 1970850
maxicanus) 10-0pm OOE e M
2030 ppm BOE oL 12
. 30 9ot DDE *% ]
Japanese quail 100 ypm 0,800T 236 gpm o, pDDT 4 Bitman et al., 196955
(Cotuzpix) .52 ppm DOE :

100 ppm p,#'DDT  48.0 ppm p,p’'D0E &

Harting guif {Larus 1. 3.3ppm 221 ppm tota! DOT  N.D.¢ Kelth, 196688
agenlatus) ' tolal POT
Ametican kestrel 2.8 ppmp,p’DDE 32.4 ppm DDE 10 Wiameyer & Porfer, 1870802
(Fakn sparvarius)
Mallazd *2.3pm DDE  N.DF il Heath ot al,, 1569372
**[1.2 ppm ODE W.D.f "

* All tesls except the first one are chronic, spanning at ieast saveral months.
** Sonverlad frem dry-basis,
1 Nol determined.

indirect inputs of DDT would make these recommendations
unattainable.

Recommendation

In order to protect most species of aquatic wild-
life, the total DDT concentration on a wet-weight
basis should be less than 1 mg/kg in any aquatic
plants or animals. (Also see Recommendations for
Pesticides, p. 185-186.) '

Polychlorinated Biphenyls (PCB) Polychlorinated
biphenyls are chlorinated hydrocarbons which are highly
resistant to chemical or biological degradation. They have
been widespread environmental contaminants (Jensen et al.
1969,58 Risebrough et al. 1968%%), Their biological effects
at present environmental concentrations are not known,
PCB’s can elevate microsomal enzyme activity (Risebrough
‘et al. 1968, Street et al. 1968%4), but the environmental
significance of that finding is not clear. The toxicity of
PCB is influenced. by the presence of small amounts of con-
taminated chlorinated dibenzofurans (Vos and Koeman

1970, Vos et al. 1970%") which are highly toxic to de-
veloping embryos. '

Recommendation

Because of the persistence of PCB and their
susceptibility to biological magnification, it is
recommended that the body burdens of PCB in
birds and mammals not be permitted to increase
and that monitoring programs be instituted (see
Section IV). : '

Mercury

Westoo (1966} reported that almost all of the mercury
found in fish is methyl mercury. Jensen and Jerneldv
{1969)57 showed that natural sediments can methylate
ionic mercury. Mercury levels in fish in Lake St. Clair
ranged between 0.4 and 3 ppm, averaging near 1.5 ppm
{Greig and Seagram 1970).5% Residues in fish-eating birds
from Lake St. Clair ranged up to 7.5 ppm in a tern, and up
to 23 ppm in a great blue heron (Dustman et al. 1970).%#
These residues are comparable to those found in Swedish
birds that died after experimental dosing with methyl-
mercury, and in birds that died with signs of mercury poi-
soning under field conditions in Scandinavian countres
(Henriksson et al. 1966,57% Borg et al. 1969,5% Holt 196957%),
To date, no bird mortalities due to mercury contamination
have been demonstrated in the Lake St. Clair area, but
body burdens of fish-eating birds are obviously close to
demonstrated toxic levels. It is therefore concluded that:
mercury levels in fish flesh should be kept below 0.5 ppm ..
assure the long-term survival of fish-eating birds. Since this
level incorporates little or no safety margin for fish-eating
wildlife, it is suggested that the safety of a 0.5 ppm level be
reevaluated as soon as possible, ’

Recommendation

Fish-eating birds should be protected if mercury
levels in fish do not exceed 0.5 ug/g.

Since the recommendation of 0.5 yg/¢ mercury
in fish provides little or no safety margin for fish-
eating wildlife, it is recommended that the safety
of the 0.5 ug/g level be reevaluated as soon as
possible.

10888



LITERATURE CITED

BIOLOGICAL MONITORING

Cairng, J., Jr. {(1967), Suspended solids standards for the protection
of aguatic organisms. Prec. Ind. Waste Conf. Purdus Univ. 129%(1):
16-27.

Cairns, J., Jr., D. W. Albaugh, F. Busey, and M. D. Chanay
(1968), The sequential comparison index: a simplified method
for non-biclogists to estimate relative differences in biological
diversity in stream pollution studies. 7. Water Pollut. Contr. Fed.
40(9):1607-1613.

Cairns, J., Jr. and K. L. Dickson {1971), A simple method for the
biological assessment of the effects of waste discharges on aquatic
bottom-dwelling organisms. J. Waier Pollut. Contr. Fed. 43(5):
755-772.

-Galtsoff, P. 8,, W. A. Chipman, Jr., J. B. Engle, and H. N, Calder-
wood (1947), Ecological and physiological studies of the effect of
sulfite pulpmill wastes on oysters in the York River, Virginia.

and Wildlife Service Fisheries Bulletin 43(51):59~186.

'k . E. P. (1968), Biological concepts in pollution control. fn-

ausi, Water Eng. 5(7):18-21. .

* Patrick, R., H. H. Holm, ‘and J. H. Wallace (1954), A new method
for determining the pattern of the diatomn flora. Netulae Natur.
(Philadelphia) no. 259:1-12.

Sparks, R. E., A. G. Heath, and J. Cairns, Jr. (1969), Changes in
bluegill EKG and respiratory signal caused by exposure to con-
centrations of zinc. Ass. Southeast. Biol. Bull. 16(2):69.

Waller, W. T. and J. Cairns, Jr. (1969), Changes in movement pat-
terns of fish. exposed to sublethal concentrations of zine. Ass.
Southeast. Biol. Bull. 16{2):70.

Warren, C. E. and G. E. Davis (1971), Laboratory stream research:
objectives, possibilities, and constraints. Annu. Rev. Feol. Systema-
tics 2:111-144,

3I0ASSAYS

5 Alderdice, D.F. {1967), The detection and measurement of water
poliution: biological assays. Can. Fish. Rep. no. 9:33-39.

! American Public Health Association, American Water Works As- .

sociation, and  Water Pollution Control Federation (1971),
Standard meihods for examination of water and wastéwater, 13th ed.
(American Public Health Association, Washington, D. C.), 874p.

? Anderson, B, G. (1950), The apparent thresholds of toxicity to
Dapinia magna for chlorides of various metals when added to
Lake Erie water. Trans, Amer. Fish Soc. 78:96-113.

3 Ball, I R. (1967a), The relative susceptibilities of some species of
fresh-water fish to poisons. 1. Ammonia, Water Res. 1(11-12):
767-775.

+Ball. I. R. {1967b), The relative susceptibilitics of some species of

h-water fish to poisons. II. Zing. Water Res. 1(11-12):777-

18 Brett, J. R. (1952), Temperature tolerance in young Pacific salmon,
genus Oncorhynchus. J. Fish Res. Bd. Canada 9:265-323.

18 Brown, V. M. (1968), The calculation of the acute toxicity of mix-
tures of poisons to rainbow trout. Mater Res. 2(10):723~733.

% Brown, V. M., D. H. M. Jordan, and B. A. Tiller (1969), Acute
toxicity to rainbow trout of fluctuating concentrations and mix-
tures of ammonia, phenel and zinc. 7. Fish Biol, 1(1):1-9.

12 Brungs, W. A. (1969), Chronic toxicity of zinc to the fathead min-
now, Pimephales promelas Rafinesque. Trans. Amer, Fish, Soc. 98(2):
272-279.

¥ Brungs, W. A. and D. 1. Mount {1967}, A device for continuous
treatment of fish in holding chambers. Trans. Amer. Fish, Soc.
96(1):55-57.

# Cairns, J. Jr. (1969-70), Fish Bioassay—rcproducibility and rating.
Rev. Biol. T(1-2):7-12.

% Cope, O. B. (1961}, Standards for reporting fish toxicity tests.
Frogr. Fish-Cult. 23(¢):187-189.

2 Doudoroff, P., B. G. Anderson, G. E. Burdick, P. §. Galtsoff, W. B,
Hart, R. Patrick, E. R. Strong; E. W, Surber, and W. M, Van
Horn (1951), Bloassay methods for the evaluation of acute toxi-
city of industrial wastes to fish. Sewage Indusi. Wastes 23:1380—
1397.

2 Doudoroff, P., G. Leduc, and C. R. Schneider (1966), Acute toxi-
city to fish of solutions containing complex metal cyanides, in
relation to concentrations of molecular hydrocyanic acid. Trans.
Amer. Fish. Soc. 95(1):6-22. _

#Eaton, J. G. (1970), Chronic malathion toxicity to the bluegill
(Lepomis macrochirus Rafinesque)., Water Res. 4(10):673-684.

* Finney, D. J. (1952), Probit analysis: a statistical treatment of the sigmuid
response curve, 2nd ed. (Cambridge University Press, London),
318p. ] '

# Fry, F. E. J. (1947), Effects of the environment on animal activity.
University of Toronto Studies, Biological Service No. 55; Pub.
Ontario Fisherits Rescarch Laboratory, No. 68, 62 pp.

¥ Henderson, C. (1957), Application factors to be applied to bic-
assays for the safe disposal of toxic wastes, in Biolegical problems
in waler . pollution, C. M. Tarzwell, ed. {U.S. Department of
Health, Education and Welfare, Robert A. Taft Sanitary En-
gineering Center, Cincinnati, Ohio), pp. 31-37.

% Herbert, D. W. M. (1965), Pollution and fisheries, in Erology and
the industrial society, G.T. Goodman, R. W. Edwards, and J. M.
Lambert, eds. (Blackwell Scientific Publications, Oxford), pp.
173-195. _

% Herbert, D. W. M. and J. M. Vandyke (1964}, The toxicity to fish
of mixtures of poisons. II. Copper-ammonia.and zinc-phenol
mixtures. Aan. Appl. Biel. 53(3):415-421.

® Jordan, D. H. M. and R. Loyd (1964}, The resistance of rainbow
trout (Salmo gairdnerii Richardson) and roach {Ratilus rutilus L.)
to alkaline solutions. Air Water Pollut. 8(6/7):405-409.

199

10889



200/ Section III—Freshwater Aquatic Life and Wildlife

3 L ennon, R. E. (1967), Selected strains of fish as bioassay animals.
Progr, Fish-Cult. 29(3):129-132.

= Litchfield, J. T. ahd F. Wilcoxon (1949), A s;mphﬁcd method of

" evaluating dose-effect experiments. J. Pharmatol. Exp. Ther. 96:
99-113.

% Lloyd, R. (1961a), Effect of dissolved oxygen concentrations on
the toxicity of several poisons to rainbow trout (Saimo gairdnerii
Richardson). 7. Exp. Biol. 38(2):447-455.

# Lloyd, R. (1961b), The toxicity of ammonia to rainbow trout
(Salmo gairdneri Richardson). Water Waste Treat. 8:278-279.

# Lloyd, R. and L. D. Orr (1969), The diuretic response by rainbow
trout to sub-lethal concentrations of ammonia. Water Res. 3(3):
335-344. _

* MceKim, J. M. and D. A. Benoit (1971}, Effects of long-term ex-
posures to copper on survival growth, and reproduction of brook
trout {Salvelinus fontinalis), 7. Fish. Res. Board Can. 28(5):655-662.

7 Mount, D. I, (1968), Chronic texicity of copper to fathead minnows
{Pimephales promelas, Rafinesque). Waler Res. 2(3):215-223,

® Mount, D. T. and C. E. Stephan (1967), A method of establishing
acceptable toxicant limits for fish: malathion and the butoxy-
ethanol ester of 2,4.D. Trans. Amer. Fish. Soc. 96(2):185-193,

# Mount, D. I. and R. E. Warner (1965), Serial-dilution apparatus for
continuous delivery of various concenirations of materials in water [PHS
Pub. 999-WP-23] (Government Printing Office, Washington,
D.C), 16 p.

® Patrick, R. (1968), Standard method of test for evaluating inhibi-
tory toxicity of industrial waste waters, in .American Society for
Testing and Materials book of standards, part 23: Industrial water;
atmospheric analysis (American Society for Testing and Ma-
terials, Philadelphia, Pennsylvania), pp. 657-665.

 Patrick, R., J. Cairns, Jr.,, and A. Scheier (1968), The relative
sensitivity of diatoms, snails, and fish to 20 common constituents
of industrial wastes, Progr. Fish-Cuit. 30{3):137-140."

# Schaumburg, F. D, T. E. Howard, and C. C. Walden (1967), A
method to evaluate the effects of water pollutants on fish respira-
tion. Water Res. 1(10}:731-737. .

4 Sprague, J. B, (1969), Measurement of pollutant toxicity to fish.
1. Bioassay methods for acute toxicity. Waler Res. 3(11):793-821.

4 Sprague, J. B, (1970), Measurement of pollutant toxicity to fish.
Utilizing and applying bioassay results. Water Res. 4(1):3-32.

4 Sprague, J. B. (1971), Mecasurement of pollutant toxicity to fish.
III. Sublethal effects and “safe” concentrations. Water Res.
5({6}:245-266.

4 Sprague, J. B, P. F. Elson, and R. L. Saunders (1965}, Sublethal
copper-zinc pollution in a salmon river: a field and laboratory
study. Air Water Pollut. 9(9):531-543,

# 3tark, G. T. C. (1967), Automatic dosing apparatus made with

. standard laboratory ware. Lab. Pract. 16(5):594-595,

4 Standard methods (1971) American Public Health Association,
American Water Works Association, and Water Pollution Control
Federation (1971}, Standard methods for the examination of

- water and waste water, 13th ed. (American Public Health As-
sociation, Washington, D. C.}), 874 p.

4 Tarzwell, C. M. (1962}, The need and value of water quality criteria
with special reference to aquatic life. Can. Fish Cult. 31:35-41,

® U, K. Ministry of Technology (1969), Water pollution research:
report of the director, Water Pollution Research Laboratory,
Stevenage, Great Britain, pp. 58-60.

8 Woelke, C. E. (1967), Measurement of water quality criteria with
the Pacific oyster embryo bioassay. Amer. Soc. Test. Mater. Spec.
Tech. Pub. no. 416: 112-120,

References Cited

% Biesinger, K. E. and G, M. Christensen, unpublished data 1971, Metal
Effects of Survival, Growth, Reproduction and Metabolism of

Daphnia magna. National Water Quality Laberatory, Duluth,
Minn. ‘

8 Eaton, J. G., unpublished data 1971, National Water Quality Labora-
tory, Duluth, Minn.

PHYSICAL MANIPULATION OF THE ENViRONMENT

8 Brown, C. L. and R. Clark.(1968), Observations on dredging and
dissolved oxygen in a tidal waterway, Water Resour, Res. 4:138)-
1384.

8 Brown, G. W. and J. T. Krygicr (1970), Effects of clear-cutting on
stream temperatures, Water Resour. Res, 6(4)11133-1139,

8¢ Copeland, B. J. and F. Dickens (1969), Systems resulting from
dredging spoil, in Coastal ecological systems of the United States, FI. T
QOdum, B. J. Copeland, and E. A. McMahan, eds. (Federal
Water Pollution Control Administration, Washington, D. C.),
Pp- 1084—1100 mimeograph. '

8 Gannon, J. E. and A. M. Beeton (1969), Studies on the effects of
dredged materials from sélected Great Lakes harbors on plankton and
benthos [Special report no. 8] {Center for Great Lakes Studies,
University of Wisconsin, Milwaukee), 82 p.

% (Gebhards, S. (1970), The vanishing stream. Jdaho Wildl. Rev. 22(5):
3-8.

% Ingle, R. M. (1952), Studies on the ¢ffect of dredging operations upon fish
and shellfish (Florxda State. Board of Conscrvatlon, Tallahassee),
26 p.

& Likens, G. E., F. H. Bormann, N. M. Johnson, D. W, Fisher, and
R. 8. Pierce (1970), Effects of forest cutting and herbicide treat-
ment on nutrient budgets in the Hubbard Brook Watershed
ecosystern. Erol, Monogr. 40(1):23-47,

# Mackin, J. G. (1961}, Canal dredging and silting in Louisiana bays.
Publ. Inst. Mar. Sci. Univ. Tex. 7:262-310,

8 Marshall, R, R. (1968), Dredging and filling, in Marsh estunry
management symposium  proceedings, J. D. Newsom, ed. (T
Moran’s Sons, Inc., Baton Rouge, Louisiana) pp. 107-113.

8 Martin, E. C. (1969), Stream alieration and its effects on fish and wild-
fife. Proc. 23rd Annual conference S. E. Association Game and
Fish Commissioners, Mobile, Alabama, 19 p. mimeo.

¢ Peters, J. C. and W. Alvord (1964), Man-made channel altera-
tions in thirteen Montana streams and rivers. Trans. N. Amer,
Wildlife Natur. Resour. Conf. 29:93-102.

¢ Smith, P. W. and R. Larimore (1963), The.fishes of Champaign
County, Illinois, as affected by 60 years of stream change. -
nois Natural History Survey Bulletin 28(2):299-382.

8 Taylor, J. L. and C. H. Saloman (1968), Some effects of hydraulic
dredging and coastal development in Boca Ciega Bay, Florida.
U.S. Fish Wildlife Serv. Fish. Bull. 67(2):213=241.

8 Trautman, M. B. {1939), The effects of man-made modifications.
on the fish fauna in Lost and Gordon creeks, Ohio, between
18871938, Chio 7. Sei. 39(3):275-288.

2 Wark, J. W. and F. J. Keller (1963), Preliminary study of sediment
sources and transport in the Potomac River Basin [Technical bulletin
R63-11] (Interstate Commission on the Potomac River Bas:n,
Washington, D. C.). 28 p.

® Welker, B. D. (1967), Comparisons of channel catfish populations
in channeled and unchanneled sections of the Little Sioux River,
Iowa. Proc, Jowa Acad. Sei. 74:99-104.

SUSPENDED AND SETTLEABLE SOLIDS .

™ Benoit, R. J., ]J. Cairns, Jr., and C. W. Reimer(1967), A limnologi-
cal reconnaissance of an impoundment receiving heavy metals,
with emphasis on diatoms and fish, in Reservoir fishery resourees,
symposium (American Fisheries Socncty, Washington, D. C
- 69-99.

10890



7 Buck, D. H. (1956), Effects of turbidity on fish and fishing. Trans.
N. dmer. Wildl. Conf. 21:249-261.

™ Cairns, J., Jr. (1968}, We'rs in hot water. Scientist and Citizen 10(8):

7-198.

Ly ean Inland Fisheries Advisory Commission. Working Party
on Water Quality Criteria for European Freshwater Fish {1965},
Report on finely divided solids and inland fisheries. Air Water
Pollut. 9(3):151-168.

" Gammon, J. R. (1970), The #ffect of inovganic sediment on stream biota
[Environmental Protection Agency water pollution control re-
search series no. 18050DWC] (Government Printing Office,
Washington, D. C.}, 141 p.

® Gannon, J. E. and A. M. Beeton (1969), Sudies on the ¢ffects of
dredged materials from selected Great Lakes harbors on plankton and
benthos. Center for Great Lakes Studies, University of Wisconsin.
Mil. Spec. Rept. No. 4182 pp.

‘“Krone, R. B. (1963), A study of rheologic properties of estuarial sedi-
menis {Hydraulic Engineering Laboratory and Sanitary En-
gineering Research Laboratory, University of California, Bcrke-
ley).

7 Langleis, T. H. {1941}, Two processes operating for the reduction’

in abundance or climination of fish species from certain types of
water arcas. Trans. N. Amer. Wildl. Conf. 6:189:201.

% Leopold, L. B.,, M. G. Wolman, and J. P. Miller (1964), Fluvial
processes in geomorphology (W. H, Freeman, San Francisco), 522 p.

® Smith, L. L., Jr., R. H. Kramer, and J. C. MacLeod (1965), Ef-
fects of pulpwood fibers on fathead minnows and walleye finger-
lings. 7. Water Pollut. Contr. Fed. 37(1):130-140.

" Wallen, 1. E. (1951}, The direct effect of turbidity on fishes. Bull.
Okla. Agr. Mech. Coll, 48(2):1-27.

COLOR

1T T.D. and J. G. Aldous (1968), Anaerobic-aerobic treatment

.pent vegetable tan liquors from a sole leather tannery. Proc.

Ind. Waste Conf, Purdue Unip. 132(1):126~139,

= Hem, J. D. (1960}, Complexes of ferrous iron with tannic acid [Geological
Survey water supply paper 1459-D] {Government Printing Of-
fice, Washington, D. C.}, 94 p.

“# King, P. H. and C. W, Randall (1970), Chemical-biological treat-
ment of textile finishing wastes. Proc. Southern Water Res. and Pollu-
tion Control. Conf. 19:74-83.

¥ Nordell, E. (1961), Water treatmeni for industrial and other uses, 2nd ed.
{Reinhold Publishing Corp., New York), 598 p.

5 Standard methods (1971) American Public Health Association,
American Water Works Association, and Water Pollution Con-
trol Federation (1971}, Standard metheds for the examination of
water and wagte water, 13th ed. {(American Public Health As-
sociation, Washington, D. C.); 874 p.

& Stumm, W. and |. J. Morgan (1962), Chemical aspects of coagu-
lation. 7. Amer. Water Works Ags. 54:971-994,

7 Welch, P. 8, (1952), Limnology (McGraw-Hill, Inc., Ncw York), -

538 pp.

JISSOLVED CXYGEN

¥ Brown, V. M. {1968), The calculation of the acute toxicity of mix-
tures of poisons to rainbow trout. Water Research 2:723~733.

¥ Doudoroff, P. and D. L. Shumway {1967), Dissolved oxygen cri-
teria for the protection of fish. Amer. Fish. Soc, Spec. Publ. no. 4:13—
19,

¢ Doudoroff, P. and D. L. Shumway (1970), Dissolved oxygen require-
menits of freshwater fishes [Food and Agricultural Organization

eries technical paper 86] (FAO, Rome), 291 p.
", oroff, P. and C. E. Warren (1965), Dissolved oxygen require-

Literature Cited /201

ments of fishes, in Biological problems in water poilution, C. M.
Tarzwell, ed. [PHS Pub. 999-WP-25]

2 Dudley, R. G. {1969), Survival of largemouth bass embryos at low
dissolved oxygen copcentrations. M.S. Thesis, Cornell Uni-
versity, Ithaca, New York, 61 p.

# Ellis, M. M. (1937), Detection and measurement of stream pollu-
tion. .S, Bur Fisk. Bull. no. 22:365-437.

# Fry, F. E. J. (1960}, The oxygen requirements of fish, in Biological
problems in water pollution, C. M. Tarzwell, ed. {U.5. Department
of Health, Education and Welfare, Robert A, Taft Sanitary En-
gineering Center, Cincinnati, Ohio), pp. 106-109,

% Herrmann, R. B., C. E. Warren and P. Doudoroff (1962}, Influence
of oxygen concentration on the growth of juvenile coho salmon.
Trans. Amer, Fisk. Soc. 91(2):155-167.

# Lloyd, R. (1961), Effect of dissclved oxygen conceatrations on the
toxicity of several poisons to rainbow trout (Salmo gairdnerii
Richardson). J. Exp. Biol. 38(2):447-455.

¥ Nebeker, A. V. (1972). Effect of low oxygen concentration on sur-
vival and emergence of aquatic insects, Submitted to Trans.
Amer. Fish. Soc.

% Shumway, D. L., C. E. Warren and P. Doudoroff {1964}, Infiuence
of oxygen concentration and water movement on the growth of
steelhead trout and coho salmon embryos. Trans. Amer, Fisk. Soc.
93(4):342-356.

® Stewart, N. E., D. L. Shumway and P. Doudoroff (1967), Influence
of oxygen concentration on the growth of juvenile largemouth
bass. 7. of Fish. Res. Bd. of Canada 24(3):475—494.

0 Yurovitskii, Yu. J. (1964), Morphological peculiarities of em-
bryos of the sturgeon {Acipenser guldenstadti Brandt) under varying
oxygen conditions. Voprosy Ikhtiologii (Akad. Nauk SSR), 4(2):
315329, (In Russian).

Reference Cited

101 Brungs, W. A., personal communication (1972). National Wal;cr
Quality Laboratory, Duluth, Minn.

TOTAL DISSOLVED GASES

0z Behnke, A. R., Jr. {1942), Physiologic studies pertaining to deep
sea diving and aviation, especially in relation to fat content and
composition of the body. Harvey Lect. 37:198-226.

%2 Beiningen, K. T., and W. J. Ebel {1968}, Effect of John Day Dam
on dissolved nitrogen concentrations and salmon in the Columbia
River, 1968. Trans. Amer. Fish. Soc. 99(4):664-671. -

104 Berg, W. E., M. Harris, D. M. Whitaker, and V. C. Twitty (1945),
Additional mechanisms for the origin of bubbles in animals de-
compressed to simulated altitudes. 7. Gen. Physiol. 28:253-258.

08 Bouck, G. R., G. A. Chapman, P. W. Schneider, Jr. and D. G.
Stevens (1971), Gas bubble discase in adult Columbia River
sockeye salmon {Oncorkynihus nerka) Trans. Amer. Fish. Soc.,
submitted to the editor,

s Boyeott, A. E. and G. C. C. Damant {1908), Experiments on the
influence of fatness on suscepnblhty to caisson disease. 7. Hyg.
8:445-456.

. ¥ Brand, E. D., 8. W. Britton, and C. R. French {1951), Cited by:
Prosser, C. L., and F. A, Brown, Jr. Comparative animal physiology,
- {Saunders Company, Philadelphia, Pennsylvania).

18 Carey, F. G. and J. M. Teal (1969), Regulation of body tempeta-
ture by the bluefin tuna, Comp. Biockem. Physiol. 28(1):205-213.

W Coutant, C. C. and R. G. Genoway (1968), Final report on an ex-
Hloratory study of interaction of increased lemperature and nitrogen supers .
saturation on mortelity of adult salmonids (National Marine Fxshencs
Service, Seattle).

0 DeMont, J. D. and R. W. Miller, in press, First reported incidence

10891




202 /Sestion III—Freshwater Aquatic Life and Wildlife

of gas bubble discase in the heated efluent of a stream clectric
generating station. Proc. 25th Annual meeting, Southeast Association

.- of Game and Fish Commissioners.

u Doudoroff, P. (1957), Water quality requirements of ﬁsh&s and
effects of toxic substances, in The physiology of fishes, M..E. Brown,
ed. (Academic Press, Inc,, New York}, pp. 403—430. .

13 Ebel, W. J. (1969), Supersaturation of nitrogen in the Columbia
River and its effect on salmon and steelhead trout, .U.S. Fuh
W:ldhfe Serv, Fisk, Bull. 68(1):1~11.

13 Epel, W. J, E. M. Dawley, and B, H. Monk (1971), Thermal

tolerance of juvenile Pacific salmon and steclhead trout in rela--

tion to supersaturation of nitrogen gas. U.S. Fish. Wildl. Serv.
Fish, Bull. 69:833-843.

1t Eeusa, S. (1955), The gas disease of fish due to excess of nitrogen.
J. Fac. Fish. Anim. Husb., Hiroshima Univ. 1:157--183.

us Englehorn, O. R. (l943), Die gasblasenkrankheu bie fischen. Z
Fischerei u. Hilfswiss 41:297.

18 Evans, A, and D. N. Walder (1969), Significance of gas micro-
nuclei in the eticlogy of decompression sickness, Nature 222:251-
252,

17 Gersh, 1., G. E. Hawkinson, and E. N. Rathbun (1944), Tissue
and vascular bubbles after decompression from high pressure
atmospheres—correlation of specific gravity with morphological

¢ changes. J. Cell. Comb, Phvsivl. 24:35-70.

18 Glueckauf, E. (1951), The composition of atmospheric air, in
Compendium of meteorology, T. F. Malone, ed. (American Meteoro-
logical Society, Boston), pp. 3-11.

1% Gorham, F. P. (1898), Some physiological effects of reduced pres-
sure on fish. 7. Boston Soc. Med. Sei. 3:250.

0 Gorham, F. P. (1899), The gas-bubble disease of fish and its cause.
U.S. Fisk. Comm. Buil. 19:33-37.

2 Harvey, E. N,, D. K. Barnes, W. D. McElroy, A. H. Whiteley,
D. C. Pease, and K. W, Cooper (1944a), Bubble formaticn in
animals, I. Physical factors. F. Cell. Comp. Physial. 24(1):1-22.

12 Harvey, E. N., A. H. Whiteley, W. D. McElroy, D. C. Pease, and
D. K. Barnes {1944b), Bubble formation in animals.. II. Gas
nuelei and their distribution in blood and uasucs F. Cell. Comp.
Physiol. 24(1):23~34.

22 Harvey, H. H. and A. C. Cooper (1962), Origin and treatment of . a
supersaturated river water [Progress report no. 9] (International
Pacific Salmon Fisheries Commission, New Waestminster, British
Columbia), 19 p.

2¢ Hemmingsen, E. A. (1970), Supersaturation of gases in water:
absence of cavitation on decompression from high pressures.
Science 167:1493~1494.,

128 Hills, B. A. (1967), Dccomprmlon sickness: a study of cavitation
at the liquid-liquid interface. derosp. Med. 58:814~B17.

¢ Lindroth, A. (1957), Abiogenic gas supcrsaturation of river water.
Arch. Hydrobiol, 53(4): 589~597.

27 Malous, R., R. Keck, D. Maurer and C. Episano (1972), Occurrence
of gas bubble disecase in three species of bivalve mollusks. 7.
Fish. Res. Bd. Canada 29:588-589,

1 Marsh, M. C. and F. P. Gorham (1904}, The gas disease in fishes.
Rept. Bur, Fish. pp. 343-376.

2 Panley, G. B. and R. E. Nakatani (1967), Histopathology of gas-
bubble disease in salmon fingerlings. . Fish. Res. Bd. Canada
24(4):867-871.

18 Pease, D. C. and L. R. Blinks (1947), Cavitation from solid sur-
faces in the absences of gas nuclei. joumal of Physiology and Celluler
Chemistry, pp. 551-556.

18 Randall, D. J. (1970a), Gas. cxchangc in fish, in Fish phy:mlogy,
val. 4, W. 8. Hoar and D. J. Randall, eds. {Academic Press, New
York}, pp. 253-292,

12 Randall, D. J. (1970b}, The circulatory system, in Fish physiology,

vol. 4, W. 8. Hoar and D. J. Randall, eds. {Academic Press, New
York), pp. 133-172,

122 Renfro, W. C. (1963), Gas-bubble mortality of fishes in Galveston

Bay, Texas. Trans. Amer. Fish. Soc. 92(3):320-322.
14 Scholander, P. F., L. Van Dam, C. L. Claff, and J. W. Kanwisher
- (1955), Microgasometric determination of dissolved oxygen a-
nitrogen. Biol. Bull. 109:328-334.

1 Shelford, V. E. and W. C, Aliee (1913), The reactions of fishes to

_gradients of dissolved atmospheric gases. 7. Exp. Zool, 14:207-
266,

138 Shirahata, S. {1966), [Experiments on nitrogen gas disease with
rainbow trout fry.] Bull. Freshwater F;:h Res. Lab. (Tokyo) 15(2):
197-211.

137 Swinnerton, J. W., V. J. Linnenbom, and C. H. Cheek {1962}, De-
termination of dissolved gases in aqueous solutions by gas chroma-
tography. dnral. Chem. 34:483-485.

132 Van Liere, E. J. and J. C. Stickney (1963), Hypoxia (University
of Chicago Press, Chicago), 381 p.

1% Van Slyke, D. D., R. T. Dillon, and R. Margaria (1934), Studies
of gas and electrolyte equilibria in blood. XVIII, Solubility and
physical state of atmospheric nitrogen in blood cells and plasma.
F. Biol. Chem, 105(3):571~596.

140 Westgard, R. L. (1964), Physical and biological aspects of gas-
bubble disease in impounded adult chinock saimon at McNary
spawning channel. Trans. Amer. Fish. Soc. 93(3):306-309.

M Whitaker, D. M., L. R, Blinks, W. E. Berg, V. C. Twitty and M.

~ Harris (1945), Muscular activity and bubble information in
animals decompressed to simulated altitudes. fournal of General
Physiology 28:213-223.

12 Wiebe, A. H. and A. M. McGavock (1932), The ability of several
species of fish to survive on prolonged exposure to abnormally
high concentrations of dissolved oxygen. Trans. Amer. Fish, Soc.
62:267-274.

W Wood, J. W. (1968), Diseases of Pacific salmon: their prevention and
treatment (Washington Department of Fisheries, Hatchery Divi-
sion, Olympia}, mimeograph, various paging.

Réference Cited

44 Schneider, M., personal communication. Batelle Northwest Labora-
tory, Richland, Washington.

CARBON DIOXIDE

M8 Basu, 8. P. (1959}, Active respiration of fish in relation to ambient
concentrations of oxygen and carbon dicxide, 7. Fish. Res. Bd.
Canada 16(2):175-212, .

148 Brinley, F. J. (1943), Sewage, algac and fish. Sewage Works 7. 15:
78-83.

47 Doudoroff, P. (1957), Water Quality Requirements of fishes and -
effects of toxic substances. The Physiology of Fishes (M. E. Brown,
Ed.} Academic Press, New York, Vol. 1, pp. 403-430.

43 Doudoroff, P. and M. Katz {1950}, Critical review of literature
on toxicity of industrial wastes and their components to fish. 1.
Alkalies, acids and inorganic gases. Sewage and Indusirial Wastes
22(11):1432-1458.

W Doudoroff, P. and D, L. Shumway (1970), Dissolved oxygen require-
ments of freshwater fishes [Food and Agricultural Organization
fisheries technical paper 86} (FAO, Rome)}, 291 p.

180 Ellis, M. M. {1937), Detection and measurement of stream pollu-
tion. U.S. Bur, Fish, Bull. no. 22: 365437,

1 Fry, F. E. J. (1957), The aquatic respiration of fish, in The physi-
ology of fishes, M. E. Brown, ed. {Academic Press, New York),
vol. I, pp. 1-63.

12 Hart, J.. S. (1944), The circulation and respiratory tolerance of
some Florida freshwater fishes, Proc. Fla. dced. Sci. 7(4):221-246.

183 Haskell, D. C. and R. O. Davies (1958}, Carbon dioxide - ~
limiting factor in trout transportation. N, ¥. Fish Game J.
175-183.

10892



+Héglund, L. B, (1961), The relations of fish in concentration gradients
'Report no. 43] (Institnte of Freshwater Research, Drottning-
holm), 147 p.

EMTN), WL T. (1956), The influence of carbon dioxide and pH on the

sed oxygen requirements of some freshwater fish [M. S Thests)

suregon State College, Corvallis), 582 p.

¢ Powers, E. B. and R. T. Clark (1943), Further. evidence on
chemical factors affecting the migratory movements of fishes
vspecially the salmon. Eealogy 24(1):108-113.

“Warren, C. E. {1971}, Biology and water poliution conirel {W. B.
Saunders Co., Philadelphia, Pennsylvania}, 434 p.

W{CIDITY, ALKALINITY AND pH

* Burrows, R. E.:(1964), Effects of accumulated excretory products on
hatchery-reared salmonids [Bureau of Sport Fisheries and Wildlife
research report 66] (Government Printing Office, Washington,
D.C), 12p.

® Doudorofl, P., G. Leduc, and C. R. Schneider (1966). Acute
toxicity to fish of solutions containing complex metal cyanides, in
relation to concentrations of molecular hydrocyanic acid. Trans.
Amer Fish, Soc. 95(1):6-22,

! European Inland Fisheries Advisory Commission. Working Party

¢ on Water Quality Criteria for European Freshwater Fish (1969),
Report on extreme pH values and inland fisheries. Water Res. 3(8):

343-611.

+Katz, M.
mine drainage with particular emphasis to the waters of the
Appalachian region, appendix F to .dcid mine drainage in Ap-
palachie  (Appalachian Regional Commission, Washington,
D. C.), 65 p.

?Kemp, P. H. (1971), Chemistry of natural waters. II. Alkalinity,
Tt ter Res. 5(7):415-420,

3 R. (1961), Effect of dissolved oxygen concentrations on the
we.ucity of several poisons to rainbow trout (Salme gairdnerii
Richardson). 7. Exp. Biol, 38(2):447-455.

# Standard methods (1971) American Public Health Association,
‘American Water Works Association, and Water Pollution Con-
trol Federation (1971), Standard methods for the examination
of water and waste water, 13th ed. (American Public Health
Assoctation, Washingten, D. C.), 874 p.

MSSOLVED SOLIDS AND HARDNESS

* Brown, V. M. {1968}, The calculation of the acute toxicity of mix-
tures of poisons to rainbow trout. Water Res. 2(10):723-733.

"Hart, W. B., P. Doudoroff and J. Greenbank (1945), The evalua-
tion of the toxicity of industrial wastes, chemicals and ather sub.
stances to freshwater fishes. Waste Control Laboralory, the Ailantic
Refining Co. of Philadelphia.

7 Hutchinson, G. E. (1937), 4 treatise on limnology, vol. 1, Geagraphy,
Plysics, and chemistry (John Wiley & Sons, New York), 1015 p.

% Lloyd, R. and D. W. M. Herbert (1962), The effect of the environ-
ment on the toxicity of poisons to fish, 7. Jnst. Pub. Health Eng.
61:132-145,

*Mace, H. H. (1933}, Disposal of wastes from water-treatment
plants, Pub. Works 84(7):73, 88-100.

®Reid, G. K. (1961), Ecology of inland waters and estuaries (Reinhold
Publishing Corp., New York), 368 p.

!Rounsefell, G. B. and W. H. Everhart (1953), Fishery science its
methods and applications (John Wiley and Sons, Inc., New York),
444 p.

2F v, F. (1963), Fundamentals of limnology, 3rd ed. (University

oronto Press, Toronto), 295 p,

(1969), The biological and ecological effects of acid

Literature Cited /203

OlLs

13 Anderson; B. G. (1944), The toxicity thresholds of various sub-
stances found in industrial wastes as determined by the use of
Daphnia magna. Sewage Works J. 16:1156-1165.

14 Avigan, J. and M. Blumer (1968), On the origin of pristane in
marine organisms. 7. Lipid Res. 9(3):350-352.

18 Bestougeff, M. A. (1967), Petroleum hydrocarbons, in Fundg-
mental aspects of petrolenm geochemistry, B. Nagy and U, Colombe,
eds. (Elsevier Publishing Co., New York, New York), pp. 109~
173.

W6 Blumer, M. (1971}, Oil contamination dnd the living resources of
the sea, no. R-1 in Report of the FAQ technical conference on marine
pollution and its effects on living resources and fishing [FAQ fisheries
report 99} (Food and Agricultural Organization of the United
Nations, Rome), p. 101.

7 Cairns, J., Jr. and A. Scheier (1958); The-eflects of periodic low
oxygen upon the toxicity of various chemicals to aquatic or-
ganisms. Purdue Univ. Eng. Bull. Ext. Ser. no. 94:165-176.

%8 Cairns, J., Jr. and A. Scheier (1959), The relationship of bluegill
sunfish body size to tolerance for some common chemicals.
Purdue Univ. Eng. Bull. Ext. Ser. no. 96:243-252.

7 Cole, A. E. (1941), The effects of pollutional wastes on fish life, in
A gymposium on hydrobiology (University of Wisconsin Press,
Madison), pp. 241-259,

%0 Copeland, B. J. and T. C. Dorris (1964), Community metabolism
in ecosystems receiving oil refinery effluents. Lz'mnnlog): and
Oceanography 9:431-445.

8 Forbes, S. A. and R, E. Richardson (1913), Studies on the biology
of the upper Illinois River. {li. State Lab. Nat. Hist. Bull. 9:481~
574.

¥ Graham, R. J. and T, C. Dorris (1968}, Long-term toxicity bicas-
say oil refinery effluents. I¥ater Research 2:643-663.

1831 Han, J., E. D. McCarthy, W. Van Hoeven, M. Calvin, and W. H.
Bradley (1968}, Organic geochemical studies. II. A preliminary
report on the distribution of aliphatic hydrocarbons in algae, in
bacteria, and in a recent lake sediment. Proc. Nat. Acad. Sei.
U.S.4. 59(1):29-33,

¥ Harrel, R. C., B. Davis, and T. C. Dorris (1967), Stream order and
species diversity of fishes in an intermittent Oklahoma stream.
American Midland Naturalist vol. 78 (2) 428-436.

88 Hartung, R. and G. W, Klingler (1968), Sedimentation of floating
olls. Pap. Mich. Acad. Sci. Aris Lett. 53:23-28.

133 l-iar:ung, R. and G. W, Klingler (1970), Concentration of DDT
sedimented polluting oils. Emgran. Sei. Technol. 4(3):407-410.

® Hunt, G. S. (1957), Causes of mortalily among ducks wintering on the
lower Detroit River |Ph.D. thesis] University of Michigan, Ann
Arbor, 296 p.

8 Hunt, G. S. (1962), Water pollution and the ecology of some
aguatic invericbrates in the lower Detroit River, -in Proceedings
of the Great Lakes research conference [Great Lakes Rescarch Di.
vision pub. no. 9} (University of Michigan, Institute of Science
and Technology, Ann Arbor), pp. 29-49.

18 Krishnawami, 5. K. and E. E. Kupchanko (1969}, Relationship
between odor of petroleum refinery wastewater and occurrence
of “oily” taste-flavor in rainbow trout, Selme gairdnerii. 7. Waler
Puitut. Contr. Fed. 41:R189-R196.

W Ludzack, F. J., W. M. Ingram, and M. B. Ettinger (1957), Charac-
teristics of a stream composed of ofl-refinery and activated-
sludge effluents. Sewage Indust. Wastes 29:1177-1189.

W1 Mathis, B. J. and T. C. Dorris (1968), Community structure of
benthic macroinvertebrates in an intermittent stream receiving
oil field brines. American Midland Naturalist 80(2):428-439.

92 MeCauley, R. N. (1964), The biological effects of oil pollution in o
river [Ph.D. dissertation]. Cornell University, Ithaca, New York,
185p.

10893



204 /Section III—Freshwater Aquatic Life and Wildlife

8 McKee, J.'E. and H. W. Wolf, eds. (1963), Water quality criteria,
2nd ed. (California. State Water Quality Control Board, pub.
no. 3-A, Sacramento), 548 p.

4 Meinck, F., H. Stoof, and H. Kohlschiitter (1956), Industrie
abwasser, 2nd ed. (G. Fischer Verlag, Stuttgart), 527 p.

® Minter, K. W. (1964) Standing crop and community structure of
plankton in ol refinery effuent holding ponds. Ph. D, Thesis,
Oklahoma State Univ., 104 pp. _

%8 North, W. J.,”M. 'Neushul, and K. A. Clendenning (1965), Suc-
cessive biological changes observed in a marine cove exposed
to a large spillage of mineral oil, in Afarine pollution by micro-or-
ganisms and petroleum products {Commission Internationale pour
IExploration de la Mer Méditerranée, Paris), pp. 335-354.

7 Pickering, Q. H. and C. Henderson (1966), The acute toxicity of
some heavy metals to different species of warmwater fishes. Air
Water Pollut. 10(6/7): 453—463.

W Purdy, G. A, (1958), Petroleum—prehistoric to petraciumwal.r (McGraw-
Hill Book Co., New York), 492 p.

¥ Shelton, R, G. J. (1971}, Effects of oil and oil dispersants on the
mearine environment. Preceedings of the Royal Socisty of London
Biological Seiences 177(1048):411-422.

¥ Sprague, J. B. and W. G. Carson, manuscript {1970). Toxicity tests
with oil dispersants in connection with oil spill at Chedabucte
Bay, Nova Scotia. Fish. Res. Bd. of Canada, Technical Report
Series No. 201, 30 pp.

%0 Stevens, N. P., E, E. Bray, and E. D. Evans, (1956), Hydrocarbons
in sediments of the Gulf of Mexico. Bull. Amer. Ass. Petrol, Geol.
40(5):475—483,

#2 Swain, F. M. (1956}, Lake deposits in central and northern Min-
nesota, Bull, Amer. Ass. Petrol. Geol. 40(4):600-653.

#2 Tagatz, M. E. (1961), Reduced oxygen tolerance and toxicity of
petroleum products to juvenile American shad. Chesapeake Sci.
2(12):65-71.

¢ Turnbull, H., J. G. DeMann, and R. F. Weston (1954), Toxicity
of various refinery materials to fresh water fish. fnd. Eng. Chem.
46:324-333.

%s Wallen, I. E., W. C. Greer, and R. Lasater (1957), Toxicity to
Gambusia affinis of certain pure chemicals in turbid waters.
Sewage Indust, Wastes 29(6):695-711.

#¢ Wilhm, J. L. and T. C. Dorris (1966), Species diversity of benthic
macro-invertebrates in a stream receiving domestic and oil re-
finery eflluents. 4mer. Midl. Nat. 76(2):427—449,

Reference Cited

7 Burks, 5. L., personal communication, (1972). Preliminary report on
the identification of toxic compounds in il refinery effiuents.

TAINTING SUBSTANCES

" %8 Albersmeyer, W. (1957}, The effect of. phcnohc waste water on
fish. Fischwirt, 7:207-211.

3 Albersmeyer, W. and L. V. Erichsen (1959), [Investigations on
the effects of tar constituents in waste waters. ) 2. Fisch. 8(1/3):
4046,

2 Aschner, M., C. Lavcntncr, T. Charin-Kirsch (1967), Off flavor
in carp from fishponds in the coastal plains and the Galil. Ba-
midek. Bull, Fish, Cult, Israel 19(11):23-25.

M Bandt, H. J. (1955), Fischereischaden durch phenolabwasser.
Wasserwilrisch.-Wassertech. 5(9) :290;-294._

1 Boetius, J. (1954), Foul taste of fish and oysters caused by chloro-
phenol. Medd. Dan. Fisk. Havunders, 1{4):1-8.

3 Cornelius, W, O. and ‘H. J. Bandt (1933), Fischereischaedigungen
durch Starke Vermehrung gewisser pflanzlicher Planktonten
insbesondere Geschmacks-Beeinfiussung der Pische durch Oscil-
latorien. Zeftschrift Fiir Fischerei Und Deren Hilfswissenschaften.

M4 English, J. N., G, N. McDermott, and C. Henderson (1963),
Pollutional cffects of outboard motor exhaust—laboratory
studies. 7. Water Pollut. Contr. Fed. 35(7):923-931.

5 Fetterolf, C. M. (1962), Investigation of fish off flavor, Musker
lake. Bureau of Water Management, Mickigan Department of Nal.
Resources. Lansing, Michigan.

8 Fetterolf, C. M. (1964), Taste and odor problems in fish from
Michigan waters, Proc. Ind. Waste Conf. Purdue Univ. 115:174—
182.

W Galtsoff, P. 5. (1964), The American oyster, Crassostrea virginica,
Gmelin. Fisk and Wildlife Service Fisheries Bulletin 64:1—480.

18 Galisoff, P. S., W. A. Chipman, Jr., J. B. Engle, and H. N. Calder-
wood (1947), Ecological and physiological studies of the effect
of sulfite pulpmill wastes on oysters in the York River, Va., Fish
and Wildlife Service Fish. Bull. 43(51): 59-186.

M Galtsoff, P. 8., H. F. Prytherch, R. O. Smith and V. Koehring
(1935), Effects of crude oil pollution on oysters in Louisiana
waters. Bulletin Bureau of Fish 48(18):209.

0 Galtsoff, P. S. and D. V. Whipple (1931), Oxygen consumption
of normal and green oysters. Bulletin Bureau of Fish 46:489-308.

# Henley, D. E. (1970), Odorous metabolite and other selected
studies of Cyanophyta [Ph.D. d1sscrtat10n], North Texas State
University.

=2 Korschgen, B. M., R. E. Baldwin, and J. W. Robinson (1970), In-
fluence of environment on palatability of carp. 7. Food Sei. 35(4):
425-428.

23 Krishnawami, 3. K. and E. E. Kupchanko (1969), Relationship
between odor of petroleum refinery wastewater and occurrence
of “oily” taste-flavor in rainbow trout, Salme gatrdnerti. ¥. Water
Pollut. Conir. Fed. 41:R189~R196.

#t Lopinot, A. C. (1962), 1961 Mississippi river taste and odor prob-
lems. Fish division, Illinois department of conservation.

#5 Ranson, G. (1927), L’absorption de matieres arganiques dissoutes
par la surface exterieure du corps chez les animaux aquatic:"
These, in Annales de L'Inst. Oéean, t. v,

28 Rhoades, J. W. and J. D, Millar (1965), Fruit flaver constitue....,
Gas chromatographic method for comparative analysis of fruit
flavors, 7. Adgr. Food Chem. 13(1):5-9.

27 Schulze, E. (1961), The influence of phenol-containing effluents on
the taste of fish. Int. Rev. ges. Hydrobiol. 46(1):84-90.

8 Shumway, D. L. (1966}, Effects of ¢ffluents on flavor of salmon flesh
(Agricultural Experiment Station, Orcgon State University,
Corvallis), 17 p.

2 Shumway, D. L. and G. G. Chadwick (1971), Influence of kraft
mill effluent on the flavor of salmon flesh. Water Res, 5(11):997~
1003.

20 Surber, E. W, J. N. Enghsh and G. N. Mc¢Dermott (1965),
Tainting of ﬁsh by outboard motor exhaust wastes as related to
gas and oil consumption, in Biological problems in waler pollution, -
C. M. Tarzwell, ed. [PHS Pub. 999-WP-25].

3 Thaysen, A. C. (1935), The origin of an earthy or muddy taint in
fish. I. The nature and isolation of the taint. Ann. dppl. Biol. 23:
99-104.

22 Thaysen, A. C. and F. T. K. Pentelow (1936), The origin of an
earthy or muddy taint in fish, II. The effect on fish of the taint
produced by an odoriferous species of Actinomyces. Annals of Ap-
pliedBiology 23:105-109,

233 Thomas, N. A. and D. B. Hicks (1971), Effects of waste water dis-
charges on the flavor of fishes in.the Missouri river (Sioux Ciry,
Iowa to Waverly, Missouri), in Everyone can’t live upstream (United
States Environmental Protection Agency, Office of Water Pro-
grams, Kansas City, Missouri).

4 Westman, J. R. and J. G. Hoff (1963), Flavor studies of Raritan
Bay fish. Interstate Sanitation Commission, 10 Columbus Cirrle,
New York, New York.

s Wright, R. L. {1966), Pollution abatement practices at the -

10894




drift plant of Union Carbide Corporation, presented at Water
Pollution Control Federation Conference, Kansas City, Mis-
souri, September 1966.
“eh, J. A. {1969}, A secondary fish taint test, Muskegon Lake,
:h special emphasis on fish and water near Continental Motors
viorporation. Bureau of Water Management, Michigan Depart-
ment of Natural Resources. Langing, Michigan.

k0

References Cited

337 Newton, M. E. (1967), Fish Tainting Tests, Manistee Lake, Manis-
tee County, Bureau of Water Management, Michigan Dept. of
Natural Resources, Lansing, Michigan,

3 Shumway, D. L. and M. E. Newton, personal cammunication (1971),
Dean L. Shumway, Department of Fisherics and Wildlife, Oregon
State University, Corvallis, Oregen, Michael E. Newton, Bureau

of Water Management, Michigan Department of Natural Re-

sources, Lansing, Michigan.

% Shumway, D. L. and J. R. Palensky, unpublished data (1971),
Oregon State University, Dept. of Fisheries and Wildlife, Cor-
vallis, Oregon.

HEAT AND TEMPERATURE

20 Allen, K, O. and K. Strawn (1968), Heat tolerance of channel
catfish Jletalurus punctatus, in Proceedings of the 275t annual con-
Serence of the Southeasiern Association of Game and Fisk Commissioners
(The Association, Columbia, South Carolina), pp. 399-411.

! pnderson, R. O, {1959), The influence of season and temperature
on the growth of the bluegill (Lepomis macrockirus}, Ph.D, thesis,
University of Michigan, Horace H. Rackham School of Graduate
Studies. 133 p.

2 Apdrews, J. W. and R. R. Stickney (1972), Interaction of feeding
-ates and environmental temperature of growth, food conversion,

1 body composition of channel catfish. Trans. Amer. Fish. Soc.
ol1{1):94-99,

23 Ansell, A. D., 1968, The Rate of Growth of the hard clam AMer- -
cenaria mercenaria (L) throughout the geographical range., Conseil .

permanent international pour I'exploration de la mer. 31:(3)
364-409. .

24 Baldwin, N. 8. (1957}, Food consumption and growth of brook
trout at different temperatures, Trans. dAmer. Fish. Soc. 86:323-
328.

b Becker, C. D., C. C. Coutant, and E. F. Prentice (1971), Experi-
mental drifts of juvenile salmonids through efffuent discharges at Hanford.
Part II. 1969 drifts and conclusions [USAEC BNWL-15271 (Bat-
telle-Northwest, Richland, Washington), 61 p.

28 Beyerle, G. B. and Cooper, E. L. (1960}, Growth of brown trout
in selected Pennsylvania streams, Trans. American Fisheries Society
89(3): 255-262.

247 Bishai, H, M. (1960), Upper lethal temperatures for larval sal-
monids. J. Cons. Perma. Int. Explor. Mer 25(2):129-133,

s Black, E. C. (1933), Upper lethal temperatures of some British
Columbia freshwater fishes, 7. Fish, Res. Bd. Canada 10(4):196—
210.

29 Bligs, C. 1. (1937), Calcuiation of the time-mortality curve. Ann.
Appl. Biol, 24:815-852,

2% Breder, C, M. and D. E. Rosen {1966), Modes of reproduction in
Jishes (The Natural History Press, New York), 941 p.

st Brett, J. R. (1941}, Tempering versus acclimation in the planting
of speckled trout, Trans. Amer. Fish, Soc. 70:397-403.

23 Brett, J. R. {1952), Temperature tolerance in young Pacific sal-
mon; genus Oueorhynchus. 7. Fish. Res. Bd. Canade 9:265-323.

253 Brett, J. R. (1956), Some principles in the thermal requirements

- fishes. Quart. Rev. Biol. 31(2):75-87.

3 ¢, J. R, (1960), Thermal requirements of fish—three decades |

Literature Cited -205

of study, in Bislogical prodiems of water pollution, C. M. Tarzwell,
ed. (U.5. Department of Health, Education and Welfare, Robert
A. Taft Sanitary Engincering Center, Cincinnati, Ohio}, pp.
110-117. :

288 Brett, J. R. (1970), Temperature-animals-fishes, in Marine
ecology, O. Kinne, ed. {John Wiley & Sons, New York), vol. |,
pp. 515-560.

2¢8 Brett, J. R. {1971), Encrgetic responses of saimon to temperature.
A study of some thermal relations in the physiology und fresh
water ecology of sockeve salmon (Oneorlynchus nerka). Amer, Jool.
11(1): 99-1 [5.

287 Brett, J. R.. J. E. Shelbrurn, and C. T, Shoop (1989, Growth
rate and body compusition of fingerling sockeye salmon, Oncor-

hynchus nerka, in relation to temperature and ration size. 7. Fish,

Res. Bd. Canada 26(9):2363-2394.

288 Brookhaven National Laboratory (1969), Diversity and stability
in ecological systems. Brookhoven Symposia.in Biolegy 22:264 pp.

28 Bullock, T. H. (1955}, Compensation for temperature in the metab-
olism and activity of poikilotherms. Biol, Rev. (Cambridge) 30(3):
3113472,

280 Byrdick, G. E., H. J. Dean, E. J. Harris, J. Skea, C. Frisa and C.
Sweeney (1968), Methoxychlor as a blackfly larvicide: persistence
of its residues in fish and its effect on stream arthropoeds. V.7
Fish. Game J. 15(2):12]~142. .

61 Cairns, J., Jr. (1968), We're in hot water. Scientist and Citizen 10(8):
187-198.

262 Churchill, M. A. and T. A. Wojtalik (1969), Effects of heated dis-
charges on the aquatic environment: the TVA experience, in
Prooceedings American Power Conference {Tennessee Valley Authority,
Chattanooga}, vol. 31, pp. 360-368.

%32 Clark, J. R. (1969), Thermal pollution and aquatic life. Sei. Amer.,
220(3):18-27. ,

264 Cooper, E. L. {1953), Periodicity of growth and change of condi-
tion of brook trout (Salvelinus fonlinalis} in three Michigan trout
streamns. Copeia 1953(2):107-114,

68 Courant, C. C. (1968), Thermal pollution—bioclogical effects: a
review of the literature of 1967, 7. Water Pollut. Contr. Fed. 40(6):
1047-1052.

288 Coutant, C. C. {1969), Thermal pollution—biological effects: a
review of the literature of 1968. 7. Water Pollut. Conty, Fed. 41{6):
1036-1053.

M Coutant, C. C. (1970a), Thermal pollution—biological effects: a
review of the literature of 1969, 7. Water Pollut. Contr. Fed. 42(6):
1025-1057.

28 Coutant, C. C. (1970b), Thermal resistance of adult coho (Oncor-
hynchus kisutch) and jack chirook (O. tshawytscha) salmon, and the
adult steelfiead trout (Salmo gairdnerii} from the Columbia River
[SEC BNWL-1508} Battelle-Northwest, Richland, Washington
24 p. ‘

26 Coutant, C. C. (1970c), Biological aspects of thermal pollution. I
Entrainment and discharge canal effects. CRC Critical Rev. En-
viron, Contr. 1(3):341-381.

7 Coutant, C. C. (1971), Thermal pollution—biclogical effects. 7.
Water Pollut. Contr. Fed. 43(6):1292-1334.

# Coutant, C. C. and R. M. Steele (1968), Efféct of temperature on
the development rate of bottom organisms, in Pacific Northwest
Laboratory Annual Report for 1967 to USAEC Division of
Biology and Medicine, vol. I, Biological Sciences, Thompson,
R. C., P. Teal and E. G. Swezes, eds. [BNWL-714] Battelle-
Northwest, Richland, Washington.

72 Doudoroff, P. and D. L. Shumway {1970}, Dissolved oxygen require-
ments of freshwater fishes [Food and Agricultural Organization
fisheries technical paper 86] (FAQ, Rome), 291 p.

91 Ebel, W. J., E. M. Dawley, and B. Monk (1970), Thermal tolerance
of juvenile Pacific salmon in relation to supersaturation of nitro-
gen gas. Fish, Bull, 69 (4):833-843.

10895


mailto:2'@.411en
http:Sht,lb.;c.wn

206/ Section III—Freshwater Aquatic Life and Wildlife

1 Bdsall, T. A. and P. J. Colby (1970), Temperature tolerance of
young-of-the-year Cisco, Corsgonus artedii. Transactions of American

. Fisheries Society 99:(3)526-531.

=8 Fast, A. W. (1968), Artificial destratification of El Capitan reser-
voir by aeration. I. Effects on chemical and physical parameters.
Calif. Dep. Fish Game Fish Bull. no. 141, 97 p.

28 Fry, F. E. J: (1947), Effccts of the environment on animal activity.
Univ. of Toronte Stud. Biol. Ser. No. 55 Publ, Ont. Fish. Resh. Lab.
No, 68:1-62.

o1 Fry, F. E. J. (1951), Some environmental relations of the speckied
trout (Salvelinas fontinalis)., Proc, Northeast. Atlantic Fisheries
Conf. May, 1951.

M Ppry, F. E. J. (1964), Animals in aquatic environments: fishes
temperature effects (Chapter 44) Handbook of Physiclogy,
Section 4: Adaptation to the Env:ronmcnt. Amer, Physiol. Soc.,
Washingten, D. C.

™ Fry, F. E. J. (1967), Responses of vertebrate poikilotherms to
temperatare [review), in Thermobiology, A. H. Rose, ed. (Aca-
demic Press, New York), pp. 375-409.

% Fry, F. E. J., J. R. Brett, and G. H. Clawson (1942), Lethal limits
of temperature for young goldfish. Rev. Can. Biol. 1(1):50-56.

# Fry, F. E. J., J. 8. Hart, and K. F. Walker (1946), Lethal tempera-
ture relations for a sample of young speckled trout, Savelinus
Jfontinalis {University of Toronto biology series no. 54] (The
University of Toronto Press, Toronte), pp. 9~35.

%2 Gammon, J. R. (1970), Aquatic life survey of the Wabash River, with
special reference to the effects of thermal effluents on populations of micro-
invertebraies and fish, 1967-1969 (DePauw University, Zoology De-
partment, Greencastle, Indiana), 65 p.

%3 Gibson, E. S. and F. E. J. Fry (1954}, The performance of the lake
trout, Salvelinus ramaycush, st various levels of temperature and
oxygen pressure. Can, J. Zool, 32(3):252-260.

%4 Graham, J. M. (1949), Some effects of temperature and oxygen
pressure on the metabolism and activity of the speckled trout
Salvelinus fontinalis. Can. J. Res (D) 27:270-288.

6 Hart, J. 8. (1947), Lethal temperature relations of certain fish in
the Toronto region. Trans. Rey. Soc. Can. (Sec. 5) 41:57-71.

@8 Hart, J. 8. (1952), Geographical variations of some physiological and
morphological characters in certain freshwater fish. (University of
Toronto biology series no. 60) {The Umvcrsxty of Toronto Press,
Toronto), 79 p.

37 Hawkes, A. L. (1861), A review , of the nature and extent of damage
caused by oil pollution at sea. Trans. N. Am. Wildl. and Nat. Re-
sources Conf. 26:343-355.

#8 Heinle, D. R. (1969), Temperature and zooplankton Chesapeake
- Sei. 10(3—4):186-209. ,

% Hoff, J. G. and J. R. Westman (1966), The temperature tolerances
of three species of marine fishes. 7: Mar. Res, 24(2):131-140.

* Hoglund, B. and S. A. Spigareili (1972), Studics of the sinking
plume phenomenon. Argonne National Lab., Ccnter for Envir.
Stud., Argonne, Il

#1 Hornmg, W. B. II and R. E. Pearson (1972), Growth tempera-
ture requirements and lower lethal temperature for juvenile
smallmouth bass (Aicropterus dolomien Lacepede). Draft manu-

* seript, U.S. National Water Quality Laboratory, Duluth, Minn.

% Jaske, R. T. and M. Q. Synoground (1970), Effect of Hanford Plant
operations on the temperature of the Columbic River 1964 to the present
[BNWL-1345] (Battcllc-Northwcst Richland, Washmgton),
various paging.

23 Jensen, A. L. (1971}, The eflect of increased mortality on the
young in a population of brook trout: a thegretical analysis.
Trans. Amer. Fish. Soc. 100(3):456-459,

B4 Kennedy, V. 8. and J. A. Mihursky (1967), Bibliography on the ¢f-
Jeets of temperalure in the aquatic environment [Contribution 326]
(University of Maryland Natural Resources Institute, College
Park) 89 p

" ¥ Kinne, O. (1963}, The effects of temperature and salinity on

marine and brackish water animals. 1. temperature, Oceancgr.
Mar. Biol. Annu! Rev. 1:301-340,

28 Kinne, O. (1970), Temperature—animals—invertebrates,
Maring eeology, O. Kinne, ed. (John Wiley & Sons, New Yor,
vol. 1, pp. 407-514.

#? Kramer, R, H. and L. L. Smith Jr. (1960) First year growth of
the largemouth bass, Micropterns salmoides {Lacepde) and some
related ecological factors. Transactwm Amencan Fisheries Sociely -
BO(2):222-233,

28 Krenkel, P. A. and F. L. Parker, eds. (1969), Bivlogical aspects of
thermal pollution {Vanderbilt University Press, Nashville, Ten-
nessee), 407 p.

W Lawler, G. H. (1965}, Fluctuations in the success of year-classes of
white-fish populations with special reference to Lake Erie. J.
Fish, Res. Bd. Canada 22(5):1197-1227,

¢ L emke, A. L. (1970), Lethal effects of various rates of temperature
increase on Gammarus pseudolimnasus and Hydropsyehe betteni with
notes on other species. U.S. National Water Quality Laboratory,
Duluth, Minnesota.

0 MeComish, T. S. (1971), Laboratory experiments on growth and
food conversion by the bluegill. Ph.D. dissertation, Univ. of
Missouri, Columbia, Mo. :

2 McCormick, J. H. et al. (1971), Temperature requirements for

- growth and survival for Larvae Ciscos (Coregonus ariedit). Jour.
Fish. Res. Bd. Canada 28:924,

#3 Mclntire, C. D. {1968), Physiological-ccological studies of benthic
algae in laboratory sweams. F. Water Pollut. Contr. Fed. 40(11
part 1):1940-1952,

4 Merriman, D., et al. (1965}, The Connecticut River investigation,
1965-1972. (A series of semi-anaual progress reports). Connecti-
cut Yankee Atomic Power Company, Haddar, Connecticut.

5 Mount, D. 1. (1970), Statement before hearing before the Joint
Committee on Atomic Energy, Congress of the United Stat
Ninety-First Congress, first session [on environmental effec
producing electric power. | part 1, pp. 356-373.

#8 Narver, D. W. (1970), Digl vertical movements and feeding of
underyearling sockeye salmon and the limnetic zooplankton in
Babine Lake, British Columbia. 7. Fish. ‘Res. Bd. Canada 27(2):
281-316.

37 Nebeker, A. V. (1971}, Effect of temperature at different altitudes
on the emergence of aguatic insects from a single stream. 7.
Kans. Entomol. Soc. 44(1):26-35. ‘

#8 Parker, F. L. and P. A. Krenkel, eds. (1969), Engineering aspects
of thermal pollution (Vanderbilt University Press, Nashville, Ten-
nessee), 351 p.

3% Peck, F. W, (1965). Growth studies of laboratory and wild popu-
lation samples of smallmouth bass (Micropierus dolomizy Lacepede)
with applications to mass marking of fishes. M.S. Thesis, Univ.
of Arkansas, Fayetteville,

3¢ Pennsylvania Fish Commission {1971), Watcr pollution report no.
4170.

3 Poltoracka, J. (1968), {Specific composition of phytoplankton ina
lake warmed by waste water from a thermoelectric plant and
lakes with norinal temperature.] defa. Sec. Bot. Pol. 37(2):297-
325.

2 Prirchard, D. W. (1971}, Design and siting criteria for once-
through cooling systems, Presented at the American Institute of
Chemical Engineers 68th annual mecnng, 2 March 1971,
Houston, Texas.

#3 Raney, E. C. and B. W, Menzel (1969), Fleated efffuents and effects
on aquatic life with emphasis on fishes: a bibliography, 38th ed. (U.8.
Department of the Interior, Water Resources Informutmn Center,
Washington, D.C.), 469 p.

M Robinson, J. G. (1968), Fish moriality report, Lake Michigan,

10896



Sheldon, August 29, 7968 (Michigan Water Resources Commis-
sion, Lansing), 2 p.
5 Robinson, J. G. (1970), Fish mortality report, Lake Michigan,
-t Sheldon. Michigan Water Resources Commission, Lansing,
:higan.

‘8 Rooinson, J. G. (1970), Fish mortality report, Lake Michigan,
Port Sheldon, Michigan Water Resources Commiseion Lansing,
Michigan.

W Smith, W. E. and R. W, Saalfeld (1955), Studies on Columbia
River smelt Thaleichthys pacificus {Richardson). Wask. Dep. Fish.
Fish. Res. Pap. 1(3):1-24,

MW Smith, S, H. (1964), Staws of the deepwater cisco population of
Lake Michigan. Trans. Amer. Fish. Soz. 93(2):155-163.

3t Strawn, K. (1961), Growth of largemouth bass fry at various
temperatures. Trans. dmer. Fish, Soc. 90:334-335,

3 Srrawn, K. (1970), Beneficial uses of warm water discharges in
surface waters. In: Electric power and thermal discharges:
thermal considerations in the production of electric power, M.
Eisenbud and G. Gleason {cds.) pp. 143-156.

2 Trembley, F. J. (1965), Efficcts of cooling water from steam-clec-
tric power plants on stream biota, in Biological problems in water
pollution, Third seminar, C. M. Tarzwell, ed. (UJ.S. Department of
Health, Education and Welfare, Public Health Service, Division
of Water Supply and Pollution Contrel, Cincinnati, Ohio), pp.
334-345. ¢

3 Vernon, E. H. (1958), An ecxamination of factors affecting the
abundance of pink salmon in the Fraser River [Progress report
no. 5] (International Pacific Salmon Fisheries Commission, New
Westminster, British Columbia).

1 Wiebe, J. P. (1968), The effects of temperature and day length
on the reproductive physiology of the viviparous seaperch,
Cymatogaster aggregata Gibbons. Can. 7. Zool. 46(6):1207-1219,

Re” -ances Cited.

@ ant, C. C., unpublished data, (1971) Oak Ridge Laboratory,
Oak Ridge, Tennessee.

26 Fast, A. W. (1971), Effects of artificial acration on lake ecology.
Ph.D. dissertation, Michigan State Univ., E. Lansing.

6 Fry, F. E. J., personal observation, (1971) University of Toronto,
Ontario, Canada, Dept. of Zoology.

7 Jones, B., unpublished data, (1971} National Water Quality Labora-
tory, Duluth, Minnesota.

# National Water Quality Laboratory (1971) unpublished data, Duluth,
Minnesota.

2 Woitalik, T A., unpublithed data, (1971) Tennessee Valley Authority.

ORGANIC MERCURY

3 Chapman, W. H., H. L. Fisher, M. W. Pratt. 1968. Concentration’

Factors of Chemical Elements in Edible Aquatic Organisms. UCRL-
50564 Lawrence Radiation Laboratory, University of Cali-
fornia; Livermere, California, 50 pp.
3t Clemens, H. P. and K. E. Sneed (1958), The chemical control of
some diseases and parasites of channel catfish. Progr. Fish-Cult.
20(1):8-135.
a2 Clemens, H. P. and K. E. Sneed (1959), Letkal doses of several com-
mercial chemicals for fingerling channel catfish [U.S. Fish and Wildlife
Service special sdcientific report-fisheries 316) (Government
Printing Office, Washington, D, C.), 10 p.
#3 Bunlap, L. (1971), Mercury: anatomy of a pollution problem.
Chem. Eng. News 49(27):22-34,
14 Fagerstrom, T. and A. Jerneldv (1971}, Formation of methyl
rrcury from pure mercuric sulphide in aerobic organic sedi-
&nt. Water Res. 5(3):121-122.

Literature Cited/207

33t Hamilton, A. {1971), Mereury levels in Canadian fish, in the
paper by E. G. Bligh, in Mercury in man’s envirgnment (Royal
Society of Clanada).

338 Hannerz, L. (1968), Experimental investigations on the accumula-
tion of mercury in water organisms. Rep. Insi. Freshwater Res.
Drottningholm no. 48:120-176. ‘

37 Harriss, R. C., D. B. White, and R. B, Macfarlane (1970) Mercury
compounds reduce photosyntheses by plankton. Science 170:
736-737. ' .

3 Hasselrot, T. B. (1968), Report on current field investigations eon-
cerning the mercury content in fish, bottom sediment, and water.
Rep. Inst. Freshwater Res. Drotiningholm no., 48:102-111,

#9 Jensen, 5. and A. Jernelov (1969), Biologicnl methylation of
mercury in aquatic drganisms. Nature 223:753~754.

0 Jerneldv, A. (1972), Environmental mercury contamination. R.
Harwung, ed. Ann Arbor Science Publication, Ann Arbor,
Michigan.

M Jgensuu, O. 1. (1971), Fossil fuels as a source of mercury pollu-
tion. Science 172:1027-1028,

32 Tohnels, A. G., T. Westermark, W. Berg, P. I. Persson, and B.
Sjostrand (1967), Pike (Esox fucius L.) and some other aquatic
organisms in Sweden as indicators of mercury contamination of
the environment. Oikes 18(2):323-333.

48 Klein, D. H. (1971), Sources and present status of the mercury
problem [Preprint of a paper presented at the Mercury in the
Western Environment Conference, Portland, Oregon, February
25-26, sponsored by the Environmental Health Sciences Center,
Oregon State University, Corvallis, Oregon].

4 Klein, D. H. and E. D. Goldberg (1970), Mercury in the marine
environment. Environ. Sci, Technol. 4(9):765-768.

6 Lifroth, G. (1970), Methylmercury: a review of health hazards
and side effects associated with the emission of mercury com-
pounds into natural systems. Swedish Natural Science Research
Council, Ecological Research Committee, Bulletin no. 4, 2nd
ed., 59 p.

6 Miettinen, V., E. Blankenstein, K. Rissanen, M. Tillander, J. K.
Micttinen, and M. Valtonen (1970}, Preliminary study on the
distribution and effects of two chemical forms of methyimercury
in pike and rainbow trout, paper E-91 in Marine pollution and its
effects on living resources and fishing (Food and Agricultural Or-
ganization of the United Nations, Rome), pp. 171.

347 National Academy of Sciences (1969), Eutrophication: causes, con-
sequences, correctives (The Academy, Washington, D. C.}, 661 p.

18 Nelson, N., ed. (1971), Hazards of Mercury. Environmenm! Research
4:1-69,

3 Rucker, R. R. and D. F. Amend {1969}, Absorption and retention
of organic_mercurials by rainbow trout and chincok and sockeye
satmon. Progr. Fish-Cult. 31(4):197-201.

3 Rycker, R. R. and W. J. Whipple (1951), Effect of bacteri-
cides on steelhead trout fry, (Salmo gatrdnerii). Progr. Fish-Cull.
13(1):43—-44.

381 Swedish National Institute of Public Health (1971), Mcthyl
mercury in fish: a toxicological-epidemiological evaluation of
risks. Report frem an expert grout. Nord, Hyg. Tidskr. supp. 4,
289 p.

312 Takeuchi, T. (1970}, Biological reactions and pathological changes
of human beings and animals under the condition of organic
mercury contamination. Preprint of a paper presented at the
International Conference on Environment Mercury Contamina-
nation, Ann Arbor, Michigan, 30 pp.

3 Jkeles, R. (1962), Growth of pure cultures of marine phytoplank-
ton in the presence of toxicants. Appl. Microbiol. 10(6):532-537.

¥4 Van Horn, W. M. and R. Balch (1955), Stream pollutional ag-
pects of slime control agents. Tappi 38:151-153.

3 Wallace, R. A., W. Fulkerson, W. D. Shults, and 8. W. Lyon
(1971}, Mercury in the Environment—The Human Element.

10897



208 /Section I11—Freshwater Aquatic Life and Wildlife

ORNL-NSF-EP-1, Oak Ridge National Laboratory,
Ridge, Tennessee, 61 pp.

18 Willford, W. A. (1966), Toxicity of 22 therapeutic compounds to
six fishes in Investigation in fish control, No. 20 UJ.5, Fish Wild.
Ser. Bur. Sport Fish. Wild Resour. Publ. 35, 10 p.

am Wobeser, G., N. O, Nielser, R. H. Dunlop, and F. M. Atton { 1970),
Mercury concentrations in tissues of fish from the Saskatchewan
River. 7. Fish. Res. Bd. Canada 27(4):830-834.

38 Wood, J. M., C. G. Rosen, and F. S. Kennedy (1969), Synthesis
of methyl-mercury compounds by extracts of a methanogenic
bacterium. Nature 220:173~174.

Oak

References Cited

¢ D1tri, F. M. unpublished data, 1971. The environmental mercury
problem, a report to the Michigan House of Representatives—
resulting from House Resclution 424, Great Lakes Contamina-
tion {Mercury} Committee, J. M. Snyder, Chairman. 289 pp.

3% Mount, D. 1., personal communication, 1971, National Water Quality
Laboratory, Duluth, Minn.

3 Mount, D. L., unpublished data, 1971.
Laboratory, Duluth, Minnesota.

PHTALATE ESTERS

32 Frear, . E. H. (1969), Prsticide index, 4th ed. (College Science
Publishers, State College, Pennsylvania), 399 p.

13 Neely, H. C. (1970), Production increasing but prices low, Chem.
Eng, News 48(37):59A-61A.

344 Nematollahi, J., W. L. Guess, and J. Autian (1967), Plasticizers
in medical application. I. Analysis and toxicity evaluation of
'dialkyl benzenedicarboxylates. F. Pharm. Sei. 56(11):1446-1453.

35 Schoof, H. F., G. W, Pearce, and W. Mathis (1963), Dichlorous
as a residual fumigant in mud, plywood, and bamboo huts. Bull,
World Health Organ. 29:227~230.

National Water Quality

8 Stalling, D. L. (1972), Analysis of organochlorine residues in fish: .

current research at the Fish-Pesticide Research Laboratory, in
Pesticide chemistyy, vol. 4, Methods in residue analysis, A. 8. Tahori,
ed. {Gordon & Breach Science Publishers, New York), pp. 413~
438,

Reference Cited

387 Sanders, O. unpublished date 1971, Fish-Pesticide Research Labora-
tory, Columbia, Missouri.

POLYCHLORINATED BIPHENYLS

3 Anderson, D. W, J. J. Hickey, R. W, Risebrough, D. F. Hughes,
and R. E. Christensen {1969), Significance of chlorinated hydro-
carbon residues to breeding pelicans and cormorants. -Can. Field
Natur, 83(2):91-112.

# Armour, J. A. and J. A. Burke (1970), Method for separating
polychlorinated biphenyls from DDT and its analogs F. A
Offic. Anal. Chem. 53(4):761-768.

#t Bagley, G. E., W. L. Reichel, and E. Cromartie (1970), Identifica-
tion of polychlormatcd biphenyls in two bald eagles by combined
gas-liquid chromatography-mass spectrometry. 7. Ass. Offic. Anal.
Chem. 53(2):251-261.

¥ Duke, T. W., J, I. Lowe, and A. J. Wilson, Jre. (1970), A poly-
chlormatcd biphenyl (Arocior 1254®) in the water, sediment,
and biota of Escambia Bay, Florida. Bull. Environ. Contam, Toxicol.
5(2):171-180.

" Gustafson, C. G. (1970), PCB’s—prevalent and persistent. Environ.
Sei. Technol. 4:814-819,

#3 Hansen, D. J., P. R. Parrish, J. 1. Lowe, A, J. Wilson, Jr., and
P. D. Wilson (1971}, Chronic toxicity, uptake, and retention of
a polychlorinated biphenyl (Aroclor 1254) in two estuarine
fishes. Bull, Environ. Contam. Toxicel. 6(2):113-119,

3t Holden, A. V. (1970), International cooperative study of organo-
chiorine pesticide residues in terrestrial and aguatic w1ldhfe
- 1967/1968. Pestic, Monit, 7. 4(3):117-135,

#t Holmes, D. C., J. H. Simmons, and J. O'G. Tatton (1967
Chlorinated hydrocarbons in British wildlife. Nature 216:22)
229, .

36 Jensen, S. A., G. Johnels, S; Olsson, and G. Otterlind (1969),
DDT and PGB in marine ammals from Swedish waters. Nature
224:247-250. -

#71 Jensen, S., N. Johansson, and M. Olsson {1970), PCB-indications
of effects on salmon, PCB conference, Stockholm, September 29,
1970. (Swedish Salmon Research Institute), [Report LFI MEDD
7718701,

3t Koeman, J. H., M. C. Ten Noever de Brauw, and R. H. De Vos
(1969), Chlorinated biphenyls in fish, mussels and birds from
the River Rhine and the Netherlands coastal area. MNaiure 221:
1126-1128.

1 Mayer, F. L., Jr. in press (1972), Special report on PCB’s in Progress
in sport fishery research, 1970, (Govcrnmcnt Printing Office,
Washington, D. C.)

B0 Mulhern, B. M., E. Cromartie, W. L. Reu:hel and A. A. Belisie
{1971), Semi quantitative determination of polychlorinated
biphenyls in tissue samples by thin layer chromatography. 7.
Ass. Offic. Anal, Chem. 54(3):548-550.

%1 Nebeker, A, V., F. A, Publis and D. L. Defoe {1971), Toxicity of
polychlorinated biphenyls (PCB) to fish and other aguatic life.
Final draft. Environmental Protection Agency, National Water Quality
Laboratory, Duluth, Minnesota.

# Nimmo, D. R., P. D. Wilson, R. R. Blackman, and A. J. Wilson,
Jr. (1971), Polychlormated biphenyl absorbed from sediments
by fiddler crabs and pink shrimp. Nature 231:50-52.

# Papageorge, W. B. (1970), Monsanto Company, presented in
part at a meeting, “PCB’s in the environment,” March 17, 1970,
sponsored by the National Water Quality Laboratory, FWQ
Duluth, Minnesota.

34 Peakall, D. B. and J. L. Lincer (1970}, Polychlorinated biphenyis—
another long-life widespread chemical in the environment. Bio-
seience 20:958-964. .

¥5 Reynolds. L. M. (1971), Pesticide residue analysis in the presence*
of polychlorobiphenyls (PCB’s). Residue Rev. 34:27-57.

#6 Risebrough, R. W., P. Rieche, D. B. Peakall, S. G. Herman, and
M. N. Kirven (1968), Polychlorinated biphenyls in the global
ecosystem. Nature 220:1098-1102.

# Rigebrough, R. (1970), More letters in the wmd Engironment 12(1):
‘16-26.

8 Saunders, H. O. (1972), Special report on PCPB’s, in Progress in
sport fishery research 1970, (Government Printing Office, Wash-
ington, D. C.).

33 Saunders, H. O. in press, Special Report on PCB’s. In: Progress in
Sport Fishery Rescarch, Bureau of Sport Fisheries and Wildlife,
Resource Publication USGPO. '

0 Stalling, D. L. and F. L. Mayer, Jr. (1972), Toxicities of PCBs

to fish and environmental residues. FEavironmental Health FPer-

spectives 1:159-164.

#1 Stalling, D. L. and J. N. Huckins '(1971), Gas-liquid chromato-
graphy-mass spectrometry characterization of polychlorinated
biphenyls (arcclors) and *Cl-labeling of Aroclors 1248 and
1254. 7. dss. Offic. Anal. Chem. 54(4):801-807.

¥ Stalling, D. L. in press (1971), Analysis of Organochlorine Residues
in Fish~-Current Research at the Fish-Pesticide Research Labora-
tory, Conference on Pesticide Chemistry. Tel Aviv, Israel.

References Cited

%8 Brungs, W. A., personal communication, 1972, Effects of ‘polych
nated biphenyls on aguatic life.

10898



# Mehrle, P. M. and B. F, Grant, unpublished data, 1971. Fish Pesti-
cide Research Laboratory, Columbia, Missouri.

w5 Frank, R. and J. Rees, personal communication. R. Frank, Director

° Provincial Pesticide Residue Testing Laboratory, University
suelph, Guelph, Ontario, Canada; J. Rees, Ontario Water
wesources Commission, Toronte, Ontario, Canada.

%8 Sealling, D. L. and j. L. Johnson, unpublished data, 1970. Labora-
tory Crosscheck analyses from the 1970 National Pesticide
Monitoring  Program. Fish Pesticide Research Laboratory,
Columbia, Missouri.

1 Stalling, D. L. and J. N. Huckins, unpublished data, 1971. National
Pesticide Monitoring Program. Fish Pesticide Research Labora-
tory, Columbia, Missouri.

METALS

98 Ball, I. R. (1967), The relative suseeptibilities of some species of
fresh-water fish to poisons. I. Ammonia. Water Res. 1(11~12):
767-775.

% Bender, M. E., W. R. Matson, and R. A. Jordan (1970), On the
significance of metal complexing agents in secondary sewage
effluents. Environ. Sei. Teehnol. 4(6):520-521.

% Boetius, J. (1960), Lethal action of mercuric chloride and phenyl-
mercuric acetate on fishes. Afedd. Dan. Fisk., Havunders. 3(4):93-
113,

1 Brown, V. M. (1968}, The calculation of the acute toxicity of mix-
tures of poisons to rainbow trout. [Vater Res. 2(10):723-733.

' Brungs, W. A, {1969), Chronic toxicity of zinc to the fathead min-
nows, Pimephales promelos Rafinesque. Trans. dmer. Fish. Soe.
98(2):272-279,

1% Cairns, J., Jr. (1856), The effects of increased temperaturés upon
aquatic organisms. Purdue Univ. Eng Bull. Ext. Ser no. 89:346—
354,

" 5, J., Jr. and A. Scheier (1938}, The effect of periodic low

,&en upon the toxicity of various chemicals to aguatic or-
ganisms. 72th Ind. Waste Conf. Proc. Purdue. Univ. Eng. Extension
Series.

5 Crandall, C. A. and C. J. Goodnight (1962), Effects of sublethal
concentrations of several toxicants on growth of the common
guppy, Lebistes reticulatur, Limnol. Oceanogr. 7(2):233-239,

% Doudoroff, P. and M. Katz (1953), Critical review of literature

. on the toxicity of industrial wastes and their components to fish.
II. The metals as salts. Sewage Indust. Wastes 25(7):802-839.

37 Freeman, R. A. and W, H. Everhart (1971), Toxicity of aluminum
hydroxide complexes in neutral and basic media to rainbow
trout. Trans. Amer. Fish, Soc. 100(4):644—658.

W Hawksley, R. A. (1967), Advanced water pollution analysis by a

water laboratory. dnalvzer 8(1):13-15.

9 Herbert, D. W. M. and D. 8§, Shurben (1964), The toxicity to
fish of mixtures of poisons. I. Salts of ammonia ancl zinc. 4nn.
Appl. Biol, 53{1):33-41.

90 Hervey, R.-J. (1949), Effect of chromium on the growth of uni-
cellular Chlorophyceae and diatoms. Bot. Gaz. 111(1):1-11.

! Jones, J. R, E. (1939), The relation between the electrolytic solu-
tion pressures of the metals and their toxicity to the stickleback
(Gasterosiens aculeatus L.). J. Exptl. Biol. 16:425-437.

#2 Lloyd, R. (1960), Toxicity of zinc sulfate to rainbow trout. dnn.

Appl, Biol. 48:84--94.

2 Lloyd, R. (1961), Effect of dissolved oxygen concentrations on
the toxicity of several poisons to rainbow trout (Salme gairdneris
Richardson). 7. Exp. Biology 38:447.

4 Tioyd, R. and D, W. M. Herbert (1960), Infiuence of carbon
dioxide on the toxicity of non-ionized ammonia to rainbow trout

“Imo gairdnerit), Ann, Appl. Biol. 48:399-404,
e ee, J. E. and H. W, Wolf, eds. (1863), Water quality eriteria,

Literature Cited/209

2ad ed. (Califernia. State Water Quality Control Board, Sacra-
meanto), 548 p.

46 MeKim, J. M. and D. A. Benoit {1971}, Effects of long-term ex-
posures to copper on survival growth, and reproduction of
brank trout (Selvelinus fontinalis). ¥. Fish. Res. Bd. Canada 28(5):
03-562.

27 Meunt, D. 1. (1966), The effect of total hardness and pH on acute

- toxicity of zinc to fish. dir Water Pollut. 10{1):49-56.

48 Meunt, D. I. {(1968), Chronic toxicity of copper to fathead min-
nows (Pimephales promelas, Rafinesque). Water Res. 2(3):215-223.

9 Mount, D. I. and C. E. Stephen (1469), Chronic toxicity of copper
to the fathead minnow {Pimepla’es promelas) in soft water. 7.
Fish. Res. Bd. Canada. 26{9}:2440-2457.

0 Nilsson, R. (1970}, Aspects on the {oxicity of cadmivm and its compounds.
[Ecological Research Committec bulletin no. 7] (Swedish Natural
Science Research Council, Stockholin), 58 p.

41 O'Connor, J. T., C. E. Renn, and I. Wintner {1964), Zinc con-
centrations in rivers of the Chesapeake Bay region. JF. Amer.
Water Works Ass. 36:180-286.

42 Olson, P. A. (1958), Comparative toxicity of Cr (VI) and Cr {III)
in salmon, in Hanford biology research annual report for 1957 [HW
53500] (Hanford Atomic Products Operation, Richland, Wash-
ington}, pp- 215-218.

3 Olson, P. A. and R. F. Foster (1956), Effect of chronic exposure
to sodium dichromate on voung chinook salmon and rainbow
trout, in Biology research—annual report for 1955 [HW 41500] (Han-
ford Atomic Products Operation, Richland, Washington), pp.
35-47.

¢ Olson, P. A. and R. F. Foster (1957), Further studies on the effect
of sodium dichromate on juvenile chinook salmon, in Biolegy
research—annual report for 1956 [HW-47500) (Hanford Atomic
Products Operation, Richland, Washington), pp. 214-224.

25 Pickering, Q. H. (1968), Some effects of dissolved oxygen con-
centrations upon the toxicity of zinc to biuegill Lepomis macro-
chirus Raf. Water Res. 2(3}:187-194, )

@ Pickering, Q. H. and C. Henderson (1966), The acute toxity of.
some heavy metals to different species of warm watcr fishes.
In’l. 3. dir-Water Pollution. 10:453-463.

27 Pickering, Q. P. and M. Gast, in press, Acute and chronic toxicity
of cadmium to the fathead minnow (Pimephales promelas Rafi-
nesque).

“8 Skidmore, J. F. (1964), Toxicity of zinc compounds to aquatic
animals, with special reference to fish. Quars. Rev. B:ol 39(3):
227-248.

@ Sprague, J. B. (1964a), Lethal concentrations of copper and zine
for young Atlantic salmon. J. Fish, Res. Bd. Canada 21(1}:17-26.

10 Sprague, J. B. (1964b), Avoidance of copper-zinc solutions by
young salmon in the laboratory. 7. Water Pollut. Contr. Fed. 36(8):
990-1104.

43l Sprague, J. B. (1968a), Avoidance reactions of rainbow trout to
zinc sulphate solutions. Water Res. 2(5):367-372.

432 Spragu’c; J. B. (1968k), Promising anti-pollutant: chelating agent
NTA protects fish from copper and zinc. Nature 220:1345~1346.

43 Seandard methods (1971) American Public Health- Association,
American Water Works Association, and Water Pollution Con-
trol Federation (1971}, Standard methods for the examination of
water and waste water, 13th ed. (American Public Heaith As-
sociation, Washington, D. C.), 874 p.

434 Stiff, M. J. (1971), Copper/bicarbonate equilibria in solutions of
bicarbonate ion at concentrations similar to those found in

* natural water. Water Res. 5(5}:171-176."

35 J. K. Ministry -of Technology (1969), Water pollution research:
report of the director, Water Pollution Research Laboratory,
Stevenage, Great Britain, pp. 58~60.

4% Uspenskaya, V. L. (1946}, Influence of mercury compounds on
aquatic organisms. Gig. Sanit. 11(11):1-8)

10899



210/ 8ection IIT—Freshwater Aquatic Life and Wildlife

47 Weir, P. A, and C. H. Hine (1970), Effects of various metals on
behavior of conditioned goldfish. Arch. Environ. Health 20(1):45-51.

References Cited

48 Benoit, D. A., unpublished data, 1971. Long term cffects of hexava-
lent chromium on the growth, survival and reproduction of the
brook trout and rainbow trout, Nauonal Water Quallty Labora-
tory, Duluth, Minn.

438 Bieginger, K. E., G. Glass and R W. Andrew, unpublz.rhm‘ data,
1971. Toxu::ty of copper to Daphnic magna, National Water
Quality Laboratory, Duluth, Minn.

4@ Biesinger, K, E. and G. M. Christensen, unpubhshed data, 1971.
Metal effects on survival, growth, reproductzon and mcta.bohsm
of Daphnia magna.

1 Brungs, W. A., unpublished data, 1971. National Water Quality
Laboratory, Duluth, Minn.

4@ Eaton, J. G., unpublished data, 1971. Chronic toxicity of cadmium
to the bluegill. National Water (Quality Laboratory, Duluth,
Minn.

48 Everhart, W. H., unpublished data, 1971. Zoology Dept. Colorado
State University, Fort Collins, Colorado.

444 Fisheries Research Board of Canada, unpublished data, 1971.

8 McKim, J. M. and J. G. Eaton, unpublished data, 1971, Toxic
levels of cadmium for eggs and fry of several fish species. Na-
tional Water Quality Laboratory, Duluth, Minn,

48 Pickering, Q. H., unpublished data, 1971, Newtown Fish Toxicology
Laboratory, Cincinnati, Ohio.

7 Patrick, R., unpublished data, 1971. Dissolved and floating ma-
terials in water cutrophication, effects of heavy metals on diatoms,
a description of various freshwater receiving systems. Academy
of Natural Sciences of Philadeiphia.

PESTICIDES

48 Bender, M. E. (1969), Uptake and retention of malathion by the
carp. Progr. Fish-Cult, 31(3):155-159.

40 Burdick, G. E., H. J. Dean, E. J. Harris, J. Skea, C. Frisa, and C.
Sweeney {1968), Methoxychlor as a blackfly larvicide: persis-
tence of its residues in fish and its effect on stream arthropods.
N. Y. Fish. Game F. 15(2):121-142,

4 Burdick, G. E., E. J. Harris, H. J. Dean, T. M. Walker, J. Skea,
and D. Colby (1964), The accumulation of DDT in lake trout
and the effect on reproduction. Trans. Amer. Fish. Soc. 93(2):
127-136.

4 Cope, O. B. (1861), Effects of DDT spraying for spruce budworm
on fish in the Yellowstone River system. Trans. Amer. Fish. Soc.
90(3):239-251.

2 Baton, J. G. {1970), Chronic malathion toxicity to the bluegill
(Lepomis macrochirus Rafinesque): Water Res. 4(10):673-684.

453 Elson, P. F. (1967), Effects on wild young-salmon of spraying DDT
over New Brunswick forests. 7. Fish. Res. Bd. Canada 24(4):731-
767.

44 Feltz, H, R., W. T. Sayers, and H. P. Nicholson (1971}, National
monitoring program for the assessment of pesticide residues
in water, Pestic. Monit. 7. 5(1):54-62.

48 Frank, P. A, and R, D. Comes (1967}, Herbicidal rcslducs in pond
water and hydrosoil. Weeds 15(3):210-213.

58 Gakstatter, J. L. and C. M. Weiss {1965), The decay of anti-
cholinesterase activity of organic phosphorus insecticides on
storage in waters of different pH. Proceedings Second International
Water Pollution Conference, Tokyo, 1964, pp. 83-95.

1 Gillett, J. W., ed, (1969), The biological impact of pesticides in the
environment [Environmental health science series no. 1} (En-
vironmental Health Studies Ccnter, OQregon State University,
Corvallis), 210 p.

48 Hamelink, J. L., R: C. Waybrant, and R. C. Ball (1971), A pro-
posal: exchange equilibria control the degree chlorinated hydro-
carbons are bmlbglcally magnified in lentic environments. Trans.
Amer. Fish. Soc. 100(2):207-214,

. 4% Hannon, M. R., Y. A. Greichus, R. L. Applegate, and A. C. Ft.

(1970), Ecological distribution’ of pesticides in Lake Poinsett,
South Dakota. Trans. Amer. Fish. Soc. 99(3):496-500.

4% Hartung, R. (1970) Secasonal dynamics of pesticides in western
Lake Erie. Sea Grant progress Report. University of Michigan,
Ann Arbor. '

41 Henderson, C., W. L. Johnson, and A. Inglis (1969), Organo-
chlorine insecticide residues in fish, (National pesticide moni-
toring program). Pestic. Monit. 7. 3(3):145-171.

422 Hopking, C. L., H. V. Brewerton, and H. J. W. McGrath (1966),
The effect on a stream fauna of an aerial application of DDT
prills to pastureland. V. Z. 7. Sci. 9(1):236-248.

3 Hunt, E. G. and A, L. Bischofl (1960), Inimical effects on wildlife
of periodic DDD applications to Clear Lake. Calif. Fisk Game
46:91-106.

64 Fiynes, H. B. N. (1961), The effect of sheep-dip containing the
insecticide BHC on the .fauna of a small stream, including
Simulivm and its predators. dan. Trop, Med. Parasitel. 55(2):192-
196.

45 Ide, F. P. (1967), Effects of forest spraying with DDT on aquatic
insects of salmon streams in New Brunswick. 7. Fish. Res. Bd.
Canada 24(4):769-805.

¢ Tohnson, D. W. (1968), Pesticides and fishes: a review of selected
literature. Trans. Amer, Fish. Soc, 97(4):398-424.

7 Johnson, H. E. (1967), The offects of endrin on the reproduction of a
Jfresh waier fish (Oryzias latipes) {Ph.D. dissertation] University
of Washington, Seatile, 149 p,

% Johnson, H. E. and C. Pecor (1969), Coho salmon mortality and '
DDT in Lake Michigan. Trans, N, Amer. Wildl, Natur. Resour.
Conf. 34:159-~166. _

48 Kerswill, C. J. and H. E. Edwards (1967), Fish losses after for
sprayings with insecticides in New Brunswick, 1952-62, as shov.
by caged specimens and other observations. J. Fish. Res. Bd,
Canada 24{4):709--729.

a0 Kraybill, H. F., ed. (1969}, Biological cffects of pesticides in
mammalian systems, Ann. N, V. dead. Sei. 160:1-422,

11 Vjchtenberg, J. J., J. W. Eichelberger, R. C. Dressman, and J. E.
Longbottom (1970), Pesticides in surface waters of the United

- Btates: a five-year summary, 1964—68. Pestic. Monit. 7. 4(2):
71-86.

2 Totse, E. G., D. A. Graetz, G. Chesters, G. B. Lee, and L. W.
Newland (1968), Lindane adsorption by lake sediments. Enoiron.
Sei. Technol. 2(5):353-3357. .

3 Macek, K. J. (1968), Growth and resistance to stress ih brook
trout fed sublethal levels of DDT. 7. Fish. Res. Bd. Canada 25{11):"
2443-245%,

4 Mayer, F. L., Jr., J. C. Street, and J. M. Neuhold (1970), Organo-
chiorine insecticide interactions affecting residue storage in
rainbow trout. Bull. Environ. Contam. Toxicel, 5{4):300-310.

415 Mount, D. 1. and C. E. Stephan (1967), A method for detecting
cadmium poisoning in fish. 7. Wildlife Manage. 31(1):168-172.

% Mount, D. I. (1968), Chronic toxicity of copper to fathead min-
nows (Pimephales promelas, Rafinesque). Water Res. 2(3):215-223.

1 Mrak, E. M. chairman, (1969), Report of the Secretary’s Commission
on pesticides and their relationship to environmental health (Govern-
ment Printing Office, Washingten, D. C.), 677 p.

8 Mullison, W. R. (1970), Effects of herbicides on water and its
inhabitants. Weed Sei. 18(6):738-750,

49 Pickering, Q. H., C. Henderson, and A. E. Lemke (1962), The
toxocity of organic phosphorus insecticides to different specie  °
warmwater fishes. Trans. dAmer. Fish. Sec. 91(2):175-184.

10900



@ Pimentel, D. (1971), Ecological effects of pesticides on non-target species
(Government Printing Office, Washington, D. C.), 220 p.

#t Reinert, R, E. (1970), Pesticide concentrations in Great Lakes

h. Pestic. Monit. ¥. 3(4):233-240,

+ ate, P. and D. E. Ferguson (1968), The toxicity of endrin-
resistant mosquitofish to eleven species of vertebrates. Bioscience
18:783-784, :

83 Schoenthal, . I}. (1964), Some effects of DDT on cold-water
fish and fish-food organisms. Proc. Mont. Acad, Sei. 23(1}:63-95.

4 Sprague, J. B. P, F. Elson, and J. R. Duffy (1971), Decrease in
DDT residurs in young salmon after forest spraying in New
Brunswick, &Zx:rea. Pollut, 1:191-203,

48 Tarrant, K. R. and J. O°C. Tatton (1968), Organochlorine pesti-
cides in rainwater in the British Isles. Naure 219:725-727,

8 Terriere, L. C., U. Kiigemai, A. R. Gerlach, and R. L. Borovicka
(1966), The persistence of toxaphene in lake water and its up-
take by aquatic plants and animals. J. Agr. Food Chem. 14(1)
66-69.

47 Wershaw, R. L., P. J. Burcar, and M. C. Goldberg (1969}, Inter-
action of pesticides with natural organic material. Environ, Sci.
Technol, 3(3):271-273.

8 Wilson, 1. C. and C. E. Bond (19569), Effects of the herbicides
diquat and dichlobenil (Casoron) on pond inveriebrates. I.
Acute toxocity. Trans. Amer. Fish. Ssc. 98(3):438~443.

@ Yyje W. N. and A. D. Tomlin (1971), DDT in forest streams,’

Bull. Environ. Contamn. Toxicol. 5(6):479--488.

0 Zabik, M. J. (1969), The contribution of urban and agricultural
pesticide use to the contamination of the Red Cedar River. Of-
fice of Water Resources Research Prgject No, A-072-Michigen, Of-
fice Water Resources 19 pp. ’

References Cited

91 Macek, K. J., unpublished data (1971). Investigations in fish pesti-
‘de research, U.S. Bureau of Sport Fisheries and Wildlife.

4 nigan Department of Agriculture personal communication (1970)
{Reinert, R.) Lansing, Michigan.

AMMONIA

3 Ball, I. R, (1967), Toxicity of cadmium to rainbow trout {Salmo
gatrdnerii Richardson). Water Res, 1{11/12):805-806.

4 Brockway, D. R. (1950), Metabolic products and their effects.
Progr. Fish-Cult, 12:127-129,

8 Burrows, R. E. (1964), Effects of accumulated excretory products on
hatchery-reared salmonids [Burcau of Sport Fisheries and Wildlife
research report 66) {(Government Printing Office, Washington,
D.C), 12p.

#¢ Downing, K. M. and J. C. Merkens (1955), The influence of dis-
solved oxygen concentration on the toxicity of unionized am-
monia to rainbow trout (Salme gairdnerii Richardson). Ann. Appl.
Biol, 43:243-246.

@1 Ellis, M. M. (19537), Detection and measurement of stream pol-’

lution. U.S. Bur. Fish. Bull. no. 22:365-437.

W Flis, J. (1968), Histopathological changes induced in carp (G-
prinus carpio L.} by ammonia water. Acta Hydrobiol. 10(1/2) 205~
238.

4 Fromm, P, O, (1970), Toxic action of water sofuble pollutants on fresh-

water fish [Environmental Protection Agency water pollution
control research series no, 18050DST] (Government Printing
Office, Washington, D.C.)}, 56 p.

0 Hazel, C. R., W. Thomsen, and $. J. Meith (1971), Scnsmvzty of
striped bass and stickleback to ammonia in relation to tempera-
ture and salinity. Calif. Fish Game 57(3):138~153.

! Herbert, D. W. M., D. 8. Shurben {1965), The suscepiibility of

‘monid fish to poisons under estuarine conditions: II. Am-
wnium chioride. Air Water Pollut. 9(1/2):89-91,

Literature Cited/211

%2 Lloyd, R. {1961), The toxicity of ammonia to rainbow trout
(Salmo gairdnerii Richardsan). Water Waste Treat. 8:278-279.

#2 Lloyd, R. and L. D. Orr (1969}, The diuretic response by rainbow
trout to sub-lethal concentrations of ammonia. Water Res. 3(5}:
335-344.

#4 Lloyd, R, and D. W. M. Herbert {1960}, The influence of carbon
dioxide on the toxicity of un-iocnized ammonia to rainbow trout
(Salmo gairdnerii Richardson). Ann. Appl. Biol. 48:399—404.

to8 Merkens, J. C. and K. M. Downing (1957), The effect of tension
of dissolved oxygen on the toxicity of un-ionized ammonia to
several species of fish. Ann. Appl. Biol, 45(3):521-527.

¢ Reichenbach-Klinke, H. H. (1967), Untersuchungen uber die
cinwirkung des ammoniakgchalts auf den fischorganismus. Arch.
Fischereiwiss. 17(2):122-132,

@7 Wyuhrmann, K. (1952), [Toxicology of fish]. Bul[ Cent. Belge
Etude Document. Eaux no. 15, pp. 49-60.

8¢ Wuhrmann, K., F. Zehender, and H. Woker (1947), [Biclogical
significance of the ammonivm and ammonia contents of flowing
water in fisheries]. Vierteljahresschr. Naturforsch. Ges. Zurich 92:
198-204.

€ Wuhrmann, K. and H. Woker (1948), Beitriige zur toxikologic der
fische. II. Experimenteile untersuchungen iber die ammoniak-
und biausiure-vergiftung. Schweiz. . Hydrol. 11:210-244,

CHLORINE

80 Arthur, J. W. and J. G. Eaton (1971), Chlorine toxicity to the
Amphipod, Gammarus pseudolimnaens and the fathead minnow
Pimephales promelas Rafinesque. 7. Fish. Res. Bd. Canada, (in press).

®t Basch, R. E., M. E. Newton, J. G. Truchan, and C. M. Fetterolf
(1971}, Chiorinated municipal waste loxicities to rainbow trou! and
fathead minnows [Environmental Protection Agency water pollu-
tion control research series no. 18050G22] (Government Print-
ing Office, Washmgton, D. C.), 50 p. -

52 Brungs, W, A. in preparalion (1972), Literature review of the cﬂ'ccts
of residual chlorine on aquatic life. National Water Quality
Laboratary, Duluth, Minn.

813 L aubusch, E. J. (1962), Water chlorination, in Chlorine: its manu-
facture, properties and uses, J. S. Sconce, ed. [American Chemical
Socicty monograph series no. 154] (Reinhold Publishing Corp.,
New York), pp. 457—-484.

54 McKee, J. E. and H. W, Wol{, eds. (1963), Water quality criteria,
2nd ed. (California. State Water Quality Control Board, Sacra-
mento), 548 p.

85 Merkens, J. C. (1958), Studies on the toxicity of chlorine and
chloramines to rainbow trout. Water Waste Treat. J. 7:150-151.

€6 Sprague, J. B. and D. E. Drury (1969}, ‘Avoidance reactions of
salmonid fish to representative pollutants, in Advances in water
pallution research, proceedings of the 4dth international conference, 5. H.
Jenkins, ed. (Pergamon Press, New York}, pp. 169-179.

BT Teai, C. F. (1968}, Effects of chlorinated sewage effluents on fish

" in upper Patuxent River, Maryland. Chesapeake Sci. 9(2):83-93.

B8 Tsai, C. F. (1970), Changes in fish populations and migration in
relation to increased sewage pollution in Little Patuxent River,
Maryland. Chesapeake Sei, 11(1):34—41,

9 Zillich, J. A. (1972), Toxicity of combined chlorine residuals to
fresh water fish. Journal of Water Pollut:on Control Federation 44:
212-220.

CYANIDES

0 Byrdick, G. E., H. J. Dean, and E. J. Harris (1938), Toxicity of
cyanide to brown trout and smalimouth bass. N, Y. Fish Game 7.
5(2):133-163.

8! Burdick, G. E. and M. L1pschuctz (1948), Toxieity of ferro- and

10901



212 /Section ITI—Freshwater Aquatic Life and Wildlife

ferricyanide solutions to fish, and determination of the cause of
mortality. Trans. Amer. Fish. Soc. 78: 192-202,

2 Cajrns, J., Jr. and A. Scheier (1963), Environmental effects upon
cyanide toxicity to fish. Notulae Nafur. (Philadelphia) no. 361:
1-11,

&3 Doudoroff, P. {1956), Some experiments on the toxicity of complex
cyanides to fish. Sewage Indust. Wastes 28(8):1020-1040.

%4 Doudoroff,. P., ‘G. Leduc and .C. R. Schneider {I966), Acute
toxicity to fish of solutions containing complex metal cyanides,
in relation to concentrations of molecular hydrocyanic acid.
Trans. Amer. Fish. Soc. 95(1):6-22.

626 Downing, K. M. (1954}, Influence of dissolved oxygen concentra-
tion on the toxicity of potassium cyanide to rainbow trout. 7.
Exp. Biol. 31(2):161~164,

826 Henderson, C., Q. H. Pickering, and A. E. Lemke (1960), The
effect of some organic cyanides (nitriles) on fish., Purdue Univ.
Eng. Bull. Ext. Ser. no. 106:120-130.

57 Jones, J. R. E. (1964), Fish and river pollution (Butterworth & Co.,
London}, 200 p, -

828 Wuhrman, K. and H. Woker (1955), Influence of temperature of
oxygen tension on the toxicity of poisons to fish. Proc. Inter-
national Assoc, Theoret. Appl. Leinnol., 12:795-801.

Refarence Citad S

80 Pagrick, R., unpublished data, 1971. Academy of Natural Sciences
of Philadelphia. .

DETERGENTS

80 Arthur, J. W. (1970}, Chronic effects of linear alkylate sulfonate
detergent on Cammarus pseudolimnaeus, Campeloma dicisum, and
Physa integra. Water Res. 4(3):251-257.

t31 Bardach, J. E., M. Fujiya, and A. Holl (1965), Detergents: ef-
fects on the chemical senses of the fish Jefalurus natalis {le Sueur).
Science 148:1605-1607.

82 Hokanson, K. E. F. and L. L. Smith (1971), Some factors in-
fluencing toxicity of linear alkylate sulfonate (LAS) to the blue-
gill. Trans, Amer. Fish. Soc. 100(1):1-12.

32 Marchetti, R. (1965), Critical review of the effects of synihetic detergents
on aquatic life [Studies and reviews no. 26] (General Fish Council
for the Mediterranean, Rome), 32 p.

43¢ Pickering, Q. H. (1966), Acute toxicity of alkyl benzene sulfonate
and linear alkylate sulfonate to the cggs of the fathead minnow,
Pimephales promelas. dir Waier Pollut. 10(5):385-391.

838 Pickering, Q. H. and T, O. Thatcher (1970), The chronic toxicity
of linear alkylate sulfonate (LAS) to Pimephales promelas. 7. Water
Pollut. Contr, Fed. 42(2 part 1):243-254,

838 Srandard methods (1971) American Public Health Association,
American Water Works Association, and Water Pollution Con-
trol Federation (1971}, Standard methods for the examination
of water and waste water, 13th ed. (American Public Health
Association, Washington, D. C.), 874 p.

837 Swisher, R. D. (1967), Biodegradation of LAS benzene rmgs in
activated sludge. 7. Amer. Ol Chem. Soc. 44(12):717-724,

%38 Thatcher, T. O. and J. F. Santner (1966), Acute toxicity of LAS
to various fish species. Purdue Univ. Eng. Bull. Ext. Ser. no. 121:
996-1002,

PHENOLICS

W9 Ellis, M. M. (1937), Detection and measurement of stream pollu-
tion. U.S. Bur Fish. Bull. no. 22:365-437,

§40 Fct;crolf, C. M. (1964), Taste and odor problems in fish from
Michigan waters. Proc. Ind. Waste Conf. Purdue Univ, 115:174-182.

81 Mitrovic, U. U,, V., M. Brown, D. G. Shurben, and M. H. Berry-

man (1968), Some pathological effects of sub-acute and acute
poisoning of rainbow trout by phenol in hard water. Water Res.
2(4):249-254.

82 Turnbull, H., J. G. DeMann, and R. F. Wcston ( 1954) Toxici
of various rcf_inery materials to fresh water fish. Ind. Eng. Cher
46:324-333.

SULFIDES

83 Adelman, I. R. and L. L. Smith, Jr. (1970), Efiect of hydrogen
sulfide on northern pike egpes and sac fry. Trans. Amer. Fish. Soc.
99(3):501-509.

84 Bonn, E. W. and B. J. Follis (1967}, Effects of hydrogen sulfide on

" channel catfish (lctalurus punctatus). Trans. Amer. Fish. Soe. 96(1):
3i-36. .

4 Colby, P. J. and L. L. Smith (1967), Survival of walleye eggs and
fry on paper fiber sludge deposits in Rainey River, Minnesota.
Trans. Amer. Fish. Soc. 96(3):278-296.

88 Schaut, G. G. (1939), Fish catastrophies during droughts. 7. Amer.
Water Works Ass. 31(1):771-822.

87 Smith, L. L. (1971), Influence of hydrogen sulfide on fish and
arthropods. Preliminary completion report EPA Project 18050
PCG, 30 pp-

48 Smith, L. L. and D, Oseid in pr- -« {1971), Toxic effects of hydrogen
sulfide to juvenile fish and f h eggs. Proc. 25th Purdue Indus-
trial Waste Conf.

54 Theede, H., A. Ponat, K.. Hiro:$, and C. Schlieper (1969), Studies
on the resistance of marine bottom invertcbrates to oxygen-de-
ficiency and hydrogen sulfide. Mer. Biol. 2(4):325-337.

80 Van Horn, W. M. (1958), The effect of pulp and paper mill
wastes on aquatic life. Proc. Ontario Indust. Waste Conf. 5:60-66,

WILDLIFE

81 Anderson, D. W. and ]. ]. Hickey (1970) Oological data on
and breeding characteristics of brown pelicans. Wilson Bull. bz
(1):14-28.

82 Bell, J. F., G. W. Sciple, and A. A, Hubert (1953), A microen-
vironment concept of the epizoology of avian botulism. 7. Wild-
life Manrage. 19(3):352-357.

%83 Bitman, J., H. C. Cecil, 8. J. Harris, andG F. Fries (1969}, DDT
induces a decrease in eggshell calcium. Naofure 224:44—46.

34 Borg, K., H. Wanntorp, K. Erne, and E. Hanko (1969}, Alkyl
mercury poisoning in terrestrial Swedish wildlife. Viltreoy 6(4):
301-379.

%6 Burdick, G. E., H. J. Dean, E. ]. Harris, J. Skea, C. Frisa, and

" C. Sweeney (1968), Methoxychlor as a black fly larvicide,
persistence of its residues in fish and its effects on stream arthro-
pods, N, ¥. Fisk €9"Game 15(2):121-142,

6 Christiansen, J. E. and J. B. Low (1970}, Water requirements of
waterfowl marshlands in northern Utah. Publication No. 69-72,
Utah Diviston of Fish and Game.

¥ Cooch, F. G. 1964. Preliminary study of the survival value of a
salt gland in prairie Anatidae. Auk. 81(1):380-393,

88 Dustman, E. H., L. F. Stickel and J. B. Elder (1970), Mercury in
wild animals, Lake St. Clair. Paper presented ot the Environmental
Mercury Contamination Conference, Ann Arbor, Michigan.

? Enderson, J. H. and D. D. Berger (1970), Pesticides: eggshell
thinning and lowered reproduction of young in prairie falcons.
Bioscience 20:355~356.

50 Fay, L. D. 1966. Type E botulism in Great Lake water birds.
Trans. 31st N. Amer. Wildlife Conf.: 139-149,

s61 Field, . I. and E. T. R. Evans (1946}, Acute salt poisoning in
poultry. Vet Rec. 58(23):253-254.

&t FWPCA (1968)

U.S. Dcpartment of the Interior. Fedcral Water Polluuon [

10902



trol Administration (1968), Water quality eriteria: report of the
National Technical Advisory Commiltee lo the Secrelary of the Interior
(Government Printing Office, Washington, D. C.}, 234 p.
o fin, A. R., L. D. Jensen, A. V. Nebeker, T. Nelson, and R. W,
.el (1965), The toxicity of ten organic insecticides to various
aquatic invertebrates. Water and Sewage Works 112(7):276-279.

% Greig, R. A. and H. L. Seagram (1970), Survey of mercury con-
centrations in fishes of lakes St. Clair, Erie and Huron. Paper
presented al the Environmental Mercury Contamination Conference, Ann
Arbor, Michigan,

565 Griffith, W, H., Jr. {(1962~63), Salt as a possible limiting factor
to the Suisan Marsh pheasant population. Annual report, Delta
Fish & Wildlife Protection Study, Cooperative Study of Cali-
forpia.

581 artyng, R. (1965), Some: effects of oiling on reproduction of
ducks. 7. Wildlife Adanage, 29(4):872-874.

7 Hartung, R. (19673), Energy metabolism in oil-covered ducks.
7. Wildlife Manage. 31(4):798-804.

8 Hartung, R, (1967b), An outline for biological and physical con-
centrating mechanisms for chlorinated hydrocarbon pesticides.
Pap. Mich. Acad. Sei. Arts Lett. 52: 77-83.

3 Harrung, R. and G. 5. Hunt (1966), Toxicity of some oils to water-
fowl. . Wildiifs Manage. 30(3):564-570.

0 Hartung, R. and G. W. Klingler (1970}, Concentration of DDT
sedimented polluting oils. Enviren. Sci. Technol. 4(5):407-410.

51 Hawkes, &. L. 1961. A review of the nature and extent of damage
caused by oil pollution at sea. Trans. N. Am. Wildlife and Na-
tional Resources Conf. 20:343-355. .

2 Heath, R. G., J. W, Spann, and J. T. Kreitzer (1969}, Marked
DDE impairment of mallard reproduction in controlled studies.
Nature 224:47—48.

83 Henriksson, K., E. Karppanen, and M. Helminen (1966), High
residue of mercury in Finnish white-tailed eagles. Ornis Fenn.
“(2):38~45.

¥ ey, J. J. and D. W. Anderson (1968), Chlorinated hydro-
carbons and eggshell changes in raptorial and fish-eating birds.
Secience 162:271-273, .

o6 Holt, G. (1969), Mercury residues in wild birds in Norway: 1965-
1967, Nord. Ver, Med. 21(2):105-114,

w16 Hunt, G. 8. (1957), Causes of morialily among ducks wintering on the
lnwer Deiroit River {Ph.D. dissertation] University of Michigan,

" Ann Arbor, Michigan.

¥? Hunter, B. F.,, W. E. Clark, P. J. Perkins and P. R. Coleman
{1670}, Applied botulism research including management recom-
mendations—a progress report. California Department of Fish
Game, Sacramento, 87 p.

8 Jensen, W. 1. and J. P. Allen (1960), A possible relationship he.
tween aquatic invertebrates and avian botulism. Trans. N. Amer,
Wildl. Natur. Resour, Conf. 25:171-179.

&2 Jensen, S. and A, Jernelév (1969), Biological methylation of
mercury in aquatic organisms, Nature 223:753-754,

%0 Jensen, 5., A. G johnels M. Olszon and G. Otterlind (1969),
DoT and PCPB in marine animals from Swedish waters. Nature
224:247-250.

81 Kalrhbach, E. R. (1934), Western duck sickness: a form of botu-
lism. U.S. Dep. Agr. Tech. Bull. No. 411, pp. 181,

¥ Kaufman, O. W, and L. D. Fay (1964), Clostridium botulinum type
E toxin in tissues of dead loons and gulls. Aighigan State Uni-
versity Experiment Station Quarterly Bulletin 47:236-242,

2 Keith, J. A. (1966), Reproduction in a population of herring gulls

Literature Cited /213

{Larus argentalus) contaminated by DDT. 7. Appl. Ecol. 3 {supp):
57-70. Supplement 3 published as Pesticides in the environment
and their effects on wildlife, N. W. Moore, ed. (Blackwell Scientific
Publications, Oxford).

84 Kennedy, H. D., L. L. Eller, and D, F. Walsh (1970}, Chronic ¢f-
Jeets of methoxyehlor on bluegills and aqualic invertebrates [Bureau of
Sport Fisheries and Wildlife technical paper 53] {Government
Printing Office, Washington, D. C.), 18 p.

5 Krijta, §.. M., C. W. Carlson, and Q. E. Olson (1961}, Some ei-
fects of saiinc waters on chicks, laying hens, poults and ducklings.
Poultry Sei, 40(4):938-944.

tag \Ickee_ M. T.. J. F. Bell and W, H. Hoyer (1938), Culture of
Clostridium .ffrolulimmz type C with controlled pH. Fowrnal of Bac-
teriology 75(2):135~142.

®7 McKnight, D. E. (1970), Waterfowl production on a spring-fed
salt marsh in Utah. Ph.D. dissertation. Utah State University.

88 Quortrup, E. R. and R. L. Sudhcimer (1942), Rescarch notes on
botulism in western marsh arens with recommendations for
control. North American Wildlife Confevence, Transaetions 7:284-203,

189 Reinert, R. E. (1970), Pesticide concentrations in Great Lakes
fish., Pestic. Monit. 7. 3(4):233-240.

80 Risebrough, R. W., P. Rieche, D. B. Peakall, 8. G. Herman, and
M. N. Kirven (1968}, Polychlorinated biphenvls in the global
ecosvstem. Nature 220:1098-1102,

w1 Rittinghaus, H. (1956), Etwns uber die indirete verbreitung der
olpest in einem seevogelschutzgebiete. Grnithal M. 8(3):43—-46.

822 Scrivner, L. H. (1946), Experimental edema and ascites in poults.
J- Amer. Vet Med. Ass. 108:27-32,

693 Sincock, John L. {(1968), Common faults of management. Pro-
ceedings Marsh Estuary Management Sympoesium, Louisiana State
University, July, 1967, pp. 222-226.

84 Street, J. C., I'. M. Urry, D. J. Wagstaff, and A. D. Blau (1968),
Coinparative effects of polychlorinated bipbenyls and organo-
chiorine pesticides in induction of hepatic microsomal enzyines.
American Chemical Society, 158th National meeting, Sept.
8-12, 1968,

¥€ Tucker, R. K. and H. A, Haegele (1970), Eggshell thinning as
influenced by method of DDT exposure. Bull. Eupiron. Contam.
Toxical. 5(3):191-194.

¥ Vos, J. G. and J. H. Koeman (1970), Clomparative toxicologic
study with polvchlorinated biphenyls in chickens with special
reference to porphyria, edema [ormation, liver necrosis and tissue
residues. Toxicol. Appl. Pharmacol. 17(3):656-668.

7 Vos, J. G, J. H. Koeman, H. L. van der Maas, M. C. ten Noever
de Brauw, and R. H. de Vos (1970), Identification and toxico-
logical evaluation of chlorinated dibenzofuran and chlorinated
napthalene in two commercial polychlorinated biphenyls. Foed
Cusmet. Toxicol. B:625-633.

¥ Westoo, G. (1966), Determination of methyimercury compounds
in foodstuffs: I. Methylmercury compounds in fish, identifica-
tion and determination. Acta. Chem, Seand. 20(8):2131-2137.

%% Wiemeyer, S, N. and R. D, Porter (1970), DDE thins cggshells of
captive American kestrels. Natnre 227:737-738.

References Citad

®¢ Hynter, Brian, personal communication, California Department of Fish
and Game; unpublished Bureau of Sport Fisheries and Wildlife
administrative reports.

ot Stickel, unpublished date 1972, U.8. Bureau of Sport Fisheries and
Wildlife, Patuxent, Maryland.

10903



Section IV—MARINE AQUATIC LIFE AND WILDLIFE

TABLE OF CONTENTS

) Page
INTRODUCTION. .. .o ie e ees 216
Development of Recommendations. ..... 217
USES OF THE MARINE SYSTEM TO BE PRO-
TECTED . . i ettt e 219
THE NATURE OF THE ECOSYSTEM............ 219
Effects of Water Quality Change on Eco.
SYSTEIMS. « . v vvin et eeu e na e 219
FISHERIES. .............. e 221
MARINE AQUACULTURE. ... . .cvuvvrerrvrrines 222
Application of Water Quality to Aqua-
culture. .. .. e e B 224
MARINE WILDLIFE. ..« v v v e vevcevmn e vvee e 224
Bases for Recommendations............. 225
Radionuclides. ........................ 226
Recommendation.................... - 226
Heavy Metals......... e e 226
Recommendation.................... 226
Polych'orinated Biphenyls (PCB)........ 226
Recommendation.................... 226
DDT Compounds. .. .......oovvnuunn, 226
Recommendation. ............cove.. 227
Aldrin, Dieldrin, Endrin, and Heptachlor.. 227
Recommendation.................... 227
Other Chlorinated Hydrocarbon Pesti-
cides.......... e e e 227
Recommendation. ................... 227
Lead. ... ... i e 227
Recommendation.................... 228
WasTeE CaraciTY OF RECEIVING WATERS. . ... - 228
Mixing Zones. .. ........... ..o 231
METHODS OF ASSESSMENT. . ............. 233
AcuTE ToOXICITIES—DBIOASSAYS. ... ..ot vven 233
BIOANALYSIS . « & o vesrrar v cetan it iaenns 233
BIORESPONSE . . ..ot i 234
DEsIGN OF Bioassavs. ... ..., 235
SUBLETHAL EFFECTS. . ... iiceiiieninnnn, 236
Migrations. ...t 236
Behavior. ... iuie i 236
Incidence of Disease. . ................. 236
LifeCyole. ... ... o i 236
Physiological Processes. ................ 237
Genetic Effects.......... o iiiniinan, 237

Page
Nutrition and Feood Chains. ............ 237
Effects on the Ecosystem. .............. 237
Food Value for Human Use, . .......... 237
CATEGORIES OF POLLUTANTS............ 238
TEMPERATURE aND HEAT. .. ............... 238
INorGAaNICs, INcLuDING Heavy METALS aND
PH. e 238
Forms of Chemical and Environmental’
Interactions: .. ...vviiieerinennns 239
Biological Effects. .................. ... 239
Metals, . oot e o e s 240
Alkalinity or Buffer Capacity, Carbon Di-
oxide,and pH. ................... 241
Recommendation.................... 241
Aluminum. . ... ..ot 242
Recommendation. ..o, ... e 2
Ammonia......... e 2.
Recommendation.................... 242
Antimony. ....ooov i e 242
Recommendation.................... 243
ATSENIC. o e e e 243
Recommendation.................... 243
Barium. . . o e e 243
Recommendation.................... 244
Beryllium. . ........... N 244
Recommendation.........c.......... 244
Bismuth,.......coi i i 244
Boron. ... ..o e 244
Recommendation.................... 245
Bromine. . ..o e 245
Recommendation.................... 245
Cadmiom. ......... i 245 -
‘Recommendation............ PR 246
Chlorine. . .....ccoiiiiii .. .. 246
Recommendation......... e 247
Chromium. . ..o cvvene e i i viiie e 247
Recommendation.................... 247
CoOPPer. « .ot 247
Recommendation................. .. 248
Cyanides...... PP 248
Recommendation. .....oovvvvennnnnn. 2"
Fluorides........ccovvoriiii i, :
10904



FPage : Paeg

Recommendation.........c.oovviun.n, 249 Toxic ORGANICS. . . ivuevrrnrnnn e 264
| ) W e 249 Bases for Recommendations............. 269
Recommendation.................... 249 Recommendations............. PP 269
Lead. .. .ivr i 249 OXYGEN . ..ttt it 269
Recommendation.................. .. 250 Recommendation.................... 270
Manganese. . .. ovviinn i 250 RADIOACTIVE MATERIALS IN THE AQuaTic En- ‘
Recommendation.................... 251 VIRONMMENT . & & v et vt inneeetrnrnnnnennns 270
Mereury. . .....ovvvivniiniin s, 251 Characteristics and Sources of Radio-
Recommendation.................... 252 ACtIVILY . .. e 271
Molybdenum........... [P 252 Exposure Pathways. ................... 272
Recommendation.................... 253 Biological Effects of Ionizing Radiation.. 272
Nickel. ........co it 253 Restrictions on Radioactive Materials, ... 273
Recommendation.................... 253 Conclusions. ...........oviiinennnnnns. 273
Phosphorus......... e 253 Recommendaton.................... 274
Recommendation.................... 254 SEWAGE AND NUTRIENTS. .. ...vvrrrnnnnn.. 274
Selenfum............o0iiii i 254 Magnitude of the Problem............. - 274
Recommendation.................... 255 Oxygen Depletion. .,.................. 274
Bilver. ... e 255 - Excessive Nutrient Enrichment.......... 275
Recommendation.................... 255 Pathogenic Microorganisms............. 276
Sulfides. ....oovi i 255 Sludge Disposal into Marine Waters. . ... 277
Recommendation................ ... 256 Deep Sea Dumping.................... 277
Thallium. ... .ovv e e, 256 . Potential Beneficial Uses of Sewage...... 277
Recommendation,................... 256 Rationale for Establishing Recommenda-
Uranium.......ooiiiiii i enns 256 £n 103 ¢ SO A S 277
Recommendation.................... 256 Recommendations. . ............... L. 277
Vanadium.........cooveiine i, 257 SoLip WasTEs, PARTICULATE MATTER, AND
Reeommendation.................... 257 OcCEAN DUMPING . ... viiv i e e 278
ZiNC. . oo i cesee.. 257 Dredge Spoils. ..., 278
Recommendation.................... 257 Sewage Sludges. . ..........o ... 279
O1L v THE MARINE ENVIRONMENT.......... 257 Solid Wastes............cooviiinin., 280
Sources of Oil Pollution. ............... 257 Industrial Wastes. .................. .o 280
Biological Effects of Petroleum Hydrocar- Other Solid Wastes. . .................. 280
DONS. . o et 258 : Suspended Particulate Materials......... 281
Corrective Measures. .................. 262 Recommendations. . ................. 282
Recommendations................... 263 LITERATURE CITED...... et 284
215
10905



INTRODUCTION

The Panel on Marine Aquatic Life and Wildlife took as
its prime responsibility the development of recommenda-
tions that would reasonably assure protection of the marine
ecosystem. The recommendations have been discussed at
various meetings of the members of the Panel and represent
a consensus on the best statement that can be made in the
light of present knowledge. The recommendations are not
inflexible and may be modified as our understanding of the
marine ecosystem improves.

Many parts of the marine ecosystem do not meet the
quality requirements recommended here. As a result of
man’s activities, the marine ecosystern has been greatly
modified ; many species are excluded from areas where they
were once abundant, and many areas have been closed for
the harvesting of marine products as human food because
of pollution. The decision as to what part, and how much,
of the marine ecosystem should be protected for normal
aquatic life and wildlife has political, social, and economic
aspects, and such decisions cannot be based upon scientific
evidence alone. Although some marine pollution problems
are local in character, many are global and only the broad-
est possible approach can solve these problems. Food from
the sea is already an important source of animal protein for
human nutrition, and this continuing supply must not be
diminished by pollution.

At the same time, the Panel recognizes that additions of
pollutants to the oceans as by-products of our present mode
of living will continue. But if pollution is kept within the
boundaries and constraints which are defined in the recom-
mendations, the Panel believes that the marine_ecosystem
can be protected.

In many ways the marine ecosystem is similar to the
freshwater, but there are significant differences which
should be briefly described. For more details which sum-
marize the extensive literature on this subject, the reader is
referred to The Oceans by Sverdrup, et al. (1942)8* The Sea,
particulatly volume 2 edited by M. N. Hill (1964),* and
Estuaries, edited by G. H. Lauff (1967).4

* Citations are listed at the end of the Section. They can be located
alphabetically within subtopics or by their superior numbers which
run consecutively across subtopics for the entire Section.

‘The marine environment is a significant source of animal
protein with an annual production of about 60 million tons
fresh weight of fisheries products {(Food and Agriculture
Organization 1967}.2 Various estimates of the potential ex-
pansion of this harvest have been made and are summarized
by Ryther (1969)® who concludes that the potential harvest
might double this figure. Some of the existing stocks are
already fished to capacity or overfished, -but aquaculture
(pp. 222-224) may increase world marine production.

The importance of this supply of animal protein to the
world population has been emphasized by Borgstrom
(1961).! He estimates that more than two billion peopie of
the world’s population receive 50 per cent or more of their
animal protein from marine products. In the United Srtates
fish contributes only about 3 per cent of our animal proteir
consumption, but even so it has been estimated by Prus
(unpublished 1972)8 that over ten billion pounds of commercia.
fish and shellfish were harvested from the estuaries and con-
tinental shelf of the United States in 1970. Furtherrhore, in
the United States a great deal of fishmeal is used to fortify
animal feeds, particularly for chickens. It is obvious that
this valuable food resource of the marine environment must
be sustained. : '

The estuaries are regions where the impact of man’s ac-
tivity is greatest, and they are also areas of great value for
marine fish production. They serve not only as.nursery'
areas and breeding grounds for many species of fish, but
also as the regular home for the entire life cycle of some
valuable species, such as oysters and crabs. Sykes (1968)7 has
estimated that 90 per cent or more of the commercial catch
of finfish in some geographical regions of the United States
consists of estuarine-dependent species. The estuaries are

the most variable regions of the marine ecosystemn (see pp.

219-221) and organisms which inhabit them are exposed to
extreme variations. Since these organisms survive, they are
obviously adapted to the stress imposed by these variations.
During the tidal cycle, a sessile organism will be exposed to
variations in temperature and salinity as the tide ebbs and
fiows. On a seasonal basis, because of variations in river
flow, organisms at a fixed location may be exposed to fresh
water during ficod periods or to nearly undiluted sea wa
during droughts. The oscillatory nature of the tidal cu.
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rents can also lead to an accumulation of pollutants within
an estuary, as is discussed in the section on waste capacity
of -~eiving waters (pp. 228-232). _

sratory fishes must alsc pass through estuaries in order
to reach their breeding grounds. Anadromous fishes, such
as the alewife, salmon, shad, and striped bass, move up-
stream to breed in the highly diluted seawater or in fresh
water. In contrast the catadromous species such as the eel
spend their adult stages in fresh water and migrate down-
stream in order to breed in the open sea. Conditions within
the estuaries should be maintained so that these seasonal
breeding migrations are not interfered with.

The conditions in the coastal waters are less variable than
those in the estuaries, but in temperate regions, the seasonal
range of conditions can be considerable. The coastal waters,
particularly in areas of upwelling, are the most highly pro-
ductive parts of the marine environment and have been
estimated by Ryther (1969)° to produce half of the potential
marine fish production, even though they constitute only
0.1 per cent of the total area of the oceans. The coastal
zones, including near shore areas of high production such as
fishing banks, constitute 9.9 per cent of the area of the ocean
and contribute nearly half of the world fish production. In
tropical waters, the seasonal variation in conditions is less
extreme than in temperate waters. However, as will be
discussed in the. section on temperature (p. 238) many
tropical species are living near their upper extreme tempera-
tur= during the summer, and this fact presents considerable
1 'ms in the disposal of waste heat in tropical areas.

1ne open ocean constitutes 90 per cent of the area of the
world ocean and is the least variable of the marine environ-
ments. The deep sea produces only a minor fraction of the
-~ world’s fish preduction, and this consists mainly of the large
pelagic carnivores such as the tuna (Ryther 1969).* During
the 19th century, the whale harvest was substantially
greatér than it is at present, but the whales captured were
not as effectively utilized as they are in modern whaling
methods, Many species of whales were grossly over-fished,
and there is considerable question today whether some of
these species can recover their original population sizes even
in those cases where a complete moratorium on their cap-
ture is in effect.

The waters of the deep sea below the permanent thermo-
cline (the depths below which seasonal temperature changes
do not occur) constitute the largest and most constant en-
vironment on earth. During the history of modern ocean-
ography, which covers the last century, no significant
changes in either salinity or temperature of the deep sea
have been observed, the organisms living in this abyssal en-
vironment having evolved under conditions which were
presumably constant for millenia. To protect the coastal
environment many proposals have been made to dump ma-
terials, such as solid waste, sewage sludge, and contaminated
¢ spoils in the deep sea. Since the organisms inhabiting
t:.. Jepths of the ocean have been exposed to a constant
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environment, they are not accustomed to unusual stresses
which might be created by such dumping operations (see
pp. 278-283). Consequently, dumping of organic wastes in
the deep sea is not recommended (pp. 277, 282-283).

Development of Recommendations

In most cases, recommendations are not applicable to
every local situation. The marine environment varies
widely, and only an understanding of local conditions will
make it possible to determine what can or cannot be added
in each situation. Many materials are accumulated by
marine organisms, and the concentration is often increased
at higher levels of the food web. With substances that are
toxic and persistent, it is-the concentration in the highest
predators, fish or birds, that is critical. One example is
DDT and its derivatives which have accumulated in birds to
levels that interfere with their breeding. Materials that de-
compose or are otherwise removed from the marine en-
vironment present lesser hazards.,

The application of any recommendation to a local situa-
tion is unique because it requires (a) an understanding of
the circulation of the water and the resultant mixing and
dilution of the pollutant, (b) a knowledge of the local bio-
logical species in the environment and the identification of
those that are most sensitive to the pollutant being con-
sidered, and (c) an evaluation of the transport of the ma-
terial through the food web because of the possibility that
the poliutant may reach concentrations hazardous either to
the normal aquatic species present, or to man through his
use of aguatic species as food.

The normal cycle of variation in the environment of many
substances or conditions that occur naturally, such as oxy-

"gen, temperature, and nutrients, must be determined before

decisions can be made as to possible permissibie changes. In
many estuaries and coastal waters ““normal” conditions
have been meodified by man’s activities and may already
have changed to the extent that some species that might
have been found at earlier times have been eliminated. In
some circumstances, a recommendation may not be applic-
able because it may be necessary to specify no additional
change beyond that which has already occurred. There is
no generally applicable formula for recommendations to

‘protect marine aquatic life and wildlife; a study of local

environmental conditions is essential prior to application of
the recommendations.

The Panel recognizes that what can or should be doneina
given sitnation cannot wait for the completion of time-
consuming studies. The degree of protection desired for a
given location involves social and political decisions. The
ecological nature and quality of each water mass proposed
for modification must be assessed prior to any decision to
miodify. This requires appropriate information on the physi-
cal and chemical characteristics, on the distribution and
abundance of species, and on the normal variations in these
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218/Section IV—>Marine Aquatic Life and Wildlife

attributes over the annual cycle. In addition, there must be
sufficient knowledge to permit useful prediction of the sig-
nificant effects of the proposed pollutant on the stages in the
life cycle of important species, on populations, and on the
biological communities present. The possible impact of that

pollutant upon the ecosystem can then be assessed. These
subjects are covered in greater detail in other parts of this
Section, but they are mentioned here to emphasize the’
primary importance in determining how the recommend.
tions should be used in local situations,
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USES OF THE MARINE SYSTEM TO BE PROTECTED

Coastal marine waters serve a wide variety of excep-
tionally important human uses. Many of these uses produce
aigh local benefits such as the yield -of shellfish and recrea-
tional activities. Others involve regional benefits or the
global unity of the marine system, since local events influ-
ence, and are influenced by, water quality at distant points.
Many of the human uses of marine waters are directly de-
pendent upon the nature and quality of the biological,
zhemical, and physical systems present. Efforts to protect
and enhance these uses will be limited principally by our
ability to understand and protect the environmental condi-
tions which are essential for the biota.

Water quality criteria for marine aquatic life and wild-
life define the environmental requirements for specified
o “ive of these are discussed in this Section, namely,
Ma..wenance of the ecosystem; fisheries; aquaculture; wild-
life protection; and waste disposal. These are not sharply
separable, but the water quality requirements for each use
are briefly summmarized. The effects of transportation, harbor
development, dredging and dumping of spoils have aiso
been considered in developing the recommendations.

NATURE OF THE ECOSYSTEM

Many of the principal human uses of marine waters de-
pend upon successful maintenance and enhancement of the
existing ecosystems or, in a few circumstances, upon creating
and continuing new and artificial ecosysterns for specific
purposes. The ecosystem includes all of the biological and
nan-biclogical (geological, physical, and chemical} com-
ponents of the environment and their highly complex inter-
actions. Studies of ecosystems must include all that is within
the body of water as well as the imports to and exports from
it. Research in such situations has shown that the biotic ele-
ments include producers of organic material, several levels
of consumers, and decomposers. In the least complex situa-
tion, these act at rates controlled by the abiotic factors to
transfer energy and recycle materials, In those aquatic en-
vironments which continuously or intermittently exchange

L quantities of energy or materials with other parts of

ti. .otal global system, understanding and ‘management

become more difficuit. In the marine environment imports
and exports continually occur from coastal runoff, tidal
action, oceanic currents, meterological actions, and ex-
changes with adjacent water bodies or with the benthos
and atmosphere. These exchanges are only partially under-
stood, but it is clear that each marine site is connected inti-
mately to the rest of the oceans and to total global
mechanisms.

The estuaries are in many ways the most complicated
and variable of aquatic ecosystems. Materials carried from
the land by rivers vary in quantity and quality, sometimes
with strong seasonal patterns of high biological significance.
Tidal oscillations cause vigorous reversals of flow. Inherent
hydrographic patterns can lead to accumulation of materials
and to upstream transport from the point of addition. Dense

- urban populations on the shores of estuaries produce large

amounts of waste, and engineering projects have changed
the boundaries and flows of water courses. The biologically
rich estuaries are the most variable and the most endangered
part of the marine environment.

In each environment the existing characteristics of the

-system have been produced by dynamic interaction among

the components, forces, and processes present. Some of these
are small or transitory, but others are massive and enduring.
If any one of these forces or processes is changed, a new
balance is produced in the systém. Relative stability, there-
fore, results from the balancing of forces, not the absence.
The biota are the product of evolution, and each ecosystem
contains those species and communities which have adapted
to the specific environment over a long period of time and
which are successful in that environment. Drastic and rapid

modification of the environment, as by pollution, may

eliminate some species and encourage others in ways which
can reduce the value of the ecosystem for man’s use or
enjoyment.

Effects of Water Quality Change on Ecosysiems

~ The introduction of a chemicat compound or a change in
the physical environment may affect a natural marine eco-
system in many ways. In coastal waters undisturbed for long
periods of time, the ecosystemn has adjusted to the existing

219
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conditions. The system is pfoductive, species are diverse, the
biomass is high, and the flow of energy is comparatively
efficient. The addition of pollutants to such a system might:

« teduce the input of solar energy into the ecosystem;
« increase the input of organic matter and nutrients
which might stlmulate the growth of undesirable

species;

o reduce the availability of nutrients by increased
sorption and sedimentation;

» create intolerable physical extremes for some orga-
nisms, as by the addition of heat;

« Kkill or reduce the success of individual organisms,
as by lethal toxicity or crippling with oil;

» eliminate species by adding a toxic material or mak-
ing an essential element unavailable;

¢ interfere with the flow of energy from species to
species, as by a chemical that interferes with feedmg
behavior;

« reduce species diversity in the system;

o interfere with regenerative cycling by'decomposers;

s decrease biomass by reduction of abundant species.

or disruption of the processes of ecosystems;
e increase biomass by removing important consumers
allowing runaway production of other species. -

All of these may involve changes in production and
lowered human usefulness of the system. These are ex-
amples; additional effects can occur., The specific impacts
of pollution at a site can be determined only through long-
term study of that portion of the ocean and the changes that
occur.

It is clear that man, through his numbers and his actions,
is having increasingly pronounced effects on organisms,
populations, and entire ecosystems. Many people willingly
accept the consequences of advanced technology that are
markedly deleterious, but most people become alarmed
when an entire large ecosystem undergoes transformation.
When society recognizes that catastrophe threatens due to
its carelessness, it seeks to rearrange its demands on such
ecosystems in ways that can be accommodated within the
inherent capacities of the system. To provide adequate an-
swers we need understanding of ecosystems, since knowledge
at the species and population levels, however defined, will
be too limited in scope to answer the questions that arise at
the more highly organized level of the ecosystem.

The study of the effects of pollution on ecosystems may
be undertaken by considering pollution as an additional
stress on the mechanisms that keep ecosystems organized.
Unless the living parts of an ecosystem are already under
stress, the early effects of the introduction of toxic pollu-
tants may contribute to the extinction of particularly sus-
ceptible species leaving the more resistant forms in a less
diverse community. In communities already under stress,
relatively low levels of pollution may cause the disruption
of the communities.

Estuaries and intertidal regions are naturally exposed to
stressful conditions. In the estuaries the ebb and flow of the
tide and the fluctuating freshwater flow create changes in
salinity on various time scales ranging from hourly 1
seasonally. In the intertidal zone the normal inhabitants are
exposed to air during part of each tidal cycle. They are also
subjected to vigorous wave actions on exposed beaches and .
headlands. Unique assemblages of organisms have evolved
which manage to survive these rigorous conditions if waters
remain unpolluted.

Pollutants are commonly released into such aquatic eco-
systems of high natural variation in their nonliving compo-
nents, and the rate of pollutant discharge usually varies
from time to time. The immediate effect of these conditions
is that at any fixed point in the habitat the concentration of
a pollutant varies markedly with time, but not in such a way
that a community can- adapt itself to these variations. The
result is that short-lived opportunistic species are likely to be
favored in areas subject to variable aquatic pollution.

Any single toxicant may be equally virulent towards long-
lived or short-lived species in the normal aquatic commun-
ity. Except at outfalls where toxicants reach lethal concen-
trations, as in continuous discharges in stable environments,
toxicants act discontinuously through time. Where water
mass instabilities are such that poisonous concentrations
oceur on the average of once a week, for instance, it is pos-
sible for organisms with much shorter life spans to flourish
briefly with large population fluctuations. Where they occur
once a month, a community may evolve rapidly througl
successional sequence involving a few longer-lived organist.
before the next toxic concentration occurs. Where lethal
dosages are as infrequent as once a year, the succession may
go to the stage of some fish of medium life span, particularly
if access to the area is relatively free. Because of the fluctua-
tions with time, the community nearest an outfall is most
primitive from a successional viewpoint, and as distance
from the outfall increases, there is a successional gradient
toward the usual climax community of an unpoliuted
énvironment. :

Evaluation of the effects of pollution or of other environ-
mental changes on the ecosystem involves studies of bio-
logical production, species diversity, energy flow, and
cycling of materials. The process may be complicated by
massive imports and exports at any one site. Although
pathways of energy flow and efficiencies are not yet com-
pletely understood, they offer a unifying approach to these
problems such as proposed by Odum (1967,'2 19711%).

Species diversity is a useful attribute of biological systems.
Diversity is affected by a number of factors as evidenced
by the papers presented at a symposium on Diversity and
Stability in Ecological Systems (Brookhaven National
Laboratory 1969), as well as other symposia (American
Society of Civil Engineering and Stanford University 1967,*
Olson and Burgess 1967, NAS-NRC Committee on Oce
ography 1970,1 Royal Somety of London 1971%%). Some s
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:2ss has been achieved in the use of diversity measurements,
iowever, and their potential for future use is high. (See the
lise=sion of Community Structure in Section I1I on Fresh-
v \quatic Life and Wildlife and in Appendix II-B.}

Quere are potentials for managing additions to coastal
cosystems in ways that benefit human uses. These are as
et poorly understood, and efforts to utilize waste heat,
mtrients and other possible resources are primitive, Such
sossibiiities merit vigorous exploration and, eventually,
areful application.

“ISHERIES

Major marine and coastal fisheries are based upon the
apture of wild crops produced in estuaries, coastal waters,
nd oceans. The quantity and quality of the available sup-
slv of useful species are controlled by the nature and effi-
iency of the several ecosystems upon which each species
lepends for its life cyele. Shad, for instance, depend upon
reshwater areas at the head of estuaries for spawning and
or survival as eggs and larvae, open estuaries for the nutri-
‘ont of juveniles, and large open coastal regions for growth
nd maturation. As do many other species, shad migrate
wer large distances. Serious pollution at any point in the
ower river, the estuary, or the inshore ocean might, there-
ore, break the necessary patterns and reduce the fishery.

Estuaries have exceptional usefulness in support of fish-
ri t least three quarters of the species in the commercial
it .creational fisheries of the nation are dependent upon
he estuarine ecosystem at one or more stages of their life
sistory. Estuaries are used as obligatory spawning grounds,
yursery areas, havens from parasites and predators, and as
ich sources of food because of high productivity.

American fisheries exploit several levels of the coastal
«cosystem. We do not utilize the plants, the producers,
lirectly as food or in commerce except for a comparatively
mall harvest of kelp and other seaweeds. The primary
:onsumers, however, are extensively utilized. These include
»ysters, clams, mussels, and vast quantities of filter-feeding
ish such as sardines, anchovies, menhaden, and herring.

econd and third level consumers, which are less abundant -

sut frequently more desired than plankton feeders, include
nost of our sports fish and major commercial species such
15 tuna, striped bass, cod, halibut, and sea trout, as well as
iquid, sharks, and other species which hold potential for
ncreased future use.

Pollutants can be detrimental to fisheries by reducing
desired species through direct mortality from toxicity,
smothering, intolerable heat, or other killing changes. Re-
duction may also occur when a pollutant has a sublethal
siressing effect that significantly interferes with feeding,
movement, reproduction, or some other essential function,
Pc’  “on has an indirect deleterious effect when it increases
pr  ors or parasites, reduces food organisms or essentjal
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consorts, or damages the efficiency of the ecosystem func-
tions pertinent to the species in question. Consideration of
all these occurrences must enter into efforts to protect and
enhance fisheries.

Pollutants also damage marine organisms by imparting
characteristics that make them unacceptable for commercial
or recreational use. Economic loss has resulted from flesh

tainting of fish and shellfish by oii, phenolics, and other tna-

terials affecting taste, flavor, or appearance. DDT and other
persistent organics, appited on iand, have accumulated in
fish to levels that exceed established standards for accept-
able human food. Heavy metals, e.g., mercury, can reach
levels in fish several thousand times the concentration in the
ambient water, destroying the economic value of the orga-
nisms involved.

More than 90 per cent of the American commercial
catch and virtually all of the sport fish are taken from the
estuaries and continental shelf. The total yield is difficult to
estimate, involving as it does migratory species, catches by
both foreign and domestic vessels, and recreational fisheries
which' are only partially measured. Stroud (1971)% esti-
mated that the estuarine-dependent fishery of the Atlantic
coast yields 535 pounds per acre of estuary for a total annual
yield of 6.6 X 10° lbs. He concludes that shrinking of estu-
aries by filling or other destruction would reduce the vield
by a directly proportional quantity. Further, he predicts
that reduction of the productivity of estuaries by poliution
would also produce a proportional decrease in fish produc-
tion. The U.S. commercial fisheries of largest volume, in
order of decreasing harvest, include menhaden, salmon,
shrimp, crabs, herring, and oysters (Riley 1971).%¢ The most
valuable commercial harvests include shrimp, salmon, lob-

_sters, crabs, menhaden, oysters, clams, flounders, and scal-

lops (Riley 1971).2 o

The estuaries, as recipients of wastes both from rivers
entering them and cities and industries along their shores,
are obviously more immediately susceptible. to pollution
damage than any other part of the marine system (Clark
1967,** American Society of Civil Engineering and Stanford
University 1967, U.S. Dept. of Interior 1969,27 and U.S.
Dept. of Interior, Fish and Wildlife Service 1970%). Al-
though the vulnerability of such inshore bodies of water to
physical and chemical damage is exceptional, the open
waters along the coast are also subject to damage from the
use of these waters for waste disposal. Approximately 250

“waste dispdsal sites are. in use along the coast of the United

States, and 48 million tons of wastes are estimated to have
been dumped in 1968.(Council on Environmental Quality
1670).1 These dumped . wastes included dredge spoils, in-
dustrial wastes, sewage shudge, construction and demelition
debris, solid wastes, and explosives (see pp. 278-283 of this
Section for a more extended discussion of dumped wastes).
Increased populations and technological concentration
along the coasts, with simultaneocus resistance to the use of
land, rivers, and estuaries for disposal has stimulated pro-
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posals to increase the use of oceanic areas as receivers of
wastes. '

The effects of such coastal disposal on fisheries are not yet
clearly established. Bechtel Corp. (1969)!" has suggested
that continued expansion of waste disposal along the At-
lantic coast at the present rate of increase may, in about 30
years, significantly reduce the quality of water over the
continental shelf by increased suspended solids, phosphate
or nitrate enrichment, oxygen demand, heavy metals, or
simultaneous effects from all of these. Preliminary studies of
the effects of dumping of sewage sludge and dredging spoils
from the metropolitan New York area indicate that an area
of about 20 square miles has been impoverished by reduc-
tion of normal benthic populations; and indirect effects may
be far more extensive (Pearce 1970).2

More general approaches to disposal of wastes in ocean
waters have been presented by Foyn (1963)* Olson and
Burgess (1967)%, NAS-NRC Committee on Oceanography
(1970) and the Royal Society of London (1971).2® Some
discernible and disturbing changes in coastal waters are
documented that prove the urgent need for better under-
standing of pollution effects at the edge of the oceans, The
limitation that must be placed upon any such releases must
be learned and put to use quickly, and we should proceed
carefully while we are learning.

Fisheries provide useful indications of the biological
heaith and productivity of marine waters. Continuous high
vield of a harvestable crop of indigenous fish or shellfish
free of toxicants or pathogens is an indication that water
quality is satisfactory, that the environmental conditions are
favorable for the total biological community, and that no
contaminant is present in sufficient quantity to destroy
major components of the ecosystem. Fisheries production
statistics can thus serve as a sensitive indicator of environ-
mental quanity.

Specific criteria for categories of pollutants will be given
in subsequent parts of this Section. The general require-
ments for water quality in relation to successful fisheries
include:

« favorable, not merely tolerable, environmental con-
ditions at every location which is required in the life
history of each species: this places special value on
water quality of estuaries which are obligdte en-
vironments for many species during at least some
portion of their life cycles;

« freedom from tainting substances or conditions where
useful species exist, including elements and com-

pounds which can be accumulated by organisms.

to unacceptable levels;

¢ absence of toxic conditions or substances wherever
useful species occur at any time in their life history;

» absence of sublethal deleterious conditions which

‘reduce survival and reproductive success;

» water sufficient to maintain the health of the bio-
logical systems which support useful species;

+ absence of environmental conditions which are ex—
- ceptionally favorable -to parasites, predators, a
competitots of useful species.

MARINE AQUACULTURE.«: . o~ .

Although often considered-a new approach to the world
food problem, aquaculture is an ancient practice in many
parts of the world. In the Orient, aquatic organisms have
been successfully cultivated for centuries, usually with
rather primitive and empirical techniques, but nevertheless
with impressive success. ‘

The annual world production of food through aquacul-
ture has recently been estimated at over four million metric
tons, about 6.5 per cent of the total world fish landings., Al-
though this is derived largely from fresh water, and open-
ocean maraculture is in its infancy, an unknown but signifi-
cant fraction of the production is brackish-water organisms
taken from estuarine systems. The distinction between
freshwater and marine aquaculture is quite artificial. Be-
cause the principles, techniques, potentials, and environ-
mental requirements for growing organisms in either fresh
or salt water are much the same, the distinction is also un-
necessary for the purposes of the present discussion, except
as noted below.

It is difficult to assess the potential vield from marine
aquaculture, dependent as it is on a primitive art und
going rapid technological development. The introduct.
of present methods into new, undeveloped parts of the world
could at least double the present harvest within the next
decade. Judging from the experience in agriculture and
terrestrial animal husbandry, much greater increase in
yields should présumably be possible with advances in such
fields as genetic selection and control, nutrition, habitat
management and elimitation or control of disease, preda-
tion, and competition. It is not inconceivable that the vield
from aquaculture might one day surpass that from the
harvest of wild, untended stocks of aquatic organisms, Fur-
ther, since only the most desirable species are selected for

.aquaculture, hoth the economic and nutritional value per

pound of cultivated organisms greatly exceeds that of the
average fishery product. In the United States, expanded
recent interest in coastal aquaculture will hopefully pro-
duce new techniques, products, and quantities, although
economic feasibility has been difficult to achieve thus far.
Although no firm distinction can he drawn, it is conveni-
ent to think of most forms of marine aquaculture in one of
two categories that will be referred to here as extensive and

- intensive culture. In extensive culture, animals are reared at

relatively low densities in large impoundments, emk')a,v-
ments, or sections of estuaries, either natural or man-made.
The impoundments may be closed off or open to the -
depending upon the desired degree of control, but .
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hose that are enclosed must be located near a source of
eawater so that the water may be exchanged frequently
o = -ent stagnation and to regulate such factors as tem-
e + and salinity. Such exchanges are accomplished by
dal action or by pumping.

The cultivated animals may be stocked or may consist of
atural populations that enter the system as larvae or
uveniles. They are usually not fed but subsist on natural
oods that grow in the area or are carried in with the outside
eawater. '

Extensive aquaculture systems are most common in the
indeveloped parts of the world (e.g., Southeast Asia) where
arge areas of coastal mangrove swamps, marshes, and estu-
ries are available and are not presently in use or demand
or other purposes. For example, it has been estimated that
here are over six million acres of mangrove swamps in
adonesia alone that would be suitable for some form of fish
arming.

In such coastal impoundments, milkfish, mullet, shrimp,
md other free-swimming species are grown. In the more
ipen situations such as embayments and arms of estuaries,
won-fugitive organisms are cultivated. The oldest and most
dghly-developed form of marine aquaculture practiced in
he United States and Europe, that of oyster culture, falls
nto this category. Seaweed cultufe in Japan and China is
wmother interesting example of this general approach to
iquaculture.

Yields from extensive aquaculture range from a few hun-
i aunds to, at best, about one ton. per acre per year.
Lt in some cases almost no, capital investment is re-
juired, and it is not a labor-intensive form of enterprise.
One. or two unskilled laborers can manage 100 acres or
nore of shrimp or milkfish ponds in Malayasia or the
hilippines except during stocking and harvesting opera-
1ons. This is normally a highly profitable form of business
0 the culturist and, despite the modest yields, extensive
wquaculture is capable of making a significant contribution
‘0 the protein nutrition of many of the undeveloped parts
>f the world.

Intensive aquaculture makes use of ﬂowmg-water 5YS-
:ems using flumes or racewavs and is best typified by trout
and salmon hatcheries that have been operated successfully
1 the United States and Europe for many years and have
aow reached a relatively high level of technical sophistica-
:ion. Although originally designed to produce fish to be
-tocked in natural waters to enhance commercial or sports
fishing, such systems are now being increasingly used for the
production of fish to be marketed directly as food. Such
svstems were originally developed and used exclusively for
rearing freshwater species, but they are now also finding
application in saltwater areas for the production of marine
r anadromous species.

A variation of the raceway system of intensive aquacul- -

bl ‘hat of floating cage culture in which the animals are
hei.. .1 nets suspended by a floating wooden framework.
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These may be moored in estuaries or other protected arms
of the sea, where they are exposed to strong tidal currents.

A common feature of the various kinds of intensive aqua-
culiture is that the animals are grown closely packed art ex-
tremely high densities and depend upon the flow of large
volumes of water over and around them to provide oxygen
and carry away wastes. When feasible, the animals are fed
artifically on prepared, pelletized food. The entire system
must be carefullv controlled and monitored.

Intensive aquaculture systems for the commercial pro-
duction of food are’in an carly stage of development and
have yet to prove themselves as profitable and reliable for
marine species. Rapid progress is being made in this area,
however, particularly in highly developed parts of the world
where technological skill is available, where coastal marine
areas are scarce and in high demand, and where the price of
luxury seafoods is escalating. Various species of molluscs,
crustaceans, and finfish are now being grown in this way,
and many more are likely candidates as soom as funda-
mental aspects of their life history and nutrition are
mastered.,

The vield from intensive aquaculture per unit of area in
which the organisms are grown is ecologically meaningless
(as is that from a cattle feed-lot, for example) but amounts
to as much as hundreds of tons per acre. More realistically,
the yield from such systems may be expressed per cubic foot
per minute of water flowing through it, which is usually the
hmmng factor,

In contrast to extensive aquaculture, intensive systems
usually require high capital outlay and have a relatively
high labor demand. Profits or losses are determined by small
differences in the costs of food, labor, marketing, and the
demand for the product.

Both extensive and intensive forms of aquaculturc are
heavily dependent on high quality water to sustazin them.
Neither is independent of the adjacent coastal marine en-
vironment. Extensive pond culture may be semi-autono-
mous, but as explained above, the water must be occasion-
ally and sometimes frequently exchanged, Intensive aqua-
culture systems are vitally dependent on a continuous large
supply of new seawater. Because of the large investment
and, at best, small margin of profit, and because of the dense
populations of animals maintained at any one time, inten-
sive aquaculture represents a far greater risk.

Freshwater aquaculture systems, if strategically located
near an adequate source of underground water, may be
largely independent of man’s.activities and relatively free

-from the threat of pollution. This, unfortunately, is never

quite true of marine aquaculture. The contiguous oceans of
the world circulate freely, as do the substances man adds to
them. While water movements may be predicted on large
geographical and time scales, they are quite unpredictable
on a local and short-term basis. An embayment or estuary
whose shores are uninhabited and which may suffer no ill
effects from the surrounding land may suddenly become in-
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fused with materials added to the water hundreds of miles _

distant and carried to the scene by winds, tides, and coastal

currents. In this sense, marine aquaculture is not only more .

vulnerabie to change than freshwater culture, but the dan-
" gers are also far less predictable.

Application of Water Quality to Aquaculture ... e

The various toxic or otherwise harmful wastes that man
adds to the coastal marine environment affect cultivated
organisms much the same as they do the natural popula-
tions of the same species. These are discussed in detail else-
where and need not be repeated here. In general the
deleterious effects of wastes on organisms that are used as
food by man are: (1) to kill, injure, or interfere with the
growth or other vital functions of the organisms, or (2) to
become concentrated in the organisms to such an extent as
to render them unfit for human consumption by exceeding
public health standards or by making them unpalatable. In
the latter case, this may occur with no apparent accompany-
ing impairment of the organism.

Certain aspects of aquaculture, particularly the intensive
forms of culture described above, are parti¢ularly sensitive
and vulnerable to various kinds of pollution—more so than
their freeliving counterparts in nature. These are enumer-
ated and discussed briefly below.

e The carrying capacity of intensive aguaculture sys-
tems is based on the flow of water and its supply ot
oxygen. If the concentration of oxygen in the water
suddenly decreases due to an organic overload, a
temperature increase, or other external causes, it
may be inadequate to support the cultivated
animals.

» Captive organisms cannot avoid localized unfavor-
able conditions {e.g., oxygen, temperature, turbid-
ity) as can free-swimming natural populations.

» Many organisms can tolerate alterations in their
environment if they are allowed to adapt and be-
-come acclimated to such changes slowly. Cultivated
organisms may be, and often are subjected to sudden
changes in water quality and cannot endure the ini-
tial shock, while the free-swimming natural popula-
tions can enter an affected area slowly and cautiously
and allow themselves to adapt to the altered
conditions, ‘

+ Cultivated organisms, particularly in the densely-
crowded conditions of intensive aquaculture, may be
and perhaps always are under rather severe physio-
logical stress. Artificial diets are often incomplete or
otherwise unbalanced. Unnaturally crowded living
conditions may ¢cause hormonal or other biochemical
imbalance. The animals may already suffer the ef-
fects of poor water quality from their own pollutants.
They are therefore particularly susceptable and vul-

nerable to any additional deterioration in water
quality that may increase their stress condition.

» Disease is a spectre that perpetually haunts the aqu-
culturist. Virtually impossible to avoid or elimin:
in any open system, it is usually, at best, held in
check. Again, the additional stress caused by a de-
terioration in water quality, while not fatal in itself,
may lower the resistance of the cultivated animals to
epidemic disease.

» Artificially-fed cultivated organisms mayv be no less
susceptible to accumulation of wastes, although in.
tensively cultivated organisms that are fed entirely
on an artificial diet would appear to have one ad-
vantage over natural populations of the same animals
living in polluted waters. Manvy toxic substances such
as chlorinated hydrocarbons may reach toxie or un- -
acceptable levels in larger organisms because of
concentration and amplification at each successive
step in the food chain that ultimately supports the
animal in question. However, there is increasing
evidence that these substances also enter fishes and
other organisms directly from sclution in the water,
across respiratory or digestive membranes. Such
direct absorption of toxic material may in some cases
exceed the quantities ingested and assimilated with
food.

Therefore, the general recommendations for the quality
of water for use in culture include: (1) continuously a~
quate control of those materials and conditions which
required for good health and efhcient production of the
cultured species; (2) absence of deleterious chemical and
physical conditions, even for short or intermittent periods;
(3) environmental stability; and (4) prevention of introduc-
tion of diseases that attack the organisms under culture,
The specific requirements for each culture effort must be
with reference to the species involved, the densities desired,
and the operational design of the culture system.

. MARINE WILDLIFE

Marine wildlife for the purposes of this Section is defined
as those species of mammals, birds, and reptiles which in-
habit -estuaries or coastal and marine waters for at least a

_portion of their life span, The fish, invertebrates, and plank-

ton that constitute the food webs upon which these species
depend are not, therefore, considered to be wildlife in this
context. The recommendations for marine wildlife, how-
ever, necessarily include all recommendations formulated
to protect the fish, invertebrate, and plant communities,
because wildlife can be adequately protected only "if the
diversity and integrity of food webs are maintained. More-
over, the recommendations must protect wildlife from pol-
lutants that are relatively persistent in the environment,
transported by wind or water currents, and concentrate

recycled in the food webs. Because of trophic accumulat.
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nrds and mammals that occupy the higher trophic levels in
he tood web may acquire body burdens of toxicants that
e al or that have significant sublethal effects on repro-
‘uc . capacity, even though the concentrations. of these
akstances in the water remain extremely low. Pollutants of
cncern or of potential concern are the radionuclides, heavy
n2tals, chlorinated hydrocarbons, and other synthetic
liemicals that are relatively resistant to biological and
hemical degradation.

Recommendations to protect wildlife dependent upon
reshwater ecosystems may in general also apply to estu-
ries. This is particularly true for protection of food and
helter for wildlife, pH, alkalinity, light penetration, settle-
:ble substances, and temperature. These are discussed in
section 111 on Freshwater Aquatic Life and Wildlife. -

Marine and coastal waters constitute major sinks for per-
istent pollutants. Accumulation rates and steady-state
evels are complex functions of input, rates of degradation,
nd rates of deposition in the sediments. As vet no research
rograms have measured accumulation rates of pollutants
n coastal waters or determined whether steady-state con-
‘entrations have already been attained.

Current knowledge of the partition coefficients among
:oncentrations in water, in sediments, and in tissues of
‘epresentative species in food webs is at best fragmentary.
1t is assumed, however, in the evaluation of water quality
hat the distribution and concentration of gradients of a
o)’ nt in an aqueous ecosystem satisfy thermodynamic
‘g ‘ia requirements. The pollutants considered here are
-»t essentizl to physiological functions, and do not require
::ergy to maintain the concentration gradients. Thus the
:hlorinated hydrocarbons are concentrated in the lipid
sools of organisms from ambient water but will not accumu-
ate indefinitely. Rather, under equilibrium conditions,
hese pollutants will also be lost to ambient water, particu-
ate matter, and sediments in satisfying thermodynamic
‘equirements. Because the internal environments of birds
ind mammals are more isolated from the ambient environ-
nent than those of invertebrates and most fish, equilibrium
oncentrations of pollutants, particularly the chlorinated
wydrocarbons, may be substantially higher.

Theoretically, therefore, measurements of pollutant con-
:entrations in one component of an ecosystem are sufficient
o indicate the level in the system as a whole when the parti-
ion coefficients among water, suspended particulate and
rganic material, sediments, lipid pools, surface films, and
he atmosphere are known. The methodologies for measur-
ng pollutant concentrations in sea water are as yet imper-
ect, and very few good measurements have so far been
nade. Consequently it is not practical at present to make
:ecommendations for the relatively persistent organic pollu-
ants based upon water concentrations, especially when
sartition coefficients are not known. Residue concentrations
n ire more easily determined and can more readily be
assouiated with harm to bird and mammal populations that
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consume them. Recommendations for the toxic organic
compounds that .are trophically accumulated by marine
wildlife are therefore based upon concentrations in fish,

It cannct be assumed that there is a level or concentration
in the ecosvstem as a whole of pollutants which are muta-
gens or teratogens that causes no effect on any of the wild-
life species. The chlorinated dibenzo-p-dioxins are highly
toxic to developing embrvos (Verret 1970)™ and are con-
taminants in compounds prepared from chlorinated phe-
nols, including the herbicide 2,4, 5-T {Verrett 1970)7! and
the widely used fungicide pentachlorophenol (Jensen and
ancdd Renberg 1972).%% The closely related chlorinated di-
benzofurans are contaminants in some PCB preparations -
(Vos and Koeman 1970,7% Vos et al.,, 1970, Vos in press
1972)." Embryonic mortality in birds is induced by these or
other derivatives of PCB (Peakall et al., in press 1972,5%
Vos i press 1972)." For the present time the chiorinated
dibenzofurans are included with PCB in the recommenda-
tions. When environmental mutagens and teratogens affect
only relatively few, individuals of a population, it is as-
sumed that these will be eliminated by natural selection
without harm to the species as a whole.

For other pollutants which affect specific enzyme svstems
or other physiological processés but not the genetic material
or embryological development; it is assumed that there are
levels in the environment of each below which all organisms
are able to function without disrupting their life cyeles.
Manifestations of physiological effects, such as a certain
amount of eggshell thinning or higher level .of hormone
metabolism, might be detectable in the most sensitive
species. If environmental levels increase, the reproductive
capacity of the most sensitive species would be affected first.
The object of the recommendations presented is to maintain
the- steady-state concentrations of each pollutant below
those levels which interfere with the life cycles of the most
sensitive wildlife species. Input should not therefore be

‘measured only in terms of concentrations of each pollutant

in individual effluents, but in relation to the net contribu-
tion to the ecosystem. At the steady-state level, the net
contribution would be zero, with the total input equal to the
sum of degradation and permanent deposition in the
sediments. '

Bases For Recommendations

Recommendations based upon pollutant concentrations
in ‘fish must take into account the individual variation in
residue concentration. The distribution is usually not Gaus-
sian (Holden 1970:% Anderson and Fenderson 1970;%
Risebrough et al. in press 1972),% with several individual
fish in a sample frequently containing much higher residue
concentrations than the majority. Fish sampies should there-
fore consist of pooled collections. Samples as large as 100
fish may not be sufficient to determine mean concentrations
of a pollutant with a precision of 10 per cent (Risebrough
et al. in press 1972).%% Practicality, however, frequently
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dictates against sample sizes of this magnitude, and samples
consisting of 25 or more fish are suggested as a reasonable
compromise.

Radionuclides
‘ Re"coniinéhdu!io'n

In the absence of data that would indicate that
any of the radionuclides released by human ac-
tivities are accumulated by wildlife species, it is
recommended that the recommmendations estab-

lished for marine fish and invertebrates apply also
to wildlife,.

Heavy Melals

The results obtained during the baseline study of the
International Decade of Ocean Exploration (IDOE) in
1971-72 have failed to indicate any evidence of pollution by
heavy metals, including mercury and cadmium, above
background levels in marine species (Goldberg 1972).48
The results, suggested, however, local patterns of coastal
contamination. The heavy metal analyses carried out to
date of tissues of several species of petrels, strictly pelagic in
their distribution (Anderlini et al. 1972);® and of coastal
fish-eating species such as the Brown Pelican, Pelecanus
occidentalis, (Connors et al. in press 1972a) ;% and the Com-
mon Tern, Sterna hitunde {Connors et al. in press 1972h)#
have confirmed this conclusion.

Recommendation

In the absence of data indicating that heavy
metals are present in marine wildlife in.concen-
trations above natural levels, it is recommended
that recommendations formulated to protect other
marine organisms also apply to wildlife m order
to provide protection in local areas.

Polychiorinated Biphenyls (PCB) .

Evidence is accumulating that' PCB does not contribute
to the shell thinning that has been a n.ajor symptom of the
reproductive failures and population declines of raptorial
and fish:eating birds. Dietary PCB produced no shell thin-
ning of eggs of Mallard Ducks (dnas platyrhynchos) (Heath
et al. in press 1972),4% nor did PCB have any effects on eggs of
Ring Doves (Streptopelia risoria) (Peakall 1971).% A PCB
effect could not be associated with the thinning of Brown
Pelican (Pelecanus occidentalis) eggshells (Risebrough in press
1972).%* PCB may increase susceptibility to infectious agents
such as virus diseases (Friend and Trainer 1970).4¢ Like
other chlorinated hydrocarbons, PCB increases the activity
of liver enzymes that degrade steroids, including the sex
hormones (Risebrough et al. 1968;6 Street et al. 1968).7
The ecological significance of this phenomenon is not clear.

Because laboratory studies have indicated that PCB, with
its derivatives or metabolites, causes embrvonic death of

birds (Vos et al. 1970;7% Vos and Koeman 1970;7 Vos ir:
press 1972;% Peakall et al. in press 1972%) and because ex-
ceptionally high concentrations are occasionally found
fish-eating and raptorial species (Risebrough et al. 1968,
Jensen et al. 1969%%), it is highly probable that PCB has
had an adverse effect on the reproductive capacity of some
species of ‘birds that have shown population declines,

Median PCB concentrations in whole fish of eight species
from Long Island Sound, obtained in 1970, were in the
order of one milligram per kilogram (mg/kg) (Hays and
Risebrough 1972),% and comparable concentrations have
been reported from southern California (Risebrough
1969).%! On the basis of the high probability that PCB in
the environment has contributed to the reproductive failures
of fish-eating birds, it is desirable to decrease these levels by
at least a factor of two (see Section III on Freshwater
Aquatic Life and Wildlife pp. 175-177).

Recommendation

It is recommended that PCB concentrations in
any sample consisting of a homogenate of 25 or
more whole fish of any species that is consumed by
fish-eating birds and mammals, within the same
size range as the fish consumed by any bird or
mammal, be no greater than 0.5 mg/kg of the wet
weight.

In the absence of a standardized methodology
for the determination of PCB in environmer
samples, it is recommended that estimates of F
concentrations be based on the commercial
Aroclor® preparation which it most closely re-
sembles in chlorine composition. If the PCB
composition should resemble a mixture of more
than one Aroclor®, it should be considered a mix-
ture for the basis of quantitation, and the PCB

‘concentration reported should be the sum of the

component Aroclor® eguivalents.

DDT Compounds -

DDT compounds have become widespread and locally
abundant pollutants in coastal and marine environments of
North America. The most abundant of these is DDE {2,2-
bis(p-chlorophenyl) dicholoroethylene], a derivative of the
insecticidal DDT compound, p,p’-DDT. DDE is .more
stable than other DDT derivatives, and very little informa-
tion exists on its degradation in ecosystems., All available
data suggest that it is degraded siowly. No degradation path-
way has so far been shown to exist in the sea, except deposi-

“tion in sediments,

Experimental studies have shown that DDE induces
shell thinning of eggs of birds of several families, including
Mallard Ducks (Anas platyrhynchos) (Heath et al. 1969),%
American Kestrels {Falco sparverius) (Wiemeyer and P -
1970)," Japanese Quail (Coturnix) (Stickel and Rl
1970)% and Ring Doves (Sireptopelia risorial) (Peakall 1970) 57
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itudies of eggshell thinning in wild populations have re-
sorted an inverse relationship between shell thickness and
:onrentrations of DDE in the eggs of Herring Gulls (Larus
g i} (Hickey and Anderson 1968).% Double-crested
“orworants (Phalacrocorax auritus) {Anderson et al. 1969),3
sreat Blue Herons {Ardea herodias) (Vermeer and Reynolds
970),% White Pelicans (Pelecanus erythrorhynchos) (Anderson
t al. 1969),% Brown Pelicans (Pelecanus occidentalis) {Blus
it al. 1972;% Risebrough in press 1972),% and Peregrines
Falco peregrinus) (Cade et al, 1970).%7 '
Because of its position in the food webs, the Peregrine
ccumulates higher residues than fish-eating birds in the
ame ecosystem (Risebrough et al. 1968).% It was the first
Jorth American species to show shell thinning (Hickey and
\nderson 1968).% It is therefore considered to be the species
nost sensitive to environmental residues of DDE.
- The most severe cases of shell thinning documented to
late have occurred in the marine ecosystem of southern
>alifornia (Risebrough et al. 1970)% where DDT residues
n fish have been in the order of 1-10 mg/kg of the whole
"ish (Risebrough in press 1972).% In Connecticut and Long
sland, shell thinning of eggs of the Osprey (Pandion haliae-

.8 is sufficiently severe to adversely affect reproductive .

uccess; over North America, shell thinning of Osprey eggs
dso shows a significant negative relationship with DDE
Spitzer and Risebrough, unpublished results).” DDT residues
n collections of eight species of fish from this area in 1970
anged from 0.1 to 0.5 mg/kg of the wet weight (Hays and
o ugh 1972).47 Evidently this level of contamination
i hug..cr than one which would permit the successful repro-
iuction of several of the fish-eating and raptorial birds.

tecommendation

It is recommended that DDT concentrations in
any sample consisting of a homogenate of 25 or
nore fish of any species that is consumed by fish-
:ating birds and mammals, within the same size
-ange as the fish consumed by any bird or mammal,
e no greater than 50 ug/kg of the wet weight,
)DT residues are defined as the sum of the concen-
rations of p,p’-DDT, p,p’-DDD, p,p’-DDE and
‘heir ortho-para isomers.

Aldrin, Dieldrin, Endrin, and Heptachlor

Aldrin, dieldrin, endrin, and heptachlor constitute a
lass of closely related, highly toxic, organochlorine insecti-
ides. Aldrin is readily converted to dieldrin in the environ-
nent, and heptachlor to a highly toxic derivative, hepta-
hlor epoxide. Like the DDT compounds, dieldrin mav bhe
lispersed through the atmosphere (Tarrant and Tatton
968, Risebrough et al. 1968).% The greatest hazard of
*ieldrin is to fish-eating birds such as the Bald Eagle (Hali-
weetus leucocephalus) (Mulhern et al. 1970);% the Commeon
ig ‘Casmerodius albus) (Faber et al. 1972)% and the
2

Yer. _ .ae (Falco peregrinus) (Ratcliffe 1970),% which may
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accumulate lethal amounts from fish or birds that have not
themselves been harmed.

These compounds are somewhat more soluble in water
than are other chlorinated hydrocarbons such as the DDT
group (Gunther et al. 1968);* partition coefficients between
water and fish tissues can be assumed to be lower than those
of the DDT compounds. Equivalent concentrations in fish
would therefore indicate higher environmental levels ot
dieldrin, endrin, or heptachlor epoxide than of DDE or any
of the other DDT compounds. Moreover, these compounds
are substantially more toxic to wildlife than are other
chlorinated hydrocarbon pesticides (Tucker and Crabtree
1970),* More conservative recommendations are therefore
necessary.

Recommendation

It is recommended that the sum of the concen-
trations of aldrin, dieldrin, endrin, and heptachlor
epoxide in any sample consisting of a homogenate
of 25 or more whole fish of any species that is con-
sumed by fish-eating birds and mammals, within
the size range consumed by any bird or mammal,
be no greater than 5 ug /kg of the wet weight.

Other Chlorinated Hydrocarbon Pesticides

Other chlorinated hydrocarbon insecticides include lin-
dane, chlordane, endosulfan, methoxychlor, mirex, and
toxaphene. Hexachlorobenzene is likely to have increased
use as a fungicide as mercury compounds are phased out.
This compound is toxic to birds and is persistent (Vos et al.
1968).78 With the possible exception of hexachlorobenzene,
recommendations that protect the invertebrate and fish life
of estuaries from injudicious use of these pesticides will also
protect the wildlife species. In light of the experience with
DDT and dieldrin, the large scale use of a compound such
as mirex can be expected to have adverse effects on wildlife

populations.

Recommendation

It is recommended that the concentration of any
of these chlorinated hydrocarbon insecticides, in-
cluding lindane, chlordane, endosuifan, methoxy-
chlor, mirex, and toxaphene, and of hexachioro-
benzene, in any sample consisting of a homogenate
of 25 or more whole fish of any species that is con-
sumed by fish-eating birds and mammals, with
the size range that is consumed by any bird or
mammal, be no greater than 50 pg/kg of the wet
weight.

Lead

No data was found to indicate that lead released into the
atmosphere through the combustion of leaded gasolines has
posed a hazard to wildlife populations or has resulted in an
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‘increase in body burdens of lead over background levels..
Critical studies, however, have not yet been carried .out.
Ingestion of lead shot by waterfowl, which often mistake
spent lead shot for seed or grit, kills many birds, and the
pollution of marshes by lead shot is a serious problem.
Jordan (1952)% found that female waterfow] are about
twice as sensitive to poisoning as males, and that toxicity
varied greatly, depending on species, sex, and quantity and
quality of food intake. A corn diet greatly increased the
toxicity of lead. A study carried out by Bellrose (1951)%
indicated that the incidence of lead shot in gizzards of
waterfowl averaged 6.6 per cent in 18,454 ducks. Among
infected ducks, 68 per cent contained only one shot in their
gizzards, and only 17.7 per cent contained more than two

(Jordan and Bellrose 1951).%% The incidence of ingested
shot appears to increase throughout the hunting season with
a subsequent decline afterwards. Most losses of waterfowl
due to ingested lead shot are in fall, winter, and early
spring {Jordan 1952).»* Different species show different
propensities to ingest shot. Redhead (Apthya americana),
Canvasback (Aythya valisneria) and Ringnecked Ducks
(Aythpa collaris) are prone to ingest shot, while Gadwall
(Anas strepera), Teal (Anus sp.) and Shoveler (Spatula elypeata)
show a low incidence. Ingestion of one shot does not appear
to produce measurable changes in longevity, but six No. 6
shot are a lethal dose to Mallards, Pintail (dnus acuia) and
Redheads (Wetmore 1919).7% Cook and Trainer (1966}+
found that four to five pellets of No. 4 lead shot were a
lethal dose for Canada Geese (Branta canadensisj, On a body
weight basis, 6 to 8 mg/kg/day is detrimental to Mallards
{Coburn et al. 1951).%

" Lead concentrations in livers of poisoned birds are of a
comparable order of magnitude, ranging from 9 to 27
mg/kg in Canada Geese (Adler 1944}, 18 to 37 mg/kg in
Whistling Swans (Olor columbianus) (Chupp and Dalke
1964)% and an average of 43 mg/kg in Mallards (Anas
platyriynchos) (Coburn et al, 1951).% These levels are 10 to
40 times higher than background, which is in the order of

one mg/kg of the wet weight liver (Bagley and Locke .

1967).%8

Lead poisoning in waterfowl tends to occur especially in
areas where a few inches of soft mud overlay a hard sub-
strate. In marshes where waterfow! are hunted, the number
of lead pellets per acre of marsh botiom is on the order of
25,000 to 30,000 per acre and is frequently higher (Bellrose
1959).%% 30,000 pellets per acre are equivalent to 0.7 pellets
per square foot. ) o

The data examined indicate that the annual loss is be-
tween 0.7 per cent and 8.1 per cent of a population esti-
mated to be 100 million birds. Although there is apparently
no evidence that a loss of this magnitude has long-term
detrimental effects on any species, it is considered unac-
ceptable. Levels of lead shot in the more polluted marshes
should therefore be reduced. The ultimate solution to this
problem is the production of non-toxic shot.

Recommendation

In order to reduce the incidence of lead poisoning
in freshwater and marine waterfowl, it is recor
mended that: non-toxic shot be used, or that 1.
further lead shot be introduced into zones of shot.
deposition if lead shot concentrations exceed-1.0
shot per 4 square feet in the top two inches-of-
sediment, : o '

WASTE CAPACITY OF RECEIVING WATERS

When waste disposal to any natural body of water is con-
sidered, the receiving capacity of the environment must be
taken into account. Waste disposal has been one of the
many uses man has required of estuaries and coastal waters,
These waters are capable of assimilation of definable quanti-
ties and kinds of wastes that are not toxic and that do not
accumulate to unacceptable levels. In many locations
wastes are being added to these waters at rates that exceed
their capacity to recover; and when the rate of addition ex-
ceeds the recovery capacity, the water quality deteriorates
rapidly. It is essential to understand the local conditions
and the processes that determine the fate, concentration,
and distribution of the pollutant in order to determine the
amount of the pollutant and the rate of disposal that will
not exceed the recommended levels.

A simplified diagram of the various processes that may
determine the fate and distribution of a pollutant added tn
the marine environment is presented in Figure I
(Ketchum 1967).8 The waste material may be diluted, ais-
persed, and transported by various physical processes, such
as turbulent mixing, ocean currents, or exchanges with the
atmosphere. It may be concentrated by various biological
processes, such as the direct uptake by organisms of a dis-
solved material in the water, and it may be transferred from
organism to organism in various trophic levels of the food
web. Additional concentration of the material mav occur at
the higher trophic levels, particularly if some organ or tissue
of the body accumulates- the substance, such as DDT or
petroleum products that accumulate in the fatty tissues,
various metals that may accumulate in the bone or liver,
and iodine which accumulated in the thyroid.

Substances can also be concentrated from the environ-
ment by chemical, physical, and geological processes such as
sorption. Natural waters contain a certain amount of sus-
pended material, and some material added to the water may
be sérbed on these particles. In sea water, which aiready
contains in solution most of the known elements, added
materials may be precipitated from the water by various
chemical reactions. As fresh waters carry pollutants to the
sea, the change in salinity causes flocculation of some of the
materials suspended in the fresh water and results in their
precipitation from the medium. Ion exchange reactions
with the various organic compounds dissolved in sea -
can also occur.
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The average concentration of a given pollutant continu-

by the rate of addition of the poliutant, the rate of its re- °
usly added to a body of water, will tend to approach a

moval or dilution by the circulation, and the rate of its

— |

\ .

1

i ‘tate in the system, This concentration is determined decomposition or removal by biological, chemical, or geo-
Pollutant
Diluted and Marine Transported
Dispersed By Environment By
Turbulent Ocean Ocean Migrating
Mixing Currents ) Currents Organisms
Exch.ange Gravity
With {Sinking)
Atmosphere Concentrated
By
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Uptake Uptake Uptake , lon
By By Phy- * By Sorption Precipitation Exchange
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FIGURE IV-1—Processes That Determine the Fate and Distribution of a Pollutant Added to the Marine Environment,
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logical processes. The average concentration is not always
the critical concentration to be evaluated. For example, if
bioaccumuiation occurs, the amount accumulated in the
critical organizsm should be evaluated, rather than the aver-
age concentration in the system as a whole. The processes
of circulation and mixing may leave relatively high concen-
trations in one part of the system and low concentrations in
another. The average conditions thus set an upper limit.on
what can be added to the system but do not determine the
safe limit. It is clear, however, that a pollutant might be
added to a body of water with vigorous circulation at a rate
that could result in acceptable water quality conditions,
while the same rate of addition of the pollutant to a sluggish
stream might produce unacceptable levels of contamination.
Thus, the characteristics of the receiving body of water
must be taken. into account when evaluating the effects of
the pollutant upon the environment.

In a stream, the diluting capacity of a system is relatwcly
easy to determine from the rate of addition of the pollutant
and the rate of stream flow. The poliutant is carried down-
stream by the river flow, and “new” water is always avail-
able for the dilution of the pollutant. This is not necessarily
true of lakes where the pollution added over a long period
of time may accumulate, because only a small fraction of the
added pollutant may be removed as a result of flushing by
the outflow. In estuaries, the situation is further compli-
cated by the mixture of salt and fresh water, because a
pollutant added at a mid-point in the estuary can be carried
upsireamn by tidal mixing just as the salt is carried up-
stream. The upstream distribution of a conservative pollu-
tant is perportional to the upstream distribution of salt,
. whereas the downstream distribution of the pollutant is

. proportional to the downstream distribution of fresh water.

In either lakes or estuaries, the average retention time or
the half-life of the material in the systemn can be used to
estimate the average concentration that the pollutant will
achieve in the system. In lakes, an estimate of the average
retention time can be derived from the ratio of the volumne
of the lake divided by the rate of inflow (or outflow). When
the lake is stratified, only part of the volume of the lake
enters into the active circulation, and an appropriate cor-
rection must be made. In estuaries and coastal waters, a
similar calculation can be made by comparing the volume
of fresh water in the estuary with the rate of river inflow.
The amount of fresh water in any given sample can be com-
puted from the determination of salinity. In stratified estu-
aries such as a fjord, only the part of the system that is
actively circulated should be taken into account. This may
be adequately done by the choice of the appropriate base
salinity in computing the fresh water content. Examples of
the mean retention time of a few bodies of water calculated
as described above are presented in Table I'V-1.

Lakes with large volumes superficially appear to have a
great capacity to accept waste materials. If the retention
time is long, however, this merely means that it takes a long

TABLE IV-]—Average Retention Times and Half Lives for
River Water in the Great Lakes and in Various Estuaries
and Coastal Regions

Long island Seund,............. 930

Surface  Mean retention Halt lite Referance
area mi? me

Laks Superior e 1Bdwes, 128y Baston (1389)¢
Lake Michigan 121,420 100 yrs. B9 yre. Beston (1565
Lake Huros...... 2,010 My H yrs., Bunton (19857
take Erie........ 8,930 2.8y18. L9y Beelon {1969)M
Lake Dotario 7,520 Byrs. 5.6y15 Betlon (1969)72
Coatinental Shelf
Capes Cod ta Hatteras to 2,000 Le-2.0ys.  L1-Ldyrs.  Kelchum znd Keen (1855)%

1,000 12, contour
Mew York Bight................ 3t0852 B.0-T.ddays  A.1-5.05days  Ketchum et al. (1951)88
Bayof Fundy............ e 3,300 T days 52 days Ketchym and Keen {13532
Delaware Bay ’

hghrvarflow............... ........ £3~126 days 33-87 days

low river flow................ Kelehum ¢uspublished)

Tl

Raritan Bay .

high rivet flow_............., 45 15-30 days 10-21 days Ketchum (t851a, 80 hot)

tow tiver flow

16 days 25 days

Riduy (1952y8

1

time to build up to steady-state concentration, and it will
take a comparably long time to recover from a steady-state
concentration once it is achieved. For Lake Superior, for
example, it would take 128 vyears to remove half of the
steady-state concentration of a pollutant that had been
achieved over 183 years at the average rate of input. Aquatic

- environments in which the circulation ‘is more rapid will

achieve a steady-state concentration of a pollutant
quickly and will also recover more quickly.

Nonconservative pollutants are those that change with
time by processes which are additional to circulation and
dilution. The half-life of these substances in the environ-
ment is the product of these processes and the processes of
circulation and dilution. For radioactivity, for example,
the half-life is the time needed for the normal radioactive
decay to dissipate half of the radiation of the material.
This is different for each radioisotope and may vary from
fractions of a second to centuries. The half-life for the de-
composition of the organic matter in sewage in marine
systems is probably on the order of days and will be de-
pendent on temperature, The decomposition of séwage,
however, releases the fertilizing elements in the organic
molecule, and these will persist in the environment. In con-
trast to these rapid changes, the half-life of the chiorinated
hydrocarbon pesticides is probably of the order of 10 vears
in the marine environment, though this is an estimate and
not a direct determination. Heavy toxic metals, which may
also pollute the environment, do not decay but persist in-
definitely, though their location and forms in the system
may change with time.

The greatest pollution danger arises from the addition of
persistent materials to those ecosystems with slow circula-
tions. Under these conditions, the waste concentration ="
increase slowly until a steady-state level is reached. If .
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1tivn is more rapid, the system will reach steady-state more
juickly, but the concentration for a given rate of addition
vil be less. If the material is not persistent, the rate of
&  osition may be more important than circulation in
et .ning the steady-state concentration. If the products
f aecomposition are persistent, however, these will accumu-
ite to levels greater than those in the original discharge.
.ocal concentrations, such as can be found in the deeper
saters of stratified systems or in trapping embayments, may
e more significant than the average concentration for the
shole. system. In short, the recommendations cannot be
sed to determine the permissible amount of a pollutant to
e added or a rate of addition without detailed knowledge
f the specific systemn which is to receive the waste.

Aixing Zones

When a liquid discharge is made to a receiving system,
. zone of mixing is created. In the past, these zones have
requently been approved as sites of accepted loss, exempted
rom the water quality standard for the receiving water.
‘hysical description, biological assessment, and manage-
nent of such zones have posed many difficult problems.
"he following discussion deals with criteria for assuring that
1o significant damage to marine aquatic life occurs in such
nixing zones. Although recent public, administrative, and
cientific emphasis has focused on mixing zones for the dis-
version of waste heat, other uses of the mixing zone concept
ire also included in these considerations.

T ’nition of a Mixing Zone A mixing zone is a
eg. in which an effluent is in transit from the outfall
ource of the receiving waters. The effiuent is progressively
liluted, but its concentration is higher than in the receiving
vaters.

Approach to the Recommendation Mixing zones
aust be considered on a case-by-case basis because each
aroposed site involves a unique set of pertinent considera-
ions. These include the nature, quantity, and concentra-
ion of the effluent material ; the physical, chemical and bio~
ogical characteristics of the mixing. area and receiving
vaters; and the desired uses of the waters. However, the

ollowing general recommendation can be established for-

‘he purpose of protecting aquatic life in areas where effiuents
ire mixing with receiving waters:

The total lime~toxicity exposure history must no! cause dele-
“terious effects in affected populations of important species,
including the post-exposure ¢ffects.

Meeting the Recommendation Special circum-
stances distinguish the mixing zone from the receiving
waters, In the zone, the duration of exposure to an effluent
may be quite brief, and it is usually substantially shorter
than in the receiving waters, so that assays involving long
periods of exposure are not as helpful in predicting damage.
In ~-dition, the concentration of effluent is higher than in
re  1g waters. Therefore, the development of specific
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requirernents for a specific mixing zone must be based upon
the probable duration of the esposure of organisms to the
effluent as well as on the toxicity of the pollutant,

The recommendation can be met in two ways: use of a
probably-safe concentration requirement for all parts of the
mixing zone; or accurate determination of the real concen-
trations and duration of exposures for important species and
good evidence that this time-toxicity exposure is not de-
leterious. The latter, more precise approach to meeting the
recommentation will require: '

« determination of the pattern of exposure of impor-
tant species to the effluent in terms of time and con-
centration in the mixing zone;

« establishment of the summed effects on important
species; '

« determination that deleterious effects do not occur.

Complexities in the Marine Environment Some
of the problems involved in protecting marine aquatic life
are similar to those in lacustrine and fluvial fresh waters and,
in general, the recommendations in Section III, pp. 112=

115 are applicable to marine situations. There are, however,

special complexities in evaluating mixing zones in coastal
and oceani¢c waters. These include:

o the exceptional importance of sessile species, espe-
cially in estuaries and near shore, where effluents
originate; :

« the presence of almost all species in the plankton at
some stage in the life history of each, so that they
may be entrained in the diluting waters;

o obligate seasonal migrations by many fish and some
invertebrates; '

» oscillation in tidal currents, mixing mechanisms and
in resulting concentrations, dilution rates, and dis-
persion patterns.

None of these affect the general recommendation, but
they do contribute to the difficulty of applying it.

Theoreticai Approach to Meeting the Recom-
mendation Any measure of detrimental effects of a
given concentration of a waste component on aquatic or
marine organisms is dependent upon the time of exposure
to that waste concentration, at least over some restricted
but definable period of time. For a given species and sub-
stance, under a given set of environmental conditions, there
will be some critical concentration below which a particular
measure of detrimental effects will not be observed, regard-
less of the duration of exposure. Above the critical concen-
tration, the detrimental effects will be observed if the ex-
posure time is sufficiently long. The greater the concentra-
tion of the substance, the sherter the time of exposure to
cause a specified degree of damage. The water quality
characteristics for mixing zones are defined so that the or-
ganisms to be protected will be carried or move through the
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zone without being subjected to a time-exposure history
that would produce unacceptable effects on the populatlon
of these species in the water body.

In order to quantify this statement, the followmg guanti-
ties are defined:

T50,C,E=time of exposure of a critical aquatic or
marine species-to a-concentration, C, of a
given pollutant, under a constant set of en-
vironmental conditions, E, which produces
50 per cent mortality of the critical species.

T0,C/,E=time of exposure of a critical aquatic or
marine species to a concentration, C’, of a
given pollutant, under a constant set of en-
vironmental conditions, E, which produces
no unacceptable offects on the critical species.

For some pollutants, C and C’ for a given time of expo-
sure may be related by:

C!-——C"’ACO

where AC, is the amount by which the concentration which
produces a 50 per cent mortality must be decreased in order
that no unacceptable effects of the pollutant on a given critical
species will occur, For example, in the case of temperature,
it has been shown that at temperatures 2 C below those
which produce a 50 per cent mortality, no observable
detrimental effects occur. For temperature, then, 2 C is a
conservative value of AG,.
For other pollutants, notably chemical toxicants, C’ i

related to C by the relationship:

C'=k.C

where k is the ratio of the concentration at which no un-
acceptable effects occur to the concentration which produces
a 50 per cent mortality with both concentrations deter-
mined over the same exposure time.

It is difficult to establish with statistical confidence a re-
lationship.between TO, C/, E and €', for a large number of
species, by direct laboratory experiments. However, labora-
tory experiments can be used to determine, for the critical
species of the receiving waterbody, the relationship between
pollutant concentration and the time period of exposure
necessary to produce a 50 per cent mortality. Thus, it is
necessary to obtain, by experiment, the form and constants
of a function of the pollutant concentration, f,(C), such

that
T50, C, E=£(C).

Conservative estimates of AC, or of k can be obtained ¢
pendent upon decisions as to acceptable effects from aa
tional laboratory studies. Once AC; or k have been estab-
lished, the relationship C'=C—AC,, or the relationships
C’'=k-C, depending on the properties of the particular
waste materials, can be combined with the above equation
relating T30, C, E and G, to produce an equatlon relating
TO, C’, E and C'. That is:

TO, C’, E=£,(C").

This equation gives the maximum time that a particular
species could be exposed to a concentration G’ without re-
sulting in unacceptable effects on the population of this
species. The water quality recommendations for the mixing
zone are satisfied if, for any organisms carried through the
mixing zone with the flow or purposefully moving through
the zone, the time of exposure satisfies the relationship

time of exposure
- £:(C")

where C’ is the concentration of a spetified pollutant in the
mixing zone. '

Because, in fact, the concentration in the mixing zone
decreases with distance from the point of discharge, and
hence organisms carried through the plume will be sub-
jected to concentrations which are continually decreas’
with time, a more suitable quantitative statement of we
quality characteristics necessary for the mixing zone is:

AT aT2  AT3
ot

N ATn
= .
fg(C’:[) fg(C’n) f2(C"3)

£(C)

where the tir;'le of exposure of an organism passing through
the mixing zone has been broken into n increments, ATI,
AT2, ATS, ete. long. The organism is considered to be ex-
posed to conceniration C') during the time interval ATI, to
concentration C'; during the time interval AT2, etc. The
sum of the individual ratios must then not exceed unity.

The above theory is applied in the recommendations and
examples in Section III on Freshwater Aquatic Life and
Wildlife, pp. 112-115, and in the Freshwater Appendix
II-A, pp. 403407,
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METHODS OF

ASSESSMENT

It is the purpose of this discussion to explain the ap-
oaches considered in deriving the recommendations given
this Section. Because the biological effects of a pollutant
€ manifest in a variety of ways, the specific technique to
: used in estimating biological impact must be tailored to
wch specific problem. For example, acute or lethal toxicity
‘a given pollutant to a marine species can be evaluated by
ort-term bioassay in the laboratory designed to deter-
ine the concentration of the material which is lethal to
alf of the selected population in a fixed period of time,
ymmonly four days (LC50-96 hours). The “safe’” limit
ill be much lower than the concentration derived in such
bioassay, and appropriate safety factors must be applied.
W v limit should permit reproduction, growth, and all
or.  dife processes in the natural habitat.

When a pollutant is discharged to the environment at a
ife .concentration determined in this way, the living or-
anisms are exposed to a chronic, sublethal concentration.
ome stages of the life cvcle of the species to be protected,
ich as the eggs or larvae, may be more sensitive than the
dult stages. It is sometimes possible to identify the critical
fe stage which can then be used in a bioassay. Long-term
ivassays covering a substantial part of the life cycle of the
rganism can be conducted in the laboratory to determine
hronic sublethal effects of pollutants. Various processes
{ the organism, such as respiration, photosynthesis, or
ctivity may be used to evaluate sublethal eflects. Some
>ngterm chronic effects may be more subtle and more diffi-
ult to evaluate under laboratory conditions. Examples of
his type include changes in breeding or migratory behavior
r the development of a general debility making the orga-
isms more suceptible to disease, predation, or to environ-
nental stresses.

A pollutant in the marine environment may also have an
flect on the ecosystern not directly associated with its effect
m an individual species. Ecosystem interactions are diffi-
1t to assess in the laboratory, and techniques for evaluat-
ag them in the field are not completely satisfactory. Such
nts  -tions must be considered, ‘however, in applying
‘e - ~uendations to any specific situation.

ACUTE TOXICITIES—BIOASSAYS

Detailed methods for laboratory bioassays are described
in Section 11, Freshwater Aquatic Life and Wildlife, and
can serve as guidlines for application to the marine system.
The ability to extrapolate from results of bioassay tests is
limited, and the need for safety factors in their application
to the environment must be emphasized. The methodologies
discussed are illustrative and should be considered as guide-
lines for meaningful bioassays.

The most important uses of bioassays for evaluating water
quality are:

» analysis of the concentration of a specific material in
natural waters by means of a bioiogical response;

¢ detection of toxic substances in organisms used as
food for man;

 analysis of the suitability of natural waters for the
support of a given species or ecosystem;

» determination of critical toxic levels of substances to
selected species;

» evaluation of bio-stimulation effécts by materials
such as nutrients. ‘

These purposes fall into two general categories: bio-
analysis and bioresponse.

BIOANALYSIS

Bioanalysis has been used for many years to measure
effects of substances on organisms. These assays may give
quantitative measurements, such as weight per volume, or
be expressed in arbitrary units defined by the degree of
response, They are most valuable when the organism re-
sponds to a lower concentration than can be detected by
available chemical or physical techniques. Such bioassays
require carefully controlied procedures, and organisms and
experimental conditions must be standardized. Responses
are used that have been shown to have a correlation with
the amount of test substance present. Preparation of test
materials is rigidly controlled to avoid problems -arising
from synergists or antagonists administered with the test
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material. This is difficult and often impossible in the bio-
assay of materials obtained from the environment. .

Bioanalysis has potential in measuring pollutants in ma-
terials to be discharged to the environment. For toxic ma-
terials, the amount of material relative to the biomass of the
test organisrn must usually be controlled, because most
toxicants exhibit a threshold effect. It is usual to determine
the concentration of material at which some fraction of the
maximal effect (commonly 50 per cent) occurs in a popula-
tion of known and constant biomass. The fact that far
lower concentrations present for a longer time might ulti-
mately produce the same effect does not invalidate this
type of assay, because quantitation is obtained by com-
parison with standard curves, It should, however, be real-
ized that in the presence of detoxification mechanisms, the
assay should be conducted for a period of time at which the
desired effect (such as 50 per cent inhibition) occurs at the
lowest possible concentration.

In assays of materials for which an organism has a natural
or induced requirement, it must first be established that of
all substances which could be present in the sample, only
one can produce the response measured. Second, no sub-
stances present should reduce the availability of the ma-
terial, If the first of these conditions is satisfied, the second
can often be approached using a “system of adds” in which
a graded series of concentrations of standard material are
added to the unknown amount of material in the sample.
The intercept of the response curve with the concentration
axis is 2 measure of the amount present in the sample.

_If zero response is at a finite concentration, a biologically
effective threshold concentration (zero) must be used which
has been derived from a separate experimental series in the
same medium devoid of unknown amounts of test material,

BIORESPONSE

Bioassays which measure the biological effect of a sub-
stance or mixture on a single organism or artificial ecosystem
can be used to ‘establish water quality criteria, to. monitor
compliance with standards stated in terms of biological
effect, or to measure the relative effects of various materials.
Natural processes of equilibration, chemical degradation,
and physical adsorption are specifically desired, because it
is the biological ¢ffect rather than the amount of test material
that is of concern. The observed effect will be determined by
the avallabﬂlty of the material, the rate of formation or
degradation, and the effect of chemical by-products; and
by alterations of the environment caused by addition of the
material. Whether conducted in the laboratory or in the
field, this type of bioassay is performed on time scales vary-
ing from determinations of acute toxicity (commonly 96
hours or less) through determinations of incipient LC50
levels (Sprague 1969, 1971%), and onh time scales which
include multiple generation chronic exposures. Each of
these has its own utility and limitations.

Short-term determinations of TLm or TL50 values are
primarilv of value in comparing toxicities of a number ot
formulations which have similar modes of action. They ar~
also useful in determining the dilution to be employed
long-term, flow-through -exposure and in comparing
sensitivities of various life stages of the same organism. In
practical terms, each life stage must be considered a physio-
logically distinct organism with its own particular environ-
mental requirements: immature stages commonly have
quite a different habitat and may have different sensitivity.

It has been common practice to use information from
acute toxicity studies to establish concentrations tolerable

for natural waters. This is done by multiplying the level

found in the bioassay by some more or less arbitrary “appli-
cation factor” (Henderson 1957,% Tarzwell 19629). Re-
cently, there have been attempts to establish the application
factor experimentally {(Mount 1968,% Brungs 1969%). Ap-
plication factors are discussed in Section III, Freshwater
Aquatic Life and Wildlife, and that discussion is applicable
to the marine system. If, in the process of conducting these
assays, organisms are periodically removed to an uncon-
taminated medium, the time of exposure which the orga-
nism can withstand and still survive, should it escape the
pollutant or should the pollutant degrade rapidly after a
single addition, can also be estimated.

Determination of incipient LC50 is a valid measurement
of acute toxicity, because the assay is continued until maxi-
mum effect is observed at any given concentration (Sprague
1969,% 1970,% 1971%). These bicassays must be condu
under conditions of continuous flow, because the degre. .
response cannot be limited by the absolute amount of toxi-
cant available in the system or by the relationship between
biomass and absolute amount. In practice, the technique is
most applicable’ to compounds which reach equilibrium
rapidly. Otherwise, it takes a long time to achieve maximum
effect at low toxicant levels. Here, too, application factors
are needed to use data from bioassaved concentrations in
estimating levels for environmental protection. Theoreti-
cally, application factors account for variations in sensitivity
between the life stage tested and that life stage or develop-
mental pcrmd during which the organism is most sensitive
to the compound or conditions., Application factors should
also safely permit a range.of naturally-occurring environ-
mental variations that would increase sensitivity.

Long-term bioassay, in which the organism is kept
through at least one complete life cycle under conditions of
continuous-flow exposure, is perhaps the closest but most
conservative laboratory approach to estimating environ-
mental hazards. Where a chemical or physical attraction
occurs or where the population is sessile or restricted by
hydrographic features, continuous exposure to freshly
added material will 'be a realistic model, However, where
the organism might escape in nature, such a captive ex-
posure will be unrealistic. The experimental cond’ ™ s
chosen may either be held constant or varied to ap; -

10924




1ate local natural changes or intermittent discharges to be
xpected. Adequate modelling of 2 particular environmental
ircumstance often requires varying degrees of delay be-
1 i time of test material addition and exposure of the
g a1as1N18. . ’ ‘

Duration of thronic toxicity studies is determined by the
fe span and reproductive cycle of the organism chosen.
ficro-organisms have relatively short life cvcles but may
quire several generations to deplete metabolite reserves
nd show maximum response. A greater variety of measure-
‘ents can be used in long-term than in short-term testing.
‘his variety, together with the longer period available for
ssponse and the certainty of testing the most sensitive life
:age, serves to increase both the sensitivity and relevance
f such tests. Differences in sensitivity between species, that
1av be evident in short-term tests, tend to narrow as the
sts approach a full life cycle.

The maintenance of a resident population of sensitive
rganisms in an effluent stream or portion of a natural
tream recciving effluent, can create a long-term flow-
hrough bioassay. This technique is primarily useful as a
erification of safety based on other estimates, but because
1& response time may be long, the results are of little use
shere rapid feedback of information is essential.

JESIGN OF BIOASSAYS

The bioassay system may be compartmentalized for pur-
a5 " design into (1) the substance to be tested, (2) the
nv. .ment into which it will be introduced, (3) the orga-
ism(s} which will be exposed to the resultant system, and
4) the observations to be made. Each affects and is aflfected
w the others. )

The chemical and physical nature of the material to be
sted has a bearing on the way it will distribute in nature
nd in the test system—and thus on which organisms will
ncounter it and in what form it will be. For example; a
ure substance, highly soluble in water, may be tested for
s effect directly on organisms inhabiting the water column.
v material which precipitates rapidly may be readily
sailable to organisms which ingest the precipitate and
esolubilize it under conditions prevailing in the digestive
ract. Materials which are only slightly soluble are often
sadily available to micro-organisms which have a high
arface—area—to-volume ratio and are capable of taking
p some substances at exceedingly low (1072 to 107 M)
oncentrations. A highly hydrophobic material which is
eadily adsorbed to sediments or detritus may appear in
ree solution to only a limited extent or for a short time and
xert a prolonged direct effect mainly on those organisms
shich inhabit sediments or which process sediments or
etritus for food. Valid interpretation of bicassay results
equires sensitive and highly specific analytical chemistry as
ar* " the procedure. Results obtained for any bioassay
g a are subject to question if anomalous behavior of
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the substance tested or the organisms used are subsequently
established.

The organism for bioassay should be chosen on the basis
of the relationship of its life stages to the various toxicant
compariments and information desired. Organisms will be
useful if they are readilv availabie and can be reared and
propagated in the laboratory. The size of the organisms in
relation to availabie facilities will in part.dictate a choice.
All too often, these have been tiwe primary if not the only
considerations. There is a temptation to give priority to or-
ganisrns that are available from standard sources with a
known genetic line or from a single clone. This approach is
essential when using bioassay as an analytical tool. How-
ever, it is a distinct liability when performing measurements
of biological effect in natural environmental situations. Such
organisms have necessarily undergone selection for traits
that favor survival in artificial environments with no selec-
tive advantage given to the capacity to adapt to alterations
in those environments. Furthermore, physiologically dis-
tinct races often develop in nature in response to character- .

“istics of different localities. Maintenance of laboratory

stocks may be necessary, but these stocks should be fre-
quently renewed from fresh isolates representing the gene
pool and enzymatic adaptations of the inhabitants of the
particular water mass to which recommendations are to be
applied.

The organisms used should be drawn from those that are
most sensitive or respond most quickly fo the substance or
condition being tested. Bioassays of various life stages of
these sensitive organisms are desirable. It is especially im-
portant that life stages to be tested include those that will
most probably encounter the test material as it is expected
to be found in the environment, and that the test organisms
be acclimated to the test system until the characteristics to
be measured become constant. '

Some of the foregoing recommendations for selection as-
sume that the developmental biology of the test organism is
known. This is not often so in marine biology. Organisms
should not be excluded from consideration if their absence
would leave no representatives of local species which tolerate
the extremes in ranges of natural environmental stress or
which fill an important ecological niche.

Once an understanding of both the test material and the
bioassay organism is established, a test svstem wsually can
be designed that will permit the organism to encounter the
test material under circumstances approximating those in
nature. In some cases it will be necessary o go t6 the natural
water system or to impoundments, live cars, or plastic bags
in order to obtain a workable approximation of environ-
mental exposure. Care should be taken that the physical
system does not interfere with the distribution of the test
material or the behavior of the organism. The system se-
lected should reflect in all important aspects the habitat to
which the test organism has become adapted. Factors of im-
portance include feeding behavior, opportunity for diurnal
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behavior alterations, emergence, salinity variations, turb-
idity, water movement, and other factors, depending on the
organisms being studied.

The response or responses to be observed during long- .

term testing must be carefully chosen. A prime requirement
is that the response being measured bear a demonstrable
and preferably quantitative relationship to the survival and
productivity of the test organism or of an organism which is
directly or indirectly dependent on its activities. For ex-
ample, a correlation may exist between the level of a test
material and the amount of an enzyme present in some tis-
sue. This is clear evidence that the organism’s pattern of
energy utilization has changed, but it should be demon-
strated that the change in enzyme level is correlated with or
predictive of changes in growth, behavior, reproduction,
quality of flesh, or some other manifestation to provide an
immediately meaningful interpretation.

The degree to which a response can be reported in quan-
titative terms affects its usefulness. Behavior, because of a
high degree of variability, is much more difficult to express
numerically than growth; and growth measurements are
usually disruptive of the system or destructive of the orga-
nism. A balance must be sought for each system so that
enough organisms and replicate treatments can be used to
assure an acceptable level of statistical confidence in the
results. Considerations of equipment required, rapidity,
and simplicity of measurements, the inherent (controi)
variability of the characteristic being measured, and possible
interferénce with the measuremerit by the substance being
tested must enter into the choice of measurements and their
frequency.

Biological characteristics that can be measured are in-
numerable, but some may be singled out as being more
basic than others. When a given characteristic reflects many
diverse processes, it is most useful in interpreting results in
terms of environmental protection. Thus, measurements ot
reproductive success, growth, life span, adaptation to en-
vironmental stress, feeding behavior, morphology, respira-
tion, histology, genetic alterations, and biochemical anom-
alies pccupy a descending scale in order of the confidence
that can be placed in their interpretation, This is not to say
that profound changes in the structure and function of an
ecosystem cannot result from subtle, prolonged, low in-
tensity effects on some cellular process. The elimination ot
important species bv low intensity selective factors is' no
less serious than instantaneous death of those species. In a

. sense, it is more serious, because it is less likely to be noticed
and traced to its source in time to permit recovery of the
ecosystem.

SUBLETHAL EFFECTS

¥

Many biological effects of pollution may not show up in
the bioassay test for acute toxicity. This would be true if the
effect were slow 1o develop, or if the effect were to produce

a general debility that might interfere with some of the
normal life functions of the organism rather than killing it
directly. Long-term exposure to: sublethal concentrations.
may be necessary to produce the effect, and evaluatior
this type of action is difficult in a laboratory analysis. The..
are a number of ways in which pollutants might affect a
given population without being lcthal 10, thc adult organism
used in the test such as: :

Migrations

Sublethal concentrations may interfere with the normal
migration patterns of organisms. The mechanisms used for
orientation and navigation by migrating organisms are not
well known, but in some cases chemotaxis clearly plays an
important role. For example, salmon and many other
anadromous fishes have been exciuded from their home
streams by pollution, though it is not known whether the
reason is that a chemical cue has been masked or because
the general chemical environment of pollution is offensive
to the fish.

Behavior

Much of the day-to-day behavior of species may also be
mediated by means of chemotaxic responses. The finding
and capture of food or the finding of a mate during the
breeding season would be included in this category of ac-
tivity. Again, any pollutant that interfered with the chemo-
receptors of the organism would interfere with behavioral
patterns essential to the survival of the population.

Incidence of Disease

Long-term exposure to sublethal concentrations of pollu-
tants may make an organism more susceptible to a'disease.
It is also possible that some pollutants which are organic in
nature may provide an environment suitable for the de-
velopment of disease-producing bacteria or viruses, In such
cases, even though the pollutant is not directly toxic to the
adult organism, it could have a profound effect on the popu-
lation of the species over a longer period of time.

Life Cycle

The larval forms of many species of organisms are much
more sensitive to poliution than are the adults, which are
commonly used in-the bioassav. In many aquatic species
millions of eggs are produced and fertilized, but only two
of the larvae produced need to grow to maturity and breed
in order to maintain the standing stock of the species. For
these species the pre-adult mortality is enormous even under
the best of natural conditions. Because of an additional
stress on the developing organisms, enough individuals
might fail to survive to maintain the population of the
species. Interrupting any stage of the life cycle can be as
disastrous for the population as would death of the a” "~
because of acute toxicity. : '

10926




*hysiological Processes

Interference with various physiological processes, with-
wir  nessarily causing death in a bioassay test, may also
m 2 with the survival of the species. If photosynthesis
f the phytoplankton is inhibited, algal growth will be de-
reased, and the population may be grazed to extinction
vithout being directly killed by the toxin,

Respiration or various other enzymatic processes might
Iso be adversely affected by sublethal concentrations of
sollutants. The efect of DDT and its decomposition pro-
.ucts on the shells of bird eggs is probably the result of
aterference with enzyme systems (Ackefors et al. 1970).58
Adercury is a general protoplasmic poison, but it has its
nost damaging effect on the nervous system of mammals.

senetic Effects

Many pollutants produce genctic effects that can have
ong range significance for the survival of a species. Qil and
ther organic pollutants may include both mutagenic and
arcinogenic compounds. Radioactive contamination can
ause mutations directly bv the action of the radiation on
he generic material. From genetic studies in general, it is
nown that a large majority of mutations are detrimental
o the survival of the voung, and many are lethal. Little is
nown about the intensity or frequency of genetic effects of
ollutants, except for radioactive materials where the muta-
ion rates have been measured in some cases. Induction of
nut~+ion by contaminants should be reviewed in the con-
e he increase of total mutation from all causes.

{utrition and Food Chains

Pollutants may interfere with the nutrition of organisms
yy affecting the ability of an organism to find its prev, by
uterfering with digestion or assimilation of food, or by con-
aminating the prey species so that it is not accepted by the
sredator. On the other hand, if predator species are elimi-
1ated bv pollution, the prey species may have an improved
hance of survival, An example of the latter effect was
hown for the keip resurgence after the oil spill in Tampico
ayv, California (North 1967).% The oil killed the sea urchins
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which used young, newly developing kelp as food. When the
urchins were killed, the kelp beds developed luxurious
growth within a few months (see p. 258).

Effects on the Ecosystem

The effects of pollution on the aquatic ecosystem are the
most difficult to evaluate and establish, Each environment
is somewhat different, but the species inhabiting any given
environment have evolved over long periods of time, and
each individual species in a comununity plays its own role.
Any additional stress, whether natural or man-made, ap-
plied to any environment will tend to eliminate some species
leaving only the more tolerant forms to survive. The effect
may be either direct on the species involved or indirect
through the elimination of some species valuable as a food
supply. For some of the species in the system the result may
be beneficial by the removal of their predators or by stimu-
lated and accelerated growth of their prey.

Food Value for Human Use

Subléthal concentrations of pollutants can so taint sea-
food that it becomes useless as a source of food. Oil can be
ingested by marine organisms, pass through the wall of the
gut, and accurnulate in the lipid pool. Blumer (1971)%
stated that oil in the tissues of shellfish has been shown to
persist for months after an oil spill; the oil-polluted area
was closed for shellfishing for a period of 18 months. Sea-
food may be rendered unfit for human consumption be-
cause of the accumulation of pollutants, California mackeral
and coho salmon from Lake Michigan were condemned
because they contained more DDT than the permissible
amount in human food {5 mg/kg). Likewise tuna fish and
swordfish were removed from the market, because the
mercury content of the flesh exceeded the allowabie con-
centration (0.5 mg/kg). There was no evidence that these
concentrations bad any adverse effect on the fish, or in the
case of mercury that the concentrations in tuna and sword-
fish resulted from pollution; nevertheless their removal
from the market has adversely affected the economics of the
fisheries.
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CATEGORIES ‘OF :POLLUTANTS

TEMPERATURE AND HEAT

An extensive discussion of heat and temperature is pre-
sented in Section III on Freshwater Aquatic Life and
wiidlife (pp. 151-171). Although we accept those recom-
mendations concerning temperature, there are certain char-
acteristics of the marine environment that are unique and
require enumeration. Some of the characteristics of the
marine environment have been discussed in the introduction
to this Section showing that the range of variability is
greatest in the estuary, considerably less in the coastal
waters, and even less in the surface waters of the open
ocean; and that conditions in the deep ocean are virtually
constant. Among the most important variables shown in the
changes is temperature, although salinity variations are
egqually important under cert2in conditions.

The seasonal range of temperature variations is greatest
in the temperaté regions and becomes less as one approaches
either the tropics or the poles. In the United States, the
maximum seasonal temperature variation is found in the
coastal waters on the southern side of Cape Cod, Massa-
chusetts, where in winter the water may be freezing at
—2.8 C and in summer the inshore coastal waters reach
temperatures of 23 C, or even 25 C over wide shoal areas.

At the sare latitude on the Pacific coast, the water is neither -

so cold in the winter nor so warm in the summer. North
of Cape Cod, the water is as cold in the winter time, but it
does not reach as high a summer temperature; and south
of Cape Cod the waters rarely reach a freezing point in
winter, ' .

Hutchins {1947)'% discusses these ranges of variations
and illustrates how they affect geographical distribution of
marine species on the Atlantic European coasts and on the
east and west coasts of the United States. As is obvious from
the above comments, Cape Cod is a geographical boundary
in the summertime but not in winter. Because temperature
can control both the breeding cycle and survival of orga-
nisms, a variety of different geographical distributions can
be dominated by the temperature variations at various
locations along the coast (Hutchins 1947).1%0

There is increasing pressure to site power plants in the
coastal zone because of the large available supply of water

" for cooling purposes. In 1969 there were over 86 fossil fuel

power plants in the eastern coastal zones (Sorge 1969)1%
and 32 on the west coast (Adams 1969).%% In addition,
nuclear power plants are in operation, and many more are
planned for siting on the coast in the future. Provided that
the temperatures are kept within the limit prescribed in
the recommendations and that the recommendations for
mixing zones (pp. 228~232) are complied with, these heated
effluents may have no serious impact on the marine en-
vironment. However, organisms passing through the cooling
system of the power plants may be killed either by the direct
effect of temperature, by pressure changes in the system, or
by chlorination if it is used to keep the cooling system frec
of attached growth.

In the tropics, disposal of waste heat in the marine
vironment may be impossible in the summertime. B:
and Roessler (1972)® discussed the temperature problems
created by the power plants at Turkey Point, near Miami,
Florida. Thorhaug et al. {1972)1® showed that tropical
marine organisms live precariously close to their upper
thermal limit and are thus susceptible to the stress of ad-
ditional thermal effluents. To abide by.the temperature
recommendations in tropical waters, it is generally neces-
sary to prohibit discharge of heated effiuents during the
sumrmertime. i

It is clear from this and from the discussion in Section
III that additional studies will be needed on the temperature
tolerances of the species directly involved. Organisms from
estuaries and marine waters have not been studied as
extensively as have freshwater fishes, but some data are
included in the tabular material in the.freshwater report.
On the basis of information available at this time, the
marine panel finds that the recommendations in Section
111, Freshwater Aquatic Life and Wildlife, appear to be
valid for the estuarine and marine waters as well (see pp.
160, 161, 164, 163, and 166-171 of Section III).

INORGANIC CHEMICALS, INCLUDING HEAVY METALS
AND pH °

The hazardous and biologically active inorganic c}
cals are a source of both local and world-wide threa
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hé marine environment. Certain of these chemicals may

wse no immediate danger but may lead to undesirable

ono-term changes. Others, such as boron, may pose serious
i, hazards and yet have poorly understood biological
fevws in the marine environment. Nevertheless, they can
e a significant constituent in certain waste waters and
hould be discussed here.

The inorganic chemicals that have been considered in
‘his study are listed alphabetically in Table IV-2; those
niost significant to the protection of the marine environment
re discussed Lelow.

TABLE IV=2—Inorganic Chemicals to be Considered in Water
Juality Criteria for Aquatic Life in the Marine Environment

Etements Equilibrium species (reaction) Katural concentration  Poltufion
In sea waters g/l calegoriest
Aumnum, .......... AKOH),, solablfty of Al2O; approx. 100 ug/} 0 We
ymmenia.. . ... HHy NH* e Ve
Antimony. ... oo SHOHY- 0.45 We?
wsanic.,............. Asi0is oxidized 1o HAsOZ™ 2.6 Ile
Bat+ 20 Ve
.... [Be(OH)z, salubliity of BaO approx, 10ug/i 0.0008 ¥e?
.o, BI(OMY,, sofubifity of BI20a is unknown (low) 0.02 We?
v... B{OH}, B{OH)~ 4.5 Ve
. Bro, HBrQ, Br- 5.1 We
CdCi+, CdCle, CACk (the kast iwo ara probabiy 0.02 e
the main forms)
alcium. . Catr £.1100 Ve
Shigri=" .. LIS HBID e Ve
A Cr(OHY;, solubillty of Cra0a unknown (law) 0.04 we?
b s Cor 0d - Ve
CIADR L Cuzt, GuOH*, CuHCO;*, CuCO; (probably main 1 We
form} CuCH, compisxed also by dissoived
amino acids
HON (80%2), CR-(10%) e
. F- (50%), MgF+ (50%) 1340 we
AuCly~ - 01-2 Vo

Yydrogan lon (Acids).. HECI-HOO:~—H20-4-Cl-4C02 pHam§ (alicen. 0024 M) Il c
Ha80,+2HC0;"—2H204-50:2"-2601
317, AP Fa{OH);. selubllily of FeDOK approx. 5 ug/t 10 Ve
(1~ ] RO Pht*, PROHY, PEHCO.T, PLLO;, POSO,, POCH 0.02 la
{prababiy maim igrm)
Magnasium........... Mgt 1,310 ¥e
Mangamess........... Mnz+ ) 1 e
Mercury....... . HgClz, HgCly~, HeClet~ (main lorm) 0.t th
Molybdenum.......... Mo~ W I¥e
“Migkel......... oo HIZ* 7 ke
Hitrate. .....,. . NOy= 6.7x182 e
Phosphorus. .......... Red phosphorus rescts siowly to phosphate
HeP0,~ and HPO2-
Selenium.’............ Saly- [N ] Mme?
Siligon ... .. .. vo. SHOHY, SIO(OH)™ g Ve
Silver.... .. Aglle 0.3 lile
Sulfide ... L8 e
Thatkum, .. e T 0.1 IMe
Tilanium. .. ... Ti(OMHY, soludllity of TiDa cnkngwn {ow) 2 Wh?
Urznium.... . Uos(CONS 3 e
Yanadium. . . Y0.0H- ’ 2 fVa?
Zine. .. Int*, InOH*, InCO:, ZnCH (probably main 2 flte
form)

= These values ate approsimate but they ara reprasentative for fow levels in unpoliuted sea water, -

4 1-1V ordor of decreasing menace; a~warldwide, b—reglonal, c—tocal (coastal, bays estuaries, single dumpings).
» Ineicates soma queslion of the ranking 24 a menace and,/or whather thie pollulional atfect bs bacal, cegional. of world-
wide.

i dmodified from tha Repart of the Seminar on Mothads of Detection, Measuzameant and Menitaring ol
Pot:. 4 the Marine Envirenment. Feod and Agriculure Organization 197114,
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Forms of Chemical and Environmental Interactions

The form in which a chemical appears in the environment
depends on the chemical and physical characteristics of the
element, its stability, and the characteristics of the environ-
ment in which it is found. An element that is easily reduced
or oxidized will undergo rapid changes, especially in sedi-
ments that alternate between oxidized and reduced states;
while an element that is highly stable, such as gold, will
retain its elemental identity in virtually all environmental
conditions. Most elements are found in combined states,
such as ore which can be a sulfide or a complex mineral
containing oxygen, silica, and sulfur,

Certain elements are released into the environment hy
the processing of ores. Cadmium, for example, is not found
uncombined in nature to any large extent but is a com-
mercial by-product of zinc smelting, Other metallic ele-
ments can be brought into solution by the action of bacteria.
Contamination from base metals may arise in abandoned
mines, where tailings or slag heaps are attacked by physical
and chemical weathering processes and bacteria to allow
leaching of metallic ions into receiving waters. In strip
mining, sulfides are oxidized to produce sulfuric acid, which
may be a pollutant in itself or help to bring certain elements
into soluticn.

The acticn of bacteria also transforms metals in another
way. In anaerobic sediments, bacteria can' convert in-
organic metallic mercury into methyl mercury compounds.
Such organc-metallic complexes are hxghly toxic to mam-
mals, including man.

Biolagical Effects

Acute toxicity data for inorganic chemical compounds
under. controlled laboratory conditions, as represented for
example by 96-hour LC30, are presented in Appendix IIT,
Table 1, (pp. 449-460). Because of the lack of marine data,
most of the information is based on freshwater bioassay
data, which provide some measure of acute toxicity for the
marine environment as well.

The concentrations of elements at which sublethal,
chronic effects become manifest are also important. Sub-
lethal concentrations of pollutants can have serious conse-
quences in estuaries where migrating anadromous fishes
linger to become acclimatized to changing salinities. Al-
though the fish may not be killed outright, the stress of
the sublethal concentrations may cause biochemical and
physiological deficiencies that could impair life processes
of the fish, preventing migrating adults from reaching their
spawning grounds or reproducing. Pippy and Hare {1969)2¥

- suggested that heavy metals put fish under stress and may

lead to infestation by diseases. Appendix III, Table 2
(pp. 461-468), summarizes data on the sublethal chronic
eflects of inorganic chemicals on fish and other aquatic
organisms. As in Appendix III, Table 1, information on
freshwater organisms has been included because of the
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paucity of tests in sea water. There is a clear need for
toxicological work on the sublethal effects of pollutants on
marine organisms.

At low conecentrations, many elements are necessary to
life processes, while at higher concentrations the same
elements may be toxic. The effects of long-term exposure
to low levels of most chemicals, singly or in combination,
are generally unknown.

Laboratory bioassays are conducted under controlled

conditions usually with single chemicals. Such tests provide
toxicological information that must precede studies with
mixtures closer to actual conditions. These mixtures must
refiect the conditions and the composition of water in specific
areas of discharge, because substances are rarely isolated
when found in the environment. The probabilities of syner-
gism and antagonism are enhanced by increased complexity
of effluents. Synergism and antagonism in the environment

are poorly understood. Copper is more toxic in soft water - .

than in hard water where the calcium and the magnesium
salts contributing to water hardness tend to limit or an-
tagonize copper toxicity. Arsenic renders selenium less toxic
and has been added to feeds for cattle and poultry in areas
high in selenium. As examples of synergism, copper is
considerably more toxic in the presence of mercury, zinc,
or cadmium salts (LaRoche 1972),%! and cadmium makes
zinc and cyanide more toxic. Synergism or antagonism is
expected to occur more frequently in water containing
numerous chemical compounds than in one with few such
compounds. Therefore, a complex chemical medium such

as sea water can increase the probability of synergism or

antagonism when a pollutant is introduced.

The effects of pollutants can be considered in terms of
their biological end points. Such irreversible effects as
carcinogenesis, mutagenesis, and teratogenesis provide
identifiable end points in terms of biological consequences
of poliutants. The effects of substances may vary with
species or with stages of the life cycle (See Methods of
Assessment, p. 233).

A distinction must be made between the effects of pol-
lutants harmful to the quality of an organism as a product
for human consumption and those harmful to the organism
itself, While the levels of mercury that render fish unac-
ceptable for marketing do not, on the basis of the limited
information available at this time, appear to have any
adverse effect on the fish themselves, they cause condem-
nation of the product for human consumption. This may
also be true for other elements that lend themselves to bio-
accumulation, Elemental phosphorus leads to illness and
eventual mortality of fish themselves (Jangaard 1970).1
At the concentrations of phosphorus found in the liver and
other vital organs, the fish may have been toxic to human
beings as well. The recommendations for the elements sub-
ject to biological accumulation in the marine environment
must be set at a low level to protect the organisms. There
is also need to establish recommendations based on human

health, and a need to protect the economic value of fisheries
affected by accumulations of some of these elements.

Data on the accumulation of inorganic chemicals bw.
aquatic organisms are given in Appendix III, Tabic
(pp. 469-480). The maximum permissible concentratios.
of inorganic chemicals in food and water, as prescribed by
the U.S. Food and Drug Administration and by drinking
water standards of various agencies, are given in Appendix
III. Table 4 (pp. 481-482).

The elements essential to plant and animal nutrition in
the marine environments have been included in Table
IV-2. They constitute some of the ordinary nutrients, e.g.,
silicon and nitrate, as well as the micro-constituents, such
as iron, molybdenum, and cohalt. Although it is recognized
that these elements are required for algal nutrition, one
must not be caught in the misconception that “if a little
is good, a lot is better.”

Metals

Metals reach the marine environment through a variety
of routes, including natural weathering as well as municipal
and industrial discharges. Metals are particularly susceptible
to concentration by invertebrates. Vinogradov’s (1953}
classic work on the accumulation of metals by organisms
in the marine environment has been expanded in more
recent treatises (Fukai-and Meinke 1962,'%¢ Polikarpov
1966,%% Bowen et al. 1971, Lowman et al, 1971).21

Metals present in the marine environment in an
similable form usually undergo bioaccumulation throu_ .
the food chain. Thus, elements present in low concentrations
in the water may be accumulated many thousandfold in
certain organisms. Established maximum permissible levels
of some of these metallic ions render fish unacceptable for
the commercial market (U.S. Department of Health, Edu-
cation, and Welfare, Food and Drug Administration 197],238
Kolbye 1970%%), Food and drug control agenci€s must
impose stringent requirements on the content of certain
hazardous elements, such as mercury, which, during 1970,
led to condemnation of much of the fish caught in waters
of the Canadian Prairies and the southern Great Lakes,
Much of the swordfish and about 25 per cent of the tuna
caught by the Japanese have exceeded the maximum per-
missible limit (Wallace et al. 1971).2% )

Studies conducted on Atlantic salmon {(Saimo selar) in
St. Andrew’s, New Brunswick, show that low concentrations
of zinc and copper mixtures will set up avoidance reactions
(Sprague 1965, Sprague and Saunders [9632™). Adult
salmon migrating to spawn can be diverted by low concen-
trations of these base metals such as those leached from
mine tajlings. There are indications that as much as 25
per cent of spawning salmon (Salmo salar) may return to sea
without going through the spawning act if concentrations

“of zinc and copper are high enough to induce avoid: -

reactions (Sprague 1965).2% There may be other sic~ -
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snportant behavioral reactions stimulated by low concen-
rutions of some of the metals.

T~ the following review of different inorganic constituents,
tf :al amount of each element is considered in the dis-
~ussion and recommendation, unless otherwise stated.
YWhereas some of the methods of analysis for constituents
recommended for fresh water and waste water can also be
nsed in marine environments, the interference from salt
aemands other specialized techniques for many elements
(Strickland and Parsons 1968,%"° Food and Agriculiure
Droanization 1971184),

Not only has the recent literature been reviewed in this
examination of the properties and effects of inorganic con-
ctitnents, but various hibliographic and other standard
references have been liberally consulted (The Merck Index
1960,2% McRee and Wolf 196322 Wilber 1969,%® NRC
C'ommittee on Oceanography 1971,%% U.S. Department of
the Interior Federal Water Pollution Control Adminis-
tration 1968,*" Canada Interdepartmental Committee on
Water 19711¢),

Alkaiinity or Buffer Capocity, Carbon Dioxide, and pH

The chemistry of sea water differs from that of fresh
water largely because of the presence of salts, the major
constituents of which are present in sea water in constant
proportion. The weak-acid salts, such as the carbonates,
bicarbonates, and lorates, contribute to the high buffering
capacity or.alkalinity of sea water. This buffering power
r 's many wastes of a highly acidic or alkaline nature,
wi. .. are often highly toxic in fresh water, compar anvely
i:nocuous after mixing with sea water.

The complex carbon dioxide-bicarbonate-carbonate sys-
tem in the sea is clescribed in standard texthooks (Sverdrup
et al. 1946,2"¢ Skirrow 1665%%). Alkalinity and the hydrogen-
lon concentration, as expressed by pH (Strickland and
Parsons 1968),°" are the hest measure of the eflects of
highly acidic or highly alkaline wastes.

European Inland Fisheries Advisory Commission
{1969)"% and Kemp (1971)*® reviewed the pH require-
ments of freshwater fishes. Because of the large difference
in buffer capacities, techniques for measurement and defi-
nitions of alkalinity are quire different for marine and fresh
waters. The normal range of pH encountered in fresh water
is considerably wider than that found in sea water, and for
this-reason, freshwater communities are adapted to greater
pH extremes than are marine communities,

Sea water normally varies in pH from surface to bottom
because of the carbon dioxide-bicarbonate-carbonate equi-
libria. Photosynthetic and respiratory processes also con-
tribute to variations in pH. At the sea surface, the pH
normally varies from 8.0 10 8.3, depending on the partial
pressure of carhon dioxide in the atmosphere and the
salinity and temperature of the water. A large uptake of
¢z n dioxide during photosynthesis in the euphotic zone
le -0 high pH values exceeding 8.5 in exceptional cases.

Categories of Pollutants/241

Release of carbon dioxide during decomposition in inter-
mediate and bottom waters results in a lowering of pH.
In shallow, biologically-active waters, particularly in warm
tropical and subtropical areas, there is a large diurnal
variation in pH with values ranging from a high of 9.5 in
the daytime to a low of 7.3 at night or in the early morning.

The toxicity of most pollutants increases as the pH in-
creases or decreases from neutral (pH 7). This is true for
complex mixtures, such as pulp mill efluents (Howard
and Walden 1965),8% for constituents which dissociate at
different pH (c.g.. HsS and HCN), and for heavy metals,
The toxicity of certain complexes can change drastically
with pH. Nickel cvanide exhibits a thousandfold increase
in toxicity with a 1.3 unit decrease in pH from 8.0 to 6.5
(Robert A, Taft Sanitary Engineering Center 195328
Doudoroff et al. 1966'%). pH may also determine the
degree of dissociation of salts, some of which are more toxic
in the molecular form than in the ionic form. Sodium
sulfide is increasingly toxic with decreasing pH as 5~ and
HS- ions are converted to HoS {Jones 1948).2% The toler-
ance of fish to low concentrations of dissclved oxygen, high
temperatures, cations, and anions varies with pH. There-
fore, non-injurious pH deviations and ranges depend on
local conditions.

There are large fluctuations in natural pH in the marine
environment. Changes in pH indicate that the buffering
capacity of the sea water has been altered and the carbon
dioxide equilibria have shifted. The time required for mixing
of an effluent with a large volume of sea water is exceedingly
important. When the pH of the receiving sea water under-
goes an increase or decrease, its duration can he important
to the survival of organisms. At present, there are not
sufficient data with which to assign time limits to large
departures of pH.

Fish tolerate moderately large pH changes in the middle
of their normal pH ranges. Small pH changes at the limits
of their ranges and also in the presence of some pollutants
can have significant deleterious effects.

Plankton and benthic invertebrates are probably more
sensitive than fish to changes in. pH. Oysters appear to
perform best in brackish waters when the pH is about 7.0.
At a pH of 6.5 and lower, the rate of pumping decreases

" notably, and the time the shells remain open is reduced

by 90 per cent (Loosanoff and Tommers 1948,*"* Korringa
1952%7), Oyster larvae are impaired at a pH of 9.0 and
killed at 9.1 in a few hours (Gaarder 1932}.'87 The upper
pH limit for.crabs is 10.2 (Meinck et al. 1956).%27

Recommendation

Changes in sea water pH should be avoided. The
effects of pH alteration depend on the specific con-
ditions. In any case, the normal range of pH in
either direction should not be extended by more
than 0.2 units. Within the normal range, the pH
should not vary by more than 6.5 pH units. Ad-
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dition of foreign material should not drop the pH
below 6.5 or raise it above 8.5.

Aluminum

Aluminum, one of the most abundant elements.in the
earth’s crust, does not occur in its elemental form in nature.
It is found as a constituent in all soils, plants, and animal
tissues. Aluminum is an amphoteric metal; it may be in

solution as a weak acid, or it may assume the form of a

flocculent hydroxide, depending on the pH. In the alumi-
num sulfate form (alum), it is used in water treatment as a
coagulant for suspended solids, including colloidal materials
and microorganisms.

Aluminum may be adsorbed on plant organisms, but
very little ingested by animals is absorbed through the
alimentary canal. Goldberg et al. (1971)'" reported an
aluminum concentration factor for phytoplankton (Sar-
gassum) ash of 65 and for zooplankton ash of 300. However,
Lowman et al. (1971),%22 in their compilation of concen-
tration factors for various elements, noted that aluminum
was reported to be concentrated 15,000 times in benthic
algae, 10,000 times in plankton (phyto- and zoo-), 9,000
times in the soft parts'of molluscs, 12,000 times in crustacean
muscle, and 10,000 times in fish muscle.

In fresh water, the toxicity of aluminum salts varies with
hardness, turbidity, and pH. jones (1939)%® found the
lethal threshold of aluminum nitrate for stickleback
(Gasterosteus aculeatus) in very soft water to be 0.07 mg/l.
Using tap water with the same compound tested on the
same species, Anderson (1948)!2 reported a toxic threshold
of less than 53 10~% molar aluminum chloride (1.35 mg/1
Al). Average survival times of stickleback in different con-
centrations of aluminum in the nitrate form have been
reported as one_day at 0.3 mg/l and one week at 0.1 mg/1
(Doudoroff and Katz 1953).'® It was noted by the same
authors that 0.27 mg/] aluminum in the nitrate form did
not. apparently harm young eels in 50 hours’ exposure.

Because of the slightly basic nature of sea water, alumi- .

num salts, tend to precipitate in the marine environment.
These salts have exhibited comparatively low toxicities with
96-hour LC50’s of 17.8 mg/] for redfish tested in sea water
with aluminum chloride (Pulley 1950).252 Concentrations
of 8.9 mg/1 of aluminuin (from AlCl;) did not have a lethal
effect on marine fish and oysters tested (Cynoscion nebulosus,
Sciaenops oscellatus, Fundulus grandis, Fundulus similis, Cyprindon
variegatus, Ostrea virginica) (Pulley 1950).2% The flocs -of
precipitated aluminum hydroxide may affect rooted
aquatics and invertebrate benthos. Wilder (1952)* noted
no significant effect on lobsters (Homarus americanus) of a
tank lined with an aluminum alloy (Mn, 1 to 1.5 per cent;
- Fe, 0.7 per cent; Si, 0.6 per cent; Cu, 0.2 per cent, and Zn,
0.1 per cent).

Alumninum hydroxide can have an adverse effect on
bottom communities. Special precautions should be taken
to dvoid disposal of aluminum-containing wastes in water

supporting commercial populations of clams, scallops,
oysters, shrimps, lobsters, crabs, or bottom fishes.

Recommendaiion

Because aluminum tends to be concentrated by
marine organisms, it is recommended that an
application factor of 0.01 be applied to marine .
96-hour LC50 data for the appropriate organisms .-
most sensitive te aluminum. On the basis of data
available at this time, it is suggested that concen-
trations of aluminum exceeding 1.5 mg/l consti-
tute 2 hazard in the marine environment, and
levels less than 0.2 mg/] present minimal risk of
deleterious effects.

Ammonic

Most of the available information on toxicity of ammonia
is for freshwater organisms, For this reason, the reader is
referred to the discussion of ammonia in Section III on
Freshwater Aquatic Life and Wildlife (p. 186). Because of
the slightly higher alkalinity of sea water and the larger
proportion of un-ionized ammonium hydroxide, ammonia
may be more toxic in sea water than in fresh water
{Doudoroffl and Katz 1961).!% Holland et al. (1960)!
noted a reduction in growth and a loss of equilibrium in
chinook salmon (Oncerhynchus tshawytscha) at concentrations
3.5 to 10 mg/l of ammonia. Dissolved oxygen and carbon
dioxide decrease the toxicity of ammonia (U.K. Depart-
ment of Science and Research 1961).2%¢ Lloyd and
(1969),*7 in their studies on the effect of un-ionized a..
monia at a pH of 8 to 10, found 100 per cent mortality
with 0.44 mg/] NH; in 3 hours for rainbow trout (Salme-
gairdneri). This confirmed earlier results of 100 per cent
mortality in 24 hours at 0.4 mg/l. The toxicity increased
with pH between 7.0 and 8.2.

Recommendation

It is recommended that an application factor of
0.1 be applied to marine 96-hour LC50 data for the
appropriate organisms most sensitive to ammonia.
On the basis of freshwater data available at this
time, it is suggested that concentrations of un-
ionized ammonia equal to or exceeding 0.4 mg/l
constitute a hazard to the marine biota, and levels
less than 0.01 mg/l present minimal risk of dele-
terious effects.

Antimony -

Antimony occurs chiefly as sulfide (stibnite) or as the
oxides cervantite (Sh.O,) and valentinite (Sh:O;) and is
used for alloys and other metallurgical purposes. It has
also been used in a variety of medicinal preparations and
in numerous industrial applications. Antimony salts are
used in the fireworks, rubber, textile, ceramic, glass 7
paint industries. T

10932



Few of the salts of antimony have been tested on fish in
bioassays, pai‘ticuiarly in sea water. However, antimony
pot-ium tartrate (‘‘tartar emetic’”) gave a 96-hour LC50
EH nony of 20 mg/! in soft water and 12 mg/l in hard
vater (Tarzwell and Henderson 1956,277 1960%"%), Cellular
division of green algae was hindered at 3.5 mg/l, and

movement of Daphnia was retarded at 9 mg/! (Bringmann

and Xuhn 1959a).!® Antimony trichloride, used in acid
solution as a mordant for patent leather and in dyeing, was
sxamined in exploratory tests on fathead minnows
Pimephales promelas) and gave a 96-hour LC50 as antimony
of 9 mg/l in soft water and 17 mg/l in hard water (Tdrzwell
and Henderson 1960).278 Applegate et al. (1957)' reported
that rainbow trout (Salmo gairdnert), bluegill sunfish (Lepomis
macrockirus), and sea lamprey (Pertormyzon marinus) were un-
affected by 5 mg/1 of SbCl; or SbCls in Lake Huron water
4t 13 C, saturated with dissolved oxygen, and pH 7.5 10 8.2
Jernejcic (1969)1 noted that as little as 1.0 mg/l] of anti-
mony in the form of tartar emetic caused projectile vomiting
in large mouth bass (Micropierus salmoides).

Antimony can be concentrated by various marine forms
to over 300 times the amount present in sea water (Goldberg
1957, Noddack and Noddack 1939%%,

Recommendation

Because of the hazard of antimony poisoning to
humans and the possible concentration of anti-
mony by edible marine organisms, it is recom-
&  ed that an application factor of 0.02 be ap-
pli.. to marine 96-hour LC50 data for the ap-
propriate organisms most sensitive to antimony.
‘On the basis of data available at this time, it is
suggested that concentrations of antimony equal
to or exceeding 0.2 mg/l constitute a hazard in the
marine environment. There are insufficient data
available at this time to recommend a level that
would present minimal risk of deleterious effects.

Arsenic

Arsenic occurs in nature mostly as arsenides or pyrites.
It is also found occasionally in the elemental form. Its
consurnption in the U.S. in 1968 amounted to 25,000.tons
as AS,O; (U.S. Department of the Interior, Bureau of
Mines 1969).2% Arsenic is used in the manufacture of glass,
pigments, textiles, paper, metal adhesives, ceramics, li-
noleum, and mirrors (Sullivan 1969),”¢ and its compounds
are used in pesticides, wood preservatives, paints, and
electrical. semiconductors. Because of its poisonous action
on microorganisms and lower forms of destructive aquatic
organisms, it has been used in wood preservatives, paints,
insecticides, and herbicides. Sodium arsentite has been used
for weed control in lakes and in electrical semiconductors.

In small concentrations, arsenic is found naturally in
sc bodies of water. In its different forms, including its
v, .e states, arsenic varies in toxicity. Trivalent arsenic

Categories of Poliutants.'245

is considerably more toxic than the pentavalent species in
the inorganic form. It is acutely toxic to invertebrates and
for this reason has found application in the control of
Teredo and other woodborers in the AS*® form. Arsenious
trioxide (As:Os) has been used for control of the shipworm
Bankia setacia. In the arsenate form (As*%), it is of relatively
low toxicity, Daphnia being just immobilized a: 18 1o 31
mg/] sodium arsenate, or 4.3 to 7.5 mg/l as arsenic, in
Lake Erie water (Anderson 1944,11" 194610, The lethal
threshold of sodium arsenate for minnows has b= reported
as 234 mg/] as arsenic at 16 to 20 C (Wilber 1969) %
Arsenic is hormally present in sea water at concentrations
of 2 to 3 ug/l and tends to be accumulated by oysters and
other molluscan shellfish (Sautet et al. 1964,%5% Iowman
et al. 19712). Wilber (1969)?* reported concentrations of
100 mg/kg in shellfish. Arsenic is a cumulative poison and
has long-term chronic effects on both zquatic organisms
and on mammalian species. A succession of small doses may
add up to a final lethal dose (Buchanan 1962).1% The acute
effects of arsenic and its compounds on aquati¢ organisms
have been investigated, but little has been done con the sub-
lethal chronic effects. _ ‘
Surber and Meehan (1931)*" found that fish-food orga-
nisms generally can withstand concentrations of approxi-
mately 1.73 mg/l of arsenious trioxide in sodium arsenite
solution. Meinck et al. {1956)%7 reported that arsenic con-
centrations were toxic at 1.1 to 2.2 mg/l to pike perch
(Stizostedion vitreum) in 2 days, 2.2 mg/] to bleak in 3 days,

‘3.1 mg/1 to carp (Cyrinus carpis) in 4 to 6 days and to eels

in 3 days, and 4.3 mg/l to crabs in 11 days.

Recommendation

Because of the tendency of arsenic to be concen-
trated by aquatic organisms, it is recommended
that an application factor of 0.01 be applied to
marine 96-hour LC50 data for the appropriate
organisms most sensitive to arsenic. On the basis
of freshwater and marine toxicity data available,
it is suggested that concentrations of arsenic equal
to or exceeding 0.05 mg/l constitute a hazard in
the marine environment, and levels less than 9.01
mg/1 present minimal! risk of deleterious effects.
Barium

Barium comes largely from ores (BaSQ,, BaCQO;). It is
being used increasingly in industry. The U.S. consumption
in 1968 was 1.6 million tons, a growth of 78 per cent in
20 years (U.S. Department of the Interior, Bureau of
Mines 1969).2% Barium is used in a variety of industrial
applications, including paper manufacturing, fabric printing
and dyeing, and synthetic rubber production.

All water- or acid-soluble barium compounds are poi-
sonous. However, in sea water the sulfate and carbonate
present tend to precipitate barium. The concentration of
barium in sea water is generally accepted at about 20 ug/]
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(Goldberg et al. 1971),'™ although it has been reported as

low as 6.2 ug/l (Bowen 1956).12% Wolgemuth and Broecker.

(1970)%3 reported a range of 8 to 14 pg/l in the Atlantic
and 8 to 31 pg/l in the Pacific, with the lower values in
surface waters. Barium ions are thought to be rapidly
precipitated or removed from solution by adsorption and
sedimentation.

Bijan and Deschiens (1956)12 rcported that 10 to 15
mg/l of barium chloride were lethal to an aquatic plant
and two species of snails. Bioassays with barium chloride
showed that a 72-hour exposure to 50 mg/l harmed the
nervous system Of coho salmon (Oncorkynchus kisutch) and
158 mg/1 killed 90 per cent of the test species (ORSANCO
1960).245 Barium can be concentrated in goldfish (Carassius
auratus) by a factor of 150 (Templeton 1958).27 Soviet
marine radioactivity studies showed accumulation of radio-
active barium in organs, bones, scales, and gills of fish
from  the Northeast Pacific (Moiseev and Kardashev
1964%%), Lowman et al. (1971)®! listed a concentration
factor for barium of 17,000 in phytoplankton, 900 in zoo-
plankton, and 8 in fish muscle. 7

In view of the widespread use of barium, the effects of
low doses of this element and its compounds on marine
organisms under different environmental conditions should
be determined. Disposal of barium-containing wastes into
waters when precipitates could affect rooted aquatics and
benthic invertebrates should be avoided.

Recommendation

Because of the apparent concentration of barium

by aquatic organisms and. the resultant human
health hazard, it is recommended that an appii-
cation factor of 0.05 be applied to marine 96-hour
LC50 data for the appropriate organisms most
sensitive to barium. On the basis of data available
at this-time, it is snggested that concentrations of
barium equal to or exceeding 1.0 mg/l constitute
a hazard in the marine environment, and levels
less than 0.5 mg/l present minimal risk of dele-
terious effects.

Beryllium

Beryllium is found mainly in the mineral beryl and is
almost nonexistent in natural waters. Its concentration in
sea water is 610~ pg/l. Beryllium is used in a number of
manufacturing processes, in electroplating, and as a catalyst
in organic chemical manufacture. It has also been used
experimentally in rocket-fuels and in nuclear reactors
(Council on Environmental Quality 1971).14 In 1968, the
U.S. consumption of beryllium was 8,719 tons, a 500 per
cent increase over 1948 (U.8. Department of the Interior,
Bureau of Mines 1969).28

Beryllium has been shown to inhibit photosynthesis in
terrestrial plants (Bollard and Butler 1966).1*" It would be
of interest to know if there is any inhibition of photo-

i

synthesis by beryllium compounds in the marine environ-
ment. . '

Beryllium chloride and nitrate are highly soluble in
water, and the sulfate is moderately so. The carbonate a1
hvdroxide are almost insoluble in cold water, Toxicity tesis
gave a 96-hour LCS50 for beryllium. chloride of 0.15 mg/]
as beryllium for fathead minnows (Pimephales promelas) in
soft water; 15 mg/l for the same species in hard water
(Tarzwell and Henderson ‘1960);*™ and 31.0 mg/l for
Fundulus heteroclitus (Jackim et al. 1970).1%

Beryllium has been reported to be concentrated 1000
times in marine plants and animals (Goldberg et al. 1971).172

Recommendation

In the absence of data specifically related to
effects of beryllium on marine organisms, and be-
cause of its accumulation by marine organisms
and its apparent toxicity to humans, it is recom-
mended that an application factor of 0.01 be ap-
plied to marine %6-hour LC50 data for the appropri-
ate organisms most sensitive to beryllium. On the
basis of data available for hard fresh water, it is
suggested that concentrations of beryllium equal
to or exceeding 1.5 mg/l constitute a hazard to
marine organisms, and levels less than 0.1 mg/!
present minimal risk of deleterious effects.

Bismuth

Bismuth is used in the manufacture of bismuth sa’
fusible alloys, electrical fuses, low-melting solders, a.
fusible boiler plugs, and in tempering baths for steel, in
“silvering” mirrors, and in dental work. Bismuth salts are
used in analytical chemical laboratories and commonly
formulated in pharmaceuticals.

_The concentration of bismuth in sea water is low, about
0.02 pg/l, probably because of the insolubility of its salts.
It is unknown how much bismuth actually gets into the sea
from man-made sources, but the quantity is probably small.
The total U.S. production in 1969 as subcarbonate
(Bi;0:CO;3)z- H;O was 57 short tons (U.S. Departmcnt of
Commerce 1971),286

There are no bioassay data on which to base recommen-
dations for bismuth in the marine environment.

oron

Boron is not found in its elemental form in nature; it
normally occurs in mineral deposits as sodium borate
(borax) or caleiumn borate (colemanite). The concentration
of boron in sea water is 4.5 mg/] as one of the 8 major
constituents in the form of borate. Boron has long been
used in metallurgy to harden other metals. It is now being
used in the elemental form as a neutron absorber in nuclear
installations.

Available data on toxicity of boron to aquatic organi
are from fresh water (Wurtz 1945,%¢ Turnbull et al. 195

10934



LeClerc and Devlaminck 1955,%% Wallen et al. 1957
LeClerc 1960%%). Boric acid at a concentration of 2000

7 “owed no effect on one trout and one rudd (Scardinius .

wy. _ hthalmus); at 5000 mg/1 it caused a discoloration of
-he skin of the trout, and at 80,000 mg/! the trout became
mmobile and lost its balance in a few minutes (Wurtz
1945),3 The minimum lethal dose for minnows exposed o
soric acid at 20 C for 6 hours was reported to be 18,000
0 19,000 mg/1 in distilled water and 19,000 to 19,500 mz /i
in hard water (LeClerc and Devlaminck 1955,24 LeClre
196033, Testing mosquite fish (Gambusia affinis} at 20 o
26 C and a pH range of 5.4 to 9.1, Wallen et al. (1957)**
sstablished 96-hour LC50°s of 5,600 mg/] for boric acid and
3,600 mg/] for sodium borate.

Since the toxicity is slightly lower in hard water than in
distilled water, it is anticipated that boric acid and borates
would be less toxic to marine aquatic life than to freshwarter
organisms. In the absence of sea water bioassay data, an
estimate of 500 mg/] of boron as boric acid and 250 mg/1
as sodium borate is considered hazardous to marine ani-
mals, hased on freshwater data (Wallen et al. 1957).%%
Concentrations of 30 mg/]l and 25 mg/l, respectively, are
expected to have minimal effects on marine fauna.

An uncertainty exists concerning the eflect of boron on
marine vegetation. In view of harm that can be caused to
terrestrial plants by boron in excess of 1 mg/l. (Wilber
1969),* special precautions should be taken to maintain
bo- - at normal levels near eel grass (Jostera), kelp (Macro-
L5/ and other seaweed beds to minimize damage to
these plants.

Recommendation

On the basis. of data available at this time, it is
suggested that concentrations of boron equal to or
exceeding 5.0 mg/l constitute a hazard in the
marine environment, and levels less than 5.0 mg/1
present minimal risk of deleterious effects. An
application factor of 0.1 is recommended for boron
compounds applied to marine 96-hour LC50 data
for the appropriate organisms most sensitive to
boron.

Bromine

In concentrated form, bromine is a strong oxidizing agent
and will attack all metals and organic materials. It is one
of the major constituents in sea water, present at about
67 mg/lin bromate, and is commercially extracted from the
sea.

Bromine is used medicinally and for sterilization of
swimming pools, It is also used in the preparation of dye-
stuffs and anti-knock compounds for. gasolines. Molecular.
bromine may be discharged in effluents from salt works and
¢ _1chemical industries. Bromination of certain organic
suw;anccs, such as phenols and amines, may impart

. estuarine or coastal waters.

Categories of Pollutants/245

offensive taste and make waters more toxic to aquatic
organisms.

Kott et al. (1966)%® found that Chlorella pyrenoidosa, when
exposed to 0.42 mg/l bromine for 4 days, were reduced in
concentration from 2,383 cells/mm? to 270 cells, but re-
mained virtually unchanged at 0.18 mg/1 bromine (2,383
cells ‘mm? in controls compared to 2,100 célls/mm? in the

sposed sample). _

-\i concentrations of 10 1mg/1 in soft water, bromine killed
Lorrinia magna (Ellis 1937),%° and at 20 mg/] in water of
i 10 23 G, goldfish {Carassius auratus) were killed (Jones
1957).2 A violent irritant response in marine fish was
observed at 10 mg/l bromine, but no such activity was
perceived at I mg/1 (Hiatt et al, 1953).18

The salts of bromine are relatively innocuous. The
threshold of immobilization for Daphnia magna was 210
mg/l of sodium bromate (NaBrO;) and 8200 mg/l of
sodium bromide (NaBr) {(Anderson 1946) 11

Recommendation

It is recommended that free (molecular) bromine
in the marine environment not exceed 0.1 mg/l
and that ionic bromine in the form of bromate be
maintained below 100 mg/I.

Cadmium

T.S. consumption of cadmium was 6,662 short tons in
1968 (U.S. Department of the Interior, Bureau of Mines
1969).% These quantities indicate that cadmium might be
a significant poliutant, ‘

Pure cadmium is not found in comhmercial quantities in
nature. It is obtained as a by-product of smelting zinc.
Cadmium salts in high concentrations have been found in a
Missouri spring originating from a mine {up to 1,000 mg/ml
cadmium) (ORSANCO- 1955}, and up to 30 wo 170
mg,/ ke of cadmium are found in superphosphate fertilizers
(Athanassiadis 1969).11% Cadmium is also present in some
pesticides. It is being used in increasing amounts by in-
dustry (Council on Environmental Quality 1971).14 Water-
carrying pipes are. also a source of cadmium (Schroeder
1970} as is food (Nilsson 1969).2% Cadmium is present
in most drainage waters (Kroner and Kopp 1965)* and
may be contributing substantially to the cadmium present
in inshore coastal waters. It is not Lnown, however, whether
man’s input has resulted in higher levels of cadmium in
In sea water, cadmium is
generally present at about 0.1 pg/l (Goldbergeet al. 1971).1%

Cadmium pollution resulting in the “Itai-itai” disease in
the human population has been documented (Yamagata

.and Shigematsu 1970).%7 Schroeder et al. (1967)* have

found that oysters may concentrate cadmium from very
low levels in ambient water. Cadmium concentrations in
some marine plants and animals have been given by Mullin
and Riley (1956} 233

Concern exists that cadmium may enter the diet. like
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mercury, through seafood. Cadmium, like mercury, could
conceivably form organic compounds which might be highly
toxic or lead to mutagenic or teratogenic effects.

Cadmium has marked acute and chronic effects on
aquatic organisms. It also acts synergistically with other
metals. A 15-week LC50 of 0.1 mg/} and inhibition of shell
growth for Crassestrea virginica (Pringle et al. 1968),**? and
a 96-hour LC50 of 0.03 mg/]1 cadmium in combination with
0.15 mg/l zinc for fry of chinook salmon (Oncorhvnchus
tshawytscha) (Hublou et al. 1954} have been reported.

Fundulus heleroclitus exposed to 50 mg/l cadmium showed
pathological changes in the intestinal tract after l-hour
exposure, in the kidney after 12 hours, and in the gili
filaments and respiratory lamellae after 20 hours (Gardner
and Yevich 1970).5%° Copper and zinec, when present at
I mg/l or more, substantially increase the toxicity of
cadmium (LaRoche 1972).21

Cadmium is concentrated by marine organisms, particu-
larly the molluscs (e.g., Pecten novazetlandicae}, which ac-
curnulated cadmium in the calcareous tissues and in the
viscera (Brooks and Rumbsby 1963).1%% Lowman et al.
(1971)%! reported a concentration factor of 1000 for cad-
mium in fish muscle.

Cadmium levels in tissues of Ashy Petrel (Oceanodroama
homochroa) from coastal waters of California were approxi-
mately twice as high as in tissues of Wilson's Petrel (Oceanites
oceanicys) obtained in Antarctica, which had summered in
the North Atlantic and Australian regions, respectively.
Cadmium levels in tissues of the Snow Petrel (Pelagodroma
.nivea), a species which does not leave the Antarctic ice pack
region, obtained at Hallett Station, Antarctica, were of the
same order of magnitude as those in the Wilson’s Petrel.
Cadmium levels in eggs of the Common Tern (Sterna
hirundo) from Long Island Sound were in the order of 0.2
mg/kg dry weight, not appreciably higher than those in the
Antarctic Tern (Sterna viltata) from the Antarctic with
levels in the order of 0.1 mg/kg (Anderlini et al. in press).1®
Cadmium pollution may therefore be significant locally in
estuaries, but on the bhasis of these limited data, it does not
appear to be a problem in more remote marine ecosystems.
However, in view of the comparatively unknown effects of
cadmium on the marine ecosystem, its apparent concen-
tration by marine organisms, -and the human health risk
involved in consumption of cadmium-contaminated sea-
food, it is suggested that there be no artificial additions of
cadmium to the marine environment.

-

Recommendation

The panel recommends that an application fac-
tor of 0.01 be applied to marine 96-hour LC50 data
for appropriate organisms most sensitive to cad-
mium. On the basis of data available at this time,
it is suggested that concentrations of cadmium
equal to or exceeding 0.0t mg/1 constitute a hazard
in the marine environment as-well as to human

populations, and levels less than 0.2 ug/! present
minimal risk of deleterious effects. In the presence
of copper and/or zinc at 1 mg/l or more, there i-
evidence that the application factor for cadmiw
should be lower by at least one order of magnitude.
In the absence of sufficient data on the effects
of cadmium upon wildlife, it is recommended that
cadmium criteria for aqguatic life apply also to

wildlife.

Chlorine

Chlorine is generally present in the stable chloride form

which constitutes about 1.9 per cent of sea water. Ele-
mental chlorine, which is a poisonous gas at normal tem-
perature and pressure, is produced by electrolysis of a brine
salution. Among its many uses are the bleaching of pulip,
paper and textiles, and the manufacture of chemicals.
" Chlorine is used to kill so-called nuisance organisms that
might interfere with the proper functioning of hydraulic
systems. Chlorine disinfection is also used in public water
supplies and in sewage effluents to insure that an acceptable
degree of coliform reduction is achieved before the effluents
enter various bodies of water. In all instances the intent is
to eliminate undesirable levels of organisms that would
degrade water uses. This goal is only partially reached,
because the effect of chlorine on desirable species is a
serious hazard.

When dissolved in water, chlorine completely hydroli:
to form hypochlorous acid (HOCI) or its dissociated ions,
at concentrations below 1000 mg/l, no chlorine exists in
solution as Cls. The dissociation of HOC! to Ht and OCI-
depends on the pH: 4 per cent is dissociated at pH 6, 25
per cent at pH 7, and 97 per cent at pH 9. The undissociated
form is the most toxic (Moore 1951).3! Although free
chlorine is toxic in itself to aquatic organisms, combi-
nations of chlorine with ammonia, cyanide, and organic
compounds, such as phenols and amines, may be even more
toxic and can impart undesirable flavors to seafood.

Chlorine at 0.05 mg/l was the critical level for young
Pacific salmon exposed for 23 days (Holland et al. 1960) .18
The iethal threshold for chinock salmon (Oncorhynchus
tshawytscha)- and coho salmon (0. kisutch) for 72-hour ex-
posure was noted by these investigators to be less than 0.1
mg/l chlorine. In aerated freshwater, monochloramines
were more toxic than chlorine and dichloramine more toxic
than monochloramine, Studies of irritant responses of marine
fishes to different chemicals (Hiatt et al. 1953)'® showed a
slight irritant activity at I mg/] and violent irritant activity
at 10 mg/1. Oysters are sensitive to chlorine concentrations
of 0.01 to 0.05 mg/] and react by reducing pumping ac-
tivity. At Cl; concentrations of 1.0 mg/l effective pumping
could not be maintained (Galtsoff 1946).16¢

Preliminary results show that at 15 C, salinity 30 ps
per thousand (%§g), mature copepods (Acariie tonsa a.
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TABLE IVa3—=Copepod Mortality from Chlorine Exposure

Acartia Tonsa
nigine mg/i Expasure Uma in minutes to give Exposure lime in minutes 10 give
30 percent motishty 100 parcent mortality
.0 >80
25 8.5 140
54 1.2 10.4
10.0 ‘ 0.8 1.4
Eurytemona Affinis
Chiering mg/1 Exposure time n minutasto give  Expasure Ume In minutes 1o give
50 petcant mortakity 100 parcent mortakity
.5 n 125
50 .5 30.0
10.0 2.0 5.0

Gontile (unpublished data) 197312

Eurytemona affinis) have great difficulty in surviving exposures
to chlorine (Table IV-3),
Clendenning and North (1960)'4 noted that at 5 to 10

mg/l chlorine, the photosynthetic capacity of bottom: fronds

- of the giant kelp (Macrocystis pyrifera) was reduced by 10 to
15 per cent after 2 days and 50 to 70 per cent after 5 to 7
days.

Chlorination in seawater conduits to a residual of 2.5
mg/] killed all fouling organisms tested (anemones, mussels,
b =les, Mogula, Bugula) in 5 to 8 days; but with 1.0
m_  a few barnacles and all anemones survived 15 days’
expusure (Turner et al, 1948),2%

1t should be further stressed that chlorine applications
may often be accompanied by entrainments where the
organisms are exposed.to strong biocidal chlorine doses,
intense turbulence, and heat (Gonzales et al. unpublished
1971).3% Consideration should also be given to the for-
mation of chlorinated products, such as chlorarnines or
other pollutants, which may have far greater and more
persistent toxicity than the original chlorine applications.

Recommendation

It is recommended that an application factor of
0.1 be used with %6-hour LC50 data from seawater
biocassays for the most sensitive species to be pro-
tected.

However, it is suggested that free residual chio-
rine in sea water in excess of 0.01 mg/l can be
hazardous to marine life. In the absence of data
on the in situ production of toxic chlorinated
products, it appears to be premature to advance
recommendations.

Chromium

Most of the available information on toxicity of chromium
t __ freshwater organisms, and it is discussed in Section

I1s, p. 180.

Categories of Pollutants/247

Chromium concentrations in seawater average about 0.04
#g/! (Food and Agriculture Organization 1971),'% and
concentration factors of 1,600 in benthic algae, 2,300 in
phytoplankton, 1,900 in zooplankton, 440 in soft parts of
molluscs, 100 in crustacean muscle, and 70 in fish muscle
have been reported (Lowman et al. 1971),%%

The toxicity of chromium to aquatic life will vary with
valence state, form, pH, synergisiic or antagonistic effects
from other constituents, and the species of organism in-
volved.

In long-term studies on the effects of heavy merals on
oysters, Haydu (unpublished data)* showed that mortalities

- occur at concentrations of 10 to 12 ug/l chromium, with

highest mortality during May, June, and July. Raymont
and Shields (1964)*%* reported threshold toxicity levels of
5 mg/l chromium for small prawns (Leander squilla), 20
mg/] chromium in the form Na,CrQ, for the shore crab
(Carcinas maenus), and 1 mg/l for the polychaete Nereis
virens. Pringle et al. (1968)2% showed that chromium con-
centrations of 0.1 and 0.2 mg/l, in the form of KiCr,O5,
produced the same mortality with molluscs as the controls.
Doudoroff and Katz (19531 investigated the effect of
K»Cr:Ov on mummichogs (Fundulus heteroclitus) and found
that they tolerated a concentration of 200 mg/] in sea water
for over a week.

Holland et al. (1960)'® reported that 31.8 mg/l of
chromium as potassium chromate in sea water gave 100
per cent mortality to coho salmen (Oncorhynchus kisutch).
Gooding (1954)" found that 17.8 mg/1 of hexavalent chro-
mium was toxic to the same species in sea water.

Clendenning and North (1960}!% showed that hexavalent
chromium at 5.0 mg/l chromium reduced photosynthesis
in the giant kelp (Macrocystis pyrifera) by 50 per cent during
4 days exposure.

Recommendation

Beacause of the sensitivity of lower forms of
aquatic life to chromium and its accumulation at
all trophic levels, it is recommended that an appli-
cation factor of 0.01 be applied to marine 96-hour
LC50 data for the appropriate erganisms most
sensitive to chromium. On the basis of data avail-
abie at this time, it is suggested that concentra-
tions of chromium equal to or exceeding 0.1 mg/1
constitute a hazard to the marine environment,
and levels less than 0.05 mg /1 present minimal risk
of deleterious effects. In oyster areas, concentra-
tions should be maintained at less than 0.01 mg/l.

Copper

Copper has been used as a pesticide for eliminating algae
in water, and its salts have bactericidal properties. Copper
is toxic to invertebrates and is used extensively in marine
antifouling paints which release it to the water. It is also
toxic to juvenile stages of salmon and other sensitive species
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(Sprague 1964,2¢7, 1965,2% Sigler et al. 1966,2%° Cope
196614),

Copper was the fifth metal in U.S. consumption during
1668, following iron, manganese, zinc, and barium (U.S.
Department of the Interior Bureau of Mines 1969).28
Copper is used for such products as high transmission wires,

* containers, -utensils, and currency because of its noncor-
roding properties.

Copper is widely distributed in nature and is present in
sea water in concentrations ranging from 1 to 25 pg/l. In
small amounts, copper is nonlethal to aquatic organisms;
in fact, it is essential to some of the respiratory pigments in
animals (Wilber 1969).%® Copper chelated by lignin or
citrate has been reported to be as effective as copper ion in
controlling algae, but apparently it is not as toxic to fish
(Ingols 1955).)% Copper affected the polychaete Nereis
virens at levels of approximately 0.1 mg/l (Raymont and
Shields 1964)*% and the shore craby (Carcinus maenus) at 1 to
2 mg/1 (Wilber 1969).*® Copper at concentrations of 0.06
mg/] inhibited photosynthesis.of the giant kelp (Macrocystis
pyrifera) by 30 per cent in 2 days and 70 per cent in 4 days
{Clendenning and North 1960).14%

Copper is toxic to some oysters at concentrations above
0.1 mg/l (Galtsoff 1932)1%% and lethal to oysters at 3 mg/1
(Wilber 1869).% The American oyster (Crassestrea virginica)
is apparently more sensitive to copper than the Japanese
species (Crassostrea gigas) (Reish 1964).2* The 96-hour L.C50
for Japanese oysters exposed to copper has been reporied
as 1.9 mg/l (Fujiya 1960).'%®* However, oysters exposed to
concentrations as low as 0.13 mg/l turn green in about 21
days (Galtsoff 1932).'%% Although such concentrations of
copper are neither lethal to the oysters nor, apparently,
harmful to man, green oysters are unmarketable because
of appearance. Therefore, in the vicinity of oyster grounds,
the recommendation for maximum permissible concen-
trations of copper in the water is based on marketability,
and it is recommended that copper net be introduced into
areas where shellfish may be contaminated or where seaweed
is harvested. ’

Copper acts synergistically when present with zinc
(Wilber 1969),* zinc and cadmium (LaRoche 1972)2
mercury (Corner and Sparrow 1956),’% and with penta-
chlorophenate (Cervenka 1959).1%7 Studies on sublethal
effects of copper show that Atlantic salmon (Salmo salar)
will aveid concentrations of 0.0024 mg/l in laboratory
experiments (Sprague et al. 1965,*" Saunders and Sprague
1967,%7 Sprague 1971%%),

Copper is accumulated by marine organisms, with con-
centration factors of 30,000 in phytoplankton, 5,000 in the
soft tissues of moliuses, and 1000 in fish muscle (Lowman
et al. 1971).% :

Bryan and Hummerstone (1971} reported that the poly-
chaete Nereis diversicolor shows a high takeup of copper from
copper-rich sediments and develops a tolerance. Mobile
predators feeding on this species could receive doses toxic

to themselves or accumulate concentrations that would be
toxic to higher trophic levels.

-Recommendation

It is recommended that an application factor of
0.01 be applied to marine 96-hour LC50 data for the
appropriate organisms most sensitive to copper.
On the basis of data available at this time, it is
suggested that concentrations of copper equal to
or exceeding 0.05 mg/l constitute a hazard in the
marine environment, and levels less than 6.01 mg/I
present minimal risk of deleterious effects.

Cyanides

Most of the available information on toxicity of cyanides
is for freshwater organisms, and is discussed in the Fresh-
water Aquatic Life and Wildlife section, p. 189.

Recommendation

‘As a guideline in the absence of data for marine
organisms the panel recommends that an appli-
cation factor of 0.1 be applied to marine %6-hour
LC30 data for the appropriate organisms most
sensitive to cyanide. On the basis of data available
at this time it is suggested that concentrations of
cyanide equal to or exceeding 0.01 mg/]l constitute
a hazard in the marine environment, and levels
less than 0.005 mg/l present minimal risk of delr
terious effects, '

Fluorides

Fluorides have been brought to public attention in recent
years because of their effects at low concentrations in human
dental development and in prevention of decay. However,
it must be remembered that fluorides at higher concen-
trations are poisons afflicting human and other mammalian
skeletal structures with fluorosis (see Section II, p. 66).

Fluorine is the most reactive non-metal and does not
occur free in nature. It is found in sedimentary rocks as
fluorspar, caleium fluoride, and in igneous rocks as cryolite,
sodium aluminum fueride. Seldom found in high concen-
trations in natural surface waters because of their origin
only in certain rocks in certain regions, fluorides may he
found in detrimental concentrations in ground waters. ‘

Fluorides are emitted to the atmosphere and into effluents
from electrolytic reduction plants producing phospherus
and aluminum. They are also used for disinfection, as
insecticides, as a flux for steel manufacture, for manu-
facture of glass and enamels, for preserving wood, and for
assorted chemical purposes. .

A review of fluoride in the environment (Marier and
Rose 1971)¥ indicates that the concentration of unbound
ionic fluoride (F-) in sea water ranges between 0.4 2
0.7 mg/l. Approximately 50 per cent of the total seawa
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fuoride (0.77 to 1.40 mg/l) is bound as the double ion
MgF+,

Crnecentrations as low as 1.5 mgs]1 of fluoride have
af 1 hatching of fish eggs (Ellis et al. 1946),'57 and 2.3
ng, ., mtroduced as sodium fluoride, was lethal to rainbow
rout (Salme gairdneri) at 18 C {Angelovic et al. 1961).18
Virtually no information exists on long-term chronic effects
of low concentrations of fluorides in sea water.

Recommendation

In the absence of data on the sublethal effects
of fluorides in the marine environment, it is recom-
mended that an application factor of 0.1 be applied
to marine 96-hour LC50 data for the appropriate
organisms most sensitive to fluoride. On the basis
of data available at this time it is suggested that
oncentrations of fluoride equal to or exceeding 1.5
mg/l constitute a hazard in the marine environ-

ment, and levels less than (.5 mg /1 present minimal

risk of deleterious effects.

Iran

Because of the widespread use of iron by man for his
many industrial activities, iron is a common contaminant
in the aquatic environment. Iron may enter water naturally
from iron ore deposits; but iron is more often introduced
from acid mine drainage, mineral processing, stee! pickling,
and cbrrosion. Iron usually occurs in the ferrous form,
" 't isreleased from processing plants or in mine drain-
ag. ut becomes rapidly oxidized to the ferric form in
natural surface waters. The ferric salts form gelatinous
hydroxides, agglomerate and flocculate, settling out on the
bottom or becoming adsorbed on various surfaces. Depend-
ing on the pH and Eh, groundwater may contain a con-
siderable amount of iron in solution, but well aerated waters
seldom contain high, dissolved iron. In the marine environ-
ment, iron is frequently present in organic complexes and
in adsorbed form on particulate matter.

Most of the investigations on biological effects of iron
have been done in fresh water. (Knight 1901, Bandt
1948,"'" Minkina 1946,%® Southgate 1948,2% Lewis 1960,21%
ORSANCO 1960%*%%), Deposition of iron hydroxides on
spawning grounds may smother fish eggs, and the hy-
droxides may irritate the gills and block the respiratory
channels of fishes (Southgate 1948,25% Lewis 1960%5). Direct
toxicity of iron depends on its valence state and whether
it is in solution or suspension.

Warnick and Bell (1969)®" examined the effects of iron
on mavflies, stoneflies, and caddisflies and obtained a
96-hour LC50 of 0.32 mg/1 for the three insects. Dowden
and Bennett (1963)'%% examined the effect of ferric chloride
to Daphnia magna in static acute bioassays. They noted
LC50’s of 36, 21, and 15 mg/l for 1, 2, and 4 days, re-
s vely, '

" ic hydroxide flocs removed the diatoms in the process

v
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of floceulation and settling, coating the bottom; and the
iron precipitate coated the gills of white perch {(Morone
americana), minnows, and silversides in upper Chesapeake
Bay (Olson et al, 1941).24

Tests on three types of fish gave a lethality threshold for
iron at 0.2 mg/1 {(Minkina 1946)*® and on carp at 0.9 mg/]
if the pH was 5.5 or lower., Ebeling (1928)'% found that
10 mg/l of iron caused serious injury or death to rainhow
trout {Salmo gafrdner) in 5 minutes. La Roze {1953)M
reported that dogfish were killed in 3 hours at 5 mg /1 iron,
whereas other research-{National Council for Stream Tin-
provement 1953)#" indicated no deaths during one week
at I to 2 mg/l.

Because of .the slightly alkaline condition of sea water,
much of the iron introduced to the sea precipitates. This
adds a further problem of iron hydroxide-flocs contami-
nating bottom sediments where rooted aquatics and in-
vertebrates could be affected.

Special consideration should be given to avoiding dis-
charge of iron-containing effluents into waters where com-
mercially important hottom species or important food
organisms dwell (e.g., oysters, clams, scallops, lobsters,
crabs, shrimp, halibut, flounder, and demersal fish eggs and
larvae).

Recommendation

On the basis of data available at this time, it is
suggested that concentrations of iron equal to or
exceeding 0.3 mg/l constitute a2 hazard to the
marine environment, and levels less than 0.05 mg /1
present minimal risk of deleterious effects.

fead

The present rate of input of lead into the oceans is
approximately ten times the rate of introduction by natural
weathering, and concentrations of lead if surface sea water
are greater than in deeper waters (Chow and Patterson
1966).1** The isotope composition of the lead in surface
waters and in recent precipitation is more similar to that of
mined ore than to that in marine sediments (Chow 1968),138
There are almost no data, however, that would suggest that
the higher concentrations of lead in surface sea water de-
rived from lead transported through the atmosphere have
resulted in higher lead concentrations in marine wildlife.
Lead concentrations in Greenland snow have been shown
to be 16 times higher in 1964 than in 1904 (Murozumi et al.
1969).2%% In 1968 an estimated 1.8X10% tons of lead were
introduced to the atmosphere as a result of the combustion
of leaded gasoline (Council on Environmental Quality
1971).,14* This represents 14 per cent of the total lead con-
sumption of the United States for that year. Lead poisoning
of zoo animals in New York City was attributed to their
breathing lead-contaminated air (Bazell 1971).1°

Blood serum aldolase activity in higher animals exposed
to small amounts of lead increased, although there were no
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overt signs or symptoms of poisoning (Yaverbaum 1963,%®
Wilber 1969%). Chronic lead poisoning in man is sympto-

matically similar to multiple sclerosis (Falkowska et al. -

- 1964) 1% Muscular d}strophy has been reported as occurring
in fishes and amphibians (Stolk 1962,2™ Wilber 1969**) and
in view of these findings could, in fact, be unnatural.

Data are needed on the sublethal, long-term effects of
lead on aguatic organisms, particularly those in sea water.
Evidence of deleterious effect to freshwater fish has been
reported for concentrations of lead as low as 0.1 mg/!
{Jones 1938).1%7

Wilder (1952} reported lobster dying in 6 to 20 days
when held in lead-lined tanks. Pringle (unpublished data)*®
observed a 12-week LC50 of 0.5 mg/1 lead and an 18-week
LC50 of 0.3 mg/1 lead with the oyster (Crassostrea virginica).
There was noticeable change in gonadal and mantle tissue
following 12 weeks exposure at concentrations of 0.1 to
0.2 mg/! of lead, Calabrese et al. (unpublished data)** found
a'48-hour LC25 of 1.73 mg/l and an LC50 of 2.43 mg/!
for oyster eggs of the same species.

North and Clendenning (1958)24 reported that lead
nitrate at 4.1 mg/1 of lead showed no deleterious effect on
the photosynthesis rate in kelp (Macrocystis pyrifera) exposed
for four days. They concluded that lead is less toxic to
kelp than mercury, copper, hexavalent chromium, zinc,
and nickel,

Recommendation

In the absence of more definitive information on
the long-term chronic effect of lead on marine
organismes, it is recommended that concentrations
of lead in sea water should not exceed 0.02 of the
96-hr LC50 for the most sensitive species, and that
the 24-hour average concentration should not ex-
ceed 0.01 of the %6~-hour LC50. On the basis of data
avajlable at this time it is suggested that concen-
trations of lead equal to or exceeding 0.05 mg/l
constitute a hazard in the marine environment,
and levels less than 0.01 mg/l present minimal
risk of deleterious effects. Special effort should be
made to reduce lead levels even further in oyster-
growing areas. '

Lead recommendations for the protection of
wildlife are included in the discussion of Marine
Wildlife p. 227.

Manganese

Manganese is one of the most commntonly used metals in
industry. It occurs widely in ores on land and in nodules in
the deep sea. U.S. comsumption in 1958 exceeded 2.2
million tons, a 45 per cent increase in 20 years (U.S.
Department of Interior, Bureau of Mines 1969).2¥ The
metal is alloyed with iron to produce steel and in smalier
quantities with copper for manganese bronze. Its salts are
used in inks and dyes, in glass and ceramics, in matches

and fireworks, for dry-cell batteries, and in the manufacture
of paints and varnishes.

Manganese is often found with iron in ground waters
and it can be leached from soil and cccur in drainage i
high concentrations. The carbonates, oxides, and hy-
droxides are slightly soluble, so that manganous and
manganic ions are rarely present in surface -water in excess
of I mg/l. Manganese is present in sea water at about 2 ug/l
in the Mn*? form, and is concentrated through biochemical
i:arOCesses to form manganese nodules, found mainly in the
deep sea.

Manganese may have different effects on the lower trophic
levels in fresh water and sea water. Concentrations of
manganese above 0.005 mg/l had a toxic effect on certain
algae in reservoirs (Guseva 1937,'7+ 1939173, while 0.0005
mg/l in sea water stimulated growth and multiplication
of certain phytoplankton (Harvey 1947).77% Anderson
{1944)'9 reported the threshold of immobilization of Daphnia
magne as 0.63 mg/l of KMnQO, and the threshold concen-
tration for immobilization of Daphnia magna in Lake Erie
water as 50 mg/l of MnCly (Anderson 1948).1¢ Bringmann
and Kuhn (1959a)'% reported the threshold effect for the
same species as 30 mg/l of MnCl; as manganese in River
Havel water at 23 C.

For the flatworm Polycelis nigra, the threshold concen-
tration of manganese was reported as 700 mg-l as man-
ganese chloride and 660 mg/| as manganese nitrate (Jones
1940).® Tests on organisms on which fish feed, ie
crustacea, worms, and insect larvae, showed no appart
harm at 15 mg/] of manganese during a 7-day exposure
{Schweiger 1957).% River crayfish were found to tolerate
1 mg/l (Meinck et al. 19563227

The toxicity of manganese to fish depends on a number
of factors which may vary from one situation to another.
There is an apparent antagonistic action of manganese
toward ' nickel toxicity for fish (Blabaum and Nichols
1956).1% This may be true also for cobalt and manganese
in combination, as noted for terrestrial plant life {Ahmed
and Twyman 1953).108

Stickleback survived 50 mg/l manganese as manganese
sulphate for 3 days, whereas eels withstood 2700 mg,'l for
50 hours (Doudoroff and Katz 1953).1% The lethal concen-
tration of manganese for stickleback was given as 40 mg/1

by Jones (1939),'%% and he noted that the toxic action was

slow, The minimum lethal concentration of manganese
nitrate for sticklebacks in tap water has heen reported to
be 4) mg/l as manganese (Anderson 1948,'* Murdock
1953) 2%+

The average survival times of stickelback in manganous
nitrate solution were one week at 50 mg/l, four days at
100 mg/], two days at 150 mg 1, and one day at 300 mg/l,
all measured as manganese (Murdock 1953).* Young eels
tolerated 1500 mg/l manganous sulphate for more than 25
hours (Doudoroff and Katz 1953).1%° Oshima (1931)*% ¢
Iwao (1936)!% reported the lethal thresholds of manganc.
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CHAPTER 3
WATER QUALITY CRITERIA

The term "water quality criteria” has two different
definitions under the Clean Water Act (CWA).
Under section 304(a), EPA publishes water
quality criteria that consist of scientific
information regarding concentrations of specific
chemicals or levels of parameters in water that
protect aquatic life and human health (see section
3.1 of this Handbook). The States may use these
contents as the basis for developing enforceable
waler quality standards. Water quality criteria are
also elements of State water quality standards
adopted under section 303(c) of the CWA (see
sections 1.2 through 3.6 of this Handbook).
States are required to adopt waler quality criteria
that will protect the designated use(s) of a water
body. These criteria must be based on sound
scientific rationale and must contain sufficient
parameters or constituents to protect the
designated use.

EPA and a predecessor agency have produced a
series of scientific water quality criteria guidance
documents.  Early Federal cfforts were the
“Green Book” (FWPCA, 1968) and the "Red
Bouk" (USEPA, 1976).
contract effort that resulted in the "Blue Book"
{NAS/NAE, 1973). These early efforts were
premised on the use of literature reviews and the
collective scientific judgment of Agency and
advisory panels. However, when faced with the
need to develop criteria for human health as well
as aquatic life, the Agency determined that new
procedures were necessary. Continued reliance
solely on existing scientific literature was deemed
inadequale because essential information was not
available for many pollutants. EPA scientists
developed formal methodologies for establishing
scientifically defensible criteria.  These were
subjected to review by the Agency's Science

EPA Section 304(a) Guidance

(8/15/94)

EPA also sponsored a_

Advisory Board of outside experts and the public.
This effort culminated on November 28, 1980,
when the Agency published criteria development
guidelines for aquatic life and for human health,
along with criteria for 64 toxic pollutants
(USEPA, 1980a,b). Since that witial publication,
the aquatic hfe methodology was amended
(Appendix  H), and additional criteria were
proposed for public comment and finalized as
Agency criteria guidance.  EPA summanized the
available criteria information in the "Gold Book™
(USEPA, 1986a), which is updated trom time to
time. However, the individual criteria documents
(see Appendix 1), as updated, are the official
guidance documents.

EPA's  crniteria documents  provide  a
comprehensive toxicological evaluation of each
chemical.  For toxic pollutants, the documents
tabulate the relevant acute and chronic toxicity
information for aquatic life and derive the criteria
maximum concentrations {(acute criteria)  and
criteria .~ continuous  concentrations  (chronic
criteria) that the Agency recommends to protect
aquatic 'life resources.  The methodologies for
these processes are described in Appendices H
and J and outlined in sections 3.1.2 and 3.1.3 of
this Handbook.

3.1.1 State Use of EPPA Criteria Documents
EPA’s water quality criteria documents  are
available 10 assist States in:

*  adopting waler quality standards that include
appropriate numeric water quality criteria;

* inferpreting existing water quality standards
that include narrative "no toxies in toxic
amounts"” criteria;

3-1
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»  making listing decisions under section 304(1)
of the CWA;

e writing water quality-based NPDES permits
and individual control strategies; and

»  providing centification under section 401 of
the CWA for any Federal permit or license
(e.g., EPA-issued NPDES permits, CWA
section 404 permits, or Federal Energy
Regulatory Commission licenses).

In these situations, States have primary authority
to determine the appropriate level to protect
human health or welfare (in accordance with
section 303(c)(2) of the CWA) for each water
body. However, under the Clean Water Act,
EPA must also review and approve State water
quality standards; section 304(1) listing decisions
and draft and final State-issued individual control
strategies; and in States where EPA writes
NPDES permits, EPA must develop appropriate
water quality-based permit limitations. The States
.and EPA therefore have a strong interest in
assuring that the decisions are legally defensible,
are based on the best information available, and
are subject to full and meaningful public comment
and participation. 1t is very important that each
decision be supported by an adequate record.
Such a record is critical to meaningful comment,
EPA’s review of the State's decision, and any
subsequent administrative or judicial review.

Any human health criterion for a toxicant is based
on at least three interrelated considerations:

*  cancer potency or systemic loxicity,

*  exposure, and

*  risk characterization.

States may make their own judgments on each of
these factors within reasonable scientific bounds,
but documentation to support their judgments,
when different from EPA’'s recommendation, must

be clear and in the public record. If a State relies
on EPA’'s section 304(a) criteria document (or

3.2

vy A

other EPA documents), the State may reference
and rely on the data in these documents and need
not create duplicative or new material for
inclusion in their records. However, where site-
specific issues arise or the State decides to adopt

“an approach to any one of these three tactors that

differs from the approach in EPA’s criteria
document, the State must explain its reasons ina
manner sufficient for a reviewer to determine that
the approach chosen is based on sound scientitic
rationale (40 CFR 131.11(b)).

3.1.2 Criteria for Aquatic Life Protection

The development of national numerical water

~quality criteria for the protection of aquatic

organisms iS a complex process that uses
information from many areas of aquatic
toxicology. (See Appendix H for a detailed
discussion of this process.) Afler a decision is
made that a national criterion is needed for a
particular material, all available information
conceming toxicity to, and bioaccumulation by,
aquatic organisms is collected and reviewed for
acceptability. If enough acceptable data for 48- 0
96-hour toxicity tests on aquatic plants and
animals are available, they are used to derive the
acute criterion. If sufficient data on the ratio of
acute to chronic toxicily concentrations are
available, they are used 1o derive the chronic or
long-term exposure criteria. If justified, one or
both of the criteria may be related to other water
quality characteristics, such as pH, temperature,
or hardness. Separale criteria are developed for

fresh and salt waters. '

The Water Quality Standards Regulation allows
States to develop numerical criteria or nuxdify

e

(B/15/94)
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EPA’'s recommended criteria to account for
site-specific or other scientifically defensible
factors. Guidance on modifying national criteria
is found in sections 3.6 and 3.7. When a
criterion must be developed for a chemical for
which a national criterion has not been
established, the regulatory authority should refer
to the EPA guidelines (Appendix H).

Magnitude for Aquatic Life Criteria

Water quality criteria for aquatic life contain two
expressions of allowable magnitude: a criterion
maximum concentration (CMC) to protect against
acute (short-term) effects; and a criterion
continuous concentration (CCC) to protect against
chronic (long-term) effects. EPA derives acute
criteria from 48- to 96-hour tests of lethality or
immobilization. EPA derives chronic criteria
from longer term (often greater than 28-day) tests
that measure survival, growth, or reproduction.
Where appropriate, the calculated criteria may be
lowered to be protective ofcomercially or
recreationally important species.

Duration for Aquatic Life Criteria

The quality of an ambient water typically varies in
response to variations of effluent quality, stream
flow, and other factors. Organisms in the
receiving waler are not experiencing constant,
steady exposure but rather are experiencing
fluctuating exposures, including periods of high
concentrations, which may have adverse effects.
Thus, EPA's criteria indicate a time period over
which exposure is to be averaged, as well as an
upper limit on the average concentration, thereby
limiting the duration of exposure to elevated
concentrations. For acute criteria, EPA
recommends an averaging period of 1 hour. That
is, to protect against acute effects, the 1-hour
average exposure should not exceed the CMC.
For chronic criteria, EPA recommends an
averaging period of 4 days. That is, the 4-day
average exposure should not exceed the CCC.

Frequency for Aquatic Life Criteria

To predict or ascertain the attainment of criteria,
it is necessary to specify the allowable frequency
for exceeding the criteria. This is because it is
statistically impossible 1o project that criteria will
never be exceeded. As ecological communities
are naturally subjected to a series of stresses, the
allowable frequency of pollutant stress may be set
at a value that does not significantly increase the
frequency or severity of all stresses combined.

EPA recommends an average frequency for
excursions of both acute and chronic criteria not
to exceed once in 3 years. In all cases, the
recommended frequency applies to actual ambient
concentrations, and excludes the influence of
measurement imprecision. EPA established its

.recommended frequency as part of its guidelines

for deriving criteria (Appendix H). EPA selected
the 3-year average frequency of criteria
exceedence with the intent of providing for
ecological recovery from a variety of severe
stresses. This return interval is roughly
equivalent to a 7Ql0 design flow condition,
Because of the nature of the ecological recovery
studies available, the severity of criteria
excursions could not be rigorously related to the
resulting ecological impacts. Nevertheless, EPA
derives its criteria intending that a single marginal
critena excursion (i.e., a slight excursion over a
I-hour period for acute or over a 4-day period for
chroni¢) would require little or no time for
recovery. If the frequency of marginal criteria
excursions is not high, it can be shown that the
frequency of severe stresses, requiring measurable
recovery periods, would be extremely small.
EPA thus expects the 3-year return interval lo
provide a very high degree of protection.

3.1.3 Criteria for Human Health Protection

This section reviews EPA’s procedures used to
develop assessments of human health effects in
developing water quality criteria and reference
ambient concentrations. A more complete human
health effects discussion is included in the
Guidelines and Methodology Used in the

(8/15/94)
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Preparation of Health Effects Assessment Chapters
of the Consent Decree Water Documents
(Appendix J). The procedures contained in this
document are used in the development and
updating of EPA water quality criteria and may be
used in updating State criteria and in developing
State criteria for those pollutants lacking EPA
human health criteria. The procedures may also
be applied as site-specific interpretations of
narrative standards and as a basis for permit limits
under 40 CFR 122.44 (d)(1)(vi).

Magnitude and Duration

Water quality criteria for human health contain
‘only a single expression of allowable magnitude;
a criterion concentration generally to protect
against long-term (chronic) human health effects.
Currently, national policy and prevailing opinion
in the expert community establish that the
duration for human health criteria for carcinogens
should be derived assuming lifetime exposure,
taken to be a 70-year time period. The duration
of exposure assumed in deriving criteria for
noncarcinogens is more complicated owing to a
wide variety of endpoints: some devetopmental
(and thus age-specitic and perhaps gender-
specific), some lifetime, and some, such as
organoleptic effects, not duration-related at all.
Thus, appropriate durations depend on the
individual noncarcinogenic pollutants and the
endpoints or adverse effects being considered.

Human Exposure Considerations

A complete human exposure evaluation for toxic
poliutants of concern for bivaccumulation would
encompass not only estimates of exposures due 10
fish consumption but also exposure from
background concentrations and other exposure
routes, The more important of these include
recreational and occupational contact, dietary
intake from other than fish, intake from air
inhalation, and drinking water consumption. For
section 304(a) criteria development, EPA typically
considers only exposures to a pollutant that occur
through the ingestion of water and contaminated
fish and shellfish. This is the exposure default

assumption, although the human health guidelines
provide for considering other sources where data
are available (see 45 F.R. 79354). Thus the
criteria are based on an assessment of risks
related to the surface water exposure route only
(57 F.R. 60862-3).

The consumption of contaminated fish tissue is of
serious concern because the presence of even
extremely low ambient concentrations of:
bioaccumulative pollutants (sublethal to aquatic
life) in surface waters can result in residue
concentrations in fish tissue that can pose a human
health risk. Other exposure route information
shouid be considered and incorporated in human
exposure evaluations to the extent available,

Levels of actual human exposures from
consuming contaminated fish vary depending upon
a number of case-specific consumption factors.
These factors include type of fish “species
consumed, type of fish tissue consumed, tissue
lipid content, consumption rate and pattern. and
food preparation practices. In addition, depending
on the spatial variability in the fishery area, the
behavior of the fish species, and the point of
application of the criterion, the average exposure
of fish may be only a small fraction of the
expected exposure at the point of application of
the criterion. If an effluent attracts fish, the
average exposure might be greater than the
expected exposure. '

With shellfish, such as oysters, snails, and
mussels, whole-body tissue consumption
commonly occurs, whereas with fish, muscle
tissue and roe are most commonly eaten.  This
difference in the types of tissues consumed has
implications for the amount of available
bioaccumulative contaminants likely to be
ingested.  Whole-body shellfish consumption
presumably means ingestion of the entire burden

‘of bioaccumulative contaminants. However, with

most fish, selective cleaning and removal of
internal organs, and sometimes body fat as well,
from edible tissues, may result in removal of
much of the lipid material in which
biocaccumulative contaminants tend to concentrite.

3-4
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Fish Consumption Values

EPA's human health criteria have assumed a
human body weight of 70 kg and the consumption
of 6.5 g of fish and shellfish per day. Based on
data collected in 1973-74, the national per capita
consumption of freshwater and estuarine fish was
estimated to average 6.5 g/day. Per capita
consumption of all seafood (including marine
species) was estimated to average 14.3 g/day.
The 95th percentile for consumption of all seafood
by individuals over a period of | month was
estimated to be 42 g/day. The mean lipid content
of fish and shellfish tissue consumed in this study
was estimated to be 3.0 percent (USEPA, 1980¢).

Currently, four levels of fish and shellfish
consumption are provided in EPA guidance
(USEPA, 1991a); '

* 6.5 g/day to represent an estimate of average
consumption of fish and shellfish from
estuarine and freshwaters by the entire U.S.
population. This consumption level is based
on the average of both consumers and
nonconsumers of.

e 20 g/day to represent an estimate of the
average consumption of fish and shellfish
from marine, estuarine, and freshwaters by
the U.S. population. This average
consumption level also includes both
consumers and nonconsumers of.

¢ 165 g/day to represent consumption of fish
and shelifish from marine, estuarine, and
freshwaters by the 99.9th percentile of the
U.S. population consuming the most fish or
seafood.

* 180 g/day to represent a "reasonable worst
case” based on the assumption that some
individuals would consume fishand shellfish
at a rate equal to the combined consumption
of red meat, poultry, fish, and shellfish in
the United States.

EPA is currently updating the national estuarine
and freshwater fish and shellfish consumption
default values and wiil provide a range of
recommended national consumption values. This
range will include:

¢  mean values appropriate to the population at
large; and

*  values appropriate for those individuals who
consume a relatively large proportion of fish
and shellfish in their diets (maximally
exposed individuals). '

Many States us¢ EPA's 6.5 g/day consumption
value. However, some States use the above-
mentioned 20 g/day value and. for saltwaters,
37 g/day. In general, EPA recommends that the
consumption vatues used in deriving criteria from
the formulas in this chapter reflect the most
current, relevant, and/or site-specific information
available.

Bioaccumulation Considerations

The ratio of the contaminant concentrations in fish
tissue versus that in water is termed cither the
bioconcentration factor (BCF) or the
bioaccumulation factor (BAF). Bioconcentration
is defined as involving contaminant uptake from
water only (not from food}. The bivaccumulation
factor (BAF) is defined similarly to the BCF
except that it includes contaminant uptake from
both water and food. Under laboratory
conditions, measurements of  tissue/water
partitioning are generally considered to involve
uplake from water only. On the other hand, both
processes are likely to apply in the field since the
entire food chain is exposed.

The BAF/BCF ratio ranges from 1 to 100, with
the highest ratios applying to organisms in higher
trophic levels, and to chemicals with logarithm of
the octanol-water partitioning coefficient {log P)
close to 6.5.

Bioaccumulation considerations are intcgrated into
the criteria equations by using food chain
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multipliers (FMs) in conjunction with the BCF.
The bivaccumulation and bioconcentration factors
tfor a chemical are related as follows:

BAF = FM x BCF

By incorporating the FM and BCF terms into the
criteria equations, bioaccumulation can be
addressed.

In Table 3-1, FM values derived from the work
of Thomann (1987, 1989) are listed according to
log P value and trophic level of the organism.
For chemicals with log P values greater than
about 7, there is additional uncertainty regarding
the degree of bioaccumulation, but generally,
trophic level effects appear to decrease due to
slow transport kinetics of these chemicals in fish,
the growth rate of the fish, and the chemical’s
relatively low bioavailability. Trophic level 4
organisms are typically the most desirable species
for sport fishing and, theretfore, FMs for trophic
level 4 should generally he used in the equations
for calculating criteria.  In those very rarg
situations  where  only lower . trophic  level
organisms are found, ¢.g., possibly oyster beds,
an FM for a lower trophic level might be
considered. :

Measured BAFs (especially for those chemicals
with log P values above 6.5) reported in the
literature should be used when available. To use
experimentally measured BAFs in calculating the
criterion, the {(FM x BCF) term is replaced by the
BAF in the equations in the following section.
Relatively few BAFs have been measured
accurately and reported, and their application to
sites other than the specific ecosystem where they
were developed is problematic and subject to
uncertainty, The option is also available to
develop BAFs experimentally, but this: will be
extremely resource intensive if done on a site-
specific basis with all the necessary experimental
and quality controls.

T
Trophic Levels

Log P 2 3 4
38 1.0 1.0 1.0
3.6 1.0 t.0 1.0
37 1.0 1.0, 1.0
3.8 1.0 1.0 1.0
3.9 1.0 1.0 1.0
4.0 1.1 1.0 1.0
4.l 1.1 1.1 1.1
4.2 1.1 1.1 1.1
4.3 1.1 1.1 1.1
4.4 1.2 1.1 L1
4.5 1.2 1.2 1.2
a6 1.2 1.3 1.3
4.7 1.3 1.4 1.4
4.8 1.4 1.5 1.6
4.9 1.5 1.8 2.0
5.0 1.6 2.1 2.6
5.1 1.7 25 3.2
5.2 1.9 3.0 4.3
5.3 2.2 3.7 5.8
5.4 2.4 4.6 8.0
5.5 2.8 5.9 1
5.6 33 7.5 16
5.7 19 9.8 23
5.8 4.6 13 13
5.9 5.6 17 47
6.0 6.8 2i 67
6.1 8.2 25 75
6.2 10 % 84
6.3 13 34 92
6.4 5 39 98
6.5 19 45 100

26.5 19.2° 45 100"

* These recomnmended FMs are consesvative estimates;
FMs for log P vatues greater than 6.5 may range from
the values given to as low as 0.1 for contaminants with
very low hoavailability.

.~ " ]
Table 3-1. Estimated Food Chain

Multipliers (FMs)

Updating Human Health Criteria Using
IRIS

EPA recommends that States use the most current
risk information in the process of updating human

1A
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health criteria. The Integrated Risk Information
System (IRIS) (Bams and Dourson, 1988;
Appendix N) is an electronic data base of the
USEPA that provides chemical-specific risk
information on the relationship between chemical
exposure and estimated human health effects. Risk
assessment information contained in IRIS, except
as specifically noted, has been reviewed and
agreed upon by an interdisciplinary group of
scientists representing various Program Offices
within the Agency and represent an Agency-wide
consensus.  Risk assessment information and
values are updated on a monthly basis and are
approved for Agency-wide use. IRIS is intended
to make risk assessment information readily
available to those individuals who must perform
risk assessments and also to increase consistency
among risk assessment/risk management
decisions.

IRIS contains two types of quantitative risks
~ values: the oral Reference Dose (RfD) and the
carcinogenic potency estimate or slope factor.
The RfD (formerly known as the acceptable daily
intake or ADI) is the human health hazard
assessment for noncarcinogenic (target organ)
effects. The carcinogenic potency estimate
(formerly known as q,*) represents the upper
bound cancer-causing potential resulting from
lifetime exposure to a substance. The RfD or the
oral carcinogenic potency estimate is used in the
derivation of EPA human health criteria.

EPA periodically updates risk assessment
information, including RfDs, cancer potency
estimates, and related information on contaminant
effects, and reports the current -information on
IRIS. Since IRIS contains the Agency’s most
recent quantitative risk assessment values, current
IRIS values should be used by States in updating
or developing new human health criteria. This
means that the 1980 human health criteria should
be updated with the latest IRIS values. The
procedure for deriving an updated human health
water quality criterion would require inserting the
current Rfd or carcinogenic potency estimate on
IRIS into the equations in Exhibit 3.1 or 3.2, as
appropriate.

~ EPAs
Yos / water quality No
critecion
~, avallable
v ? v
P4 .
/s ™
7 date Yeos 7 exist
< vedated { RIS
~ ? : ?
AN N\
~ v R
) Cakculate
iNO oriterion No
v v
Use current
Evaluale other
crfterion sources of dala,
0.g., FOA action
leveis, MCLs, riek
asssssment, fish
consumption
advisary levels

Figure 3-1. Procedure for determining an
updated criterion using IRIS
datal

Figure 3-1 shows the procedure for determining
an updated criterion using IRIS dawa. If a
chemical has both carcinogenic and non-
carcinogenic effects, i.e., both a cancer potency
estimate and a RfD, both criteria should be
calculated. The most stringent criterion applies.

Calculating Criteria for Non-carcinogens

The RfD is an estimate of the daily exposure to
the human popuiation that is likely to be without
appreciable risk of causing deleterious effects
during a lifetime. The RfD is expressed in units
of mg toxicant per kg human body weight per
day.

RfDs are derived from the "no-observed-adverse-
effect level® (NOAEL) or the "lowest-observed-
adverse-effect level” (LOAEL) identified from

- chronic or subchronic human epidemiology studies

or animal exposure studies. (Note: "LOAEL"

(8/15/94)
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and "NOAEL" refer to animal and human
toxicology and are therefore distinct from the
aquatic  toxicity terms  “no-observed-effect
concentration®” (NOEC) and "lowest-observed-
effect concentration” (LOEC).)  Uncertainty
factors are then applied to the NOAEL or LOAEL
to account for uncertainties in the data associated
with variability among individuals, extrapolation
from nonhuman test species to humans, data on
other than long-term exposures, and the use of a
LOAEL (USEPA, 1988a). An additional
uncertainty factor may be applied to account for
significant weakness or gaps in the database.

The RfD is a threshold below which systemic
toxic effects are unlikely to occur. While
‘exposures above the RfD increase the probability
of adverse effects, they do not produce a certainty
of adverse effects. Similarly, while exposure at
or below the RfD reduces the probability, it does
not guarantee the absence of effects in all persons.
The RfDs contained in IRIS are values that
represent EPA’s consensus (and have uncertainty
spanning perhaps an order of magnitude). This
means an RfD of 1.0 mg/kg/day could range from
0.3 to 3.0 mg/kg/day.

For noncarcinogenic effects, an updated criterion
can be derived using the equation in Exhibit 3-1.

If the receiving water body is not used as a
drinking water source, the factor WI can be
deleted. Where dietary and/or inhalation
exposure values are unknown, these factors may
be deleted from the above calculation.

Calculating Criteria for Carcinogens

Any human health criterion for a carcinogen is
based on at least three interrelated considerations:
cancer potency, exposure, and risk
characterization. When developing State criteria,
‘States may make their own judgments on each of
these factors within reasonable scientific bounds,
but documentation to support their judgments
must be clear and in the public record.

Maximum protection of human health from the
potential effects of exposure to carcinogens
through the consumption of contaminated fish
and/or other aquatic life would require a criterion
of zero. The zero ievel is based upon the
assumption of non-threshold effects (i.e., no safe
leve! exists below which any increase in exposure
does not result in an increased risk of cancer) for
carcinogens.  However, because a publicly
acceptable policy for safety does not require the
absence of all risk, a numerical estimate of
pollutant  concentration (in  ug/l)  which
corresponds to a given level of risk for a
population of a specified size is selected instead.
A cancer risk level is defined as the number of
new cancers that may result in a population of
specified size due to an increase in exposure
(e.g., 10® risk level = | additional cancer in a
population of 1 million). Cancer risk is calculated
by multiplying the experimentally derived cancer
potency estimate by the concentration of the
chemical in the fish and the average daily '.uman
consumption of contaminated fish. The risk for a
specified population {(e.g., | million peopie or 10~
%} is then calculated by dividing the risk level by
the specific cancer risk. EPA’s ambient water
quality criteria documents provide risk levels
ranging from 10% to 107 as examples.

The cancer potency estimate, or slope factor
(formerly known as the q,*), is derived using
animal studies. High-dose exposures are
extrapolated to low-dose concentrations and
adjusted to a lifetime exposure period through the
use of a linearized multistage model. The model
calculates the upper 95 percent confidence limit of
the slope of a straight line which the model
postulates to occur at low doses. When based on
human (epidemiological) data, the slope factor is
based on the observed increase in cancer risk and
is not extrapolated. For deriving criteria for
carcinogens, the oral cancer potency estimates or
slope factors from IRIS are used.

It is important to note that cancer potency factors
may overestimate or underestimate the actual risk.
Such potency estimates are subject to great
uncertainty because of two primary factors:

1-R
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PRSI OS C S

dietary exposure (other than fish) (mg toxicant/kg body human

Cmgh = =
WI + [FC x L x FM x BCF]
where:
C = updated water quality criterion (mg/l)
RID =  oral reference dose (mg toxicanv/kg human body weight/day)
WT = weight of an average human adult (70 kg)
DT =
weight/day)
IN = inhalation exposure (mg toxicant’kg body human weight/day)
wl = average human adult water intake (2 1/day)
FC = daily fish consumption (kg fish/day)
L = ratio of !ipid-fraction of fish tissue consumed to 3%
FM = food chain multiplier (from Table 3-1)
BCF =

bioconcentration factor (mg toxicant/kg fish divided by mg toxicant/L

water) for fish with 3% lipid content

M
Exhibit 3-1. Equation for Deriving Human Health Criteria Based on Noncarcinogenic Effects

* adequacy of the cancer data base (i.e.,
human vs. animal data); and

* limited information regarding the mechanism
of cancer causation.

Risk levels of 10, 10, and 107 are often used
by States as minimal risk levels in interpreting
their standards. EPA considers risks to be
additive, i.e., the risk from individual chemicals
is not necessarily the overall risk from exposure
to water. For example, an individual risk level of
10® may yield a higher overall risk level if
multiple carcinogenic chemicals are present.

For carcinogenic effects, the criterion can be
determined by using the equation in Exhibit 3-2.

- quantitative risk

If the receiving water body is not designated as a
drinking water source, the factor WI can be
deleted.

Deriving Quantitative Risk Assessments in
the Absence of IRIS Values

The RfDs or cancer potency estimates comprise
the existing dose-response factors for developing
criteria.  When IRIS data are unavailable,
level information may be
developed according to a State’s own procedures.
Some States have established their own
procedures whereby dose-response factors can be
developed based upon extrapolation of acute
and/or chronic animal data to concentrations of
exposure protective of fish consumption by
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W

(RL x WT

ratio of lipid fraction of fish tissue consumed to 3% assumed by EPA

C (mg/h =
q* [WI + FC x L x (FM x BCF)]
where:
C = updated water quality criterion (mg/l)
RL = risk level (10"} where x is usually in the range of 4 to 6
WT = weight of an average human adult (70 kg)
Q* = carcinogenic potency factor (kg day/mg)
Wl = average human adult water intake (2 I/day)
FC = daily fish consumption (kg fish/day)
L -
FM = food chain multiplier (from Table 3-1)
BCF =

bioconcentration factor (mg toxicant/kg fish divided by mg toxicant/L

water) for fish with 3% lipid content

_
Exhibit 3-2. Equation for Deriving Human Health Criteria Based on Carcinogenic Effects

humans.

@ Relationship of Section 304(a) Criteria
to State Designated Uses

The section 304(a)(1) criteria published by EPA
from time to time can be used to support the
designated uses found in State standards. The
following sections briefly discuss the relationship
between certain criteria and individual use
classifications. Additional information on this
subject also can be found in the "Green Book"
(FWPCA, 1968); the "Blue Book" (NAS/NAE,
1973); the "Red Book™ USEPA, 1976); the EPA.
Water Quality Criteria Documents (see Appendix
I}; the"Gold Book" (USEPA, 1986a); and future
EPA section 304(a)(1) water quality criteria
publications.

Where a water body is designated for more than
one use, criteria necessary to protect the most
sensitive use must be applied. The following four
sections discuss the major types of use categories.

3.2.1 Recreation

Recreational uses of water include activities such
as swimming, wading, boating, and fishing.
Often insufficient data exist on the human health
effects of physical and chemical pollutants,
including most toxics, to make a determination of
criteria for recreational uses. However, as a
general guideline, recreational waters that contain
chemicals in concentrations toxic or otherwise
harmful to man if ingested, or irritating to the
skin or mucous membranes of the human body
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upon brief immersion, should be avoided. The
section 304(a){l) human health effects criteria
based on direct human drinking water intake and
fish consumption might provide useful guidance in
these circumstances. Also, section 304(a)(1)
criteria based on human health effects may be
used to support this designated use where fishing
is included in the State definition of "recreation.”
In this latter situation, only the portion of the
criterion based on fish consumption should be
used. Section 304(a)(1) criteria to protect
recreational uses are also available for certain
physical, microbiological, and narrative "free
from" aesthetic criteria.

Research regarding bacteriological indicators has
resulted in EPA recommending that States use
Escherichia coli or enterococci as indicators of
recreational water quality (USEPA, 1986b) rather
than fecal coliform because of the better
correlation with gastroenteritis in swimmers.

The "Green Book" and "Blue Book" provide
additional information on protecting recreational
uses such as pH criteria to prevent eye irritation
and microbiological criteria based on aesthetic
considerations.

3.2.2 Aquatic Life

The section 304(a)(l) criteria for aquatic life
should be used directly to support this designated
use. If subcategories of this use are adopted
(e.g., to differentiate between coldwater and
warmwater fisheries), then appropriate criteria
should be set to reflect the varying needs of such
subcategories.

3.2.3 Agricultural and Industrial Uses

The "Green Book"” (FWPCA, 1968) and "Blue
Book™ (NAS/NAE, 1973) provide some
information on protecting agricultural and
industrial uses. Section 304(a)(l) criteria for
protecting these uses have not been specifically
developed for numerous parameters pertaining to
these uses, including most toxics.

Where criteria have not been specifically
developed for these uses, the criteria developed
for human health and aquatic life are usually
sufficiently stringent to protect these uses. States
may also establish criteria specifically designed to
protect these uses.

3.2.4 Public Water Supply

The drinking water exposure component of the
section 304(a)(1) criteria based on human health
effects can apply directly to this use classification.
The criteria also may be appropriately modified
depending upon whether the specific water supply
system falls within the auspices of the Safe
Drinking Water Act's (SDWA) regulatory control
and the type and level of treatment imposed upon
the supply before delivery to the consumer. The
SDWA controls the presence of contaminants in
finished ("at-the-1ap”) drinking water.

A brief description of relevant sections of the
SDWA is necessary 10 explain how the Act will
work in conjunction with section 304(a)(l) criteria
in protecting human health from the effects of
toxics due to consumption of water. Pursuant to
section 1412 of the SDWA, EPA has promulgated
"National Primary Drinking Water Standards" for
certain radionuclide, microbiological, organic, and
inorganic substances. These standards establish
maximum contaminant levels (MCLs), which
specify the maximum permissibie level of a
contaminant in water that may be delivered to a
user of a public water system now defined as
serving a minimum of 25 people. MCLs are
established based on consideration of a range of
factors including not only the health effects of the
contaminants but also treatment capability,
monitoring availability, and costs. Under section
1401(1)(D)i) of the SDWA,, EPA is also allowed
to establish the minimum quality criteria for water
that may be taken into a public water supply
system.

Section 304(a)(1) criteria provide estimates of
pollutant concentrations protective of human
health, but do not consider treatment technology,
costs, and other feasibility factors. The section
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304(a)(1) criteria also include fish
bicaccumulation and consumption factors in
addition to direct human drinking water intake.
These numbers were not developed to serve as
"at-the-tap” drinking water standards, and they
have no regulatory significance under the SDWA,
Drinking water standards are established based on
considerations, including technological and
economic feasibility, not relevant to section
304(a)(1) criteria. Section 304(a)(1) criteria are
more analogous to the maximum contaminant
level goals (MCLGs) (previously known as
RMCLs) under section 1412} 1XB) of the
SDWA in which, based upon a report from the
National Academy of Sciences, the Administrator
should set target levels for contaminants in
drinking water at which "no known or anticipated
adverse effects occur and which allow an adequate
margin of safety.” MCLGs do not take treatment,
cost, and other feasibility factors into
consideration. Section 304(a)(1) criteria are, in
concept, related to the health-based goals specified
in the MCLGs.

MCLs of the SDWA, where they exist, control
toxic chemicals in finished drinking water.
However, because of variations in treatment,
ambient water criteria may be used by the States
as a supplement to SDWA regulations. When
setting water quality criteria for public water
suppiies, States have the option of applying

MCLs, section 304(a)(1) human health effects

criteria, modified section 304(a)(1) criteria, or
controls more stringent than these three to protect
against the effects of contaminants by ingestion
from drinking water,

For treated drinking water supplies serving 25
people or pgreater, States must control
contaminants down to levels at least as stringent
as MCLs (where they exist for the pollutants of
concern) in the finished drinking water.
However, States also have the options to control
toxics in the ambient water by choosing section
304(a)(1) criteria, adjusted section 304(a)(1)
criteria resulting from the reduction of the direct
drinking water exposure component in the criteria
calculation to the extent that the treatment process

reduces the level of pollutants, or a more stringent
contaminant level than the former three options.

@ State Criteria Requirements

Section 131.11(a)(1) of the Regulation requires
States to adopt water quality criteria to protect the
designated use(s). The State criteria must be
based on sound scientific rationale and must -
contain sufficient parameters or constituents to
protect the designated use(s). For waters with
muitiple use designations, the criteria must
support the most sensitive use,

In section 131.11, States are encouraged to adopt
both numeric and narrative criteria, Aquatic life
criteria should protect against both short-term
(acute) and long-term (chronic) effects. Numeric
criteria are particularly important where the cause
of toxicity is known or for protection against
pollutants with potential human health impacts or
bicaccumulation potential. Numeric water quality
criteria may also be the best way to address
nonpoint source pollution problems. Narrative
criteria can be the basis for limiting toxicity in
waste discharges where a specific pollutant can be
identified as causing or contributing to the toxicity
but where there are no numeric criteria in the
State standards. Narrative criteria also can be
used where toxicity cannot be traced to a
particular pollutant.

Section 131.11(a)(2) requires States to develop
implementation procedures which explain how the

~ State will ensure that narrative toxics criteria are

met.

To more fully protect aquatic habitats, it is EPA's
policy that States fully integrate chemical-specific,
whole-effluent, and biological assessment
approaches in State water quality programs (see
Appendix R). Specifically, each of these three
methods can provide a valid assessment of pon-
astainment of designated aquatic life uses but can
rarely demonstrate use altainment separately.
Therefore, EPA supports a policy of independent
application of these three water quality assessment
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approaches. Independent application means that
the validity of the results of any one of the
approaches does not depend on confirmation by
one or both of the other methods. This policy is
based on the unique attributes, limitations, and
program applications of each of the three
approaches. Each method alone can provide valid
and independently sufficient evidence of non-
atainment of water quality standards, irrespective
of any evidence, or lack thereof, derived from the
other two approaches. The failure of one method
to confirm impacts identified by another method
does not negate the results of the initial
assessment,

It is also EPA's policy that States should
designate aquatic life uses that appropnately
address biological integrity and adopt biological

criteria necessary to protect those uses (see

section 3.5.3 and Appendices C, K, and R).

Criteria for Toxicants

Applicable requirements for State adoption of
water quality criteria for toxicants vary depending
upon the toxicant. The reason for this is that the
1983 Water Quality Standards Regulation
(Appendix A) and the Water Quality Act of 1987
which amended the Clean Water Act (Public Law
100-4) include more specific requirements for the
particuiar toxicants listed pursuant 0 CWA
section 307(a). For regulatory purposes, EPA has
translated the 65 compounds and families of
compounds listed pursuant to section 307(a) into
126 more specific substances, which EPA refers
to as "priority toxic pollutants.” The 126 priority
toxic pollutants are listed in the WQS regulation
and in Appendix P of this Handbook. Because of
the more specific requirements for priority toxic
poliutants, it is convenient to organize the
requirements applicable to State adoption of
criteria for toxicants into three categories:

*  requirements applicable to priority toxic
pollutants that have been the subject of CWA
section 304(a)(1) criteria guidance (see
section 3.4.1);

*  requirements applicable to priority toxic .
poliutants that have not been the subject of
CWA section 304(a)(1) criteria guidance (se¢
section 3.4.1); and

*  requirements applicable to all other toxicants
(e.g., non-conventional pollutants like
ammonia and chlorine) (see section 3.4.2).

3.4.1 Priority Toxic Pollutant Criteria

The criteria requirements applicable to pnorty

loxic poliutants (i.e., the first two categories

above) are specified in CWA section 303(c)(2)(B}.

Section 303(c}2)(B), as added by the Water
Quality Act of 1987, provides that:

Whenever a State reviews water quality
standards pursuant to paragraph (1) of
this subsection, or revises or adopts
new standards pursuant to this
paragraph, such State shall adopt
criteria for all toxic pollutants listed
pursuant to section 307(a}(1) of this Act
for which criteria have been published
under section 304(a), the discharge or
presence of which in the affected
waters could reasonably be expected to
interfere with those designated uses
adopted by the State, as necessary lo
support such designated uses. Such
criteria shall be specific numerical
criteria for such t{oxic pollutants.
Where such numerical criteria are not
available, whenever a State reviews
water quality standards pursuant to
paragraph (1), or revises or adopts new
standards pursuant to this paragraph,
such State shall adopt criteria based on
biological monitoring or assessment
methods consistent with information
published pursuant to section 304(a)(8).
Nothing in this section shall be
construed to limit or delay the use of
effluent limitations or -other permit
conditions based on or involving
biglogical monitoring or assessment
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methods or previously adopted

numerical criteria.

EPA, in .devising puidance. for section
303(c)(2)(B), attempted to provide States with the
maximum flexibility that complied with the
express statutory language but also with the
overriding congressional objective: prompt
adoption and implementation of numeric toxics
criteria. EPA believed that flexibility was
important so that each State could comply with
section 303(c)(2)}(B) and to the extent possible,
accommodate its existing water quality standards
regulatory approach,

General Requirements

To carry out the requirements of section
303(c)(2XB), whenever a State revises its water
quality standards, it must review all available
information and data to first determine whether
the discharge or the presence of a toxic pollutant
is interfering with or is likely to interfere with the
attainment of the designated uses of any water
body segment.

If the data indicate that it is reasonable to expect
the toxic pollutant to interfere with the use, or it
actually is interfering with the use, then the State
must adopt a numeric limit for the specific
pollutant. If a State is unsure whether a toxic
pollutant is interfering with, or is likely to
interfere with, the designated use and therefore is
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unsure that control of the poliutant is necessary to
support the designated use, the State should
undertake to develop sufficient information upon
which to make such a determination. Presence of
facilities that manufacture or use the section
307(a) toxic pollutants or other information
indicating that such pollutants are discharged or
will be discharged strongly suggests that such
poliutants could be interfering with attaining
designated uses. If a State expects the pollutant
not to interfere with the designated use, then
section 303(1)(2)(B) does not require a numeric
standard for that pollutant,

Section 303(c)(2)(B) addresses only pollutants
listed as "toxic" pursuant to section 307(a) of the
Act, which are codified at 40 CFR 131.36(b).
The section 307(a) list contains 65 compounds and
families of compounds, which potentially include
thousands of specific compounds. The Agency
has interpreted that list to include 126 “priority”
toxic pollutants for regulatory purposes.
Reference in this guidance to toxic pollutants or
section 307(a) toxic poliutants refers to the 126
prionty toxic pollutants unless otherwise noted.
Both the list of priority toxic pollutants and
recommended criteria levels are subject to change.

The national cniteria recommendations published
by EPA under section 304(a) (see section 3.1,
above) of the Act include values for both acute
and chronic aquatic life protection; only chronic
criteria recommendations have been established to
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protect human health. To comply with the
statute, a State needs to adopt aquatic life and
human health criteria where necessary to support
the appropriate designated uses. Criteria for the
protection of human health are needed for water
bodies designated for public water supply. When
fish ingestion is considered an important activity,
then the human health-related water quality
criteria recommendation developed under section
304(a) of the CWA should be used; that is, the
portion of the criteria recommendation based on
fish consumption. For those pollutants designated
as carcinogens, the recommendation for a human
health criterion is generally more stringent than
the aquatic life criterion for the same pollutant.
In contrast, the aquatic life criteria
recommendations for noncarcinogens are
generally more stringent than the human health
recommendations. When a State adopts a human
healith criterion for a carcinogen, the State needs
to select a risk level. EPA has estimated risk
levels of 10%, 10% and 107 in its criteria
documents under one set of exposure assumptions.
However, the State is not limited to choosing
among the risk levels published in the section
304(a) criteria documents, nor is the State limited
to the base case exposure assumptions; it must
choose the risk level for its conditions and explain
its rationale,

EPA generally regulates pollutants treated as
carcinogens in the range of 10" 10 10 to protect
average exposed individuals and more highly
exposed populations. However, if a State selects
a criterion that represents an upper bound risk
leve! less protective than 1 in 100,000 (e.g., 107),
the State needs to have substantial support in the
record for this level, This support focuses on two
distinct issues. First, the record must include
documentation that the decision maker considered
the public interest of the State in selecting the risk
level, including documentation of public
participation in the decision making process as
~ required by the Water Quality Standards
Regulation at 40 CFR 131.20(b). Second, the
record must include an analysis showing that the
risk level selected, when combined with other risk
assessment variables, is a balanced and reasonable

estimate of actual risk posed, based on the best
and most representative information available.
The importance of the estimated actual risk
increases as the degree of conservatism in the
selected risk level diminishes. EPA carefully
evaluates all assumptions used by a State if the
State chose to alter any one of the standard EPA
assumption values (57 F.R. 60864, December 22,
1993).

EPA does not intend to propose changes to the
current requirements regarding the bases on which
a State can adopt numeric criteria (40 CFR
131.11(b){1)). Under EPA’s regulation, in
addition to basing tumeric criteria on EPA's
section 304(a) criteria documents, States may also
base numeric criteria on site-specific
determinations or other scientifically defensible
methods.

EPA expects each State to comply with the new
statutory requirements in any section 303(c) water
quality standards review initiated after enactment
of the Water Quality Act of 1987. The structure
of section 303(c) is to require States to review
their water quality standards at least once each 3
year period. Section 303(c)(2)(B) instructs States
to include reviews for toxics criteria whenever
they initiate a triennial review. Therefore, even
if a State has complied with section 303(c)(2)(B),
the State must review its standards each triennium
to ensure that section 303(c)(2){B) requirements
continue to be met, considering that EPA may
have published additional section 304(a) criteria
documents and that the State will have new
information on existing water quality and on
pollution sources.

it should be noted that nothing in the Act or in the
Water Quality Standards Regulation restricts the
right of a State to adopt numeric criteria for any
pollutant not listed pursuant to section 307(a)(1),
and that such criteria may be expressed as
concentration limits for an individual pollutant or
for a toxicily parameter itself as measured by
whole-effluent toxicity testing. However, neither
numeric toxic criteria nor whole-effluent toxicity

(8/15/94)

3-15

10955



Water Quality Standards Handbook - Second Edition

should be used as a surrogate for, or to supersede
the other.

State Options

States may meet the requirements of CWA section
303(cH2)(B) by choosing one of three
scientifically and technically sound options (or
some combinaticn thereof):

(1) Adopt statewide numeric criteria in State
water quality standards for all section 307(a)
toxic pollutants for which EPA has
developed criteria guidance, regardless of
whether the pollutants are known to be
present;

(2) Adopt specific numeric criteria in State
water quality standards for section 307(a)
toxic pollutants as necessary to support
designated uses where such pollutants are
discharged or are present in the affected
waters and could reasonably be expected to
interfere with designated uses;

(3) Adopt a "translator procedure” to be apptied
to a narrative water quality standard
provision that prohibits toxicity in receiving
waters. Such a procedure is to be used by
the State in calculating derived numeric
criteria, which shall be used for all purposes
under section 303(c) of the CWA. At a
minimum, such criteria need to be developed
for section 307(a) toxic pollutants, as
necessary to support designated uses, where
these pollutants are discharged or present in
the affected waters and could reasonably be
expected to interfere with designated uses.

Option 1 is consistent with State authority to
establish water quality standards. Option 2 most
directly reflects the CWA requirements and is the
option recommended by EPA. Option 3, while
meeting the requirements of the CWA, is best
suited to supplement numeric criteria from option
1 or 2. The three options are discussed in more
detail below.

OPTION 1

Adopt statewide numeric criteria in State water
quality standards for all section 307{a) toxic
pollutants for which EPA has developed criteria
guidance, regardless of whether the pollutants
are known to be present.

Pro:
*  simple, straightforward implementation
®  ensures-that Slates will satisfy statute

¢ makes maximum EPA

recommendations

uses of

»  gets specific numbers into State water quality
standards fast, at first

Con:

* some priofity toxic pollutants may not be
discharged in State :

*  may cause unnecessary monitoring by States
*  might result in "paper standards"

Option | is within a State's legal authority under
the CWA to adopt broad water quality standards.
This option is the most comprehensive approach
to satisfy the statutory requirements because it
would include all of the prionty toxic pollutants
for which EPA has prepared section 304(a)
criteria guidance for either or both aquatic life
protection and human health protection. In
addition to a simple adoption of EPA's section
304(a) guidance as standards, a State must select
a risk level for those toxic pollutants which are
carcinogens (i.e., that cause or may cause cancer
in humans). :

Many States find this option attractive because it
easures comprehensive coverage of the priority
toxic pollutants with scientifically defensible
criteria without the need to conduct a resource-
intensive evaluation of the particular segments and
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e

pollutants requiring criteria. This option also
would not be more costly to dischargers than
other options because permit limits would be
based only on the regulation of the particular
toxic pollutants in their discharges and not on the
total listing in the water quality standards. Thus,
actual permit limits should be the same under any
of the options.

The State may also exercise its authority to use
one or more of the techniques for adjusting water
quality standards:

o  establish or revise designated stream uses
based on use attainability analyses (see
section 2.9);

¢  develop site-specific criteria; or

¢  allow short-term variances (see section 5.3)
when appropriate.

All three of these techniques may apply to
standards developed under any of the three
options discussed in this guidance. It is likely
that States electing to use option 1 will rely more
on variances because the other two options are
implemented with more site-specific data being
available. It should be noted, however, that
permits issued pursuant to such water quality
variances still must comply with any applicable
antidegradation and antibacksliding requirements.

OPTION 2

Adopt specific numeric criteria in State water
quality standards for section 307(a) toxic
pollutants as necessary to support designated
uses where such pollutants are discharged or
are present in the affected waters and couid
reasonably be expected to interfere with
designated uses.

Pro:

* directly reflects statutory requirement

e  standards based on demonstrated need to
control problem potlutants

e  State can use EPA’s section 304(a) national
criteria recommendations or other
scientifically acceptable alternative, including
site-specific criteria

«  State can consider current or potential loxic
pollutant problems

*  Suate can go beyond section 307(a) toxics
list, as desired '

Con:

* may be difficult and time consuming to
determine if, and which, pollutants are
interfering with the designated use

* adoption of standards can require lengthy
debates on correct criteria limit to be
included in standards

¢ successful State toxic control programs based
on narrative criteria may be halted or slowed
as the State applies its limited resources to
developing numeric standards

s  (difficult to update criteria once adopted as
part of standards

* (o be absolutely technically defensible, may
need site-specific criteria in many situations,
leading to a large workload for regulatory
agency

EPA recommends that a State use this option to
meet the statutory requirement. It directly reflects
all the Act's requirements and is flexible,
resulting in adoption of numeric water quality
standards as needed. To assure that the State is
capable of dealing with new problems as they
arise, EPA also recommends that States adopt a
translator procedure the same as, or similar to,
that described in option 3, but applicable to all
chemicals causing toxicity and not just priority
pollutants as is the case for option 3.

(8/15/94)
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Beginning in 1988, EPA provided States with
candidate lists of priority toxic pollutants and
water bodies in support of CWA section 304()
implementation. These lists were developed
because States were required to evaluate existing
and readily available water-related data to comply
with section 304(1), 40 CFR 130.10(d). A similar
"strawman” analysis of priority pollutants
potentially requiring adoption of numeric criteria
under section 303(c)(2)(B) was fumished to most
States in September or October of 1990 for their
use in ongoing and subsequent triennial reviews,
The primary differences between the "strawman”
analysis and the section 304(]) candidate lists were
that the "strawman” analysis (1) organized the
results by chemical rather than by water body, (2)
included data for certain STORET monitoring
stations that were not used in constructing the
candidate lists, (3) included data from the Toxics
Release Inventory database, and (4) did not
include a number of data sources used in
preparing the candidate lists (e.g., those, such as
fish kill information, that did not provide
chemical-specific information).

EPA intends for States, at a minimum, to use the

information gathered in support of section 304(})
requirements as a starting point for identifying (1)
water segments that will need new and/or revised
water quality standards for section 307(a) toxic
pollutants, and (2) which priority toxic pollutants
require adoptlion of numeric criteria. In the
longer term, EPA expects similar determinations
to occur during each triennial review of water
quality standards as required by section 303(c).

In identifying the need for numeric criteria, EPA
is encouraging States to use information and data
such as:

¢ presence or potential construction of
facilities that manufacture or use priority
toxic pollutants;

¢ ambient water monitoring data, including
those for sediment and aquatic life (e.g., fish
tissue data);

¢ NPDES permit applications and permittee
self-monitoring reports;

*  effluent guideline development documents,
many of which contain section -307(a)(1)
priority pollutant scans;

¢ pesticide and herbicide application
information and other records of pesticide or
herbicide inventories;

¢ public water supply source monitoring data
noting pollutants with Maximum
Contaminant Levels (MCLs); and

e any other relevant information on toxic
pollutants collected by Federal, State,
interstate agencies, academic groups, or

" scientific organizations,

States are also expected to take into account
newer information as it became available, such as
information in annual reports from the Toxic
Chemical Release Inventory requirements of the
Emergency Planning and Community Right-To- -
Know Act of 1986 (Title IIl, Public Law 99-499),

Where the State’s review indicates a reasonable
expeclation of a-problem from the discharge or
presence of toxic pollutants, the State should
identify the pollutant(s) and the relevant
segment(s). In making these determinations,
States should use their own EPA-approved criteria
or existing EPA water quality criteria for
purposes of segment identification. After the
review, the State may use other means to establish
the final criterion as it revises its standards.

As with option 1, a State using option 2 must
follow all its legal and administrative
requirements for adoption of water quality
standards. Since the resulting numeric criteria are
part of a State's water quality standards, they are
required to be submitted by the State to EPA for
review and either approval or disapproval.

EPA believes this option offers the State optimum
flexibility. For section 307(a) toxic pollutants
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“adversely affecting designated uses, numeric
criteria are available for permitting purposes. For
other situations, the State has the option of
defining site-specific criteria.

OPTION 3

Adopt a procedure to be applied to the
narrative water quality standard provision that
prohibits toxicity in receiving waters. Such a
procedure would be used by a State in
calculating derived numeric criteria to be used
for all purposes of water quality criteria under
section 303(c) of the CWA. At a minimum
such criteria need to be derived for section
307(a) toxic pollutants where the discharge or
presence of such poliutants in the afTected
waters could reasonably be expected to
interfere with designated uses, as necessary to
support such designated uses.

Pro;

¢ allows a State flexibility to control priority
toxic pollutants

®» reduces time and cost required to adopt
specific numeric criteria as water quality
standards regulations

* allows immediate use of latest scientific
information available at the time a State
needs to develop derived numeric criteria

. revisions and additions to derived numeric
criteria can be made without need to revise
State law

*  State can deal more easily with a situation
where it did not establish water quality
standards for the section 307(a) toxic
pollutants during the most recent triennial
review

®  State can address problems from non-section
307(a) toxic pollutants

Con:

¢ EPA is currently on nolice that a derived
numeric criterion may invite legal challenge

*  once the necessary procedures are adopted to
enhance legal defensibility (e.g., appropriate
scientific methods and public participation
and review), actual savings in time and costs
may be less than expected

* public participation in development of
derived numeric criteria may be limited
when such criteria are not addressed in a
hearing on water ‘quality standards

EPA believes that adoption of a narrative standard
along with a translator mechanism as part of a
State's water quality standard satisfies the
substantive requirements of the statute. These
criteria are subject to all the State's legal and
administrative requirements for adoption of
standards plus review and either approval or
disapproval by EPA, and result in the
development of derived numeric critena for
specific section 307(a) toxic pollutants. They are
also subject to an opportunity for public
participation. Nevertheless, EPA believes the
most appropriate use of option 3 is as a
supplement to either option 1 or 2. Thus, a State
would have formally adopted numeric criteria for
toxic poliutants that occur frequently; that have
general applicability statewide for inclusion in
NPDES permits, total maximum daily loads, and
waste load allocations; and that also would have
a sound and predictable method to develop
additional numeric criteria as needed. This
combination of options provides a complete
regulatory scheme.

Although the approach in option 3 is similar to
that currently allowed in the Water Quality
Standards Regulation (40 CFR 131.11(a)(2)), this
guidance discusses several administrative and
scientific requirements that EPA believes are
necessary to comply with section 303(c}(2)(B).
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(1) . The Option 3 Procedure Must Be Used To
Calculate Derived Numeric Water Quality
Criteria

States must adopt a specific procedure to be
applied to a narrative water quality criterion. To
satisfy section 303(c}(2)(B), this procedure shall
be used by the State in calculating derived
numeric criteria, which shall be used for all
purposes under section 303(c) of the CWA. Such
criteria need to be developed for section 307(a)
toxic pollutants as pecessary to support designated
uses, where these pollutants are discharged or are
present in the affected waters and could
reasonably be expected to interfere with the
designated uses.

To assure protection from short-term exposures,
the State procedure should ensure development of
derived numeric water quality criteria based on
valid acute aquatic toxicity tests that are lethal to
half the affected organisms (LC50) for the species
representative of or similar to those found in the
State. In addition, the State procedure should
ensure development of derived numeric water
quality criteria for protection from chronic
exposure by using an appropriate safety factor
applicable to this acute limit. If there are
saltwater components to the State's aquatic
resources, the State should establish appropniate
derived numeric criteria for saltwater in addition
to those for freshwater.

The State's documentation of the tests should
include a detailed discussion of its quality control
and quality assurance procedures. The State
should also include a description {or reference
existing technical agreements with EPA) of the
procedure it will use to calculate derived acute
and chronic numeric criteria from the test data,
and how these derived criteria will be used as the
basis for deriving appropriate TMDLs, WLAs,
and NPDES permit limits.

As discussed above, the procedure for calculating
derived numeric criteria needs to protect aquatic
life from both acute and chronic exposure to
specific chemicals. Chronic aquatic life criteria

are to be met at the edge of the mixing zone.
The acute criteria are to be met (1) at the end-of-
pipe if mixing is not rapid and complete and a
high rate diffuser is not present; or (2) after
mixing if mixing is rapid and complete or a high
rate diffuser is present. (See EPA’s Technical
Support Document for Water Quahry-based Toxics
Comntrol, USEPA 1991a.)

EPA has not established a national policy
specifying the point of application in the receiving
water 10 be used with human health criteria.
However, EPA has approved State standards that
apply human health criteria for fish consumption
at the mixing zone boundary and/or apply the
criteria for drinking water consumption, at a
minimum, at the point of use, EPA has also
proposed more stringent requirements for the
application of human health criteria for highly
bioaccumulative pollutants in the Warter Quality
guidance for the Great Lakes System (50 F.R.
20931, 21035, Aprl 16, 1993) including
elimination of mixing zones.

In addition, the State should also include an
indication of potential bioconcentration or
bioaccumulation by providing for:

*  laboratory tests that measure the steady-state
bioconcentration rate achieved by a
susceptible organism; and/or '

s field data in which ambient concentrations
and tissue loads are measured to glve an
appropriate factor.

In developing a procedure to be used in -
calculating derived numeric criteria for the
protection of aquatic life, the State should
consider the potential impact that bioconcentration
has on aquatic and terrestrial food chains.

The State should also use the derived
bioconcentration factor and food chain multiplier
to calculate chronically protective numeric criteria
for humans that consume aguatic organisms. In
calculating this derived numeric criterion, the
State should indicate data requirements to be met
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when dealing with either threshold (toxic) or non-
threshold (carcinogenic) compounds. The State
should describe the species and the minimum
number of tests, which may generally be met by
a single mammalian chronic test- if it is of good
quality and if the weight of evidence indicates that
the results are reasonable. The State should
provide the method to calculate a derived numeric
criterion from the appropriate test result.

Both the threshold and non-threshold criteria for
protecting human health should contain exposure
assumptions, and the State procedure shouid be
used to calculate derived numeric criteria that
address the consumption of water, consumption of
fish, and combined consumption of both water
and fish. The State should provide the
assumptions regarding the amount of fish and the
quantity of water consumed per person per day,
as well as the rationale used to select the
assumptions. It needs to include the number of
tests, the species necessary to establish a dose-
response relationship, and the procedure to be
used to calculate the derived numeric criteria.
For non-threshold contaminants, the State should
specify the model used to extrapolate to low dose
and the risk level. 1t should also address
incidental exposure from other water sources
(e.g., swimming). When calculating derived
numeric criteria for mulliple exposure to
pollutants, the State should consider additive
effects, especially for carcinogenic substances,
and should factor in the contribution to the daily
intake of toxicants from other sources (e.g., food,
air) when data are available.

(2) The State Must Demonstrate That the
Procedure Results in Derived Numeric
Criteria Are Protective

The State needs to demonstrate that its procedures
for developing criteria, including translator
methods, yield fully protective criteria for human
health and for aquatic life. EPA's review process
will proceed according to EPA's regulation of 40
CFR 131.11, which requires that criteria be based
on sound scientific rationale and be protective of
all designated uses. EPA will use the expertise

and experience it has gained in developing section
304(a) criteria for toxic poliutants by application
of its own translator method {USEPA, 1980b;
USEPA, 1985b). :

Once EPA has approved the State’s procedure,
the Agency's review of derived numeric criteria,
for example, for pollutants other than section
307(a) toxic pollutants resulting from the State’s
procedure, will focus on the adequacy of the data
base rather than the calculation method. EPA
also encourages States to apply such a procedure
to calculate derived numeric criteria to be used as
the basis for deriving permit limitations for
nonconventional pollutants that also cause
toxicity.

(3) The State Must Provide Full Opportunity
for Public Participation in Adoption of the
Procedure

The Water Quality Standards Regulation requires
States to hold public hearings to review and revise
water quality standards in accordance with
provisions of State law and EPA's Public |
Participation Regulation (40 CFR 25), Where a
State plans to adopt a procedure to be applied to
the narrative criterion, it must provide full
opportunity for public participation in the
development and adoption of the procedure as part
of the State’s water quality standards.

While it is not necessary for the State to adopt
each derived numeric criterion into its water
quality standards and submit it to EPA for review
and approval, EPA is very concerned that all
affected parties have adequate opportunity to
participate in the development of a derived
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numeric criterion even though it is not being
adopted directly as a water quality standard.

A State can satisfy the need to provide an
opportunity for public participation in the
development of derived numeric criteria in several
ways, including:

* a specific hearing on the derived numeric
criterion;

e the opportunity for a public hearing on an
NPDES permits as long as public.notice is
given that a criterion for a toxic poliutant as
part of the permit issuance is being
contemplated; or

»  ahearing coincidental with any other hearing
as long as it is made clear that development
of a specific criterion is also being
undertaken.

For example, as States develop their lists and
individual control strategies (ICSs) under section
304(1), they may seek full public participation.
NPDES regulations also specify  public
participation requirements related to State permit
issuance. Finally, States have public participation
requirements associated with Water Quality
- Management Plan updates.  States may take
advantage of any of these public participation
requirements to fulfill the requirement for public
review of any resulting derived numeric criteria.
In such cases, the State must give prior notice that
development of such criteria -is under
consideration.

(4) The Procedure Must Be Formally Adopted
and Mandatory

Where a State elects to supplement its narrative
criterion with an accompanying implementing
procedure, it must formally adopt such a
procedure as a part of its water quality standards.

The procedure must be used by the State to

calculate derived numeric criteria that will be used
as the basis for all standards’ purposes, including
the following: developing TMDLs, WLAs, and

limits in NPDES permits; determining whether
water use designations are being met; and
identifying potential nonpoint source poliution
problems.

(5) The Procedure Must Be Approved by EPA
as Part of the State’s Water Quality
Standards Regulation

To be consistent with the requirements of the Act,
the State’s procedure to be applied to the narrative
criterion must be submitted to EPA for review
and approval, and will become a part of the
State’s water quality standards. (See 40 CFR
131.21 for further discussion.) This requirement
may be satisfied by a reference in the standards to
the procedure, which may be contained in another
document, which has legal effect and is binding
on the State, and all the requirements for public
review, State implementation, and EPA review
and approval are satisfied.

Criteria Based on Biological Monitoring

For priority toxic pollutants for which EPA has
not issued section 304(a)(l) criteria guidance,
CWA section 303(c){2)(B) requires States to adopt
criteria based on biological monitoring or
assessment methods. The phrase “biological
monitoring or assessment methods™ includes:

¢ whole-effluent toxicity control methods;
¢  biological criteria methods; or
biologicai

e other methods based on
monitoring or assessment,

The phrase "biological monitoring or assessiment
methods” in its broadest sense also includes
criteria developed through translator procedures.
This broad interpretation of that phrase is
consistent with EPA’s policy of applying
chemical-specific, biological, and whole-effiuent
toxicity methods independently in an integrated
toxics control program. It is also consistent with
the intent of Congress to expand State standards
programs beyond chemical-specific approaches.

3-22

R CIQAN

10962

{




Chapter 3 - Water Quality Criteria

States should also consider devcloping protocols
to derive and adopt numeric criteria for priority
toxic pollutants {or other pollutants) where EPA
has not issued section 304(a) criteria guidance.
The State should consider available laboratory
toxicity test data that may be sufficient to support
derivation of chemical-specific criteria, Existing
data need not be as comprehensive as that

required to meet EPA's 1985 guidelines in order

for a Stale to use its own protocols to derive
criteria. EPA has described such protocols in the
proposed Water Quulity Guidance for the Great
Lakes Svstem (58 F.R. 20892, at 21016, April 16,
1993.) This is particularly important where other
components of a Stite's narrative criterion
implementation procedure (¢.g., WET controls or
biological criteria) may not ensure full protection
of designated uses.  For some pollutants, a
combination of chemical-specific and other
approaches 1s necessary (¢.g., pollutants where
bioaccumulation in  fish tissue or water
consumption hy humans is a primary concern).

Biologically based monitoring or assessment
methods serve as the basis for control where no
specific numeric criteria exist or where calculation
or application of pollutant-by-pollutant criteria
appears infeasible.  Also, these methods may
serve as a supplemental measurement  of
attainment of waler quality standards in addition
to numeric and narrative  criteria. The
requirement for both numeric criteria and
biologically based methods demonstrates that
section 30Mc)H2NB) contemplates that Stales
develop a comprehensive toxics control program
regardless of the status of EPA's section 304(a)
criteria.

The whole-cffluent toxicity (WET) testing
procedure is the principal biological monitoring
guidance developed by EPA to date. The purpose
of the WET procedure is to control point source
dischargers of toxic pollutants, The procedure is
particularly useful for monitoring and controlling
the toxicity of complex effluents that may not be
well controtled through chemical-specific numeric
criteria.  As such, biologically based effluent
testing procedures are a necessary component of

a State’s toxics control program under section
303(c)2)B) and a principal means for
implementing a State's narrative “free from
toxics” standard.

Guidance documents EPA considers to serve the
purpose of section 304(a)(8) include the Technical
Support Document for Water Quality-bused Toxics
Control (USEPA, 1991a; Guidelines for Deriving
National Water Qualiry Criteria for the Protection
of Aquatic Organisms and Their Uses (Appendix .
H): Guidelines and’ Methodulogy Used in the
Preparation of Health Effect Assessment Chapters
of the Consent Decree Water Criteriu Documents
(Appendix 1); Methods for Meusuring Acute
Toxicity of Effluents to Freshwater and Marine
Organisms (USEPA, 1991d); Short-Term Methods
Jor Estimating the Chronic Taxicity of Effluens
and Receiving Waters to Freshwater Organisms
(USEPA, 1991e); and Shor-Term Methods for
Estimating the Chronic Toxicity of Effluents and
Receiving Waters to Marine und Estuarine
Organisms (USEPA, 19911). '

3.4.2 Criteria for Nonconventional Pollutants

Criteria requirements applicable 1o toxicants that
are not prionty toxic pollutants (e.g.. ammonia
and chlorine), are specified in the 1983 Water
Quality Standards Regulation (see 40 CFR
13L.11). Under these requirements, States must
adopt criteria based on sound scientific rationale
that cover sufficient parameters to  profect
designated uses. Both numeric and narrative
criteria (discussed in sections 3.5.1 and 3.5.2,
below) may be applied to meet these
requirements.

Forms of Criteria

Stales are required to adopt water quality criteria,
based on sound scientific rationale, that contain
sufficient parameters or constituents to protect the
designated use. EPA believes that an effective
State water quality standards program should
include both parameter-specific (e.g.. ambient
numeric criteria) and narrative approaches.

(8/15/94)
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3.5.1 Numeric Criteria

Numeric criteria are required where necessary to
protect designated uses. Numeric criteria to
protect aquatic life should be developed to address
both short-term (acute) and long-term (chronic)
effects. Saltwater spectes, as well as freshwater
species, must be adequately protected. Adoption
of numeric criteria is particularly important for
toxicants known to be impairing surface waters
and for toxicants with potential human health
impacts (e.g., those with high bioaccumulation
potential). Human health should be protected
from exposure resulting from consumption of
water and fish or other aquatic life {e.g., mussels,
crayfish). Numeric water quality criteria also are
useful in addressing nonpoint source pollution
problems. '

In evaluating whether chemical-specific numeric
critéria for toxicants that are pot priority toxic
pollutants are required, States should consider
whether other approaches (such as whole-effluent
toxicity criteria or biological controls) will ensure
full protection of designated uses. As mentioned
above, a combination of independent approaches
may be required in some cases to support the
designated uses and comply with the requirements
of the Water Quality Standards Regulation (e.g.,
pollutants where bioaccumulation in fish tissue or
water consumption by humans is a primary
concem).

352 * Narrative Criteria

To supplement numeric criteria for toxicants, all
States have also adopted narrative criteria for
toxicants. Such narrative criteria are statements
that describe the desired water quality goal, such
as the following:

All waters, including those within
mixing zones, shall be free from
substances attributable to wastewater
discharges or other pollutant sources
that:

(1) Settle to form objec{ional

deposits;

(2) Float as debris, scum, oil, or
other matter forming nuisances;

{3) Produce objectionable color, odor,
taste, or turbidity; '

(4) Cause injury to, or are toxic to,
or produce adverse physiological
responses in humans, animals, or
plants; or

(5) Produce undesirable or nuisance
aquatic life (54 F.R. 28627, July
6, 1989),

EPA considers that the narrative criteria apply to
all designated uses at all flows and are necessary
to meet the statutory requirements of section
303(c){2XA) of the CWA.

Narrative toxic criteria (No. 4, above) can be the
basis for establishing chemical-specific limits for
waste discharges where a specific poltutant can be
identified as causing or contributing to the toxicity
and the State has not adopted chemical-specific
numeric criteria. Narrative toxic criteria are cited
as a basis for establishing whole-effluent toxicity
controls in EPA permitting regulations at 40 CFR
122.44(d)(1)(v).

To ensure that narrative criteria for loxicants are
attained, the Water Quality Standards Regulation
requires States to develop implementation
procedures (see 40 CFR 131.11¢a)(2)). Such
implementation procedures (Exhibit 3-3) should
address all mechanisms to be used by the State to
ensure that narrative criteria are attained.
Because implementation of chemical-specific
numenic criteria is a key component of State
toxics control programs, narrative criteria
implementation procedures must describe or
reference the State’s procedures to implement
such chemical-specific numeric criteria (e.g.,
procedures for establishing chemical-specific
permit limits under the NPDES permitting
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State implementation procedures for narrative toxics criteria should describe the following:

e  Specific, scientifically defensible methods by which the State will implement its narrative
toxics standard for all toxicants, including:

- methods for chemical-specific criteria, including methods for applying chemical-specific
criteria in permits, developing or modifying chemical-specific criteria via a "translator
procedure” (defined and discussed below), and calculating site-specific criteria based
on local water chemistry or biology);

- methods for developing and implementing whole-effluent toxicity criteria and/or
controls; and

- methods for developing and implementing biological criteria.
*  How these methods will be integrated in the State's toxics control program (i.e., how the
State will proceed when the specified methods produce conflicting or inconsistent results).

s  Application criteria and information needed to apply numerical criteria, for example:

- methods the State will use to identify those pollutants to be regulated in a specific
discharge;

- an incremental cancer risk level for carcinogens;

- methods for identifying compliance thresholds in permits where calculated limiis are
below detection;

- methods for selecting appropriate hardness, pH, and temperature variables for criteria
expressed as functions;

- methods or policies controlling the size and in-zone quality of mixing zones;

- design flows to be used in translating chemical-specific numeric criteria for aguatic life
and human health into permit limits; and

- other methods and information needed to apply standards on a case-by-case basis.

Exhibit 3-3. Components of a State Implementation Procedure for Narrative Toxics Criteria

SRINE DA 1.8
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program). Implementation procedures must also
address State programs to control whole-effluent
toxicity (WET) and may address programs to
implement  biological criteria, where such
programs have been developed by the State.
Implementation procedures therefore serve as
umbrella documents that describe how the State’s
various toxics control programs are integrated to
ensure adequate protection for aquatic life and
human health and attainment of the narrative
toxics criterion, In essence, the procedure should
apply the "independent application" principle,
which provides for independent evaluations of
attainment of a designated use based on chemical-
specific, whole-effluent toxicity, and biological
criteria  methods (see section 3.5.3 and
Appendices C, K, and R).

. EPA encourages, and may ultimately require,
State implementation procedures to provide for
implementation of biological criteria. However,
the regulatory basis for requiring whole-effluent
toxicity (WET) controls is clear. EPA regulations
at 40 CFR 122.44(d)(1)}(v) require NPDES
permits to contain WET limits where a permittee
has been shown to cause, have the reasonable
potential to cause, or contribute to an in-stream
excursion of a narrative criterion. Implementation
of chemical-specific controls is also required by
- EPA regulations at 40 CFR 122.44(d)(1). State
implementation procedures should, at a minimum,
specify or reference methods to be used in
implementing chemical-specific and whole-effluent
toxicity-based controls, explain how these
methods are integrated, and specify needed
* application criteria.

In addition to EPA’s regulation at 40 CFR 131,
EPA has regulations at 40 CFR 122.44 that cover
the National Surface Water Toxics Control
Program. These regulations are intrinsically
linked to the requirements to achieve water
quality standards, and specifically address the
control of pollutants both with and without
numeric  criteria, For example, section
122.44(d)(1)(vi) provides the permitting authority
with several options for establishing effluent limits
when a State does not have a chemical-specific

numeric criterion for a pollutant present in an

effluent at a concentration that causes or
contributes to a violation of the Siate's narrative
critenia.

3.5.3 Biological Criteria

The Clean Water Act of 1972 directs EPA to
develop programs that will evaluate, restore, and
maintain the chemical, physical, and biological
integrity of the Nation's waters. In response to
this directive, States and EPA have impiemented
chemically based water quality programs that
address significant water pollution problems.
However, over the past 20 years, it has become
apparent that these programs alone cannot identify
and address all surface water pollution problems.
To help create a more comprehensive program,
EPA is setting a priority for the development of
biological cniteria as part of State water quality
standards. This effort will help States and EPA
(1) achieve the biological integrity objective of the
CWA set forth in section 101, and (2) comply
with the statutory requirements under sections 303
and 304 of the Act (see Appendices C and K).

Regulatory Bases for Biocriteria

The primary statutory basis for EPA’s policy that
States should develop biocriteria is found in
sections 101(a) and 303(c)(2)(B) of the Clean
Water Act. Section 101(a) of the CWA gives the
general goal of biological criteria. [t establishes
as the objective of the Act the restoration and
maintenance of the chemical, physical, and
biological integrity of the Nation's waters. To
meet this objective, waler quality criteria should
address biological integrity.  Section 101{a)
includes the interim water quality goal for the
protection and propagation of fish, shellfish, and
wildlife.

Section 304(a) of the Act provides the legal basis
for the development of informational criteria,
including biological criteria. Specific directives
for the development of regulatory biocriteria can
be found in section 303(c), which requires EPA to
develop criteria based on biological assessment
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methods when numerical criteria are not

established,

Section 304(a} directs EPA to develop and publish
water quality criteria and information on methods
for measuring water quality and establishing water
quality criteria for toxic pollutants on bases other
than pollutant-by-poliutant, including biological
monitoring and assessment methods that assess:

s the effects of pollutants on aquatic
community components (". .
fish, shellfish, wildlife, plant life . . .") and
community attributes (", biclogical
community diversity, productivity, and
stability . . .") in any body of water; and

¢  factors necessary " . . . o restore and

maintain the chemical, physical, and
biological integrity of all navigable waters .
.. for " . .-, the protection of shellfish,

fish, and wildlife for classes and categories
of receiving waters . .

Once biocriteria are formally adopted into State
standards, Dbiocriteria and aquatic life use
designations serve as direct, legal endpoints for
determining aquatic life use attainment/non-
attainment, CWA section 303(c)(2)(B) provides
that when numeric criteria are not available,
States shall adopt criteria for toxics based on
biological monitoring or assessment methods;
biocriteria can be used to meet this requirement.
Implementation of

Development and

Biocriteria

Biocriteria are numerical values or narrative
expressions that describe the expected reference
biological integrity of aquatic communities
inhabiting waters of a designated aquatic life use.
In the most desirable scenario, these would be
waters that are either in pristine condition or
minimally impaired. However, in some areas
these conditions no longer exist and may not be
attainable. In these situations, the reference
biological communities represent the best
attainable conditions. In either case, the reference

. plankton, .

conditions then become the basis for developing
biocriteria for major surface water types (streams,
rivers, lakes. wetlands, estuaries, or marine
waters).

Biological criteria support designated aquatic life -
use classifications for application in State
standards (see chapter 2). Each State develops its
own designated use classification system based on
the generic uses ciled in the Act (e.g.. protection
and propagation of fish, shellfish, and wildlife).
Designated uses are intentionally pgeneral.
However, States may develop subcategories
within use designations to refine and clarify the
use class. Clarification of the use class is
particularly helpful when a variety of surface.
waters with distinct characteristics fit within the
same use class. or do not fit well into any
category.

For example, subcategories of aquatic life uses
may be on the basis of attainable habitat (e.g.,
coldwater versus warmwater stream Systems as
represented by distinctive trout or bass fish
communities, respectively). Special uses may
also be designated to protect particularly unique,
sensitive, or valuable aqualic species,
communities, or habitats,

Resident biota integrate multiple impacts over
time and can detect impairment from known and
unknown causes. Biological criteria can be used
to verify improvement in water quality in
response to regulatory and other improvement
efforts and to detect new or continuing
degradation of walers. Biological criteria- also
provide a framework for developing improved
best management practices and management
measures for nonpoint source impacts. Numeric
biological criteria can provide effective
monitoring criteria for more definitive evaluation
of the health of an aquatic ecosystem.

The assessment of the biological integrity of a
water body should include measures of the
structure and function of the aquatic community
within a specified habitat. Expert knowledge of
the system is required for the selection of
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appropriate  biological components and
measurement indices. The development and
implementation of biological criteria requires:

e selection of surface waters to use in
developing reference conditions for each
designated use;

*  measurement of the structure and function of
aquatic communities in reference surface
waters 10 establish biological criteria,

o  measurement of the physical habitat and
other environmental characteristics of the
water resource; and

»  establishment of a protocol to compare the
biological criteria to biota in comparable test
waters to determine whether impairment has
occurred.

These elements serve as an interactive network
that is particularly important during early
development of biological criteria where rapid
accumulation of information is effective for
refining both designated uses and developing
biological criteria values and the supporting
biological monitoring and assessment techniques.

3.5.4 Sediment Criteria

While ambient water quality criterta are playing
an important role in assuring a healthy aquatic
environmenl, they alone have not been sufficient
to ensure appropriate levels of environmental
protection. Sediment contamination, which can
involve deposition of toxicanis over long periods
of time, is responsible for water quality impacts
in some areas.

EPA has authority to pursue the development of

sediment critena in streams, lakes and other

waters of the United States under sections 104 and -

304(a)(1) and (2) of the CWA as follows:

o section 104(m)(1) authorizes 1the
Admintstrator to establish national programs

that study the effects of pollution, including
sedimentation, in estuaries on aquatic life;

e  section 304(a){1) directs the Administrator to
develop and publish criteria for water
quality, including information on the factors
affecting rates of organic and inorganic
sedimentation for varying types of receiving
waters;

*  section 304(a)(2) directs the Administrator to
develop and publish information on, among
other issues, "the factors necessary for the
protection and propagation of shellfish, fish,
and wildlife for classes and categories of
receiving waters. . . ."

To the extent that sediment criteria could be
developed that address the concemns of the section
404(b)(1) Guidelines for discharges of dredged or
fill material under the CWA or the Marine
Protection, Research, and Sanctuaries Act, they
could also be incorporated into those regulations.

EPA's current sediment criteria development
effort, as described below, focuses on criteria for
the protection of aquatic life. EPA anticipates
potential future expansion of this effort to include
sediment criteria for the protection of human
health.

Chemical Approach to Sediment Criteria
Development

Over the past several years, sediment criteria
development activities have centered on evaluating
and developing the Equilibrium Partitioning
Approach for generating sediment criteria. The
Equilibrium Partitioning Approach focuses on
predicting the chemical interaction between
sediments and contaminants. Developing an
-understanding of the principal factors that
influence the sediment/contaminant interactions
will allow predictions to be made regarding the
level of contaminant concentration that benthic
and other organisms may be exposed to. Chronic
water qualily criteria, or possibly other
toxicological endpoints, can then be used to
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predict potential biological effects. In addition to
the development of sedinient criteria, EPA is also
working to develop a standardized sediment
‘toxicity test that could be used with or
independently of sediment criteria to assess
chronic effects in fresh and marine waters.

Equilibrium Partitioning (EqP) Sediment
Quality Criteria (SQC) are the U.S.
Environmental Protection Agency’s best
recommendation of the concentration of a
substance in sediment that will not
unacceptably gffect benthic organisms or
their uses.

Methodologies for deriving effects-based SQC
vary for different classes of compounds. For
non-ionic organic chemicals, the methodology
requires normalization to organic carbon. A
methodology for deriving effects-based sediment
criteria for metal contaminants is under
development and is expected to require
normalization to acid volatile sulfide. EqP SQC
values can be derived for varying degrees of
uncertainty and levels of protection, thus
permitting use for ecosystem protection and
remedial programs.

Application of Sediment Criteria

SQC would provide a basis for making more
informed decisions on the environmental impacts
of contaminated sediments. Existing sediment
assessment methodologies are limited in their
ability to identify chemicals of concem,
responsible parties, degree of contamination, and
zones of impact. To make the most informed
decisions, EPA believes that a comprehensive
approach using SQC and biological test methods
is preferred.

Sediment criteria will be particularly valuable in
site-monitoring  applications where sediment
contaminant  concentrations are gradually
approaching a criterion over time¢ or as a
preventive tool to ensure that point and nonpoint
sources of contamination are controlled and that
uncontaminated sediments remain uncontaminated.

Also comparison of field measurements to
sediment criteria will be a reliable method for
providing early warning of a potential problem.
An early warning would pravide an opportunity to
take corrective action before adverse impacts
occur. For the reasons mentioned above, it has
been identified that SQC are essential to resolving
key contaminated sediment and source control
issues in the Great Lakes.

Specific Applications

Specific applications of sediment crileria are
under development. The primary use of EqP-
based sediment criteria will be 10 assess risks
associated with contaminants in sediments. The
various offices” and programs concerned with
contaminated sediment have different regulatory
mandates and, thus, have different needs and
areas for potential application of sediment criteria.
Because each regulatory need is different, EqP-
based sediment quality criteria designed
specifically to meet the needs of one office or
program may have to be implemented in different
ways to meet the needs of another office or
program,

One mode of application of EqP-based numerical
sediment quality critenia would be in a tiered
approach. In such an  application, when
contaminants in sediments excced the sediment
qualily criteria the sediments would be considered
as causing unacceptable impacts. Further testing
may or may not be required depending on site-
specific conditions and the degree in which a
cnterion has been violated. (In locations where

_contamination significantly exceeds a criterion, no

additional testing would be required. Where
sediment contaminant levels are close to a
criterion, additional testing might be necessary.)
Contaminants in a sediment at concentrations less
than the sediment criterion would not be of
concern. However, in some cases the sediment
could not be considered safe because it might
contain other contaminants above safe levels for
which no sediment crileria exist. [In addition, the
synergistic, antagonistic, or additive effects of
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several contaminants in the sediments may be of
concern.

Additional testing in other tiers of an evaluation
approach, such astoxicity tests, could be required
to determine if the sediment is safe. It is likely
that such testing would incorporate site-specific
considerations. Examples of specific applications
of sediment criteria after they are developed
include the following:

*  Establish permit limits for point sources to
ensure that uncontaminated sediments remain
uncontaminated or sediments already
contaminated have an opportunity to cleanse
themselves. Of course. this would occur
only after criteria and the means to lie point
sources to sediment contamination are

developed.

*  Establish target levels for nonpoint sources
of sediment contamination.

*  For remediation activities, SQC would be
valuable in identifying:

- need for remediation.

- spatial extent of remediation area,

remediation

- benefits derived from

activities,

- responsible parties,

1 TITTP

2-,‘

'nr,rfﬂw‘

s F W

- impacts of depositing - contaminated
sediments in water environments, and

- success of remediation activities,

In tiered testing sediment evaluation processes,
sediment criteria and biological testing procedures
work very well together.

Sediment Criteria Status
Science Advisory Board Review

The Science Advisory Board has completed 2
second review of the EqP approach to deriving
sediment quality criteria for non-ionic
contaminants.  The November 1992 report
(USEPA, 1992¢) endorses the EqP approach to
deriving criteria as ". . . sufficiently valid to be
used in the regulatory process if the uncertainty
associated with the method is considered.
described, and incorporated," and that "EPA

should . . establish criteria on the basis of
present knowledge within the bounds of
uncertainty. . . ."

The Science Advisory Board also identified the
need for ". . . a better understanding of the
uncertainty around the assumptions inherent in the
approach, including assumptions of equilibrium,
bioavailability, and kinetics, all c¢ritical to the
application of the EqP."

Sediment Criteria and
Application Guidance

Documents

EPA efforts at producing sediment criteria
documents are being directed first toward
phenanthrene, fluoranthene, dieldrin,
acenaphthene, and endrin. Efforts are also being
directed towards producing a guidance document
on the derivation and interpretation of sediment
quality criteria. The criteria documents were
announced in the Federal Register in January
1994; the public comment period ended June
1994. Final documents and implementation
guidance should be available in early 1996,
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Methodology for Developing Sediment
Criteria for Metal Contaminants

EPA is proceeding to develop a methodology for
calculating sediment criteria for benthic toxicity to
metal contaminants, with key work focused on
identifying and understanding the role of acid
volatile sulfides (AVS), and other binding factors,
in controlling the bioavailability of metal
contaminants. A variety of field and laboratory
verification studies are under way to add
additional support to the methodology. Standard
AVS sampling and analytical procedures are
under development. Presentation of the metals
methodology to the SAB for review is anticipated
for Fall 1994,

Biological Approach to Sediment Cniteria
Development

Under the Contaminated Sediment Management
Strategy, EPA programs have committed (o using
consistent biological methods to determine if
sediments are contaminated. In the water
program, these biological methods will be used as
a complement to the sediment-chemical criteria
under development. The biological methods
consist of both toxicity and bicaccumulation tests.
Freshwater and saltwater benthic species, selected
to represent the sensitive range of species’
responses to toxicity. are used in toxicity tests to
measure sediment toxicity. Insensitive freshwater
and saltwater benthic species that form the base of
the food chain are used in toxicity tests to
measure the bioaccumulation potential of
sediment. In FY 1994, acute toxicity tests and
bioaccumulation tests selected by all the Agency
programs should be standardized and available for
use. Training for States and EPA Regions on
these methods is expected to begin in FY1995.

In the next few years, research will be conducted
to develop standardized chronic toxicity tests for
sediment as well as toxicity identification
evaluation (TIE) methods. The TIE approach will
be used to identify the specific chemicals in a
sediment causing acute or chronic toxicity in the
test organisms. Under the Contaminated

Sediment Management Strategy, EPA’s programs
have also agreed to incorporate these chronie
toxicity and TIE methods into their sediment
testing when they are available.

3.5.5 Wildlife Criteria

Terrestrial and avian species are useful  as
sentingls for the health of the ccosystem as a
whole. In many cases, damage to wildlife
indicates that the ecosystem itself is damaged.
Many wildlife species that are heavily dependent
on the aquatic food web reflect the health of
aquatic systems. In the case of toxic chemicals,
terminal predators such as otter, mink, gulls,
terns, eagles, ospreys, and turtles arc useful as
integrative indicators of the status or health of the
ecosyslem.

Statutory and Regulatory Authority

Section 101{a)(2) of the CWA sets, as an interim
goal of,

. wherever altainable . . . water
quality which provides for the
protection and propagation of fish,
shellfish, and wildlife . . . (cmphasis
added).

Section 304(a)(1) of the Act also requires EPA 10:

. . . develop and publish . . . crieria for
water quality accurately reflecting . . . the
kind and extent of all identifiable effects on
health and welfare including . . . wildlife.

The Water Quality Standards Regulation reflect
the statutory goals and requirements by requiring
States to adopt, where attainable, the CWA
section 101(a)2) goal uses of protection and
propagation of fish, shellfish, and wildlife (40
CFR 131.10), and to adopt water quality criteria -
sufficient to protect the designated use (40 CFR
131.11).

(8/15/94)
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Wwildlife Protection in Current Aguatic
Criteria

Current water quality criteria methodology is
designed to protect fish, benthic invertebrates, and

zooplankton; however, there is a provision in the

current aquatic life criteria guidelines (Appendix
H) that is intended to protect wildlife that
consume aquatic organisms from the
bicaccumulative potential of a compound. The
final residue value can be based on either the
FDA Action Level or a wildlife feeding study.
However, if maximum permissible lissue
concentration is not available from a wildlife
feeding study, a final residue value cannot be
derived and the criteria quantification procedure
continues without further consideration of wildlife
impacts. Historically, wildlife have been
considered only after detrimental effects on
wildlife populations have been observed in the
environment (this occurred with relationship to
DDT, selenium, and PCBs).

Wildlife Criteria Development

EPA's national wildlife criteria effort began
following release of a 1987 Govermment
Accounting Office study entitled Wildlife
Management - National Refuge Contamination Is
Difficult To Confirm and Clean Up (GAO, 1987).
After waterfow] deformities observed at Kesterson
Wildlife Refuge were linked to selenium
contamination in the water, Congress requested
this study and recommended that - “the
Administrator of EPA, in close coordination with
the Secretary of the Interior, develop water
“quality criteria for protecting witldlife and their
refuge habitat.”

In November of 1988, EPA's Environmental
Research Laboratory in Corvallis sponsored a
workshop entitled Water Quality Criteria To
Protect Wildlife Resources, (USEPA, 1989g)
which was co-chaired by EPA and the Fish and
Wildlife Service (FWS). The workshop brought
together 26 professionals from a variety of
institutions,  including EPA, FWS, State
govemments, academia, and consultants who had

expertise in wildlife toxicity, aquatic toxicity,
ecology, environmental risk assessment, and
conservation. Efforts at he workshop focused on
evaluating the need for, and developing a strategy
for production of wildlife criteria.  Two
recommendations came out of that workshop:

(1) The process by which ambient
water quality . criteria are
established should be modified to
consider effects on wildlife; and

(2) chemicals should be pnoritized
based on their potential to
adversely impact wildlife species.

Based on the workshop recommendations,
screening level wildlife criteria (SLWC) were
calculated for priority pollutants and chemicals of
concern submitted by the FWS to gauge the extent
of the problem by:

(1) evaluating whether existing water
quality criteria for aquatic life are
protective of wildlife, and

(2) proritizing chemicals for their potential
to adversely impact wildlife species.

There were 82 chemicals for which EPA had the.
necessary loxicity information as well as ambient
water quality criteria, advisories, or lowest-
observed-adverse-effect levels (LOAELs) to
compare with the SLWC values. As would be
expected, the majority of chemicals had SLWC

larger than existing water quality criteria,
advisories, or LOAELs for aquatic life.
However, the screen identified classes of

compounds for which current ambient water
quality criteria may not be adequately protective
of wildlife:  chlorinated altkanes, benzenes,
phenols, metals, DDT, and dioxins. Many of
these compounds are produced in very large
amounts and have a variety of uses (e.g.,
solvents, flame retardants, organic syntheses of
fungicides and herbicides, and manufacture of
plastics and textiles. The manufacture and use of

3-32

{B/15/94)

10972

1



Chapter 3 - Water Quality Criteria

these materials produce waste byproduct). Also,
5 of the 21 are among the top 25 pollutants
identified at Superfund sites in 1985 (3 metals, 2
organics).

Following this initial effort, EPA held a nationai
meeting in April 1992' to constructively discuss
and evaluate proposed methodologies for deriving
wildlife criteria to build consensus among the
scientific community as to the most defensible
scientifically approach(es) to be pursued by EPA
in developing useful and effective wildlife critenia.

The conclusions of this national meeting were as
follows:

e  wildlife criteria should have a tissue-residue
component when appropriate;

¢ peer-review of wildlife criteria and data sets
should be used in their derivation;

¢  wildlife criteria should incorporate methods
to establish site-specific wildlife criteria;

e  additional amphibian and reptile toxicity data
are needed,

¢ further development of inter-species
toxicological sensitivity factors are needed;
and

e  criteria methods should measure biomarkers
in conjunction with other studies.

On Aprl 16, 1993, EPA. proposed wildlife
criteria in the Water Quality Guidance for the
Grear Lakes System (58 F.R. 20802). The
proposed wildlife criteria are based on the current
EPA noncancer human health criteria approach,
In this proposal, in addition to requesting
comments on the proposed Great Lakes criteria
and methods, EPA also requested comments on
possible modifications of the proposed Great
Lakes approach for consideration in the
development of national wildlife criteria.

3.5.6 Numeric Criteria for Wetlands

Extension of the EPA national 304(a} numeric
aguatic life criteria to wetlands is recommended
as part of a program to develop standards and
criteria for wetlands. Appendices D and E
provide an overview of the need for standards and
criteria for wetlands. The 304(a) numeric aquatic
life criteria are designed to be protective of
aquatic life for surface waters and are generally
applicable to most wetland types. Appendix E
provides a possible approach, based on the site-
specific guidelines, for detecting wetland types
that might not be protected by direct application
of national 304(a) criteria. The evaluation can be
simple and inexpensive for those wetland types
for which sufficient water chemistry and species
assemblage data are available, but will be less
useful for wetland types for which these data are
not readily available. In Appendix E, the site-
specific approach is described and recommended
for wetlands for which modification of the 304(a)
numeric critena are considered necessary. The
tesults of this type of evaluation, combined with
information on local or regional environmental
threats, can be used to prioritize wetland types
(and individual criteria) for further site-specific
evaluations and/or additional data collection.
Close coordination among regulatory agencies,
wetland scienusts, and criteria experts will be
required.

(8/15/94)
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Policy on Aquatic Life Criteria for
Metals

It is the policy of the Office of Water that the use
of dissolved metal to set and measure compliance
with water quality standards is the recommended
approach, because dissolved metal more closely
approximates the bioavailable fraction of metal in
the water column than does total recoverable
metal. This conclusion regarding metals
bioavailability is supported by a majority of the
scientific community within and outside EPA.
One reason is that a primary mechanism for water
column toxicity is adsorption at the gill surface
which requires metals to be in the dissolved form.

Until the scientific unceriainties are better
resolved, a range of different risk management
decisions can be justified by a State. EPA
recommends that State water quality standards be
based on dissolved metal--a conversion factor
must be used in order to express the EPA critena
articulated as total recoverable as dissolved. (See
the paragraph below for technical details on
developing dissolved criteria.)
approve a State risk management decision to adopt
standards based on total recoverable metal, if
those standards are otherwise approvable as a
matter of law. (Qffice of Water Policy and
Technical Guidance on  Interpretation and
Implemeniation of Aquatic Life Metals Criteria
USEPA, 1993f)

3.6.1 Background

The implementation of metals criteria is complex
due lo the site-specific nature of metals toxicity.
This issue covers a number of areas including the
expression of aquatic life criteria; total maximum
daily loads (TMDLs). permits, effluent
monitoring, and compliance; and ambient
monitoring. The following Sections, based on the
policy memorandum referenced above, provide
additional guidance in each of these areas.
Included in this Handbook as Appendix ] are
three guidance documents issued along with the
Office of Water policy memorandum with

EPA will also .

additional technical details. They are: Guidance
Document on Expression of Aquatic Life Criteria
as Dissolved Criteria (Attachiment #2), Guidance
Document on Dynamic Modeling and Transtutors
(Attachment #3), and Guidunce Document on
Monitoring (Attachment #4).  These will be
supplemented as additional information becomes
available.

Since metals toxicity is significantly attected by
site-specific factors, it presents a number of
programmatic challenges. Factors that must be
considered in the management of metals in the
aquatic environment include: toxicity specific to
effluent chemistry; toxicity specific to ambient
water chemistry: different patterns of toxicity for
different metals; evolution of the slate of the
science of metals toxicity, fate, and transport;
resource limitations for monitoring, analysis,
implementation. and research functions: concerns
regarding some of the analytical data currently on
record due to possible sampiing and analytical
contamination; and lack of standardized protocols
for clean and ultractean metals analysis.  The
States have the key role in the risk management
process of balancing these factors in the
management of water programs. The §ite-specific
nature of this issue could bhe perceived as
requiring a permit-by-permit  approach to
implementation. However, EPA believes that this
guidance can be: effectively implemented on a
broader level, across any waters with roughly the
same physical and chemical characteristics, and
recommends that States work with the EPA with
that perspective in mind,

1.6.2 Expression of Aquatic Life Criteria
Dissolved vs. Total Recoverable Metal

A major issue is whether, and how, to use
dissolved metal concentrations ("dissolved metal™)
or total recoverable metal concentrations ("total
recoverabie metal”) in setting State water quality
standards. In the past, States have used both
approaches when applying the same LEPA Section
304(a) criteria guidance. Some older criteria
documents may have facilitated these different
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approaches to interpretation of the criteria because
the documents were somewhat equivocal with
regards to analytical methods. The May 1992
interim guidance continued the policy that either
approach was acceptable.

The position that the dissolved metals approach is
more accurate has been questioned because it
neglects the possible toxicity of particulate metal.
It is true that some studies have indicated that
particulate metals appear to contribute to the
toxicity of metals, perhaps because of factors such
as desorption of metals at the gill surface, but
these same studies indicate the toxicity of
particulate metal is substantially less than that of
dissolved metal.

Furthermore, any error incurred from
excluding the contribution of particulate metal wiil
generally be compensated by other factors which
mabke criteria conservative. For example, metals
in toxicity tests are added as simple salts to
relatively clean water. Due to the likely presence
of a significant concentration of metals binding
agents in many discharges and ambient waters,
metals in toxicity tests would generally be
expected to be more bioavailable than metals in
discharges or in ambient waters.

If total recoverable metal is used for the
purpose of specifying water quality standards, the
lower bioavailability of particulate metal and
lower bioavailability of sorbed metals as they are
discharged may result in an overly conservative
water quality standard. The use of dissolved
metal in water quality standards gives a more
accurate result in the water column. However,
total recoverable measurements in ambient water
have value, in that exceedences of criteria on a
total recoverable basis are an indication that metal
loadings could be a stress to the ecosystem,

particularly in locations other than the water

column {e.g., in the sediments).

The reasons for the potential consideration of total
recoverable measurements include risk
management considerations not covered by
evaluation of water column toxicity alone. The

ambient water quality criteria are neither designed
nor intended to protect sediments, or 10 prevent
effects in the food webs containing sediment
dwelling organisms. A risk manager, however,
may consider sediments and food chain effects
and may decide to take a conservalive approach
for metals, considering that metals are very
persistent chemicals. This conservative approach
could include the use of total recoverable metal in
water quality standards. However, since
consideration of sediment impacts is not
incorporated into the criteria methodology, the
degree of conservatism inherent in the total
recoverable approach is unknown. The
uncertainty of metal impacts in sediments stem
from the lack of sediment criteria and an
imprecise understanding of the fate and transport
of metals. EPA will continue to pursue research
and other activities to close these knowledge gaps.

Dissolved Criteria

In the toxicity tests used to deveiop EPA metals
criteria for aquatic life, some fraction of the metal '
is dissolved while some fraction is bound to
particulate matter. The present criteria were
developed using total recoverable metal
measurements or measures expected to give
equivalent results in toxicity tests, and are
articulated as total recoverable. Therefore, in
order to express the EPA criteria as dissolved, a
totat recoverable to dissolved conversion factor
must be used. Attachment #2 in Appendix J
provides guidance for calculating EPA dissolved
criteria from the published total recoverable
criteria. The data expressed as percentage metal
dissolved are presented as recommended values.
and ranges. However, the choice within ranges is
a Stale risk management decision. EPA has
recently supplemented the data for copper and is
proceeding to further supplement the data for
copper and other metals. As testing is completed,
EPA will make this information available and this
is expected to reduce the magnitude of the ranges
for some of the conversion factors provided.
EPA also strongly encourages the application of
dissolved criteria across a watershed or
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waterbody, as technically sound and the best use
of resources.

Site-Specific Criteria Modifications

While the above methods will correct some site-
specific factors affecting metals toxicity, further
refinements are possible. EPA has issued
guidance for three  site-specific  criteria
development methodologies: recalculation
procedure, water-effect ratio (WER) procedure
(called the indicator species procedure in previous
guidance) and resident species procedure. (See
Section 3.7 of this Chapter.)

In the National Toxics Rule (57 FR 60848,
December 22, 1992), EPA recommended the
WER as an optional method for site-specific
criteria development for certain metals. EPA
committed in the NTR preamble to provide
additional guidance on determining the WERs.
- The Interim Guidance on the Determination and
Use of Water-Effect Ratios for Metals was issued
by EPA on February 22, 1994 and is intended to
fulfill that commitment. This interim guidance
. supersedes all guidance concerning water-effect
ratios and the recalculation procedure previously
issued by EPA. This guidance is included as
Appendix L to this Handbook.

In order t0 meet current needs, but allow for
changes suggested by protocol users, EPA issued
the guidance as "interim.” EPA will accept
WERs developed using this guidance, as well as
by using other scientifically defensible protocols.

3.6.3 Total Maximum Daily Loads (TMDLs)
and National Pollutant Discharge
Elimination System (NPDES) Permits

Dynamic Water Quality Modeling

Although not specifically part of the reassessment

of water quality criteria for metals, dynamic or
probabilistic models are another useful tool for
implementing water quality criteria, especially for
those criteria protecting aquatic life.  These
models provide another way (o incorporate site-
specific data. The Technical Support Document
SJor Water Quality-based Toxics Comirol (TSD)
(USEPA, 1991a) describes dynamic, as well as
static (steady-state) models. Dynamic models
make the best use of the specified magnitude,
duration, and frequency of water quality criteria
and, therefore, provide a more accurate
representation of the probability that a water
quality standard exceedence will occur. In
contrast, steady-state models frequently apply a
number of simplifying, worst case assumptions
which makes them less complex but also less
accurate than dynamic models.

Dynamic models have received increased attention
over the last few years as a result of the
widespread belief that steady-state modeling is
over-conservative due to  environmentally
conservative dilution assumptions. This belief has
led to the misconception that dynamic models will
always lead to less stringent regulatory controls
(e.g., NPDES effluent limits) than steady-state
models, which is not true in every application of
dynamic modets. EPA considers dynamic models
to be a morg accurate approach to implementing
water quality criteria and continues to recommend
their use. Dynamic modeling does require a
commitment of resources to develop appropriate
data. (See Appendix J, Attachment #3 and the
USEPA. 1991a for details on the use of dynamic
models. )

Dissolved-Total Metal Tmnsla:ors

Expressing ambient water quality criteria for
metals as the dissolved form of a metal poses a
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need to be able to translate from dissolved metal
to total recoverable metal for TMDLs and
NPDES permits. TMDLs for metals must be abie
to calculate; (1) dissolved metal in order to
ascertain attainment of water quality standards,
and (2) total recoverable metal in order to achieve
mass balance necessary for permitting purposes.

EPA's NPDES regulations require that limits of
metals in permits be stated as total recoverable in
most cases {see 40 CFR §122.45(c)) except when
an effluent guideline specifies the limitation in
another form of the metal, the approved analytical
methods measure only dissolved metal, or the
permit writer expresses a metals limit in another
form (e.g., dissolved, valent specific, or total)

when required to carry out provisions of the

Clean Water Act. This is because the chemical
conditions in ambient waters. frequently differ
substantially from those in the effluent, and there
is no assurance that effluent particulate metal
would not dissolve after discharge. The NPDES
rule does not require that State water quality
standards be expressed as total recoverable;
rather, the rule requires permit writers to translate
between different metal forms in the calculation of
the permit limit so that a total recoverable limit
can be established. Both the TMDL and NPDES
uses of water quality criteria require the ability to
translate bhetween dissolved metal and total
recoverable metal. Appendix J, Attachment #3
provides guidance on this transiation.

3.6.4  Guidance on Monitoring

Use of Clean Sampling and Analytical
Technigques

In assessing waterbodies to determine the potential
for toxicity problems due to metals, the quality of
the data used is an important issue, Metals data
are uscd (o determine attainment status for water
quality standards, discern trends in water quality,
estimate background loads for TMDLs, calibrate
“fate and transport models, estimate effluent
concentrations (including effluent variability),
assess permit compliance, and conduct research,
The quality of trace level metal data, especially

below 1 ppb, may be compromised due to
contamination of samples during collection,
preparation, storage, and analysis. Depending on
the level of metal present, the use of "clean” and
“ultraclean” techniques for sampling and analysis
may be critical to accurate data for
implementation of aquatic life criteria for metals.

The significance of the sampling and analysis
contamination problem increases as the ambient
and effluent metal concentration decreases and,
therefore, problems are more likely in ambient
measurements. "Clean" techniques refer to those
requirements (or practices for sample collection
and handling) necessary 10 produce reliable
analytical data in the part per billion {ppb) range.
"Ultraclean™ techniques refer to  those
requirements or practices necessary to produce
reliable analytical data in the part per trillion (ppt)
range. Because typical concentrations of metals
in surface waters and effluents vary from one
metal to another, the effect of contamination on
the quality of metals monitoring data varnes
appreciably.

EPA plans to develop protocols un the use of
clean and ultra-clean techniques and s
coordinating with the United States Geological
Survey (USGS) on this project, because USGS has
been doing work on these techniques for some
time, especially the sampling procedures.  Draft
protocols for clean techniques were presented at
the Norfolk, VA analytical methods conference in
the Spring of 1994 and final protocols are
expected to be available in early 1995. The
development of comparable protocols for ultra-
clean techniques is underway and are expected to
be available in late 1995. In developing these
protocols, we will consider the costs of these
techniques and will give guidance as to the
situations where their use is necessary. Appendix
L, pp. 98-108 provide some general guidance on
the use of clean analytical technigues. We
recommend that this guidance bhe used by States
and Regions as an interim step, while the clean
and ultra-clean protocols are being deyeloped.

(8/15/94)
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Use of Historical Data

The concerns about metals sampling and analysis
discussed above raise corresponding concerns
about the validity of historical data, Data on
effluent and ambient metal concentrations are
collected by a variety of organizations including
Federal agencies (e.g., EPA, USGS), State
pollution control agencies and health departments,
local government agencies, municipalities,
industrial dischargers, researchers, and others.
The data are collected for a variety of purposes as
discussed above.

Concern about the reliability of the sample
collection and analysis procedures is greatest
where they have been used to monitor very low
level metal concentrations.  Specifically, studies
have shown data sets with contamination problems
during sample collection and laboratory analysis,
that have resulted in inaccurate measurements.
For example, in developing a TMDL for New
York Harbor, some historical ambient data
showed extensive metals problems in the harbor,
while other historical ambient data showed only
timited metals problems. Careful resampling and
analysis in 1992/1993 showed the latter view was
correct.  The key to producing accurate data is
appropriate quality assurance (QA) and quality
control (QC) procedures. EPA believes that most
historical data for metals, collected and analyzed
with appropriate QA and QC at levels of | ppb or
higher, are reliable, The data used in
development of EPA criteria are also considered
reliable, both because they meet the above test
and because the toxicity test solutions are created
by adding known amounts of metals,

With respect to effluent monitoring reported by an
NPDES permittee, the permittee is responsible for
collecting and reporting quality data on a
Discharge Monitoring Report (DMR). Permitting
authorities should continue to consider the
information reported to be true, accurate, and
complete as certified by the permittee. Where the
permiltee becomes aware of new information
specific to the effluent discharge that questions the
quality of previously submitted DMR data, the

o R

permittee must promptly submit that information
to the permitting authority. The permitting
authority will consider all information submitted
by the permittee in determining appropriate
enforcement responses to monitoring/reporting
and effluent violations.  (See Appendix J,
Attachment #4 for additional details.)

Site-Specific Aquatic Life Criteria

The purpose of this section is to provide guidance
for the development of site-specific water quality
criteria which reflect local environmental
conditions. Site-specific criteria are allowed by
regulation and are subject to EPA review and
approval. The Federal water quality standards
regulation at section 131.11(b)(1)(ii) provides
States with the opportunity to adopt water quality
criteria that are "...modified to reflect site-specific
conditions.”  Site-specific criteria, as with all
water quality criteria, must be based on a sound
scientific rationale in order to protect the
designated use. Existing guidance and practice
are that EPA will approve site-specific criteria
developed using appropriate procedures.

A site-specific criterion is intended to come cioser
than the national criterion to providing the
intended level of protection to the aquatic life at
the site, usuvally by taking into account the
biological and/or chemical conditions (i.e., the
species composition and/or water quality
characteristics) at the site. The fact that the U.S.
EPA has made these procedures available should
not be interpreted as implying that the agency
advocates that states derive site-specific criteria
before setting state standards. Also, derivation of
a site-specific criterion does not change the
intended level of protection of the aquatic life at
the site.

3.7.1 History Criteria
Guidance

of Site-Specific .

National water quality criteria for aquatic life may
be under- or over-protective if:
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(1) the species at the site are more or less
sensitive than those included in the national
criteria data set (e.g., the national criteria
data set contains data for trout, salmon,
penaeid shrimp, and other aquatic species
that have been shown (o be especially
sensitive to some materials), or

(2) physical and/or chemical characteristics of
the site alter the biological availability
and/or toxicity of the chemical ({e.g.,
atkalinity, hardness, pH, suspended solids
and salinity influence the concentration(s) of
the toxic form(s} of some heavy metals,
ammonia and other chemicals).

Therefore, it is appropriate that site-specific
procedures address each of these conditions
separately as well as the combination of the two.
In the early 1980's, EPA recognized that
laboratory-derived water quaiity criteria might not
accurately reflect site-specific conditions and, in
response, created three procedures to derive site-
specific criteria. This Handbook contains the
details of these procedures, referenced below.

1. The Recalculation Procedure is intended to

take into account - relevant differences
between the sensitivities of the aguatic
organisms in the national dataset and the
sensitivities of organisms that occur at the
site (see Appendix L, pp. %0-97).

2. The Water-Effect Ratio Procedure (called the
Indicator Species Procedure in USEPA,

1983a; 1984f ) provided for the use of a
water-effect ratio (WER) that is intended to
take into account relevant differences
between the toxicities of the chemical in
laboratory dilution water and in site water
(see Appendix L).

3. The Resident Species Procedure intended to

take into account both kinds of differences
simultaneously (see Section 3.7.6).

These procedures were first published in the 1983
Water Quality Standards Handbook (USEPA,

1983a) and expanded upon in the Guidelines for
Deriving Numerical Aquaiic Site-Specific Water
Qualiry Criteria by Modifyving National Criteriu
(USEPA, 1984f). Interest has increased in recent
years as states have devoted more attention 1o
chemical-specific water quality criteria for aquatic
life. In addition, interest in water-effect ratios
increased when they were integrated into some of
the aquatic life criteria for metals that were
promuigated for several states in the National
Toxics Rule (57 ER 60848, December 22, 1992).

The Office of Water Policy and Technical

Guidance on Interpretation and Implementation of
Aquutic Life Criteria for Metals {(USEPA, 1993f) -
(see Section 3.6 of this Handbook) provided
further guidance on site-specific criteria for metals
by recommending the use of dissalved metals for
setting and measuring compliance with water
quality standards.

The early guidance conceming WERs (USEPA,
1983a; 1984f) contained few details and needed
revision, especially to take into account newer
guidance concerning metals, To meet this need,
EPA issued [Interim  Guidance on  the
Determination and Use of Water-Effect Rutios for
Metals in 1994 (Appendix L), Metals are
specifically addressed in Appendix L. because of
the National Toxics Rule and because of current
interest in aquatic life criteria for metals; although
most of this guidance also applies to other
poilutants, some obviously applies only to metals.
Appendix L supersedes all guidance concemning
water-effect ratios and the Indicator Species
Procedure given in Chapter 4 of the Wurer
Qualiry Standards Handbook (USEPA, 1983a) and
in Guidelines for Deriving Numerical Aquatic Site-
Specific: Water Quality Criteria by Modifving
National Criteria (USEPA, 1984f). Appendix L
(p. 90-98) also supersedes the guidance in these
earlier documents for the Recalculation Procedure
for performing site-specific criteria modifications.
The Resident Species Procedure remains
essentially unchanged since 1983 (except for
changes in the averaging periods to conform to
the 1985 aquatic life criteria guidelines (USEPA,
1985b) and is presented in Section 3.7.6, below.

(8/15/94)
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The previous guidance concerning site-specific
procedures did not allow the Recalculation
Procedure and the WER procedure to be used
together in the derivation of a site-specific aquatic
life criterion; the only way to take into account
both species composition and water quality
characteristics in the determination of a site-
specific criterion was to use the Resident Species

Procedure. A specific change contained Appendix
Lis in iurisdicti | bi
W r W

used together provided that the recalculation
procedure is performed first. Both the
Recalcylation Procedure and the WER Procedure
are based directly on the guidelines for deriving
national aquatic life criteria (USEPA 1985 ) and,
when the two are used together, use of the
Recalculation Procedure must be performed first
because the Recalculation Procedure has specific
implications conceming the determination of the
WER.

3.7.2 Préparing to Calculate Site-Specific
Criteria

Adopting site-specific criteria in water quality
standards is a State option--not a requirement.
Moreover, EPA is not advocating that States use
site-specific criteria development procedures for
setting all aquatic life criteria as opposed to using
the National Section 3104(a) criteria
recommendations. Site-specific criteria are not
needed in all situations. When a State considers
the possibility of developing site-specific criteria,
it is esscntial to involve the appropriate EPA
Regional office at the stan of the project.

This early planning is also essential if it appears
that data generation and testing may be conducted
by a party other than the State or EPA. The State
and EPA need to apply the procedures judiciously
and must consider the complexity of the problem
and the extent of knowledge available concerning
the fate and effect of the pollutant under
consideration. If site-specific criteria  are
developed without early EPA involvement in the
planning and design of the task, the State may

expect EPA to take additional time to closely
scrutinize the results before granting any approval
to the formally adopted standards.

The following sequence of decisions need 10 be
made before any of the procedures are initiated:

4 verify that site-specific criteria are actually
needed {e.g., that the use of clean sampling
and/or analylical techniques, especially for
metals, do not result in attainment of
standards. )

¢ Define the site boundanes.

¢ Determine from the national criterion
document and other sources if physical
and/or chemical characteristics are known to
affect the biological availability and/or
toxicity of a material of interest.

¢ If data in the national criterion document
and/or from other sources indicate that the
range of sensitivity of the selected resident
species (o the material of interest is different
from the range for the species in the national
criterion document, and variation in physical
and/or chemical characteristics of the site
water is not expected to be a factor, use the
Recalculation Procedure (Section 3.7.4).
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¢ If data in the national criterion document
and/or from other sources indicate that
physical and/or chemical characteristics of
the site water may affect the biological
availability and/or toxicity of the material of
interest, and the selected resident species
range of sensitivity is similar to that for the
species in the national criterion document,
use the Warer-Effect Ratio Procedure
(Section 3.7.5).

¢ If data in the national criterion document
and/or from other sources indicated that
physical and/or chemical characteristics of
the site water may affect the biological

availability and/or toxicity of the material of"

interest, and the selected resident species
range of sensitivity is different from that for
the species in the national criterion
document, and if both these differences are
to be taken into account, use the
Recalculation Procedure in conjunction with
the Water-Effect Ratio Procedure or use the
Resident Species Procedure (Section 3.7.6).

3.7.3 Definition of a Site

Since the rationales for site-specific criteria are
usually based on potential differences in species
sensitivity, physical and chemical characteristics
of the water, or a combination of the two, the
concept of site must be consistent with this
rationale.

In the general context of site-specific criteria, a
“site” may be a state, region, watershed,
waterbody, or segment of a waterbody. The site-
specific criterion is to be derived to provide
adequate protection for the entire site, however
the site is defined.

If water quality effects on toxicity are not a
consideration, the site can be as large as a
generally consistent biogeographic zone permits.
For example, large portions of the Chesapeake
Bay, Lake Michigan, or the Ohio River may be
considered as one site if their respective aquatic
communities do not vary substantially, However,

when a site-specific criterion is derived using the
Recalculation Procedure, all species that "occur at
the site” need to be taken into account when
deciding what species, if any, are to be deleted
from the dataset. Unique populations or less
sensitive uses wilhin sites may justify a
designation as a distinct site,

If the species of a site are toxicologically
comparable to those in the national criteria data
set for a material of interest, and physical and/or
chemical water characteristics are the only factors
supporting modification of the national criteria,
then the site can be defined on the basis of
expected changes in the matenal's biological
availability and/or toxicity due to physical and
chemical vanability of the site water. However,
when a site-specific criterion is derived using a
WER, the WER is to be adequately protective of
the entire site. If, for example, a site-specific
criterion is being derived for an estuary, WERs
could be determined using samples of the surface
water obtained from various sampling stations,
which, to avoid confusion, should not be called
"sites”. If all the WERs were sufficiently similar,
one site-specific’ ¢riterion could be derived to
apply to the whole cstuary. 1f the WERs were
sufficiently different, either the lowest WER could
be used to derive a site-specific efiterion for the
whole estuary, or the data might indicate that the
estuary should be divided into two or more sites,
each with its own criterion,

3.7.4 The Recalculation Procedure

The Recalculation Procedure is intended to cause
a site-specific criterion to appropriately differ
from a national aquatic life criterion if justified by
demonstrated pertinent toxicological differences
between the aquatic species that occur at the site
and those that were used in the derivation of the
national criterion. There are at least three reasons
why such differences might exist between the two
sets of species.

¢ First, the national dataset contains aquatic
species that are sensitive to many pollutants,

(8/15/94)
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but these and comparably sensitive species
might not occur at the site.

¢ Second, a species that is critical at the site
might be sensitive to the pollutant and
require a Jower criterion. (A cntical species
is a species that is commercially or
recreationally important at the site, a species
that exists at the site and is listed as
threatened or endangered under section 4 of
the Endangered Species Act, or a species for
which there is evidence that the loss of the
species from the site is likely to cause an
unacceptable impact on a commercially or
recreationally important species, a threatened
or endangered species, the abundances of a
variety of other species, or the structure or
function of the community.)

¢ Third, the species that occur at the site
might represent a narrower mix of species
than those in the national dataset due to a
limited range of natural environmental
conditions,

The procedure presented in Appendix L, pp. 90-
98 is structured so that corrections and additions
can be made to the nationa! dataset without the
deletion process being used to take into account
taxa that do not occur at the site; in effect, this
procedure makes it possible to update the national
aquatic life criterion.  All corrections and

¥
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additions that have been approved by EPA are
required. whereas use of the deletion process is
optional. The deletion process may not be used
to remove species from the criterion calculation
that are not currently present at a site due to
degraded conditions.

The Recalculation Procedure is more likely to
result in lowering a criterion if the net result of
addition and deletion is to decrease the number of
genera in the dataset, whereas the procedure is
more likely to result in raising a criterion if the
net result of addition and deletion is to increase
the number of genera in the datase!.

For the lipid soluble chemicals whose national
Final Residue Values are based on Food and Drug
Administration (FDA) action levels, adjustments
in those values based on the percent lipid content
of resident aquatic species is appropriate for the
derivation of site-specific Final Residue Values.
For lipid-soluble materials, the national Final
Residue Value is based on an average 11 percent
liptd content for edible portions for the freshwater
chinook salmon and lake trout and an average of
10 percent lipids for the edible portion for
saltwater Atlantic herring. Resident species of
concem may have higher (e.g., Lake Superior
siscowet, a race of lake trout) or lower (e.g.,
many sport fish) percent lipid content than used
for the national Final Residue Value.
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For some lipid-soiuble materials such as

polychlorinated biphenyls (PCB) and DDT, the.

national Final Residue Value is based on wildlife
consumers of fish and aquatic invertebrate species
rather than an FDA action level because the
former provides a more stringent residue level.
See the National Guidelines (USEPA, 1985b) for
details.

For the lipid-soluble materials whose national
Final Residue Values are based on wildlife
effects, the limiting wildlife species (mink for
PCB and brown pelican for DDT) are considered
acceptable surrogates for resident avian and
mammalian species (e.g., herons, gulls, terns,
otter, etc.) Conservatism is appropriate for those
two chemicals, and no less restrictive modification
of the national Final Residue Value is appropriate.
The site-specific Final Residue Value would be
the same as the national value,
Water-Effect

3.7.5 The Ratic - (WER)

Procedure

The guidance on the Water-Effect Ratio Procedure
presented in Appendix L is intended to produce
WERs that may be used to denve site-specific
aquatic life criteria from most national and state
aquatic life criteria that were derived from
laboratory toxicity data.

As indicated in Appendix L, the
determination of a water-effect ratio may require
substantial resources. A discharger should
consider  cost-effective, preliminary measures
described in this Appendix L (e.g., use of "clean”
sampling and chemical analytical techniques
especially for metals, or in non-NTR States, a
recalculated criterion) to determine if an indicator
species site-specific criterion is really needed. In
many instances, use of these other measures may
eliminate the need for deriving water-effect ratios.
The methods described in the 1994 interim
guidance (Appendix L) should be sufficient to
develop site-specific criteria that resolve concerns
of dischargers when there appears to be no
instream toxicity but, where (a) a discharge
appears 10 exceed existing or proposed water

quality-based permit limits, or th) an instream
concentration appears to exceed an cxisting or
proposed water quality criterion.

WERs obtained using the methods described in

i hould only | 1 10 adi ;
i iteri W jv sing_labor,
toxicity tests,. WERs determined using the
methods described herein cannot be used to adjust
the residue-based mercury Criterion Continuous
Concentration (CCC) or the field-based selenium
freshwater criterion.

Except in jurisdictions that are subject to the
NTR, the WERs may also be used with site-
specific aquatic life criteria that are derived using
the Recalculation Procedure described in
Appendix L (p.90).

Water-Effect Ratios in the Derivation of
Site-Specific Criteria

" A central question conceming WERs is whether

their use by a State results in a silc-specific
criterion subject to EPA review and approval
under Section 303(c) of the Clean Water Act?

Derivation of a water-effect ratio by a State is a
site-specific criterion adjustment subject to EPA
review and approval/disapproval under Section
303(c). There are two options by which this
review can be accomplished.

Option 1

A State may derive and submit cach individual
water-effect ratio determination to EPA for review
and approval. This would be accomplished
through the normal review and revision process
used by a State.

Option 2:

A State can amend its water qualily standards to
provide a formal procedure which includes
derivation of water-effect ratios, appropriate
definition of sites, and enforceable monitoring
provisions to assure that designated uses are
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protected. Both this procedure and the resulting
criteria would be subject to full public
participation requirements. EPA would review
and approve/disapprove this protocol as a revised
standard as part of the State's triennial
“review/revision. After adoption of the procedure,
public review of a site-specific criterion could be
accomplished in conjunction with the public
review required for permit issuance. For public
information, EPA recommends that once a year
the State publish a list of site-specific criteria.

An exception to this policy applies to the waters
of the jurisdictions included in the National
Toxics Rule. The EPA review is not required for
the jurisdictions included in the National Toxics
Rule where EPA established the procedure for the
State for application to the criteria promulgated.
The National Toxics Rule was a formal
rulemaking process (with notice and comment) in
which EPA pre-authorized the use of a correctly
applied water-effect ratio. That same process has
not yet taken place in States not included in the
National Toxics Rule, ‘

However, the National Toxics Rule does not
affect State authority to establish scientifically
defensible procedures to determine Federaily
authorized WERs, to certify those WERs in
NPDES permit proceedings, or to deny their
application based on the State's risk management
analysis.

As described in Section 131.36(b)(iii) of the water
quality standards regulation (the official regulatory
reference to the National Toxics Rule), the water-
effect ratio is a site-specific calculation.  As
indicated on page 60866 of the preamble to the
National Toxics Rule, the rule was constructed as
a rebuttable presumption. The water-effect ratio is
assigned a value of 1.0 until a different water-
effect ratio is derived from suitable tests
representative  of conditions in  the affected
waterbody. It is the responsibility of the State to
determine whether to rebut the assumed value of
1.0 in the National Toxics Rule and apply another
value of the water-effect ratio in order 10 establish
a site-specific criterion. The site-specific criterion

PR

is then used to develop appropriate NPDES permit
limits. The rule thus provides a State with the
flexibility to derive an appropriate site-specific
criterion for specific waterbodies.

As a point of emphasis, although a water-effect
ratio affects permit limits for individual
dischargers, it is- the State in all cases that
determines if derivation of a site-specific criterion
based on the water-effect ratio is allowed and it is
the State that ensures that the calculations and
data analysis are done compiletely and correctly.

3.7.6 The Resident Species Procedure

The resident Species Procedure for the derivation
of a site-specific criterion accounts for differences
in resident species sensitivity and differences in
biological availability and/or toxicity of a material
due to varability in physical and chemical
characteristics of a site water. Derivation of the
site-specific criterion maximum concentralion

-{CMC) and site-specific criterion continuous

concentration (CCC) are accomplished after the
complete acute toxicity minimum data set
requirements have been met by conducting tests
with resident species in site water. Chronic tests
may also be necessary., This procedure is
designed to compensate concurrently for any real
differences between the sensitivity range of
species represented in the national data set and for
site water which may markedly affect the
biological availability and/or toxicity of the
material of interest.

Certain families of organisms have been specified
in the National Guidelines acute toxicity minimum
data set (e.g., Salmonidae in fresh water and
Penaeidae or Mysidae in salt water); if this or any
other requirement cannot be met because the
family or other group (e.g., inséct or benthic
crustacean) in fresh water is not represented by
resident species, select a substitutets) from a
sensitive family represented by one or more
resident species and meet the 8 family minimum
data set requirement. If all the families at the site
have been lested and the minimum data set
requirements have not been met, usc the most
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sensitive resident family mean acute value as the
site-specific Final Acute Value.

To derive the criterion maximum concentration

divide the site-specific Final Acute Value by two.
The site-specific Final Chronic Valve can be
obtained as described in the Appendix L. The
lower of the site-specific Final Chronic Value (as
described in the recalculation procedure -
Appendix L, p. 90) and the recalculated site-
specific Final Residue Value becomes the site-
specific criterion continuous concentration unless
plant or other data (including data obtained from
the site-specific tests) indicates a lower value is
appropriate. If a problem is identified, judgment
should be used in establishing the site-specific
criterion.

The frequency of testing (e.g., the need for
seasonal testing) will be related to the variability
of the physical and chemical characteristics of site
water as it is expected to affect the biological
availability and/or toxicity of the material of
interest.  As the variabilily increases, the
frequency of testing will increase. Many of the
limitations discussed for the previous two
procedures would also apply to this procedure.

Endnotes

1. Proceedings in production,

Contact:  Ecological Risk Assessment Branch (4304)
U.S. Environmental Protection Agency

401 M Street, 5. W.
Washington, DC 20460
Telephone (202) 260-1940
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