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FOREWORD 

Section 304(a)(l) of the Clean Water Act of 1977 (P.L. 95-217) requires 
the Administrator of the Environmental Protection Agency to publish criteria 
for water quality accurately reflecting the latest scientific knowledge on 
the kind and extent of all identifiable effects on health and welfare which 
may be expected from the presence of pollutants in any body of water, 
including ground water . This document is a revision of proposed criteria 
based upon a consideration of comments received from other Federal agencies, 
State agencies, special interest groups, and individual scientists. The 
criteria contained in this document replace any previously published EPA 
aquatic life criteria. 

The term “water quality criteria” is used in two sections of the Clean 
Water Act, section 304(a)(l) and section 303(c)(2). The term has a different 
program impact in each section. In section 304, the term represents a 
non-regulatory, scientific assessment of ecological effects. The criteria 
presented in this publication are such scientific assessments. Such water 
quality criteria associated with specific stream uses when adopted as State 
water quality standards under section 303 become enforceable maximum 
acceptable levels of a pollutant in ambient waters. The water quality 
criteria adopted in the State water quality standards could have the same 
numerical limits as the criteria developed under section 304. However, in 
many situations States may want to adjust water quality criteria developed 
under section 304 to reflect local environmental conditions and human 
exposure patterns before incorporation into water quality standards. It is 
not until their adoption as part of the State water quality standards that 
the criteria become regulatory. 

Guidelines to assist the States in the modification of criteria 
presented in this document, in the development of water quality standards, 
and in other water-related programs of this Agency, have been developed by 
EPA. 

Edwin L. Johnson 
Director 
Office of Water Regulations and Standards 
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INTRODUCTION* 

In aqueous ammonia solutions, un-ionized ammonia exists in equilibrium 

with the ammonium ion and the hydroxide ion. The equation expressing this 

equilibrium can be written as: 

As indicated in this equation, the dissolved ammonia molecule exists In 

hydrated form. The dissolved un-ionized ammonia is represented for 

convenience simply as NH3. The ionized form is represented as NH4+. 

The term 'total ammonia’ refers to the sum of these; i.e., NH3 + NH4+. 

The toxicity of aqueous ammonia solutions to aquatic organisms is 

primarily attributable to the NH3 Species, with the NH4+ species being 

relatively less toxic (Chipman 1934; Wuhrmann et al. 1947; Wuhrmann and Woker 

1948; Tabata 1962; Armstrong et al. 1978; Thurston et al. 1981c). It is, 

therefore, important to know the concentration of NH3 in any aqueous 

ammonia solution in order to determine what concentrations of total ammonia 

are toxic to aquatic life. 

The concentration of NH3 is dependent on a number of factors in 

addition to total ammonia concentration (Skarheim 1973; Whitfield 1974; 

Emerson et al. 1975; Thurston et al. 1979; Messer et al. 1984). Most 

important among these are pH and temperature; the concentration of NH3 

increases with increasing pH and with increasing temperature. The ionic 

strength is another important influence on this equilibrium. There is a 

* An understanding of the “Guidelines for Deriving Numerical National Water 
Quality Criteria for the Protection of Aquatic Organisms and Their Uses” 
(Stephan, et al. 1985), hereafter referred to as the Guidelines, is neces- 
sary in order to understand the following text, tables, and calculations. 
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decrease in the percentage of un-ionized ammonia as the ionic strength 

increases in hard water or in saline water. In most natural freshwater 

systems the reduction of percent NH3 attributable to dissolved solids is 

negligible. In saline or very hard waters there will be small but measurable 

decreases in the percent NH3. 

A number of analytical methods are available for direct determination of 

total ammonia concentrations in aqueous solutions. Once total ammonia is 

measured, and the pH and temperature of the solution determined, the percent 

of total ammonia originally present as NH3 can be calculated based on the 

ammonia-water equilibrium. A review of analytical methods for ammonia in 

aqueous solution has been prepared by Richards and Healey (1984). 

Emerson et al. (1975) carried out a critical evaluation of the 

literature data on the ammonia-water equilibrium system and published 

calculations of values of pKa at different temperatures and of percent 

NH3 in ammonia solutions of zero salinity as a function of pH and 

temperature. The following table, reproduced from Emerson et al. (1975)) 

provides values for percent NH3 at one-degree temperature intervals from 0 

to 30 C, and pH intervals of 0.5 pH unit from pH 6.0 to 10.0. An expanded 

version of this percent NH3 table is provided in Thurston et al. (1979), 

which provides tabulated values of the NH3 fraction, expressed as 

percentage of total ammonia, at temperature intervals of 0.2 degree from 0.0 

to 40.0 C, and pH intervals of 0.01 pH unit from pH 5.00 to 12.00. For 

salt water, reports by Whitfield (1974) and Skarheim (1973) provide 

calculations of NH3 as a function of pH, temperature, and salinity. Messer 

et al. (1984) indicate the impact of high total dissolved solids in 

fresh water. 

2 



Percent NH3 in aqueous ammonia solutions for O-30 C and pH 6-10. 

Temp. 
(cl 6.0 6;5 7.0 7.5 

pH 
8.0 8.5 9.0 9.5 10.0 

- 

0 .00827 .0261 .0826 .261 .820 2.55 7.64 20.7 45.3 
1 .00899 .0284 .0898 .284 .891 2.77 8.25 22 1 47.3 
2 .009 77 .0309 .0977 .308 .968 3.00 8.90 23.6 49.4 
3 .0106 .0336 .106 .335 1.05 3.25 9.60 25.1 51.5 
4 .0115 .0364 ,115 .363 I.14 3.52 10.3 26.7 53.5 
5 .0125 .0395 .125 .394 1.23 3.80 11.1 28.3 55.6 

6 .0136 .0429 .135 .427 1.34 4.11 11.9 30.0 57.6 
7 .0147 .0464 .147 .462 1.45 4.44 12.8 31.7 59.5 
8 .0159 .Q503 .159 ,501 1.57 4.79 13.7 33.5 61.4 
9 .0172 .0.544 .172 .542 1.69 5.16 14.7 35.3 63.3 

10 .0186 .0589 .186 .586 1.83 5.56 15.7 37.1 65.1 

11 .0201 .0637 .201 .633 1.97 5.99 16.8 38.9 66.8 
12 .0218 .0688 .217 .684 2.13 6.44 17.9 40.8 68.5 
13 .0235 .g743 .235 .738 2.30 6.92 19.0 42.6 70.2 
14 .0254 .0802 :253 .796 2.48 7.43 20.2 44.5 71.7 
15 .0274 .0865 .273 .859 2.67 7.97 21.5 46.4 73.3 

16 .0295 .0933 .294 .925 2.87 8.54 22.8 48.3 74.7 
17 .0318 .lOl .317 ,996 3.08 9.14 24.1 50.2 76.1 
18 .0343 .A08 .342 1.07 3.31 9.78 25.5 52.0 77.4 
19 .0369 .117 .368 1.15 3.56 10.5 27.0 53.9 78.7 
20 .0397 .125 .396 1.24 3.82 11.2 28.4 55.7 79.9 

21 .0427 .135 ,425 1.33 4.10 11.9 29.9 57.5 81.0 
22 .0459 .145 .457 1.43 4.39 12.7 31.5 59.2 82.1 
23 .0493 .156 .491 1.54 4.70 13.5 33.0 60.9 83.2 
24 .0530 .167 .527 1.65 5.03 14.4 34.6 62.6 84.1 
25 .0569 .180 .566 1.77 5.38 15.3 36.3 64.3 85.1 

26 .0610 .193 .607 1.89 5.75 16.2 37.9 65.9 85.9 
27 .0654 .207 .651 2.03 6.15 17.2 39.6 67.4 86.8 
28 .0701 .221 .697 2.17 6.56 18.2 41.2 68.9 87.5 
29 .0752 .237 .747 2.32 7.00 19.2 42.9 70.4 88.3 
30 .0805 .254 .799 2.48 7.46 20.3 44.6 71.8 89.0 

[From Emerson et al. 1975; reDroduced with permission from the Journal of the 
Fisheries Research Board of Canada. I 
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Concentrations of ammonia have been reported in the aquatic toxicity 

literature in terms of a variety of different forms, such as NH3, NH~+, 

NHa-N, NQOH, NH4C1, and others. The use in a literature article of 

the terms NH3, NH3-N, or ammonia-nitrogen may not necessarily mean 

un-ionized ammonia, but may be the author’s way of expressing total ammonia. 

me use of the term NH3 in this document always means un-ionized ammonia, 

and NH3-N means un-ionized ammonia-n1 trogen. 

Throughout the following, all quantitative ammonia data have been 

expressed in terms of un-ionized ammonia, as mg/llter NH3, for ease In 

discussion and comparison. Authors’ ammonia concentration values are given 

as reported if authors provided data expressed as mg/llter NH3e If authors 

reported only total ammonia values, or used concentration units other than 

n&liter, these were used with the reported pH and temperature values to 

calculate mg/llter un-ionized NH30 For calculations of NH3 in fresh 

water the table of Thurston et al. (1979) was used. For calculations in salt 

water the table of Skarheim (1973) was used. 

Of the literature cited in this document, a significant number of papers 

provided insufficient pH and temperature data to enable. calculation of NH3 

concentrations; such papers were relegated to the section on “Unused Data” 

unless they provided useful qualitative or descriptive information. In some 

instances information missing in published papers on experimental conditions 

was obtained through correspondence with authors; data obtained in this 

manner are so indicated by footnotes. 

Compounds used in the ammonia toxicity tests summarized here, and their 

formulas and Chemical Abstracts Services (MS) Registry Numbers, are given 

below: 



Compound Formula CAS No. 

Ammonia m3 7664417 

Ammonium acetate NH4c2H302 631618 

Ammonium bicarbonate NE4HC03 1066337 

Ammonllnn carbonate (m&co3 506876 

Ammonium chloride Nx4Cl 12125029 

Ammonlun hydrogen phosphate (m4 )2HP0t+ 7783280 

Ammonium hydroxide N'H4OH (m3'H20) 1336216 

Ammonium sulfate (m&s04 7783202 

Papers stating use of other sources of awonla were included if the source 

b+, excreted NH3 from fish) was deemed satisfactory. Papers using 

complex chemicals (e.g., ammonium ferrlcyanlde, decyltrlmethylammonlum 

bromide) were not used. Finally, papers on ammonium compounds (e.g., NH4F, 

(NH4)2S)) having anions that either might be themselves toxic or that 

would preclude calculation of NH3 concentration from the aqueous ammonia 

equllibrlum relationship were not used. 

A number of review articles or books dealing with ammonia as an aquatic 

pollutant are available. Water quality criteria for atxmonla have been 

recommended in some of these. Llebmann (1960), McKee and Wolf (1963), Epler 

(1971), Becker and Thatcher (1973), Tsal (1975), Hampson (1976), Steffens 

(1976), Colt and Armstrong (1979). and Armstrong (1979) have published 

summaries of auxnonla toxicity. Literature reviews including factors 

affecting ammonia toxicity and physiological effects of ammonia toxicity to 

aquatic organisms have been published by Lloyd (1961b), Lloyd and Herbert 

(1962), Warren (1962), Visek (1968), Lloyd and Swift (1976), and Kinne 

(1976). Literature reviews of ammonia toxicity lnformatlon relating to 

criteria recommendations have been published by U.S. Federal Water Pollution 
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ancrol Adminiscracion (1968), European Inland Fisheries Advisory Commission 

(1970), National Academy of Sciences and National Academy of Engineering 

(1973), Willingham (1976), U.S. Environmental Protection Agency (1976, 1980), 

National Research Council (1979), Willingham ec al. (1979), and Alabaster and 

Lloyd (1980). 

The criteria presented herein supersede previous aquatic life water 

quality criteria for ammonia (U.S. Environmental Protection Agency 1976) 

because these new criteria were derived using more recent procedures and 

additional information. Whenever adequately justified, a national criterion 

may be replaced by a site-specific criterion (U.S. EPA, 1983a1, which may 

include not only site-specific criterion concencracions (U.S. EPA, 1983b), 

but also site-specific durations of averaging periods and site-specific 

frequencies of allowed exceedences (U.S. EPA, 1985a). The lacesc literature 

search for information for this document was conducted in ?iay, 1984; some 

newer information was also used; data from primary references only were 

used. 
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ACUTE TOXICITY TO AQUATIC ANIMALS 

Freshwater Invertebrates 

Acute toxicity of ammonia to freshwater invertebrate species has been 

much less studied than that to fishes. The preponderance of available 

Invertebrate data is comprised of studies with arthropods, primarily 

crustaceans and insects. LC50s and EC50S are summarized in Table 1 for 12 

species representing 14 families and 16 genera. 

The acute toxicity of ammonia to Daphnia magna (Table 1) has been 

studied by several Investigators, with reported 48-hour LC50s ranging from 

0.53 to 4.94 mg/liter NH3 (Parkhurst et al. 1979, 1981; Reinbold and 

Pescitelli 1982a; Russo et al. 1985). 

Exposures (48 hours) of D. magna to NH4Cl in dilution water from two 

different sources were conducted by Russo et al. (1985). LC50s (Table 1) 

ranged from 2.4 to 2.8 mg/liter NH3 in water of pH 7.95 to 8.15 and 

hardness 192 to 202 mg/liter as CaCO3, and from 0.53 to 0.90 mg/liter NH3 

in water of pH 7.4 to 7.5 and hardness 42 to 48 mg/liter as CaCO3. On an 

acute (48-hour LC50) basis, in dilution water from the same source, 

Ceriodaphnia acanthina, Simocephalus vetulus, and D. magna all exhibited 

similar sensitivities (Table 1) to ammonia (Mount 1982; Russo et al. 1985). 

West (1985) reported a LC50 of 2.29 mg/liter NH3 for S. vetulus. The 

48-hour LC50 (Table 1) of 1.16 mg/liter NH3 reported by DeGraeve et al. 

(1980) for Daphnia pulicaria falls within the range of values reported for D. 

magna . Anderson (1948) reported a threshold toxicity value (Table 5) for D. 

magna of 2.4 to 3.6 mg/liter NH3 in Lake Erie water. Threshold 

concentration was taken to mean the highest concentration that would just 

fail to immobilize the test animals under prolonged exposure (Anderson 1944). 

A minimum lethal concentration of 0.55 mg/liter NH3 was reported for D. 
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magna by Malacea (1966), and a 24-hour LC50 

reported by Gyore and Olah (1980) for Moina 

Buikema et al. (1974) reported an EC50 

bdelloid rotifer, Philodina acuticornis, to 

(calculated using reported pH values of 7.4 

of 1.50 mg/liter NH3 was 

rectirostris (Table 5). 

(Table 5) for NH3 toxicity to a 

be 2.9-9.1 mg/liter NH3 

to 7.9). Tests of ammonia 

toxicity to a flatworm, Dendrocoelum lacteum (Procotyla fluviatilis), and 

tubificid worm, Tubifex tubifex, yielded LC50s (Table 1) of 1.4 and 2.7 

mg/liter NH3, respectively (Stammer 1953). 

Thurston et al. (1984a) conducted 25 flow-through toxicity tests with 

three mayfly, two stonefly, one caddisfly, and one isopod species; all tests 

were conducted with water of similar chemical composition. Ninety-six-hour 

LC50s ranged from 1.8 to 5.9 mg/liter NH3 (Table 1). Results also 

indicated that a 96-hour test is not long enough to determine the acutely 

lethal effects of ammonia to the species tested, inasmuch as an asymptotic 

LC50 is not obtained within 96 hours. Percent survival data (Table 5) were 

reported for some mayfly, stonefly, and caddisfly tests in which LC50s were 

not obtained; 60 to 100 percent survival occurred at test concentrations 

ranging from 1.5 to 7.5 mg/liter 

Ephemerella sp. near excrucians. 

NH3. Gall (1980) tested NH4Cl with 

Organisms were exposed to ammonia for 24 

hours, followed by 72 hours in ammonia-free water; mortality observations 

were made at the end of the overall 96-hour period. An EC50 (Table 5) of 4.7 

mg/liter NH3 was obtained. An LC50 (Table 1) of 8.00 mg/liter was reported 

for the beetle (Stenelmis sexlineata) by Hazel et al. (1979). West (1985) 

reported a 96-hour LC50 of 4.82 mg/liter NH3 for the mayfly Callibaetis 

skokianus and 10.2 mg/liter NH3 for the caddisfly Philarctus quaeris. 
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Axmnonia toxicity tests conducted using dilution water from the Blue 

River in Colorado resulted in no mortalities of either scud (Gammarus 

lacustris) or 2. magna after 96 hours’ exposure to 0.08 mg/liter NH~. In a 

second test using river water buffered with sodium bicarbonate, 13 percent 

mortality occurred with scud at several concentrations tested, including the 

highest and lowest of 0.77 and 0.12 mg/liter NH3; seven and 13 percent 

mortality occurred with D- magna at the same concentrations (Miller et al. 

1981). 

Five freshwater mussel species (Amblema 1. plicata, Anodonta imbecillis, 

Corbicula manilensis, Cyrtonaias tampicoensis, and Toxolasma texasensis) were 

exposed for 165 hours (Table 5) to a concentration of 0.32 mgjliter NH3; x- 

texasensis was most tolerant to ammonia, and A. 2. plicata was most sensitive 

(Horne and McIntosh 1979). During the ammonia tolerance tests, the more 

tolerant species generally had their shells tightly shut, whereas the least 

tolerant species continued siphoning or had their mantles exposed. West 

(1985) reported 96-hour LC5Os of 1.59 to 2.49 mg/liter NH3 for the snail 

gyrina, Physa 2.76 mg/liter NH3 for the snail Helisoma trivolvis, and 0.93 

to 1.29 mg/liter NH3 for the clam Musculium transversum. 

Acute exposures of the freshwater crayfish (Orconectes nais) to NH4Cl 

gave LC5Os of 3.15 and 3.82 mg/liter NH3 (Evans 1979; Hazel et al. 1979). 

Nest (1985) reported LCSOs of 22.8 mg/liter NH3 for the crayfish Orconectes 

immunis, 1.63 to 5.63 mg/liter NH3 for the aaphipod Crangonyx pseudo- 

gracilis, and 4.95 mg/liter NH3 for the isopod Asellus racovitzai. 



Freshwater Fishes 

Acute coxicicy rests with freshwater fish species have been conducted 

with 29 different species from 9 families and 18 genera, for which 96-hour 

LC5Os are summar i ted in Table 1. 

The acute coxicicy of ammonia co rainbow crouc (Salmo nairdneri) has 

been studied by many invescigacors, with reported 96-hour LC5Os ranging from 

0.16 to 1.1 mg/liter NH3 (Table 1). 

Thurscon and Russo (1983) conducted 71 toxicicy cescs with rainbow crouc 

ranging in size from sac fry (CO. 1 g> co 4-year-old adults (2.6 kg), in water 

of uniform chemical composition. LC5Os (Table 1) ranged from 0.16 co 1.1 

mg/liter NH3 for 96-hour exposures. Fish susceptibility to NH3 decreased 

with increasing weight over the range 0.06-2.0 g, but gradually increased 

above chat weiqhc range. LC50s-for 12- and 35-day exposures (Table 5) were 

not greatly different from 96-hour values. No scaciscically significant 

differences in results were observed when different ammonium salts [NH4Cl, 

NH4HC03, (NH4)2HP04, (NH4>2SO4] were used as the toxicants. Grindley 

(1946) also reported observing no appreciable difference in toxicity between 

coxicanc solutions of Nii4Cl and (NH4)2SO4 with rainbow trout cescs 

(Table 5). 

LC5Os (Table 1) ranging from 0.16 co 1.04 mq/licer NH3 for 96-hour 

exposures of rainbow trout to armuonia were reported by Calamari et al. (1977, 

19811, Broderius and Smith (19791, Role and Malcolm (19791, DeGraeve et al. 

(19801, Reinbold and Pescicelli (1982b), and West (1985). Ball (1967) 

reported an asyrPpcocic (five-day) LC50 of 0.50 mg/licer NH3. Acute 

exposures co ammonia of rainbow crouc of life stages ranging from one co 345 

days’ post-fercilizacion (325 days post-hatch) were conducted by Calamari ec 

al. (1977, 1981). They reported a tenfold increase in the speed of 
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intoxication processes between the embryonic and free larval stages; embryos 

and fingerlings (about one year old) were found to be less sensitive than the 

other life stages studied. 

CC509 ranging from 0.49 to 0.70 mg/liter NH3 for 3-, 24-, and 48-hour 

exposures (Table 5) were reported by Herbert (1961, 1962), Herbert and 

Shurben (1964, 1965)) and Herbert and Vandyke (1964). Rainbow trout (826 

days old) subjected to 29.6 mg/liter NH3 reacted rapidly and strongly, 

overturned within two to three hours, and died within four hours (Corti 1951) 

(Table 5). Rainbow trout embryos and alevins were reported (Rice and Stokes 

1975) to tolerate 3.58 mglliter NE3 during 24-hour exposures; 

susceptibility increased during yolk absorption, with the 24-hour LC50 for 

85-day-old fry being 0.068 mg/liter NE3 (Table 5). Nehring (1962-63) 

reported survival times of 1.3 and 3.0 hours at concentrations of 4.1 and 0.7 

mg/liter NH3 , respectively (Table 5). Danecker (1964) reported survival 

times of 8 to 60 minutes at 0.4 to 4.0 mg/liter NH3, respectively, with 

<0.2 mg/lfter given as a no-mortality concentration (Table 5). Allan et al. 

(1958) reported a median survival time of 1000 minutes at 0.18 mg/liter H'H3 

(Table 5). 

An acute value of 0.2 mg/liter NH3 attributed to Liebmann (1960) has 

been widely cited, in the EPA “Red Book” (U.S. Environmental Protection 

Agency 1976) and elsewhere, as being the lowest lethal concentration reported 

for salmonids. It is worthwhile to mention here a clarification and 

correction that was published in the American Fisheries Society’s “Red Book 

Review” (Willingham et al. 1979): The research reported by Liebmann (1960) 

was that of Wuhrmann and Woker (1948); recomputation of the Wuhrmann and 

Woker data, using more accurate aqueous ammonia equilibrium tables, indicates 
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an effect level of approximately 0.32 mg/liter NU3, not 0.2 mg/liter m3 

as cited by Liehaann. 

A 96-hour LC50 of 0.44 mg/liter XH3 was reported for rainbow trout in 

a test conducted using dilution water from the Blue River in Colorado (Mller 

et al. 1981). Pitts (1980) conducted toxicity tests using ammonium chloride 

and river water. Tests were conducted with rainbow trout, and LCSOs ranged 

from 0.2 to 0.9 mg/liter NH3 for 96-hour exposures at temperatures of 10 

and 15 C. 

Although acute toxicity studies with salmonids have been conducted 

prepouderantly vi th rainbow trout, some data are also available for a few 

other salmonid species. Thurston et al. (1978) investigated the toxicity of 

ammonia to cutthroat trout (Salmo clarki), and reported 96-hour LCSOs of 0.52 

to 0.80 mg/liter NE3 (Table 1). Tburston and Russo (1981) reported a 

96-hour LCSO of 0.76 mg/liter NH3 for golden trout (Salmo aguabonita) 

(Table 1). Taylor (1973) subjected brown trout (Salmo trutta) to 0.15 

mgfliter NH3 for 18 hours, resulting in 36 percent mortality (Table 5); 

when returned to ammonia-free water, the test fish recovered after nearly 24 

hours. No mortalities occurred during a 96-hour exposure at 0.090 mg/liter 

NH3, although fish would not feed. Woker and Wuhrmann (1950) reported 0.8 

mg/liter NH3 was not acutely toxic to brown trout (Table 5). A 96-hour 

LC50 of 0.47 mg/liter NE3 was reported for brown trout tested using 

dilutioa water from the Blue River in Colorado (Miller et al. 1981). 

Phillips (1950) reported that brook trout (Salvelinus fontinalis) evidenced 

distress within 1.75 hours at a concentration of 3.25 ma/liter NH3 and 

within 2.5 hours at 5.5 mg/lLter (Table 5). In replicated tests, Thurston 

and Meyn (1984) reported 96-hour LC509 (Table 1) of 0.60-0.70 mg/liter NH3 

for brown trout, 0.96-1.05 mg/liter NH3 for brook trout, 0.40-0.48 mg/liter 
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4-Day Average Concentration for Ammonia’ 

Salmonids or Other Sensitive Coldwater Species Absent 2 

Un-ionized Ammonia (mg/lfter NH3) 

0 
temperature Oc 

5 10 15 20 25 30 

6.50 0.0008 0.0011 0.0016 0.0022 0.0031 0.0031 0.0031 
6.75 0.0014 0.0020 0.0028 0.0039 0.0055 0.0055 0.0055 
7.00 0.0025 0.0035 0.0049 0.0070 0.0099 0.0099 0.0099 
7.25 0.0044 0.0062 0.0088 0.0124 0.0175 0.0175 0.0175 
7.50 0.0078 0.0111 0.0156 0.022 0.031 0.031 0.031 

PH 7.75 0.0129 0.0182 0.026 0.036 0.051 0.051 0.051 
8.00 0.0149 0.021 0.030 0.042 0.059 0.059 0.059 
8.25 0;0149 0.021 0.030 0.042 0.059 0.059 0.059 
8.50 0.0149 0.021 0.030 0.042 0.059 0.059 0.059 
8.75 0.0149 0.021 0.030 0.042 0.059 0.059 0.059 
9.00 0.0149 0.021 0.030 0.042 0.059 0.059 0.059 

Total Ammonia (mg/liter NH3) 

0 
temperature 0' 

5 10 15 20 25 30 

6.50 3.0 2.8 2.7 2.5 2.5 1.73 1.23 
6.75 3.0 2.8 2.7 2.6 2.5 1.74 1.23 
7.00 3.0 2.8 2.7 2.6 2.5 1.74 1.23 
7.25 3.0 2.8 2.7 2.6 2.5 1.75 1.24 
7.50 3.0 2.8 2.7 2.6 2.5 1.76 1.25 

PH 7.75 2.8 2.6 2.5 2.4 2.3 1.65 1.18 
8.00 1.82 1.70 1.62 1.57 1.55 1.10 0.79 
8.25 1.03 0.97 0.93 0.90 0.90 0.64 0.47 
8.50 0.58 0.55 0.53 0.53 0.53 0.39 0.29 
8.75 0.34 0.32 0.31 0.31 0.32 0.24 0.190 
9.00 0.195 0.189 0.189 0.195 0.21 0.163 0.133 

1 to convert these values to mg/liter N, multiply by 0.822 

2 These values may be Conservative, however, if a more refined 
criterion is desired, EPA recommends a site-specific 
criteria modification. 



6.50 0.0008 0.0011 0.0016 0.0022 0.0022 0.0022 0.0022 
6.75 0.0014 0.0020 0.0028 0.0039 0.0039 0.0039 0.0039 
7.00 0.0025 0.0035 0.0049 0.0070 0.0070 0.0070 0.0070 
7.25 0.0044 0.0062 0.0088 0.0124 0.0124 0.0124 0.0124 
7.50 0.0018 0.0111 0.0156 0.022 0.022 0.022 0.022 

PH 7.75 0.0129 0.0182 0.026 0.036 0.036 0.036 0.036 
8..00 0.0149 0.021 0.030 0.042 0.042 0.042 0.042 
8.25 0.0149 0.021 0.030 0.042 0.042 0.042 0.042 
8.50 0.0149 0.021 0.030 0.042 0.042 0.042 0.042 
8.75 0.0149 0.021 0.030 0.042 0.042 0.042 0.042 
9.00 0.0149 0.021 0.030 0.042 0.042 0.042 0.042 

Total Ammonia (mg/liter NH3) 

0 
temperature 0' 

5 10 15 20 25 30 

6.50 3.0 2.8 2.7 2.5 1.76 1.23 0.87 
6.75 3.0 2.8 2.7 2.6 1.76 1.23 0.87 
7.00 3.0 2.8 2.7 2.6 1.76 1.23 0.87 
7.25 3.0 2.8 2.7 2.6 1.77 1.24 0.88 
7.50 3.0 2.8 2.7 2.6 1.78 1.25 0.89 

PH 7.75 2.8 2.6 2.5 2.4 1.66 1.17 0.84 
8.00 1.82 1.70 1.62 1.57 1.10 0.78 0.56 
8.25 1.03 0.97 0.93 0.90 0.64 0.46 0.33 
8.50 0.58 0.55 0.53 0.53 0.38 0.28 0.21 
8.75 0.34 0.32 0.31 0.31 0.23 0.173 0.135 
9.00 0.195 0.189 0.189 0.195 0.148 0.116 0.094 

4-Day Average Concentration for Ammonia’ 

SaImonids or Other Sensitive Coldwater Species Present 

Un-ionized Ammonia (mg/liter NHS) 

0 
temperature 0' 

5 10 15 20 25 30 

1 to convert these values to mg/liter N, multiply by 0.822 
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SUBJECT: Revised Tables for Determining Average Freshwater 
Ammonia Concentrations 

FROM: Margarete Heber, Chief 
Water Quality Criteria Section (WH-586) 

Kent Ballentine, Chief 
Regulation and Policy Section (WH-585) 

TO: Water Quality Standards Coordinators 

The purpose of this memorandum is to provide you with a 
recalculation of the freshwater ammonia tables for Criteria 
Continuous Concentration, CCC (4 day average). These revised 
tables have been recalculated by removing the controversial white 
sucker data. Because the White Sucker was not one of the four 
most sensitive organisms, the Criteria Maximum Concentration 
remains the same as in the 1985 document. 

Attached are the revised tables for determining the CCC for 
freshwater ammonia. The Final Acute Chronic Ratio (FACR) was 
calculated as in the 1985 ammonia criteria document except the 
Acute Chronic Ratio (ACR) for the white sucker-was not used in 
determining the FACR. The white sucker data was removed because 
for many of the data there were not an adequate dose response. 
The FACR used is the geometric average of the ACR's of the 
channel catfish, bluegill, rainbow trout and fathead minnow. The 
result is that the FACR becomes 13.5 instead of the 16 as in the 
original tables. 

The result of these changes should address concerns over the 
use of the white sucker data and result in a simplified 
freshwater ammonia criteria. If you have any questions regarding 
these changes please contact Margarete Heber at (202) 260-7144. 

Attachments 



NH3 for chinook salmon (Oncorhynchus tshawytscha), and 0.14-0.47 mg/liter 

NH3 for mountain whitefish (Prosopium williamsoni). 

Toxicity tests (Tables 1, 5) on (NH4)2SO4 with pink salmon 

(Oncorhynchus gorbuscha) at different stages of early life stage development 

(Rice and Bailey 1980) showed that late alevins near swim-up stage were the 

most sensitive (96-hour LC50 = 0.083 mg/liter NH3), and eyed embryos were 

the most tolerant, surviving 96 hours at >1.5 mg/liter NH3. Buckley ( 1978) 

reported a 96-hour LC50 of 0.55 mg/liter NH3 for fingerling coho salmon, 

Oncorhynchus kisutch (Table 1). Herbert and Shurben (1965) reported a 

24-hour LC50 (Table 5) of 0.28 mg/liter NH3 for Atlantic salmon (Salmo 

salar). A comparison of relative susceptibilities of salmon smolts and 

yearling rainbow trout to 24-hour exposures to NH4Cl showed that the salmon 

were appreciably more susceptible than the trout in fresh water (Ministry of 

Technology, U.K. 1963). 

Data are available on the acute toxicity of ammonia to a variety of 

non-salmonid fish species. Thurston et al. (1983) studied the toxicity of 

ammonia to fathead minnows (Pimephales promelas) of sizes ranging from 0.1 to 

2.3 g; LC50s from 29 tests ranged from 0.75 to 3.4 mg/liter NH3 (Table 1). 

Toxicity was not dependent upon test fish size or source. LC50s ranging from 

0.73 to 2.35 mg/liter NH3 (Tables 1,5) for fathead minnows were also 

reported by Sparks (1975), DeGraeve et al. (1980), Reinbold and Pescitelli 

(1982b), Swigert and Spacie (1983), and West (1985). Toxicity tests with 

fathead minnows using ammonium chloride and river water yielded 96-hour LC50s 

ranging from 0.6 to 2.4 mg/liter NH3; fathead minnows exposed to 0.12 

mg/liter NH3 in river water for 28 days incurred no mortalities (Pitts 

1980). 
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LC5Os (Table 1) for white sucker (Catostomus commersoni) exposed to 

ammoaim chloride solutions for 96 hours (Reinbold and Pescitelll 1982c) were 

1.40 and 1.35 q/liter NH3; Swigert and Spacie (1983) determined a somewhat 

lower 96-hour LC50 of 0.79 mg/liter NH3 , while West (1985) reported LCSOs 

of 0.76 to 2.22 mg/liter NE3 (Table 1). For mountain sucker (Catostomus 

platyrhynchus), Thurston and Meya (1984) reported LC5Os of O-67-0.82 mg/liter 

NH3 (Table 1). 

Reported LC5Os (Table 1) for 96-hour exposures of bluegill (Lepomis 

macrochinas) ranged from 0.26 to 4.60 mg/liter NH3 (Emery and Welch 1969; 

Lubinski et al. 1974; Roseboom and Richep 1977; Reinbold and Pescitelli 

1982b; Smith et al. 1983; Suigert and Spacle 1983). LCSOs (Table 1) of 0.7 

to 1.8 mg/llter NH3 for smallmouth bass (Micropterus dolomleui) and 1.0 to 

1.7 m&liter NH3 for largemouth bass (Hicropterus salraoldes) were reported 

by Sroderius et al. (1985) and. Roseboom and Richey (1977), respectively, for 

96-hour exposures. Sparks (1975) reported 48-hour LCSOs (in parentheses, as 

q/liter NH3) for bluegill (2.30) and channel catfish (2.92), Dowden and. 

Bennett (1965) reported a 24-hour LC50 for goldfish (Carassius auratus) 

(7.2), and Chipnan (1934) reported lethal threshold values of 0.97 to 3.8 

mg/llter XH3 for goldfish (Table 5). Turnbull et al. (1954) reported a 

48-hour LC50 for bluegill to be within the range 0.024 to 0.093 mg/Llter 

NH3 (Table 5); during the exposure they observed that the fish exhibited a 

lack of perception to avoid objects. 

Reported 96-hour LC5Os (Table 1) for channel catfish (Ictalurus 

punctatus) ranged from 0.5 to 4.2 mg/liter NH3 (Colt and Tchobanoglous 

1976; Roseboom and Richey 1977; Reinbold and Pescltelli 1982d; Swigert and 

Spacie 1983; Vest 1985). Vaughn and Slmco (1977) reported a 48-hour LC50 for 

channel catfish of 1.24 to 1.96 mg/liter NH3 , and Knepp and Arkin (1973) 
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reported one-veek LC5Os of 0.97 to 2.0 mg/liter NH3 (Table 5). From 

studies with bluegill, channel catfish, and largemouth bass, Roseboom and 

Richey (1977) reported that bluegill susceptlbllity was dependent upon fish 

weight, with 0.07-g fish being slightly more sensitive than either 0.22- or 

0.65-g fish; size had little effect upon channel catfish or bass 

susceptibiLitp. 

LC5Os (Table 1) were determined with two species of field-collected 

fishes Indigenous to Kansas streams, orangethroat darter (Etheostoma 

spectabile) and red shiner (Notropis lutrensis) (Hazel et al. 1979); 96-hour 

LC5Os were 0.90 and 1.07 q/liter NH3 for darter and 2.83 for shiner. 

Commercially obtained largemouth bass , channel catfish, and bluegill (18 fish 

of each species) were also exposed for 96 hours to a concentration of 0.21 

mg/ liter NH3, resulting in zero mortality for bLuegiLL and channel catfish 

and one mortality (6 percent) among the largemouth bass tested. Repor ted 

LC50s for walleye (Stizostedlon vltreum) range from 0.51 to 1.10 mg/llter 

NH3 (Relnbold and Pescftelll 1982a; West 1985). 

LC5Os (Table 1) ranging from 2.4 to 3.2 mg/llter NH3 for (NH4)2CO3, 

NH4C1, NH4C2H302, and NHbGH, In 96-hour exposures of mosqultoflsh 

(Gambusia afflnls) In waters with suspended solids ranging from <25 to 1400 

mg/liter were reported by Wallea et al. (1957). Susceptibility of mosqulto- 

fish to ammonia was studied by Hemens (1966) who reported a L7-hour LC50 of 

1.3 mg/liter NH3 (Table 5); he also observed that male fish were more 

susceptible than females. Powers (1920) reported the relative susceptl- 

bilities of three fish species to ammonium chloride to be (most sensitive to 

least sensitive): straw-colored minnow (NOtrOpis blennius) > bluntnose 

minnow (Plmephales notatus) > goldfish. 
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Rubin and Elmaraghy (1976, 1977) tested guppy (Pbecllia retlculata) fry 

and reported 96-hour LC5Os (Table 1) averaging 1.50 mg/liter NH3; mature 

guppy males were more tolerant, with LOO percent survival for 96 hours at 

concentrations of 0.17 to 1.58 mg/liter NH3. LC5Os (Table 1) of 0.15 and 

0.20 mg/liter NH3 at pH 6.0, and of 0.52 and 2.13 mg/llter NH3 at pH 8.0, 

were reported by Stevenson (1977) for white perch (Morone amerlcana). LC50s 

(96 hours) of 1.20 and 1.62 mg/llter NH3 for spotfin shiner (Notropls 

SQilOQtetuS) , and of 1.20 mg/llter NH3 for golden shiner (Notemigonus 

crysoleucas), were reported by Rosage et al. (1979) and Baird et al. (1979), 

respectively. Swigert and Spacle (1983) determined 96-hour LC5Os to be 0.72 

mg/liter NH3 for golden shiner, 1.35 rag/liter NH3 for spotfin shiner, 

1.25 mg/liter NH3 for steelcolor shiner (Notropis whlpplei), and 1.72 

mg/liter NH3 for stoneroller (Campostoma anonalum). 

Jude (1973), Reinbold and Pescitelli (1982a), and McCormick et al. 

(1984) reported 96-hour LC5Os ranging from 0.6 to 2.1 mg/liter NH3 for 

green sunfish (Lepomls cyanellus) (Table 1). Pumpkinseed sunfiph (Lepomis 

glbbosus) were tested by Jude (1973) and Thurstoa (L981), with reported 

96-hour LC5Os ranging from 0.14 to 0.86 mg/liter NH3* Mottled sculpfn 

(Cottus bairdi) were tested by Thurston and Russo (1981), yielding a g&hour 

LC50 of 1.39 mg/llter NH3 (Table 1). Ball (1967) determined an asymptotic 

(six-day) LC50 (Table 5) of 0.44 mg/llter NH3 for rudd (Scardinlus 

erythrophthalmus). He compared the asymptotic LC5Os for this species against 

that obtained within two days for rainbow trout. Although the trout had 

proven to be more sensitive to ammonia than had rudd during the first day of 

the tests, the asymptotic LC5O for both species showed little difference. 
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~a0 ec al. (1975) reported a 96-hour LC50 for carp (Cyprinus carpio) of 

1.1 mg/Licer NH3 (Table 5). Carp exposed co 0.24 mg/licer NH3 exhibited 

no adverse effects in 18 hours (Vamos 1963). Exposure co 0.67 mg/licer NH3 

caused gasping and equilibrium disturbance in 18 min; frenetic swimming 

accivicy in 25 min, then sinking to the tank boccom after 60 min; after 75 

min the fish were placed in ammonia-free water and all revived. Similar 

effects were observed ac a concencracion of 0.52 mg/licer NH3 (Table 5). 

Pre-creating fish orally with 12.5 mg Suprascin (N-dimechyl-aminoechyl-N-p- 

chlorobenzyl-a-aminopyridin hydrochlor), a chemical which reduces cell 

membrane permeability, somewhat reduced the toxic effect of ammonia. 

A lethal concencracion (Table 5) for carp was reported co be 7.5 

mq/licer NH3 (Lempinska 1968). Acuce exposures (Table 5) co ammonium 

sulfate of biccerling (Rhodeus sericeus) and carp were conducted by Malacea 

(19G61, who determined minimum Lethal concencracions (i .e., after such 

exposure, fish placed in ammonia-free water were unable co recover) of 0.76 

rag/liter NH3 for biccerling and 1.4 mg/licer NH3 for carp. Nehrino, 

(1962-63) reported survival times of carp to be 2.4 and 6.0 hours ac NH3 

concencracions of 9.7 and 2.1 mg/Licer Ni33, respeccivaly (Table 5). 

Danecker (1964) reported survival time for cench (Tinca cinca) co be 20 co 24 -- 

hours ac 2.5 mg/licer NH3 (Table 5). In a 24-hour exposure of creek chub 

(Semocilus acromaculacus) co NH40H solution (Gillecce ec al. 19521, the 

“critical range” below which all cesc fish lived and above which all died was 

reported co be 0.26 co 1.2 mq/licer NH3 (Table 5). 

In scacic exposures lasting 9 co 24 hours, with gradual increases in 

NH3 concenc, Lethal concencracions (Table 5) were decennined for Oscar 

(Astronucus ocellatus) (Magalhges Bastos 1954); mortalities occurred ac 0.50 

mg/Licer NH3 (4 percent) co 1.8 mg/licer (100 percent). Tests on Oscar of 
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two different sites (average weights 1.6 g for “small” fish and 22.5 g for 

“mediua” fish) showed no difference in susceptibiLlty related to fish glse. 

A 72-hour LC5O (Table 5) of 2.85 mg/llter NH3 was reported by Redner and 

Stickney (1979) for blue tllapla (Tilapfa aurea). 

Factors Affecting Acute Toxicity of Ammonia 

There are a number of factors that can affect the toxicity of ammonia to 

aquatic organisms. These factors Include effects of dissolved oxygen 

concentration, temperature, pH, previous acclimation to anunonia, fluctuating 

or Intermittent exposures, carbon dioxide concentration, salinity, and 

presence of other toxicants. Almost all studies of factors affecting ammonia 

toxicity have been carried out using only acute exposures. 

(a) Dissolved Oxygen 

A decrease In dissolved oxygen concentration in the water can increase 

ammonia toxicity. VMKJS and Tasnadl (1967) observed mortalities In carp 

ponds at ammonia concentrations lower than uould normally be lethal, and 

attributed this to periodic low concentrations of. oxygen. Based on research 

tn warmwater (20-22 C) fish ponds, SeLesl and Vamos (1976) projected a 

“lethal line" relating acute annnonia toxicity and dissolved oxygen, below 

which carp died. The line ran between 0.2 mg/liter NH3 at 5 mg/liter 

dissolved oxygen and 1.2 mg/liter NH3 at LO mg/liter dissolved oxygen. 

Thurston et al. (1983) compared the acute toxicity of auunonla to fathead 

minnows at reduced and normal dissolved oxygen concentrations; seven 96-hour 

tests were conducted within the range 2.6 to 4.9 mg/lfter dissolved oxygen, 

and three between 8.7 and 8.9 mg/llter. There was a slight positive trend 

between 96-hour LC50 and dissolved oxygen, although It was not shown to be 

statistically significant. 
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Alabaster et al. (1979) tested Atlantic salmon smelts in both fresh 

water and 30 percent salt water at 9.6-9.5 and 3.5-3-l mg/liter dissolved 

oxygen. The reported 24-hour LC5Os at the higher oxygen concentrations were 

about twice that at the lower. Recently, Alabaster et al. (1983) reported 

freshwater LC5Os for Atlantic salmon In 10.2 and 3.1-3.2 mg/llter dissolved 

oxygen as 0.2 and 0.08 mg/liter NH3, respectively. 

Several studies have been reported on rainbow trout. ALlan (1955) 

reported that below 0.12 mgjliter NH3 and at about 30 percent oxygen 

saturation, the medlan survival time was greater than 24 hours, but at the 

same concentration with oxygen saturation below 30 percent, the median 

survival time was less than 24 hours. Downing and Merkens (1955) tested 

fingerling rainbow trout at three different concentrations of NH3 at five 

different levels of dissolved oxygen. They reported, In tests Lasting up to 

L 7 hours, that decreasing the oxygen from 9.5 to 1.5 mg/liter shortened the 

periods of survival at all ammonia concentrations, and that a decrease In 

survival time produced by a given decrease In oxygen was greatest In the 

lowest concentration of NH3. Merkens and Downing (1957), In tests which 

lasted up to 13 days, also reported that the effect of low concentrations of 

dissolved oxygen on the survival of rainbow trout was more pronounced at low 

concentrations of NH3. Lloyd (196la) found NH3 to be up to 2.5 times 

more toxic wnen dissolved oxygen concentration was reduced from LOO to about 

40 percent saturation. Danecker (1964) reported that the toxicity of ammonia 

Increased rapidly when the oxygen concentration decreased below two-thirds of 

the saturation value. 

Thurston et al. (198lb) conducted 15 96-hour acute toxicity tests wfth 

rainbow trout over the dissolved oxygen range 2.6 to 8.6 mg/liter. They 
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reported a positive linear correlation between 96-hour LC50 and dissolved 

oxygen over the entire range tested. 

Herbert (1956) reported on rainbow trout mortalities In a channel 

receiving sewage discharge containing 0.05 to 0.06 mg/llter NH3. They 

found that at 25-35 percent dissolved oxygen saturation more than 50 percent 

of the fish died within 24 hours, compared with 50 percent mortality of test 

fish in the laboratory at 15 percent dissolved oxygen saturation. The 

difference was attributed to unfavorable water conditions below the sewage 

outflow, including ammonia, which Increased the sensitivity of the fish to 

the lack of oxygen. 

There Is a reduction in fish blood oxygen-carrying capacity following 

ammonia exposure (Brockway 1950; Danecker 1964; Relchenbach-Kllnke 1967; 

K3rting 1969a.b; Valuga and Flls 1971). Hypoxia would further exacerbate 

problems of oxygen delivery and could lead to the early demise of the fish. 

( b) Temperature 

Information in the literature on the effects of temperature on ammonia 

toxicity is varied. The concentration of NH3 increases with increasing 

temperature. Several researchers have reported an effect of temperature on 

the toxicity of the un-Ionized ammonia species, independent of the effect of 

temperature on the aqueous ammonia equilfbrlum. 

Raze1 et al. (1971) tested ammonia with striped bass (Morone saxatllls) 

and stickleback (Gasterosteus aculeatus) and found little difference In 

toxicity between 15 and 23 C In fresh water, although both fish species were 

slightly more resistant at the lower temperature. Erickson (1985) noted, 

however, that Hazel et al. did not account for the effect of temperature on 

ammonia equllibrlum; when corrected, their data Indicate both species to be 

moderately more tolerant at the higher temperature. McCay and Vars (1931) 
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reported that it took three times as 10% for brown bullheads (Ictalurus 

nebuloeus) to succumb to the toxicity of ammonia in water at LO-13 C then at 

26 C. The pH of the tested water was not reported; however, within the 

probable range tested (pE 7-8), the percent NH3 at the higher test 

temperature is approximately three times that at the mean lower temperature. 

Powers (1920) reported the toxicity of ammoaim chloride to goldfish, 

bluntnose minnow, and straw-colored minnow to be greater at high temperatures 

than at low; however, in that study also no consideration was given to the 

increase in relative concentration of NH3 as temperature increased. 

Thurston et al. (1983) reported that the acute toxicity of NH3 to 

fathead minnows decreased with a rise in.temperature over the range 12 to 

22 c. Bluegill and fathead minnow were tested at low and high temperatures 

of 4.0 to 4.6 C and 23.9 to 25.2 C, respectively; rainbow trout wete tested 

at 3.0 and 14.0 C (Reinbold and Pescitelli 1982b). All three species were 

,more sensitive to un-ionized ammonia at the low temperatures, with toxicity 

being 1.5 to 5 times greater in the colder water;- blueglll appeared to be -the 

most sensitive of the three species to the effect of low temperature on 

ammonia toxicity. 

Colt and Tchobanoglous (1976) reported that the toxicity of NEi3 to 

channel catfish decreased with increasing temperature over the range 22 to 30 

c. LC5Os for bluegill, channel catfish, and largemouth bass at 28 to 30 C 

were approximately twice that at 22 C (Roseboom and Rlchey 1977). LC5Os for 

channel catfish tested in Iowa River water were 0.49 mg/liter NH3 at 2.5 C 

and 0.56 mg/liter at 5.1 C (Miller and UNLV-EPA 1982). An effluent 

containing ammonia as a principal toxic component showed a marked decrease in 

toxicity to channel catfish over the temperature range 4.6 to 21.3 C (Cary 

1976). 
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Herbert (1962) has reported that experiments with rainbow trout in his 

laboratory suggest that the effect of temperature on their susceptibility to 

~83 toxicity is little If at all affected by temperature change; no details 

were provided. The Ministry of Technology, U.K. (1968), however, has 

reported that the toxicity of NH3 to rainbow trout was such greater at 5 C 

than at 18 C. Brown (1968) reported that the 48-hour LC50 for rainbow trout 

increased with an increase In temperature over the range 3 to lb C; the 

reported increase in tolerance between -12 to -18 C was considerably less 

than that between -3 to -12 C. Thurston and Russo (1983) reported a 

relationship between temperature and 96-hour LC50 for rainbow trout over the 

temperature range 12 to 19 C; ammonia toxicity decreased with increasing 

temperature. 

Lloyd and Orr (1969) investigated the effect of temperature over the 

range lo-20 C on urine flow rates of rainbow trout exposed to 0.30 mg/liter 

m3, and found no apparent temperature effect on the total diuretic 

response of the fish, although the relative increase in urine production was 

less at higher temperatures. From a study of the behavioral response of 

bluegill to gradients of ammonia chloride it was hypothesized that low 

temperatures increased the sensitivity of bluegill and interfered with their 

ability either to detect ammonia after a certain period of exposure or to 

compensate behaviorally for phystological stress caused by ammonia gradients 

(Lubinski 1979; Lubinski et al. 1980). 

The European Inland Fisheries Advisory Commission (1970) has cautloned 

that at temperatures below 5 C the toxic effects of un-ionized ammonia may be 

greater than above 5 C. The basis for such a statement is not clearly 

documented in that report. Neverthel+s, there is some merit to the argument 

that a decrease in temperature may increase the susceptibility of fish to 
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un-ionized ammonia toxicity. It is important that this relationship be 

further studied. The available evidence that temperature, independent of Its 

role in the aqueous ammonia equilibria, affects the toxicity of NK~ to 

fishes argues for further consideration of the effect of temperature on the 

toxicity of ammonia. 

West (1985) investigated the seasonal variation of ammonia toxicity for 

five species of fish. Marked and generally steady increases of LC5Os with 

temperature were observed for rainbow trout from 3.6 to 18.7 C and for 

channel catfish from 3.5 to 26 C. For fathead minnow, a similar trend was 

found for temperatures from 12 to 26 C, but at 3.4 C, the LC50 was higher 

than at 12 C. Similar trends were observed for walleye between 3.7 and 11 C 

and for white sucker between 3.6 and 15 C, but both these species showed a 

lower LC50 at a higher test temperature (19 C for walleye and 25 C for white 

sucker); in both cases, however, this apparent deviation from trends for 

other tests is confounded by different sizes of test organisms and, as with 

the other species, by seasonal changes other than temperature; also, for the 

white sucker test, the test at higher temperature suffered from low dissolved 

oxygen. Vest also examined the seasonal dependence of ammonia toxicity to 

three invertebrates (snail Physa gyrlna , clam Musculium transversum, and 

amphipod Crangonyx pseudogracilis). For all species, the maximum LC50 was at 

intermediate temperature (12-15 C), with lower values at colder and warmer 

temperatures. For the two molluscs, the apparent variation vi th temperature 

was not great, the minimum LC50 being only about 30% less than the maximum. 

For the amphipod, the variation was two- to three-fold. 

(4 PH 

The toxicity to fishes of aqueous solutions of ammonia and ammonium 

compounds has been attributed to the un-lonized (undissociated) ammonia 
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present in the solution. Although there were observations in the early 

literature that amonia toxicity was greater la alkaline solutions, the 

earliest reported thorough study of the pIi dependence of ammonia toxicity was 

that of Chipnan (1934). He concluded from experiments with goldfish, 

amphipods, and cladocerans that the toxicity was a function of pH and 

therefore of the concentration of undissociated amonia in the solution. 

Wuhrmann et al. (1947) discussed the importance of differentiating 

between NH3 and NH4+ when considering ammonia toxicity. They 

summarized some unpublished experimental data indicating a correlation 

between solution’pH and ammonia toxicity to fish (indicated by persistent 

loss of balance). Wuhrmenn and Waker (1948) reported on the experiments 

referred to in Wuhrmann et al. (1947); these were conducted using ammonium 

sulfate solutions at different pH values on rainbow trout. Either four or 

six fish were tested at each of nine ammonium sulfate concentrations. The 

authors concluded from the experimental results that NH3 was much more 

toxic than NH4+. Downing and Merkens (1955) tested rainbow trout at 

different concentrations of ammonia at both pH 7 and 8. They reported a 

consistency of results when ammonia concentration was expressed as NH3. 

Tabata (1962) conducted 24-hour tests (Table 5) on ammonia toxicity to 

Daphnia (species not specified) and guppy at different pH values and 

calculated the relative toxicity of NE3/NH4+ to be 190 for guppy (i.e., 

NH3 is 190 times more toxic than NH4+) and 48 for Daphnia. From tests 

of the toxicity of ammonium chloride to juvenile coho salmon in flow-through 

bioassays within the pH range 7.0 to 8.5, the reported 96-hour LC50 for NH3 

was approximately 60 percent less at pH 7.0 than at 8.5 (Robinson-Wilson and 

Seim 1975). 
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Armstrong et al. (1978) tested the toxicity of ammonium chloride to 

larvae of prawn (Macrobrachium rosenbergii) in six-day tests wlthin the pK 

range 6.8 to 8.3; test solutions were renewed every 24 hours. They reported 

a 96-hour LC50 for NH3 at pE 6.83 which was approximately 70 percent less 

than that for pH 8.34. They concluded that the toxicity of alnnonia was not 

due solely to the NH3 molecule, that in solutions of different pR and equal 

NEIL concentrations survival was greatly reduced as NH4+ levels 

increased. Tomasso et al. (1980) tested the toxicity of ammonia at pH 7, 8, 

and 9 on channel catfish and reported that 24-hour NH3 LC5Os were 

significantly higher at plI 8 than at pEl 7 or 9. 

T!mrston et al. (1981c) tested the toxicity of ammonia to rainbow trout 

and to fathead minnows in 96-hour flow-through tests at different pII levels 

within the range 6.5 to 9.0: Results showed that the toxicity of ammonia, in 

terms of NH3, increased at lower pH values. They concluded that NH4+ 

exerts some measure of toxicity, and/or that increased H+ concentration 

increases the toxicity of NH3- 

Acute (96-hour) exposures of green sunfish and smallmouth bass were 

conducted by McCormick et al. (1984) and Sroderius et al. (1985) at four 

different pH levels over the range 6.5 to 8.7. For both species, NH3 

toxicity increased markedly with a decrease in pH, with LC5Os at the lowest 

pE tested (6.6 for sunfish, 6.5 for bass) being 3.6 (sunfish) and 2.6 (bass) 

times smaller than those at the highest pH tested (8.7). LC5Os found with 

rainbow trout for the ammoniacal portion (dismmonium phosphate) of a chemical 

fire retardant at two different pIl levels Indicated greater NED toxicity at 

lower pH (Blahm 1978). 

25 



(d) Acclimation and Fluctuating Exposures 

The question of whether fish can acquire an increased tolerance to 

mnia by acclimation to low ammonia concentrations is an important one. If 

fish had an increased ammonia tolerance developed due to acclimation or 

conditioning to low ammonia levels, they would perhaps be able to survive 

what otherwise might be acutely lethal ammonia concentrations. 

Observations by McCay and Vars (1931) indicated that bullheads subjected 

to several successive exposures to am-aonia, alternated with recovery ia fresh 

water, acquired no immunity from the earlier exposures to the later ones. A 

greater nrnnber of researchera have reported that previous exposure of fishes 

to low concentrations of ammonia increases their resistance to lethal 

concentrations. V&OS (1963) conducted a single experiment in which carp 

which had been revived in fresh water for 12 hours after exposure to 0.67 or 

0.52 mg/liter NH3 for 75 min were placed in a solution containing 0.7 

mg/liter Wdg- The prev%ously exposed fish exhibited.symptoms of ammonia 

toxicity in 60-85 sin, whereas control fish developed symptoms within 20 min. 

Redner and Stickney (1979) reported that blue tllapfa acclimated for 35 days 

to 0.52 to 0.64 mg/liter NH3 subsequently survived 48 hours at 4.1 

mg/liter; the 48-hour LC50 for unacclimated fish was 2.9 mg/liter. 

M&Lea (1968) studied the effect of acclimation of bitterling to 

amoniur sulfate solutions. A group of ten fish was held in an acclimation 

solution of 0.26 mg/liter NH3 for 94 hours, after which the fish were 

exposed to a 5.1 mg/liter NH3 solution for 240 min; a control group of ten 

was treated identically, except their acclimation aquarium did not contain 

added (Nti4)2SO4- The ratio of the mean survival times of “adapted” 2. 

“unadapted” fish was 1.13; mean survival times for the adapted and unadapted 
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fish were 78 and 88 minutes, respectively, indicating somewhat higher smmonia 

tolerance for adapted fish. 

Frolmn (1970) measured urea excretion rates of rainbow trout initially 

acclimated to either 5 or 0.5 mg/liter NH3 , then subjected to 3 mg/liter 

m3- Fish previously exposed to 5 mg/liter NH3 excreted slightly less 

urea than those exposed to the lower concentration. Lloyd and Orr (1969) 

conducted acclimation experlments with rainbow trout and found that the rate 

of urine excretion increased with a rise in the concentration of un-ionized 

ammonia to which the fish were exposed. They presented some evidence for 

acclimation of rainbow trout to sublethal levels of ammonia, although these 

levels may be as low as 12 percent of the “lethal threshold concentration”. 

Acclimation was retained for 24 hours, but was not retained after three days. 

They also suggested that environmental factor% which affect the water balance 

of fish may also influence susceptibility to ammonia toxicity. Fromm (1970) 

acclimated goldfish to low (0.5 mg/liter) or high (5.0 or 25.0 mg/liter) 

ambient NH3 for periods of 20 to 56 days and found that urea excretion rate 

in subsequent 24-hour exposures to concentrations ranging from 0.08 to 2.37 

mg/lfter was independent of the previous acclimation concentration or 

duration. 

Schulte-Wiehenbrauck (1976) subjected two groups of rainbow trout (56 g 

and 110 g) which had been held for at least three weeks at sublethal ammonia 

concentrations to lethal ammonia concentrations. In the experiment with 

110-g fish, the sublethal acclimation concentrations were 0.007 (control), 

0.131, and 0.167 mg/liter NH3; the fish from these three tanks were then 

subjected to concentrations of 0.45, 0.42, and 0.47 mg/liter NH~, 

respectively, for 8.5 hours. Fish from the two higher sublethal 
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concentrations had 100 percent survival after 8.5 hours in the 0.42 and 0.47 

mg/liter NH3 solutioas, whereas fish from the 0.007 mg/liter NH3 

concentration had only 50 percent survival in 0.45 mg/liter NH3. In the 

experiment with 563 fish, the acclimation concentrations were 0.004 q/Liter 

NH~ (control) and 0.159 mg/liter HH3; these fish were placed in NH3 

coucentrstions of 0.515 and 0.523 mg/liter, respectively, for LO.25 hours. 

There was 100 percent survival of the acclimated fish, and 85 percent 

survival of the control fish. The results of these experiments thus showed 

an increase in resistance of trout to high ammonia levels after prior 

exposure to sublethal ammonia levels. 

Alabaster et al. (1979) determined 24-hour LC5Os of NH3 for Atlantic 

salmon smelts under reducea dissolved oxygen test conditions. Fish 

acclimated to ammonia before oxygen reduction evidenced LC5Os 38 and 79 

percent higher than fish without prior aamonia acclimation. 

Brown et al. (1969) tested rainbow trout in static tests in which fish 

were moved back and forth between tanks in which the.ammonia concentrations 

were 0.5 and 1.5 times a previously determined 48-hour LC50. If fish were 

transferred on an hourly basis, the median period of survival for the 

fluctuating exposure was reported to be the same as that for constant 

exposure 0700 min). If the fish were transferred at two-hour intervals, the 

sedfan survival time for the fluctuating exposure was reported to be less 

'(370 min), indicating that the toxic effects from exposure to the fluctuating 

concentrations of ammonia was greater than those from exposure to the 

constant concentration. 

Thurstoa et al. (198la) conducted acute toxicity tests on rainbow trout 

and cutthroat trout in which fish were exposed to short-term cyclic 
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fluctuations of ammonia. Companion tests were also conducted in which test 

fish Mre subjected to ammonia at constant concentrations- LC5Os in terms of 

both average and peak concentrations of ammonia for the fluctuating 

corrcentration tests were compared with LC5Os for the constant concentration 

tests. Based on comparisons of total exposure, results showed that fish were 

more tolerant of constant concentrations of ammonia than of fluctuating 

concentrations. Fish subjected to fluctuating concentrations of ammonia at 

Levels below those acutely toxic were subsequently better able to withstand 

exposure to higher fluctuating concentrations than fish not previously so 

acclimated. 

In renewal exposures to ammonium chloride using river water as the 

dilution water, fathead minnows were reported (Pitts 1980) to survive for 28 

days exposures fluctuating from 0.1 mg/liter NH3 for four days to 0.2 or 

0.3 mg/liter NH3 for three days. Four-day excursions above 0.1 mg/liter to 

concentrations of 0.42, 0.48, and 0.52 mg/liter resulted in 80 to 100 percent 

mortality in 28 days, as did four-day excursions to 0 -73 mg/liter. No 

constant exposure tests were conducted simultaneously for comparative 

purposes; however, constant exposure tests conducted approximately a year 

earlier yielded LC5Os ranging from 0.6 to 2.4 mg/liter XH3- 

In summary, there is reasonable evidence that fishes with a history of 

prior exposure to some sublethal concentration of ammonia are better able to 

withstand an acutely lethal concentration, at least for some period of hours 

and possibly days. The relative concentration limits for both acclimation 

and subsequent.acute response need better definition and a aore complete 

explanation. Limited data on fluctuat-ing exposures indicate that fish are 

more susceptible to fluctuating than to constant exposure with the same 

average NH3 concentrations. ?fuch more research is needed to examine 
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further the effects of fluctuating and intermittent exposures under exposure 

ragtics simulating actual field situations. 

(e) Carbon Dioxide 

An increase in carbon dioxide concentrations up to 30 mg/liter decreases 

total mania toxicity (Alabaster and Herbert 1954; Allan et al. 1958). 

Co2 causes a decrease in pH, thereby decreasing the proportion of 

un-ionized ammonia in solutioa. Lloyd and Herbert (1960) found, however, 

that although total ammonia toxicity was reduced at elevated CO2 levels, 

the inverse was true when considering un-ionized ammonia alone; more NH3 is 

required in lou C02, high pH water to exert the same toxic effect as seen 

in fish in high CO2. low pH water. The explanation presented by Lloyd and 

Herbert (1960) for the decreased toxicity of NH3 in low CO2 water was 

that CO2 excretion across the gills would reduce pE, and therefore NH3 

concentration, in water flowing over the gills. 

The basic flaw in Lloyd and Herbert’s (1960) hypothesis has been 

discussed in Broderius et al. (1977). CO2 will only form protons very 

slowly in water at the tested temperature. The uncatalyzed CO2 hydration 

reaction has a half-time of seconds or even minutes (e.g., at pH 8: 25 

seconds at 25 C, 300 seconds at 0 C (Kern 1960)), and water does not remain 

in the opercular cavity for more than a few seconds, and at the surface of a 

gill lamella for about 0.5 to 1 second (Randall 1970; Cameron 1979). Thus 

the liberatioa of CO2 will have little, if any, effect on water pH or, 

therefore, NH3 levels while the water body is in contact with the gills. 

Hence the liberation of CO2 across the gills can have little, if any, 

effect ou the NH3 gradient across the gills between water and blood. 

Szumski et al. (1982) hypothesized that in the course of its excretion Co2 

IS converted in the gill epitheliun to H+ and HCO3' which then pass 
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directly into the gill chamber where they cause an instantaneous pH reduc- 

tion. Their interpretation of the published literature on fish respiratory 

physiology is questionable, and experimental evidence in support of their 

evaluation is required before it can be given serious consideration. 

(f) SaLinity 

Herbert and Shurben (1965) reported that the resistance of yearling 

rainbow trout to ammonium chloride increases with salinity up to levels of 

30-40 percent seawater; above that level, resistance appears to decrease. 

Katz and Pierro (1967) tested fingerling coho salmon at salinity levels of 20 

to 30 parts per thousand (57 to 86 percent salt water) and found that 

toxicity of an ammonia-ammonium waste increased as salinity increased. These 

findings are in agreement at the levels tested with those of Herbert and 

Shurbe$ (1965). Atlantic salmon were exposed to ;unnonium chloride solutions 

for 24 hours under both freshwater and 30 percent saltwater conditions; LC5Os 

(Table 5) were 0.15 and 0.3 mg/liter NH3, respectively, in the two 

different waters (Alabaster et al. 1979). For chinook salmon Parr, Harader 

and Allen (1983) also found resistance to increase (by about 500%) as 

salinity increased to almost 30% seawater, with declines occurring as 

salinity increased even further. 

As was discussed in Willingham et al. (1979), decreased NH3 toxicity 

with increased saLinity may be partially explained, at least for low salinity 

levels, by the fact that there is a slight decrease in the NY3 fraction of 

total ammonia as ionic strength increases in dilute saline solutions 

(Thurston et al. 1979). At higher salinity levels, however, the toxicity to 

fishes of ammonia solutions must be attributable to some mechanism or 

mechanisms other than the changes in the NU4+/NH3 ratio. Further work 
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is needed to confirm results already reported and to clarify the observed 

mitigating effect of total dissolved solids- 

(g) presence of Other Chemicals 

The presence of other chemicals may have an effeCt on ammonia toxicity, 

and some experimental work has investigated this topic. Herbert and Vandyke 

(1964), testing rainbow trout, determined the 48-hour LC50 for a solution of 

-onfur chloride and that for a solution of copper sulfate. They reported 

that a solution containing a mixture of one half of each of these LC5Os was 

also the 48-hour LC50 for the two toxicants combined; i-e., the toxic 

response was simply additive. This information was also reported by the 

?linistry of Technology, U.K. (1964); it is not clear whether this was a 

separate study or the same study. 

Shemchuk (1971) measured copper uptake in two-year old carp from 

2+. solutions of Cu(NH3)4 ,. copper uptake in various fish tissues was 

reported, but no information was provided about toxicity. Vamos and Tasnadi 

(1967) applied cupric sulfate to a “carp poad” to reduce the concentration of 

free ammonia and reported that this measure proved successful to reduce the 

toxic effect of ammonia; few details were provided. 

Mnistry of Technology, U.K. (1962, 1963) reported on the results of 

tests on rainbow trout in which 48-hour LC5Os were determined for solutions 

of ammonium chloride, tiac sulfate and mixtures of these tuo salts. .4 

fraction of each of those 48-hour LCSOs, when combined la such a wsy that 

those fractions equalled unity, provided a mixture with a 48-hour LC50 equal 

to that of either of the two toxicants alone. Results were similar for tests 

conducted in waters with alkalinities of 240 and 50 mg/liter as CaCO3. 
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Herbert (1962) studied the toxicity to rainbow trout of ammonia-phenol 

mixtures l The mixtures contained fractions of the 48-hour LC5Os of phenol 

and of ammonia; the combined fractions equaled unity. The toxicity of the 

combined fractions approximated the toxicity of either phenol or monis when 

tested separately but under test conditions of similar water chemical 

characteristics- The same information was reported by Ministry of 

Technology, U.K. (1961); it is not clear whether this was a separate study or 

the same study. 

Brown et al. (1969) conducted 48-hour tests on rainbow trout in mixtures 

of asmnonia, zinc, and phenol; the mixture contained equal portions, by 

48-hour LC50, of the three toxicants. They reported that each chemical 

nominally contributed equally to the toxicity. In a second series of three 

tests in which the mixture was adjusted to include approximately 75 percent 

of a 48-hour CC50 of one toxicant and the balance split equally between the 

other two, they reported that the principal toxicant contributed about 

three-fourths of the toxicity. 

Broderius and Smith (1979), in 96-hour flow-through tests with rainbow 

trout, reported a synergistic effect for IGd3 and KN except at extremely 

low concentrations. Rubin and Elmaraghy (1976, 1977) estimated the 

individual and joint toxicities of ammonia and nitrate to.guppy fry; the 

toxicities of the two in mixture were additive, except at very low 

ammonia-to-nitrate ratios. Tomasso et al. (1980) reported that elevated 

calciun levels increased the tolerance to ammonia of channel catfish. 

33 



Derivation of the Final Acute Value for Fresh Water 

(a) pB Dependence of Acute Amnonia Toxicicy 

Erickson (1985) reviewed available data on the pH-dependence of 

un-ionized awoni a LCSOs. For the pH 5 co 9 range, he noted chat the 

principal feature of plots of Log(LC50) versus pH wss a declining slope tich 

increasing pH, with the slope apparently approaching zero ac the upper part of 

the range and approaching a conscanc value ac the Lower part of the range. He 

proposed the following empirical model for such behavior: 

LC50 - 
LIM 

1 + lOSLP(PHT-pHj 
(1) 

where LIM - the asympcocic LC50 ac high pH, SLP = the asympcocic s Lope ac Low 

PH, and PHT = a transition pH. The fir: of this model co available data was 

found to generally be good, with the R2 varying from 60% co >99% for all 

data sets and residual errors being in the range of uncercaincy for coxicicy 

cescing. Furchenaore, for chose data sets with certain minimum data 

requirements necessary for critically evaluating model fit (at Least 6 

observations spread over ac least 4 distinct pHs with a range of ac least 

1.51, the fit was very qood (Figure 11, with R2s ranginq from 96% co )99X. 

The parameter SLP was generally found co be similar among data sets and a 

pooled analysis escimaced it co be 1.03, indistinguishable from 1.0 both for 

practical purposes and from a scandpoinc of scaciscical significance. The 

parameter PHT was also found co be similar among data sets, usually being in 

the pH 7 co 8 range. 

This empirical model, however, did not incorporate indications in some 

data (Figure 1) chat LC5Os may be declining as pH increases over 8.5. To 

minimize possible errors associated with such behavior, the model was 

slightly modified for application here by requiring chat LC5Os are conscanc 
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at pB 8 and above; this will tend to cause the fitted curve co pass slightly 

below the apparent peak at pH 8.5 and closer co the data near pH 9.0. 

Based oa the behavior of SLP noted above, the model was further modified 

by assuming the parameter SLP exactly equalled 1.0 and dropping ic from the 

model. This is equivalent to assuming the pH dependence of ammonia toxicity 

is due to joint toxicity of HH3 and NHq+, but the incergrecation here 

will remsin strictly empirical and none of the ramifications of such a 

mechanism, such as temperature dependence of PHT, will be considered here due 

to absence of suitable data. 

The modified model for pii dependence therefore was: 

LCSO - LCSO(pH-81 ; ~“18 

LC50 - LCSO(pH=8) ’ 
1 (JPRT-8 

1 : lOPHT-ptr ; PH < 8 
(2) 

vhere the parameter LIM has been replaced with LC5O(pH=8) l ( 1 + 10PHT-8), 

thus adopting a reference pH of 8, where the imposed plateau begins. 

Eventual application of this model to generating a criterion requires 

that it concain only one parameter dependent on cesc organism, since having 

note than one parameter would require that there be LCSOs from multiple pHs 

for every test organism, when, in fact, such information is available Eor fev 

of the cescs in Table 1. Clearly, LCSO(pW8) is likely to be organism- 

dependent, since it represents the sensitivity under reference conditions. 

PHT muat therefore be assumed to be constant among test organisms, at least 

until additional testing allows separate estimates for PliT for different 

taxa. This assumption is justified to some extent by the observed similaricy 

of PRT among species noted above. 

Using the modified model, a pooled regression analysis of the data in 

Figure 1 was conducted employing the procedures of Erickson (19851, resulting 
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in sn estimsce 7.4 for the parameter PHT. The resulting model fit wss good, 

with sn R2 for the pooled data set of 96X, Little worse chsn achieved with 

individual analyses of each dscs set using the original model (Equation 1). 

The slight decrease in fit was solely due co using pooled estimates for PHT 

and SLP. The imposition of the plateau at pH > 8 actually improved the fit 

slightly. The fit from this pooled analysis is indicsced in Figure 1. 

The 

toxicity 

final relationship sdopced for the pH-dependence of scuce swonis 

therefore was: 

LCSO - LCSO(pH=S) ; PHL8 (3) 

LC50 = LCSO(pH’8) l 1.25 ; pR < 8 
1 + 107*4-~R 

Although the proposed relscionship cannot be considered universally 

applicable or without error, the slcernatives of using no pH relationship or 

of basing criteria only on species tested over a range of ptis are clearly 

less desirable. A relscionship which can be applied with more confidence 

requires furrher experimentation. Of course, in site-specific spplicscions, 

if evidence exists for significantly different pH relscionships for species 

of importance co setting criceris, appropriate modificscions should be 

considered. 

(b) Temperscure Dependence of Acute Ammonia Toxicicy 

Erickson (1985) reviewed available data on the cemperscure-dependence of 

un-ionized smmonis LCSOs. For dscs sets with more than two cesced cempers- 

cures, he noted that the principal feature wss an approximately linear 

relationship of Log(LCS0) versus temperscure (Figure 2). He noted some 

indication of declining slopes with increasing temperature, but due to the 

dscs uncertainty this trend could not be sdequscely verified or quantified. 
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Re therefore proposed the following empirical model for temperscure 

dependence of srmnonis toxicicy: 

LCSO - LCR l 
10SLT(T-20) (4) 

where LCR is the LC50 SC s reference temperscure of 20 C and SLT is the slope 

of log(LCS0) versus temperscure. Slope estimates were found to not vary 

significsncly among dscs sets, which included vsriacion in both organisms and 

temperscure range cesced. Slopes varied from 0.016 to 0.054, with an 

srichmecic mean of 0.03; interestingly, this is spproximscely equivalent to 

coca1 smmonis being constant with cempersture. The relscionship adopted for 

the temperature dependence of acute sllnnonis toxicity in fish therefore was: 

LCSO = LCSO(T=PO) * 10°*03(T-20) (5) 

where the psrsmecer LCR has been replaced with the more descriptive term 

LCSO(T=20), consiscenc with the terminology adopted for the reference LCSO in 

the pH relscionship. For invertebrsces, no temperacure relationship will be 

used; this sssumpcion will cause little error because available data suggest 

that temperscure effects sre not as marked 8s in fish and because inverce- 

braces sre generally insensitive co ammonia and thus do not markedly 

influence the criceris. 

However, this relationship csnnoc be applied without some limitations. 

As noted above, there is some indication of declining slopes as cemperscure 

increases. Also, available data sets were restricted co temperatures, at the 

high end, that were optimal or only marginally subopcimsl. Thus, extrspola- 

cion of this relationship to high temperscures must be restricted. It can be 

used to adjust the data in Table 1 co reference conditions since the tests 

for each fish were rarely conducted under unfavorably high temperatures, but 

it should not be used for generating criteria SC temperscures high enough co 

constitute a stress to an organism. Where criteria are necessary for such 
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high temperacures, it is recommended here char: ic be the same NH3 

conoencration as at the upper end of the cemperacure range considered 

favorable for the organism (i.e., 8LT is assumed co be 0.00 rather than 0.03 

between the upper end of the favorable range and higher cemperacures). The 

final reiacionship adopted for the temperacure dependence of the national 

criterion therefore was: 

LC50 = LCSO(T=20) l 10°*03(TCAP-20); T 2 TCAP (6) 

LC50 - LC50(T-20) l 10°*03(T-20) ; T < TCAP 

For rhe purposes of the national criteria, when salmonid fish or ocher 

sensitive coldwater species are present , the temperacure relationship will be 

applied only up co 20 C (TCAP a 20). Temperatures much higher than this are 

detrimental co coldwater species and data on rhe temperature dependence of 

ammonia toxicity for such species extends only up co 18 C. nrus s use of the 

temperacure relationship above 20 C is of doubtful validity and un-ionized 

ammonia criteria ac high cemperacures will be assumed co be no higher than ac 

20 c. For sites without salmonids and ocher sensitive coldwater species, 

TCAP = 25 C will be used; a higher TCAP (30 C) may be justified on a 

site-specific basis when scriccly warmwater species are present. The 

increase in the cemparature cap should not be beyond where there is data co 

suqgesc chat the tolerance of the most sensitive site genera continues co 

increase with cemperacure and should not result in a FAV ac any cemperacure 

chat is significantly greater than the AVs at the higher temperacures cesced 

for the most sensitive genera at the site. 

As for the pH relationship, this proposed temperacure relationship is 

imperfect due co the limited database, but the alcernacives of using no 

relationship or of resericcing criteria co narrow temperature ranges where 

sufficient data is available are clearly less desirable. Of course, also as 
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for pH, where data for a species of importance co the secring of a criterion 

conrradiccs the above assumptions regarding temperacure, appropriate 

modifications should be made. 

(o) Application of pH and Temperacure Relationships of Acute Ammonia Toxicicy 

co Determination of Final Acute Values 

A Species Mean Acute Value (SMAV) is the geometric average of the acute 

values (AVs), usually LCSOs, available for a given species. A Genus ?iean 

Acute Value (GMAV) is the geometric average of the SMAVs available for a 

given genus. A Final Acute Value (FAV) for a material is an escimace of the 

GMAV ac the 0.05 cumulative proportion in the cumulative discribucion of 

GMAVs for all genera tested for chat material. These compucacions (see 

Guidelines) are not a subject of rhis discussion, but their application to pH 

and temperature dependent data is. 

The existence of pH and cemperacure dependence in AVs requires chat they 

be adjusted co a common reference pH and cemperacure basis before computing a 

FAV. After a FAV ac this reference pH and temperacure is computed, it can be 

applied co ocher pHs and cemperaeures using the same equations used to 

correct the AVs. 

The reference pH and temperacure are arbitrary insofar as final results 

are concerned. The reference temperature selected here was 20 C, as selected 

for equation 5, and the reference pH was 8, as selected for equation 2. 

These reference conditions furthermore are moderate and near chose of most 

tests in Table 1, al lowing more easy comparisons of values. 

It is assumed here that the effects of pH and cemperacure are not 

significantly correlated. There are currently no data co contradict this 

assumption, much less machemacically model such a correlation. Equations 3 

and 5 can then be combined as follows co provide a unified equation for 
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ad juscing acute values measured ae any pH and temperature co the reference 

conditions. 

Avref = AV(pH,T) l FT l FPH (7) 

where : 

FT * 100.03(20-T) ; for fish 

- 1 ; for invertebrates 

FPH - 1 ;pHLS 

a 1 + l&4-PH ; pH < 8 
1.25 

Once all AVs available for establishing a criterion are adjusted co 

AV,,fs, the SLAV for each species ac reference conditions (SMAV,,f) 

can be computed aa the geometric average of the AVref? for chat species 

and the GXAV for each genus ac reference conditions (GMAVref) can be 

computed as the geometric averaqe of the SHAV,,fs for char genus. The 

FAV ac reference conditions (FAV,,f) then can be computed from the 

GXAV,,fs available by the same procedures used for computing FAVs from 

GMAVs for any material. A FAV ac a particular pH and temperature can finally 

be computed by reversing equation 7 (and also applying the restriction from 

equation 6 chat FT 3 10°*03(20-TCAP) for T 2 TCAP). 

Application of these techniques co the data proceeded as follows. AVs 

from Table 1 were adjusted for temperacure and pH and averaged to obtain the 

SMAVrefs and GMAV,,fs reported in Table 3. The fifth percentile 

was escimaced, by the Guidelines method, co be 0.70 mg/liter NH3. However, 

the rainbow trout data in Table 1 indicate chat sexually macure fish (21 kg) 

are significantly more sensitive than ehe average of the cesced fish. Since 

a species is not protected if each life stage is not protected, the 
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FAVref was lowered co 0.52, the geometric average of the AVr,fs of 

rainbow trout in this size range. Thus, the equation for the FAV is: 

FAV(pH,T) = 0.52/FT/FPH 

where: 

FT - 100.03(20-TCAP); TCAP < T < 30 - - 

= 100.03(20-T) ; OLT<TCAP 

FPH * 1 ; 8.0 i pH 5 9.0 

= 1 + 107=4-PH ; 6.5 IpHL 8.0 
1.25 

TCAP = 20 C; Salmonids present 

= 25 C; Salmonids absent 

(d) Application of the FAV KO a Criterion co Protect Against Acute Toxicicy 

As specified in the Guidelines, the criterion co procecc against acute 

toxicity will be based on requiring chae l-hour average concentrations not 

exceed, more often on the average than once every 3 years, one-half of the 

FAV specified in Equation 8 above. For ammonia there is considerable 

evidence chat this short averaging period is justified, even though the FAV 

is based on tests wirh a typical duration of 96 hours. The acute response of 

some fish to ammonia can be very rapid. For example, McCormick ec al. (1984) 

reported LCSOs with green sunfish co be only 0% to 40% higher ac 3 hours than 

at 96 hours for the pE range 7.2-8.7; furthermore, this did not cake into 

consideration any delayed mortality ac the shorter time, so the differences 

may be even smaller. Ball (1967) reported a 3-hour LCSO for rainbow trout co 

be just 50% greater than the asympcocic LC50, again not accounting for 

delayed mortality (other species, however, did not have such an extreme 

relationship). Effects of silnple exposures of shorter duration are unknown, 

but LCSOs for l- co 2-hour periods quite possibly could also be just 
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marginally above that ac 96 hours, especially if the l- or 2-hour period is 

preceded and/or followed by concentrations which are not markedly lower. 

Therefore, a criterion based on 96-hour LCSOs cannot be created as an 

average over any appreciable fraction of the cesc duration, since such 

averaging implicitly allows significant excursions over the crirerion for an 

appreciable fraction of the averaging period and thus allows the occurrence 

of a time sequence of concentrations ac lesser intervals that would have 

greater toxicity than is intended by the criterion. For example, in the case 

of the data cited above, even a 4-hour averaging period would allow 

concentraciona of 2- to 3-hour duration chat could have an impact greater 

than desired. 

Experiments on the effects of fluccuacing ammonia concentrations also 

support the use of extremely shore averaging periods. Thurscon ec al. 

(198la) exposed rainbow trout co ammonia concencracions chat varied from 

virrually zero co a peak over a 12- co 24-hour cycle and reporced LCSOs based 

on peak concencracions to be only 16-392 higher than chose based on 96-hour 

conscanc concencracion tests and chat LC5Os based on the average of the 

fluctuating concencracions were 25-422 less than the 96-hour LCSOs for all 

tests except those on large fish, which tolerated slightly higher peaks. 

Since concencracions were near or ac the peak for only two hours, this 

sugges cs chat, although some excursions above 96-hour LCSOs are permissible 

ac short durations, the allowable excursions are not large enough co allow 

averaging periods of more than a few hours. Brown et al. (1969) exposed 

rainbow trout co fluctuating concenrracions with an average equal to the 

48-hour conscanc concentration LCSO, with the fluctuations varying between 

1.5X and 0.5X rhe average over either a 2- or 4-hour cycle. They found chat 

coxicicy using the 2-hour cycle was similar co chat under conscanc exposure, 
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but was markedly higher using the 4-hour cycle. This indicates chat, even 

for a modest 50% excursion over the conscanc concencracion LCSO, an averaging 

period of longer than 2 hours is inappropriate. For more marked excursions, 

shorter periods may be necessary. 

Thus, the l-hour averaging period specified in the Guidelines is 

reasonable for amonia. In fact, this durarion may be too long if 

subscancial excursions above the average occur within the hour. Therefore, 

it is further specified here chat this l-hour average criterion is not 

applicable to situations where concentrations exceed 1.5 times the average 

within the l-hour period. The 1.5 factor was based on such an excursion 

being acceptable based on the fluctuating exposure studies discussed above, 

with no evidence chat greater excursions are tolerable. 

Salcwaeer Invertebrates 

very 

five 

Data on acute toxicity of ammonia co salcwacer invertebrate species are 

limited. LCSOs are summarized in Table. 1 for five species representing 

families. A 96-hour LCSO (Table 1) of 1.5 mg/liter NH3 was reported 

(Linden et al. 1979) for the copepod, Nitocra spinipes. Lethal effects of 

NH4Cl on rhe quahog clam (Mercenaria mercenaria) and eastern oyster 

(Crassostrea virginica) were studied by Epifanio and Srna (1975) (Table 1). 

There was no observed difference in suscepcibilicies between juveniles and 

adults of the two species. Armstrong ec al. (1978) conducted acuee coxicicy 

teats (6 days) on ammonium chloride using prawn larvae (Macrobrachium 

rosenbergii). LCSOs (Tables 1, 5) were highly pH-dependent. Acute coxicicy 

of NH4Cl co penaeid shrimp was reported as a 48-hour composite LCSO of 1.6 

mq/liter NH3 for seven species pooled, including the resident species 

Penaeus setiferus (Wickins 1976). The acute toxicicy of NH4Cl co the 
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carideaa prawn, & roaenbergii, was reported (Wickins 1976) as LT5Os of 

1700-560 minutes at concencraciona of 1.74 CO 3.41 mg/liter NH3 (Table 5). 

Hall et al. (1978) measured the acute coxicicy of NH4Cl co grass shrimp 

(Palaemonetes pugio) (Table 5). Cacedral and coworkers (1977a,b) invesci- 

gaeed the effect of WH4Cl on survival and growth of Penaeus monodon; larvae 

had lower tolerance eo armaonia compared with posclarvae. Brown (1974) 

reported a time co SO percent mortality of 106 min for nemertine worm 

(Cerebratulus fuscus) ac 2.3 mg/liter NH3 (Table 5). 

Effects of NH4Cl solutions on American lobster (Homarus americanus) 

were studied by Deliscracy ec al. (1977). Their tests were performed on 

fourth scaqe larvae which they believed co be the most sensitive life stage, 

or nearly so. They reported a 96-hour LCSO (Table 1) of 2.2 mg/liter NH3 

and an incipient LCSO (Table 5) of 1.7 mg/liter NH3. A “safe” Concencra- 

cion of 0.17 mg/licer NH3 was tencacively recommended. 

Salcwacer Fishes 

Very few acute toxicicy data are available for saltwater fish species. 

Holland ec al. (19601 reported the critical level for chinook salmon 

(Oncorhynchus tshawycscha) to be between 0.04 and 0.11 mg/licer NH3 and for 

coho salmon to be 0.134 mg/Licer NH3. A scacic cesc with coho salmon 

provided a 48-hour LCSO (Table 5) of 0.50 mg/liter NH3 (Katz and Pierro 

1967). Atlantic salmon smelts and yearling rainbow trout tested for 24 hours 

in 50 and 75 percent saltwater solutions exhibited similar sensicivicies co 

ammonia (finistry of Technology, U.K. 1963). 

Hole and Arnold (1983) report a 96-hour LC50 of 0.47 mg/liter NH3 

(Table 1) for red drum (Sciaenops ocellacus). Venkacaramiak (1981a) found 
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96-hour LCSOs (Table 1) of 1.2-2.4 mg/liter NH3 for scriped mullet (Mugil 

ceohalus) and 0.69 mg/liter NH3 for planehead filefish (Monacanchus 

hispidus). 
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CHRONIC TOXICITY TO AQUATIC ANIMALS 

The following discussion of chronic and partial chronic ammonia toxicity 

includes both data used in the derivation of the Final Chronic Value (Table 2 

data) and data that were not Included in the criterion derivation, but that 

are important for an understanding of long-term lethal and sublethal effects 

of ammonia on aquatic organisms (Table 5 data). 

Freshwater Invertebrates 

Few studies have been conducted on long-term exposure of freshwater 

invertebrates to ammonia, and life-cycle tests were conducted only for 

cladocerans. 

The lowest concentrations affecting reproduction in two life-cycle tests 

(Table 2) with D. magna were 0.74 and 0.76 mg/liter NH3 (Russo et al. 

1985); a 28-day LC50 of 1.53 mg/liter NH3 was reported. In a chronic test 

(Table 2) conducted by Reinbold and Pescitelli (1982a), reproduction and 

growth of D. magna were affected at a concentration of 1.6 mg/liter NH3. A 

lifecycle test (Table 2) with C. acanthina (Mount 1982) showed effects on 

reproduction at a concentration of 0.463 mg/liter NH3. 

Two tests lasting 42 days were conducted by Anderson et al. (1978) on 

NH4Cl with the fingernail clam, Musculium transversum (Table 5). 

Significant mortalities (67 and 72 percent) occurred in both tests at a 

concentration of 0.7 mg/liter NH3. In one of the experiments, significant 

reduction in growth was observed after 14 days of exposure to 0.41 mg/liter 

NH3. Sparks and Sandusky (1981) reported that fingernail clams exposed to 

0.23 and 0.63 mg/liter NH3 incurred 36 and 23 percent mortality, 

respectively, in four weeks; after six weeks, 47 percent mortality occurred 

at 0.073 mg/liter NH3, and 83 percent mortality occurred at 0.23 and 0.63 
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mg/liter NH3. No growth at all occurred in all test chambers (concentra- 

tions of 0.036 mg/liter NH3 and higher) other than the control after six 

weeks (Table 5). 

Two partial chronic tests, of 24- and 30-days duration, were conducted 

by Thurston et al. (1984a) with the stonefly Pteronarcella badia (Table 5). 

Adult stonefly emergence was delayed with increasing ammonia concentration, 

and little or no emergence occurred at concentrations exceeding 3.4 mg/liter 

NH3. There was no significant relationship between food consumption rates 

of nymphs and concentrations up to 6.9 mg/liter NH3. LC50s for 24- and 

30-day exposures were 1.45 and 4.57 mg/liter NH3, respectively. 

Freshwater Fishes 

A number of researchers have conducted long-term ammonia exposures to 

fishes, including complete life-cycle tests on rainbow trout and fathead 

minnows. Several kinds of endpoints have been studied, including effects on 

spawning and egg incubation, growth, survival, and tissues. 

The effects of prolonged exposure (up to 61 days) to ammonia of pink 

salmon early life stages was studied by Rice and Bailey (1980). Three series 

of exposures were carried out, beginning at selected times after hatching: 

for 21 days prior to completion of yolk absorption, for 40 days up to 21 days 

before yolk absorption, and for 61 days up to yolk absorption. All test fish 

were sampled for size when the controls had completed yolk absorption. NH3 

concentrations ranged from 0 (control) up to 0.004 mg/liter. For fry at the 

highest concentration of 0.004 mg/liter NH3 (Table 2), significant 

decreases in weight were observed for all three exposure groups. At a 

concentration of 0.0024 mg/liter NH3 (Table 2) the group of fry exposed for 

40 and 61 days were significantly smaller, whereas a concentration of 0.0012 
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mg/liter had no significant effect on growth. Effects were consistently more 

adverse for the 6l-day-exposed fish. 

Thurston et al. (1984b) tested rainbow trout fn a laboratory study in 

which adult fish exposed for five months to concentrations of armnonia from 

0.01 to 0.07 mg/li.ter NH3 spawned of their own volition; baskets containing 

crushed rock served as the spawning substrate. There was no correlation 

between ammonia concentration and numbers of egg lots spawned, total numbers 

of eggs produced, or numbers of eggs subsequently hatched. Parental fish 

uere exposed for 11 months, the first filial generation (FL) for four 

years, and the secoud filial generation (P2) for five months. Pathologic 

lesions were observed In both parental and FL fish uhen ammonia concentra- 

tions reached and exceeded 0.04 mg/liter NH3 (Table 2). Measurements of 

blood ammonia concentrations in four-year-old FL fish showed an increase 

when test water conditions reached or exceeded 0.04 mg/liter NH30 Trout 

exposed for 52 months from day of hatching showed no relationship between 

growth and concentration at 10, 15, 21, and 52 months. 

Burkhalter and Kaya (1977) tested ammonia at concentrations from 0.06 to 

0.45 mg/liter Niij on fertilized eggs and resultant sac fry of rainbow trout. 

Eggs were incubated at 12 C for 25 days in one test and at 10 C for 33 days in 

another ; fry were maintained for 42 days. In neither test was there a 

concentration response on egg mortality or on incubation time. Retardation Ln 

early growth and development occurred at NH3 concentrations as low as 0.06 

mg/liter NH3, the lowest concentration they tested (Table 2). Fish exposed 

to 0.12 mg/liter NH3 (Table 2) required one week longer than controls to 

achieve a free-swimming state; fish at 0.34 and 0.45 mg/liter NH3 did not 

achieve a free-swimming state during a 42-day test period. A ZL-day LC50 of 

0.30 mg/liter NH3 was obtained (Table 5). For sac fry exposed for 42 days 
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after hatching, hypertrophy of secondary gill lamellae epithelium occurred at 

0.23 mg/liter NH3 , and karyolysis. and. karyorrhexis in the secondary gill 

lamellae were observed after 28 days at 0.34 mg/liter NH3 and higher. 

Calamari et al. (1977, 1981) exposed rainbow trout to ammonium chloride 

solutions for 72 days, beginning one day after fertilization and ending uhen 

fry were fed for 30 days. A 72-day LC50 of 0.056 mg/liter NiS3 was 

calculated (Table 5); 23 percent mortality occurred at a concentration of 

0.025 mg/liter NH3 (Table 2). Examination of 986 rainbow trout embryos at 

hatching stage after exposure to NH3 concentrations of 0.010 to 0.193 

mg/liter for 24 days showed an increase in macroscopic malformations with 

increasing ammonia concentration. Kinds of deformities observed were varying 

degree of curvature from median body axis, which in extreme cases produced a 

complete spiral shape, and various kinds of malformations in the head region 

with a number of cases of double heads. At the highest concentration tested, 

0.193 mg/liter NH3, 60 percent of the observed fish were malformed. 

Microscopic examination at hatching of 128 larvae .from the same exposure 

showed abnormalities on the epidermis and pronephros that correlated with 

ammonia concentrations. The epidermis was thickened with an irregular 

arrangement of the various layers of cells and an increase in the number and 

dimensions of mucous cells. The pronephros showed widespread pacuolization 

of the tubule cells, together with a thickening of the wall. Increasing 

abnormalities were observed after exposure to concentrations over 0.025 

mg/ liter NH3 for epidermis and 0.063 mg/liter NH3 for pronephros. 

Broderius and Smith (1979) tested four-week-old rainbow trout fry for 30 

days at concentrations of ammonia (reported grahically) ranging from -0.06 to 

0.32 mg/liter NH3 (Table 5). Growth rate at -0.06 mg/liter NH3 was 

comparable to that of controls; above -0.10 mg/liter NH3 growth rate 
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dec reaaed , correlated with increased NH3 coucentratioa. The survival at 

0.32 s&liter NH3 was reduced to 70 percent that of the controls. Schulze- 

Wiehenbrauck (1976) tested juvenile rainbow trout, approximately 

onehalf-year-old but of different sixes, for periods of time from two to 

seven weeks, and at ammonia concentrations from 0.012 to 0.17 mg/liter NH3. 

He concluded that 0.05 mg/liter NH3 caused a slight decrease in growth 

during the first 14-day interval on nonacclimatized fish, but that decrease 

was completely compensated in the next growth interval; exposure to 0.13 

mg/liter NH3 (apparently for 3 or 4 weeks) did not affect growth, food 

consumption, or food conversion. 

Smith (1972) and Smith and Piper (1975) reared young rainbow trout at 

three concentrations of arnnonia (averaging 0.006, 0.012, and 0.017 mg/liter 

X83) for a period of one year. There was no significant difference in fish 

growth reported among the three concentrations at four months. There was, 

however, a difference reported at 11 monthsl the fish at 0.012 and 0.017 

mg/liter NH3 weighed 9 and 38 percent less than the fish at. 0.006 mg/liter. 

Microscopic examination of tissues from fish exposed to the highest 

concentration, examined at 6, 9, and 12 months, showed severe pathologic 

changes in gill and liver tissues. Gills showed extensive proliferatioa of 

epithelia which resulted in severe fusion of gill lamellae which prevented 

normal respiration. Livers showed reduced glycogen storage and scattered 

areas of dead cells; these were more extensive as exposure time increased. 

Ministry of Technology, U.K. (1968) reported on tests in which rainbow 

trout were exposed for three months to concentrations of 0.069, 0.14, and 

0.28 mg/liter NH3. The cumulative mortality of a control group (0.005 

mg/liter NH3) was -2 percent. Cumulative mortality at 0.069 and 0.14 

mglliter NH3 was -5 percent, and that at 0.28 mg/liter was -15 percent. 
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Reichenbach-Klinke (1967) performed a series of one-week ammonia tests on 240 

fishes of. nine species (including rainbow trout, goldfish, northern pike 

(Esox lucius), carp, and tenth) at concentrations of 0.1 to 0.4 ma/liter 

m3* He observed swelling of and diminishing of the number of red blood 

cells, inflammations, and hyperplasia. Irreversible blood damage occurred in 

rainbow trout fry in un-ionized ammonia concentrations above 0.27 mg/liter 

m3* IIe also noted that low NH3 concentrations inhibited the growth of 

young trout and lessened their resistance to disease. 

Smart (1976) exposed rainbow trout to 0 -30 to 0.36 mg/liter NH3 (Table 

5); 81 percent mortality occurred over the 36-day duration of the test, with 

most deaths occurring between days 14 and 21. Microscopic examination of the 

gills of exposed rainbow trout revealed some thickening of the lamellar 

epitheliun and an increased mucous production., The most characteristic 

feature was a large proportion of swollen, rounded secondary lamellae; in 

these the pillar system was broken down and the epichelium enclosed a 

disorganized mass of pillar cells and erythrocytes. Gill hyperplasia was not 

a characteristic observation. 

Fromm (1970) exposed rainbow trout to <0.0005 and 0.005 mg/liter NH3 

for eight weeks. Subsequent examination of the gill lamellae of fish from 

the trace concentrations shoved them to be long and slender with no 

significant pathology. Fish exposed to 0.005 mg/ liter NH3 had shorter and 

thicker gill lamellae with bulbous ends; some consolidation of lamellae was 

noticed. Photomicrographs revealed that many filaments showed limited 

hyperplasia accompanied by the appearance of cells containing large vacuoles 

whose contents stained positive for protein. Other lamellae showed a 

definite hyperplasia of the epithelial layer, evidenced by an increase in the 

number of cell nuclei. 
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Thurston et al. (1978) studied the toxicity of armnonia CO cutthroat 

trout fry in flow-through tests which lasted up to 36 days (Table 5). 

Results of duplicate tests on 1.0-g fish both showed 29- and 36-day ~~50s 

of 0.56 mg/liter NH3. Duplicate tests on 3.3-g fish provided 29-day ~~50s 

of 0.37 and 0.34 mg/liter, slightly less than those of the 1.0-g fish. 

Tissues from heart, gastrointestinal tract, and thymus of cutthroat trout fry 

exposed to 0.34 mg/liter NH3 for 29 days were comparable to those of 

control fish. However, gills and kidneys of exposed fish showed degenerative 

changes. Gills showed hypertrophy of epitheliun, some necrosis of epithelial 

cells, and separation of epithelirnn due to edema; kidneys showed mild 

hydropic degeneration and accumulation of hyaline droplets in renal tubule 

epithelium; reduced vacuolatioa was observed in livers. Daoust and Ferguson 

(1984) were unable to find rainbow trout gill lesions in NH3 concentrations 

of 0.2-0.4 tug/liter. 

Samylin (1969) studied the effects of ammonium carbonate on the early 

stages of development of Atlantic salmon. The f.irst set of experiments 

(temperature = 13 C) was conducted within the range 0.001 to >6.6 mg/liter 

NH3 beginning with the “formed embryo” stage; the experkaent lasted 53 

days. Accelerated hatching was observed with increasing (NH4)2CO3 

concentrations, but concentrations LO.16 mg/liter NH3 were lethal in 12-36 

hours to emerging larvae. Because (NH4)2CO3 was used as the toxicant, 

the pH in the test aquaria increased from 6.7 to 7.6 with increasing NH3 

coucentration. Growth inhibition was observed at 0.07 mg/liter N’d3 (Table 

2) l Tissue disorders were observed in eyes, brains, fins, and blood of 

Atlantic salmon embryos and larvae exposed to concentrations from 0.16 to 

>6.6 mg/liter NH 3, with increased degree of symptom at increased ammonia 

concentrations. Effects observed included .erosion .of membranes of the eyes 
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and shedding of the crystalline lens, dilation of blood vessels in liver and 

brain, accumulation of blood in the occipital region and in intestines. 

Reaction to light and mechanical stimulation gradually disappeared with 

increased ammonia concentration, and the pulsebeat slowed. Horphological 

differences in developneat between experimental and control latvae were 

observed from the tenth day of exposure, including a lag in yolk resorption, 

decrease in growth of the skin fold, and contraction of skin pigment cells 

causing the skin color to become paler than it was after hatching. At 

concentrations up to 0.07 mg/liter NH3 no significant morphological 

differences were ooserved. 

A second series of experiments (temperature - 16.5 C) was carried out 

in the 0.001 to 0.32 mg/liter NH3 concentration range, and began with 

larval salmon (Samylin 1969). Concentrations of 0.21 mg/liter NH3 and 

higher were lethal and caused weight loss in fry; 0.001 to 0.09 mg/liter 

NH3 caused a decrease in weight gain, although no differences in feeding 

activity, behavior, or developuent were observed in these concentrations 

compared to controls. Dissolved oxygen concentrations in this second series 

of experiments dropped as low as 3.5 mg/liter. 

Burrows (1964) tested fingerling chinook salmon for six weeks in outdoor 

raceways into which ammonium hydroxide was introduced. Two experiments were 

conducted, one at 6.1 C and the other at 23.9 C, both at pH 7.8. In both 

cases fish were subsequently maintained in fresh water for an additional 

three weeks. A recalculation of Burrows reported un-ionized ammonia 

coaceatrations, based on more recent aqueous ammonia equilibrium tables, 

indicates that the concentrations at 6.1 C were 0.003 to 0.006 mg/liter 

NH3, and at 13.9 C were 0.005 to 0.011 mg/liter NH3. At both 

temperatures some fish at all anxnonia concentrations showed excessive 
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proliferation and clubbing of the gill filameacs; the degree of proliferacioa 

was progressive for the first four weeks, a,fcer which no measurable increase 

was discernible. Examination of a sample of the fish cesced at 6.1 C after 

three weeks in fresh water iadicaced no recovery had taken place from the 

excessive proliferation. In the experimeac with larger fish ac 13.9 C a 

marked recovery from hyperplasia was noted after the three-week fresh water 

exposure period. In the first experiment the proliferated areas had 

coasolidaced ; in the second they had aoc. Burrows posculaced char: coaciauous 

ammonia exposure is a precursor of bacterial gill disease. 

Buckley ec al. (1979) exposed duplicate groups (90 fish each) of 

hatchery-reared coho salmon for 91 days to “river-water” solutions of NH4Cl 

at concentrations of 0.019 co 0.33 mg/liter NH3; these were compared with 

control groups reared at 0.002 mg/Liter NH3. Hemoglobin concenc and 

hematocric readings vere reduced sLightLy, but significaacly, ac the highest 

coaceacracion cesced, and there was also a greater perceacaqe of immature 

erychrocyces ac the highest concencracion. Blood anmoaia and urea 

conceatracions were not sigaificaacly different after 91 days, reqardless of 

concentration of alraaonia to vhich the fish were exposed. Raakin (1979) 

conducted ammonia tests with embryos of sockeye salmon (Oncorhynchus nerka) 

from fercilioacion to hacchiaq. Tocal embryo mortalicy occurred ac 

concentrations of 0.49 co 4.9 mg/Licer NH3; times co 50 percent mortality 

ac these conceatracioas were 40 co 26 days. Mortalicy of the embryos exposed 

co 0.12 mg/liter NH3 was 30 percent, and time co 50 percent mortalicy was 

66 days. 

Two full life-cycle ammonia toxicity cescs (354 and 379 days) were 

conducted with fathead minnows (Thurscoa ec al., submitted). These cescs 

began with newly hatched fry and were conciaued through their growth, 
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mecuracion and spawning stages; progeny were exposed from hatching through 

growth to 60 days of age. No scaciscically sigaificanc differences were 

observed based on spawning data (number of egg Lots, egg Lot size, egg Lots 

per female, eggs per female per day) for conceacrations up co 0.4 mg/lic&r 

NH3, but Large reductions occurred ac 0.8-0.9 tug/liter NH3. There was a 

substantial decrease of the percentage of fry hacchinq ac concentrations of 

0.19 mg/liter NH3 and higher (Table 2); no effect on hatching success was 

observed at conceacrations of 0.09 mq/licer NH3 and lower. Also, there was 

some indication chat length of time for iacubacion from spawaing co hatching 

increased with increasing NH3 conceacracions. No scaciscically significaac 

effects on fish grouch were observed for either parental fish or progeny 

after 30 and 60 days exposure and ac exposure termination at concentrations 

up to ‘0.4 mg/liter NH3, but: pareacal fish growth was substantially reduced. 

at 0.9 mg/licer NH3 after 30 days (ac which coacencration no progeny 

existed). Significant morcalicies occurred among the parental generacioa ac 

concentrations of 0.9 co 1.0 mg/liter NH3 after 30 and 60 days’ exposure.. 

head tissues from fathead minnows subjected co prolonged (up co 304 

days) ammonia exposure were examined (Smith 1984). Growths, some massive, 

were observed on heads of several fish exposed co concencrac ions of 1.25 and 

2.17 mg/liter NH3 , and swollen darkened areas were observed on heads of 

several fish held at 0.639 to 1.07 mg/liter. Similar lesions were noted by 

Thurscon ec al. (submitted) ac Lower concencratioas, with swollen darkened 

areas on heads being observed on some fish held at conceatracioas of 0.22 

mg/liter NH3 and growths being observed at concentrations es Low as 0.43 

mg/liter NH3. Grossly and histologically the severity of the lesions, 

which varied from mild to severe, was positively correlated with ammonia 

concentration. Lesions appeared co be of a cell type originating from the 
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primitive meninx coveri- the brain. The hyperplastic tissue often 

completely surrounded the brain but. waa not observed around the spinal cord. 

in early life-stage test initiated at the blastula stage of embryo- 

genesis and extending through 39 days post-hatching was conducted with green 

sunfish by McCormick et al. (1984). Retardation of growth of green sunfish 

exposed from embryo through juvenile life stages was found at NII3 

concentrations of 0.489 q/liter and higher, but not at 0.219 rag/liter and 

less (Table 2) . In a long-ten test with green aunf ish, Jude (1973) reported 

that for treatments greater than 0.17 mg/li ter NIi3, mean fish weight 

increased less rapidly than controls after introduction of toxicant over the 

next four days. Thereafter, fish exposed to 0.26 and 0.35 mg/liter NH3 

grew at an increasing rate while fish exposed to 0.68 and 0.64 mg/liter NH3 

remained the same for 12 days before greater increases in growth accurred. 

An early life-stage test with bluegill from embryo through 30 days 

post-hatch was conducted on auxnonia by Smith et al. (1983). Significant 

retardation of growth due to ammonia exposure was observed at 0.136 q/liter 

NH3 ; the no-observed-effect concentration was reported to be 0.063 mg/liter 

NH3 (Table 2). 

Eroderius et al. (1985) conducted four simultaneous early life-stage 

ammonia tests with smallmouth baas. These were carried out at four different 

pFi levels, ranging from 6.6 to 8.7, to examine the effect of pH on chronic 

smmonia toxicity. Exposure to ammonium chloride solutions began with two- to 

three-day-old embryos and lasted for 32 days. The effect endpoint observed 

was growth, and ammonia was found to have a greater effect on growth at lower 

pU levels than at high. NH3 concentrations found to retard growth (Table 

2) ranged from 0.0558 mg/llter at pH 6.60 to 0.865 mg/liter at pH 8.68. 
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Early lifestage tests (29-31 days’ exposure) on ammonium chloride with 

channd catfish and white sucker were conducted by Reinbold and Pescitelli 

( 1982a) . No significant effect on percent hatch or larval survival was 

observed for channel catfish at concentrations as high as 0.583 mg/liter 

NH~ and for white sucker as high as 0.239 mg/li ter NH3. Significant 

retardation of growth, however, occurred for channel catfish at 

concentrations of 0.392 mg/liter NH3 and higher and for white sucker at 

0.070 mglli ter NH3 and higher (Table 2). G delay in time to swim-up stage 

was also observed for both species at elevated (0.06 to 0.07 mg/li ter NH3) 

anmania .concentrations. 

Robinette (1976) cultured channel catfish fingerlings for periods of 

approximately one month at concentrations of 0.01 to 0.16 mg/liter NH3. 

Growth at 0.01 and 0.07 mg/liter NH3 was not significantly different from 

that of control fish; growth retardation at 0.15 and 0.16 rag/liter NH3 ‘was 

statistically significant. Colt (1978) and Colt and Tchobanglous (1978) 

reported retardation of growth of juvenile channel catfish during a 31-day- 

period of exposure to concentrations rangl.ng from 0.058 to 1.2 mglliter 

NH3. Growth rate was reduced by 50 percent at 0.63 tug/liter NH3, and no 

growth occurred at 1.2 mg/lfter NH3. The authors hypothesized that growth 

may be i~ibited by high concentrations of NH4+ and low concentrations of 

Na+ in solution, and/or the NHh+/Na+ ratio. Soderberg et al. (1984) 

found histopathologlcal gill lesions in pond cultured channel catfish raised 

in NH3 concentrations from 0.02 to 0.067 mg/liter. 

Early life-stage tests on ammonium chloride were conducted by Swigert 

and Spacie (1983) with channel catfish and fathead minnow (Table 2). For 

both species, growth at ca. 30 days was the most sensitive of reported 

responses to ammonia, significant reductions being observed at 10.24 rug/liter 
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~~ for channel catfish and at LO.33 mg/liter NH3 for fathead minnow. 

Ammonia exposure for 30 to 40 days of goldfish and tenth resulted in 

lesions and diffuse necrosis of the caudal fin, causing it to degenerate 

progressively to the point of breaking off by degrees, ultimately leaving 

only a necrotized stump (Marchetti 1960). 

Very little work has been done to investigate affects of different 

factors on chronic ammonia toxicity. The early lifestage tests at different 

pH levels conducted by Broderlua et al. (1985) with smallmouth bass showed 

that NH3 toxicity increased with decreasing pH. Mitchell and Cech (1983) 

reported that gill damage to channel catfish exposed to about 0.5 mg/l NH3 

occurred only In the presence of residual chlorine, apparently due to 

monochloramlne being the proximate agent. Soderberg et al. ( 1983) suggested 

that, under wide diurnal variations of un-ionized aaunonia, growth reductions 

of rainbow trout were better correlated with maximum daily concentrations 

rather than mean concentrations. Sousa et al. (1974) reduced chronic 

toxicity of ammonia to chinook salmon by reducing pH and increasing salinity. 

Derivation of Final Chronic Value for Fresh Water 

(a) pH and Temperature Dependence of Chronic Aranonia Toxicity 

Only one data set exists (Broderius et al. 1985) for which the same 

investigator determined the chronic toxicity of ammonia to a fish over a 

suitable pH range. These data (for smallmouth baas) show pH trends 

qualitatively similar to those discussed earlier for acute toxicity, but 

suggest a greater relative change In the pH 6.5-7.5 range. Interestingly, 

total ammonia values were approximately constant at pH 7.8 and below. For 

Macrobrachium rosenbergil (a saltwater prawn), Armstrong et al. (1978) also 

found a more pronounced effect of pH on chronic toxicity than acute toxicity. 
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Chronic effect concentrations expressed as total ammonia were also constant 

at pH 7.6 and below. 

The available data therefore do not adequately support the application 

of the acuta ammonia toxicity pH relationship to chronic ammonia toxicity. 

Furthermore, the available data are not sufficient to support the derivation 

of a broadly applicable chronic pH relationship upon which even limited 

confidence can be placed. Temperature effects on chronic toxicity are 

totally lacking in the available data. 

(b) Acute-Chronic Ratios 

Acute-chronic ratios are available for ten species (Table 2). Because 

these ratios vary so widely (3-43), their dependence on species and 

phyaico-chemical factors should be evaluated so that they are properly 

applied. 

The smallmouth bass data in Table 2 .indicate that acute-chronic ratios 

increase with decreasing PH. This is consistent with the comment earlier 

that the effect of pK on chronic toxicity in the 6.5-7.5 pH range is greater 

than the effect of pH on acute toxicity. The large ratio for pink salmon 

also suggests such a pH dependence of the ratio, if It is assumed salmonids 

have similar ratios. The paucity of data makes firm conclusions impossible, 

but it is probably inappropriate to apply the pink salmon ratio (-43, 

measured at pH 6.4) and the largest smallmouth bass ratio (=18, measured at 

pH 6.6) to the pH range (27.3) at which other ratios were measured. At pH 

greater than about 7.7, there is no clear indication that the pH dependence 

of chronic toxicity differs from that of acute toxicity; consequently, 

acute-chronic ratios are not expected to vary much, if any, in this pH range. 

For temperature, no such clear effect exists. The highest ratio was 

measured at low temperature (43 for pink salmon at 4 C), but the high value 
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waa probably in large part due to PH. The only other ratio at low 

temperature is not particularly high (14 for rainbow trout at 9 C). The 

second and third highest ratios were at higher temperatures (30 for white 

sucker at 19 C and 20 for fathead minnow at 24 C), but all the low ratios 

were also in or near this temperature range. In the absence of suitable 

data, it will be assumed here that ratios are not dependent on temperature. 

The purpose of applying a ratio is to derive an estimate of a FCV from a 

FAV when there is insufficient chronic data available to derive a FCV 

directly. Since both a FAV and a FCV are estimates of the fifth percentiles 

of their respective data bases, it is necessary that the ratio be appropriate 

for applying to the lower part of the range of acute values to derive the 

lower part of the range of chronic values. When a wide range of ratios are 

present, this purpose requires a selection of those from an appropriate 

sensitivity range of acute and chronic values. 

Consideration will first be given here to acute-chronic ratios at pH > 

7.7, where ratios will be assumed here to be constant vi-th PH. The procedure 

for selecting the ratios appropriate for determining a FCV from a FAV was as 

follows. In this pH range, chronic values and acute-chronic ratios are 

available for nine species in Table 2. Consideration was first restricted to 

those species with chronic toxicity less than or equal to the median, which 

included the channel catfish, rainbow trout, white sucker, bluegill, and 

fathead minnow. Species above the median (green sunfish, smallmouth bass, 

and two daphnids) had markedly higher chronic values (>O. 3 mg/li ter NH3) 

which are probably well above the range a FCV will assume, especially 

considering the diverse nature of the five species selected. The five acute 

chronic ratios so selected were 10 (channel catfish), 12 (bluegill), 14 

(rainbow trout), 20 (fathead minnow), and 30 (white sucker), with a geometric 
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mean of 16. The higher ratio for the fathead minnow was used because it was 

for a whole life-cycle test which determined effects of annnonia on 

reproduction, apparently a more sensitive endpoint than the growth effects 

examined in other studies. The lower ratio for rainbow trout was used in 

part because it also was for a whole life-cycle test and in part because the 

other, higher ratio (-22) was for a pH slightly below the range of concern 

here. 

However, before this average ratio is judged appropriate for deriving a 

FCV, greater scrutiny should be given to the data used in its derivation. As 

suggested .above, an- appropriate ratio is one which, when applied to a low 

percentile in the distribution of acute values, will produce the same 

percentile for chronic values. Thua, while it is appropriate to restrict 

consideration of acute-chronic ratios to species with chronic values less 

than the median, the .relative acute values used should also be examined as to 

whether they are consistent, on the average, with the chronic values used. 

For example, the high ratio for the white sucker is- apparently’due to it 

being, relative to other species, more chronically sensitive than acutely 

sensittve. Other species have apparent biases in the other direction. What 

is important is whether the average relative acute and chronic values of the 

data used are consistent. 

More specifically, the average percentile level of the acute data used 

for the ratios should approximately equal that of the chronic data used. 

Corrected to reference pH (g.0) and temperature (20 C), the geometric average 

of the acute values used for generating the five ratios above is 1.36. This 

corresponds to between ranks 12 and 13 in the data in Table 3, which, using 

the cumulative probability formula P-Rank/(N+l), is equivalent to about the 

35th percentile. Due to the small amount of data and the uncertain effect of 
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pH and temperature on chronic toxicity (and thus the relative chronic 

toxicity of the 11 speciea in Table 2), the average percentile level of the 

chronic data used is less easily estimated, but should lie between 30 and 40, 

most probably in the middle part of this range. Because of the similarity of 

the percentile levels so estimated and because more exact analysis cannot be 

supported by the limited database currently available, an acute-chronic ratio 

of 16 is recommended here as being most appropriate for the estimation of a 

FCV from a FAV when pH > 7.7. 

For low pH, few data are present. At pH near 6.5, available ratios are 

43 for :he pink salmon and 18 for the smallmouth bass, with a geometric mean 

of 28. Even this ratio may be too low if the smallmouth bass is as 

relatively insensitive in chronic tests at low pH as it is at high PH. The 

higher acute-chronic ratio (*22) for rainbow trout at pH = 7.4 may be 

indicative of somewhat higher ratios at moderate PH. No definite conclusion 

is made here about appropriate ratios at lower pHs, except that they are 

probably greater than 20 and will require further..testing. 

(c) Application of Acute-Chronic Ratios and pH Relationship of Chronic 

Ammonia Toxicity to Determination of Final Chronic Values 

In the absence of sufficient data to directly compute final chronic 

values (FCVs), both with respect to the nmber and variety of chronic tests 

in Table 2 and to the inadequate data on the pH- and temperature-dependence 

of chronic toxicity, the following approach was adopted for setting FCVs: 

(1) To generate a FCV, an acute-chr’onic ratio must be applied to an 

appropriate FAV. The FAVref used for the l-hour average 

criterion (0.52) is not appropriate since it is based on a life 

stage that is more sensitive than those used in generating the 

acute-chronic ratios. Furthermore, the fifth-percentile 
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(2) 

FAV,,f computed earlier (0.70) is also not appropriate since 

it is strongly influenced by the mountain whitefish data, which 

also was for a sensitive life stage. To compensate for this 

problem, the mountain whitefish SMAV,,f was increased by 40%, 

from 0.56 co 0.78, based on the difference between the acute 

sensitivities of rainbow crouc of the size of the cesced whitefish 

and of the size used for generating the acute-chronic ratio. The 

FAV,,f was then recomputed co be 0.80, which vi 11 be used in 

subsequent calculations of FCVs. 

Due co cne lack of informaeion on the effects of temperature on 

chronic toxicicy for any organism and due co the lack of any 

chronic coxicicy data for salmonids ac cemperacures above 15 C, the 

temperature relationship implicit in applying an acute-chronic 

ratio co a FAV will be capped ac 15 C rather than 20 C as in 

Equation 8 for sites with salmonids or ocher sensitive coldwacer 

species. For sites without salmonids and other sensitive coldwater 

species, TCAP will be 5 C higher, as for acute coxicicy. This will 

result in the use of the following formula Eor the factor TCAP when 

comoucing a FCV: 

TCAP - 15 C ; salmonids present (9) 

- 20 c ; salmonids absent 

These temperature caps are again placed here because the national 

criterion must be broadly proceccive and uncercainries require this 

rescriccion in order co guarantee protection for certain organisms. 

The cap may be raised in a site-specific analyses as warranted by 

the species present . The increase in the temperature cap should 

not be beyond where there is data chat indicates the FCV will be 
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(3) 

protective of the most sensitive genera present at the site; in 

particular, a PCV should nor result at any temperature chat is 

significantly greater than the CV at the highest temperacure cesced 

for any site genera. 

AC pH 7.7 and above, an acute-chronic ratio of 16 will be applied 

co FAV(pH,T) to calculate FCV(pH,T), this constant ratio being 

estimated as described above. The equation for FCV ac pH > 7.7 

therefore is : 

Fm(pH,T) = 16.;.f$,H (10) 

where FPH is as in equation 8 and FT is as in equation 9. 

(4) AC pH 6 1 e ou 7.7, the FCV will be based on the observation made 

above chat chronic toxicity has been founa to be approximately 

constant on a coca1 ammonia basis in this pH range. The FCV as 

un-ionized aaunonia at any pH and temperacure must therefore be set 

so that the corresponding coca1 ammonia is the same as ac pH = 7.7 

and chat cemperacure. The applicable equation is: 

1 + ~OPK-7.7 
FCV(pH,T) - FCV(7.7,T) ’ I + 10PK-PH 

(11) 

0.80 1 + ~oPK-7-7 

- 19.2*FT * 1 + IOPK-PH 

where pK is the armnonia speciacion stability constant ac T. ‘This 

formula can be simplified by noting that, for the pHs and 

temperatures of concern, 10pK’PH>>l. The equation then 

approximately becomes: 

FCV(pH,T) = 
0.80 

19.2.FT*107*7-pH 
(12) 
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This equation concains an implicit acute-chronic ratio equal to: 

RATIO(pH) - ’ 
9 3 107.7-pH = p;;d:;~;; l FpH (13) 

which varies from 16 ac pH 7.7 to 42 ac pH 6.5. This implicit 

ratio can probably be applied co site-specific calculations in this 

pH range. 

It should be noted chat the pH and temperacure-dependent FCV so derived 

are within a factor of two of the chronic values for several species 

(Atlantic salmon, rainbow trout, fathead minnow, white sucker, and bluegill) 

in Table 2 if the temperature cap is ignored. Ic is also close co a chronic 

effect concentration for the clam Musculium transversum in Table 5. These 

relative differences give some indication that the criteria is approximately 

correct, since they are similar co the difference between the acute 

sensicivicy of these species and the FAV,,f used and are not so large 

chat markedly higher criteria are possible wichouc impacting several. species. 

That the relative margins do not appear to be markedly different for species 

tested ac cold cemperacure than ac warm temperature also provides some 

reassurance as co the appropriateness of applying the same slope for 

cemperacure dependence to chronic toxicity as to acute coxicicy. This should 

not be taken, however, as strong evidence for the temperature relationship 

used; considerable uncertainty exists in the pH- and cemperacure-dependence 

for chronic toxicity, necessitating further research if more reliable 

criteria are to be developed. 

(d) Application of the FCV to a Criterion co Protect Against Chronic Toxicicy 

AB specified in the Guidelines , the criterion co procecc against chronic 

toxicicy of the types represented in Table 2 will be based on requiring chat 

4-day average concentrations not exceed, more often on the average than once 
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every 3 years, an average FCV based on Equac ions 10 and 12 above. In the 

typical situation, where flows, pHs, and temperatures fluccuace, the average 

FCV should not be obtained simply by applying the equations co the average 

flow, pH, and temperacure, but should rather equal or approximate the 

arichmecic mean of a time series of FCVs reflective of the fluctuations. 

Part of the intent of the short (4-day) averaging period, as opposed co 

a longer period (e.g., 30-day) more reflective of the duration of cescs in 

Table 2, is to preclude time series of concencracions char: would 

subscancially exceed the criterion concentration for a substantial fraction 

of the longer period. A longer period will be allowed for some situations 

where limited variability of concentrations can be demonscrated. This maccer 

is discussed in more detail in the Technical Support Document for Water 

Quality-Based Toxics Control (U.S. EPA, 1985). 

Salcwacer Animals 

Little information is available on long-term effects of sublethal 

ammonia exposures on salcwacer species, and no chronic data are available for 

any salcwacer fish species. 

Three-week exposure (Wickins 1976) of 1. seciferus co NH4Cl yielded an 

EC50 (Table 51, based on growth reduction, of 0.72 mq/licer NH3. A 

six-week test (Table 5) with fi. rosenbergii resulted in reduction in growth 

co 60-70 percent that of controls for prawn exposed co concentrations above 

0.12 mq/liter NH3. A “maximum acceptable level” was estimated co be 0.12 

mg/licer NH3. Amstrong ec al. (1978) conducted qrowch tests (Table 5) on 

NH4Cl using prawn larvae (M. rosenbergii). Recardacion in growth was 

observed at sublethal concencracions (0.11 mq/licer NH3 ac pH 6.83 and 0.63 

mg/Licer NH3 at pH 7.601, and this effect was greater ac low pH. 
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TOXICITY TO AQUATIC PLANTS 

Bacteria and Freshwater Plants 

Ammonia is known to play an important part In the nitrogen metabolism of 

aquatic plants l In the aquatic environment, nitrogen plays an important role 

in determining the composition of phytoplankton and vascular plant communi- 

ties and in some cases can act as a limiting nutrient in primary production. 

Ammonia can also be toxic at certain concentrations. Data concerning the 

toxicity of ammonia to freshwater vascular plants and phytoplankton are 

contained in Table 4. Few of the papers examined contained sufficient 

information to enable calculation of un-ionized ammonia concentrations, 

although total ammonia solutions were more toxic at high than at low pH, indi- 

cating that toxicity was likely due primarily to NH3 rather than NH4+. 

Some information on ammonia effects on bacteria is also Included here. 

The bacterial species Escherichia calf and Bacillus subtilis were found 

to be sensitive to NH4Cl (Deal et al. 1975); 1100 mg/liter NH3 killed 90 

percent of an E. coli population in 78 minutes. B. subtilis, an aerobic, 

spore-forming bacterium, was destroyed in less than two hours in 620 mg/liter 

NH3. NH3 inhibition of the bacteria Nitrosomonas (that convert ammonium 

to nitrite) and the bacteria Nitrobacter (that convert nitrite to nitrate) 

was studied by Anthonisen et al. (1976) and Neufeld et al. (1980). NH3 

inhibited the nitrification process at a concentration of 10 mg/liter 

(Neufeld et al. 1980). The NH3 concentrations that inhibited nitrososonads 

(10 to 150 mg/liter) were greater than those that inhibited nitrobacters (0.1 

to 1.0 mg/liter), and NH3, not NH4+, was reported to be the inhibiting 

species (Anthonisen et al. 1976). Acclimation of the nitrifiers to NH3, 

temperature, and the number of active nitrifying organisms are factors that 

may affect the inhibitory concentrations of NH3 in a nitrification system. 
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Langowska and Moskal (1974) investigated the inhibitory effects of 

24-hour exposures to NH3 on pure cultures of ammonifying and denitrifying 

bacteria. Effects examined were based on ability of the bacteria to produce 

some specific metabolic processes, such as proteolysis, ammonification, 

denitrification, and nitrification. Ammonifying and denitrifying bacteria 

were most resistant to NH3; proteolytic and nitrifying bacteria were the 

most sensitive. Concentrations ranging from 0.8 to 170 mg/liter NH3 did 

not adversely affect denitrifying and amnonifying bacteria; 220 mg/liter 

caused reduction of the examined metabolic processes. Proteolytic bacteria 

were unaffected at 0.8 mg/liter NH3, but were reduced to zero at 4.2 

mg/liter; nitrifying bacteria were unaffected at 2.6 to 5.1 mg/liter and 

reduced to zero at 13 to 25 mg/liter. 

Experimental data concerning the toxicity of ammonia to freshwater 

phytoplankton are limited. Przytocka-Jusiak (1976) reported ammonia effects 

(Table 4) on growth of Chlorella vulgaris with 50 percent inhibition in five 

days at 2.4 mg/liter NH3 , and complete growth inhibition in five days at 

5.5 mg/liter. The NH3 concentration resulting in 50 percent survival of C. 

vulgaris after five days was found to be 9.8 mg/liter NH3. In a separate 

study, Przytocka-Jusiak et al. (1977) were able to isolate a C. vulgaris 

strain with enhanced tolerance to elevated ammonia concentrations, by 

prolonged incubation of the alga in ammonium carbonate solutions. C. 

vulgaris was reported to grow well in solutions containing 4.4 mg/liter 

NH3, but growth was inhibited at 7.4 mg/liter (Matusiak 1976). Tolerance 

to elevated concentrations of NH3 seemed to show a slight increase when 

other forms of nitrogen were available to the alga than when ammonia was the 

only form of nitrogen in the medium. The effects of ammonia on growth of the 

algal species Ochromonas sociabilis was studied by Bretthauer (1978). He 
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found that concentrations (assuming pH 6.5 and 30 C) of 0.6 m&liter ?m3 

killed the organisms, and at 0.3 mg/liter development of the population was 

reduced. Concentrations of 0.06 to 0.15 mg/liter NH3 had insignificant 

effect on growth, and 0.015 to 0.03 mg/liter enhanced growth. 

Effects of ammonia on four algal species (Table 4) were studied by 

Abeliovich and Azov (1976). Ammonia at concentrations over 2.5 mg/liter 

NH3 inhibited photosynthesis and growth of the algal species Scenedesmus 

obliquus and inhibited photosynthesis of the algae Chlorella pyrenoidosa, 

Anacystis nidulans, and Plectonema boryanum. Mosier (1978) reported that 

NH3 concentrations causing 50 percent reduction in oxygen production by the 

green alga Chlorella ellipsoidea and blue-green alga Anabaena subcylindrica 

were 16.0 x 10M8 and 251.0 x 10B8 pg NH3-N/cell, respectively. 

The rate of photosynthesis in the blue-green alga P; boryanum was 

observed to be stimulated by NH4+, but inhibited by MI3 (Solomonson 

1969); the magnitude of these effects was dependent on the sodium-potassium 

composition of the suspending media. NH3 inhibition of photosynthesis was 

associated with a conversion of inorganic polyphosphate stored in the cells 

to orthophosphate. 

Champ et al. (1973) treated a central Texas pond with ammonia to a mean 

concentration of 25.6 m&liter NH3. A diverse population of dinoflagel- 

lates, diatoms, desmids, and blue-green algae were present before ammonia 

treatment. Twenty-four hours after treatment the mean number of 

phytoplankton cells/liter was reduced by 84 percent. By the end of two weeks 

(NH3 - 3.6 q/liter) the original concentration of cells had been reduced 

by 95 percent. 

Much of the mrk concerning the response of freshwater vegetation to 

high amonia concentrations is only descriptive or is a result of research 

exploring the possible use of ammonia as an aquatic herbicide. 
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Champ et al. (1973) reported virtually complete eradication of rooted 

aquatic vegetation (water shield, Brasenia schreberJ., and American lotus, 

Nelumbo sp.) in a central Texas pond within two weeks after treatment with 

anhyd r,ous ammonia; NH3 concentration was 25.6 mg/liter 24 hours after 

ammonia addition, and 3.6 mg/liter two weeks later. In experiments with 

Potamogeton lucens, Litav and Lehrer (1978) observed that ammonia, which 

forma a readily available nitrogen source for the plant, can be toxic when 

present at high concentrations, with ammonia causing appreciable injury to 

detached branches. Ammonia inhibition of growth of Eurasian watermilfoil 

(Myriophyllum spicatum) affected length and weight similarly and affected 

roots and shoots similarly (Stanley 1974). 

Lltav and Agami (1976) studied changes in vegetation in two rivers 

subject to increased pollution from agricultural fertilizers, urban sewage, 

and indus trl.al wastes, and attributed the changes in plant species 

composition primarily to ammonia and detergents. Agami et al. (1976) 

transplanted seven species of “clean water” macrophytes to various sections 

of river, and found that ammonia affected only Nymphaea caerulea. Use of 

high concentrations of ammonia to eradicate 

by Ramachandran (1960), Ramachandran et al. 

Ramaprabhu (1976). 

aquatic vegetation was described 

(1975), and Ramachandran and 

Saltwater Plants 

Data concerning the toxicity of ammonia to saltwater phytoplankton are 

presented in Table 4. Ten species of estuarine benthic diatoms were cultured 

for ten days in synthetic media at a range of NH3 concentrations from 0.024 

to 1.2 mgjliter NH3 (Admiraal 1977). A concentration of 0.24 mg/liter 

NH3 retarded the growth of most of the tested species (Table 4). Relative 

tolerance to ammonium sulfate of five species of chrysomonads was studied. by 
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Pinter and Provaaoli (1963). Coccolithua huxleyi was most sensitive, and 

pavlova gyrana and Hymenomonas SP. were most tolerant, with intermediate 

tolerance exhibited by Syracosphaera spa and Ochrosphaera neapoli tana. 

Shllo and Sbilo (1953, 1955) reported that the euryhaline algae 

Prymnesium parvum was effectively controlled with applications of ammonium 

sulfate, which exerted a lytic effect. Laboratory and ffeld tests showed 

that the concentration of ammonium sulfate necessary for cell lysis decreased 

with increasing pH, indicating that un-ionized ammonia and not the ammonium 

ion La responsible for the lytic activity of ammonium sulfate on P. parvum. 

Effect of atmnonia on the dinoflagellate Amphidinlum carterae was studied by 

Byerrum and Benson (1975)) who reported that added ammonium ion at 

concentrations found to stimulate the photosynthetic rate also caused the 

algae to release up to 60 percent of fixed “CO2 to the medium. 

Natarajan (1970) found that the concentrations of fertilizer plant 

effluent toxic to natural phytoplankton (predominantly diatoms) in Cook 

Inlet, Alaska, were between 0.1 percent (1 .l mg/li ter NH31 and 1 .O percent 

(11 mg/liter NH3). At 0.1 percent effluent concentration 14C uptake 

was reduced only 10 percent, whereas at 1.0 percent effluent concentration a 

24-33 percent reduction in the relative “C uptake was observed. Effects 

of ammonium sulfate on growth and photosynthesis of three diatom and two 

dinoflagellate species were reported by Thomas et al. (1980), who concluded 

that increased ammonium concentrations found near southern California sewage 

outfalls would not be inhibiting to phytoplankton in the vicinity. Pro vas 01 i 

and McLaughlin (1963) reported that auunonium sulfate was toxic to some marine 

dinoflagellates only at concentrations far exceeding those in seawater. 

No data were found concerning the toxicity of ammonia to saltwater 

vegetation. 
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BIOACCUMULATION 

No data are available concerning the accumulation of ammonia by aquatic 

organisms. 
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OTHER DATA 

A number of investigators have studied effects of ammonia on behavior 

and various metabolic processes of exposed animals, or have conducted field 

studies. This research has dealt predominantly with freshwater fishes. 

Freshwater Invertebrates 

The effect of ammonia (Table 5) on the ciliary beating rate of clam 

gills was investigated by Anderson et al. (1978). Concentrations of 0.036 to 

0.11 mg/liter NH3 caused a reduction in ciliary beating rate of fingernail 

clams; the effect of these concentrations ranged from 50 percent reduction in 

beating rate to complete inhibition of cilia. Adult clams (>5 mm) were more 

sensitive than juveniles (<-5 mm); adults were also slightly more sensitive 

than the unionid mussel (Elliptio complanata) and the Asiatic clam (C. 

manilensia). Shaw (1960) investigated effects of ammonium chloride on sodium 

influx in the freshwater crayfish, Astacus pallipes. Ammonia produced an 

inhibition of sodium influx; a concentration of 18 mg/liter NH4+ reduced 

the influx to about 20 percent of its normal value, and influx reduction was 

related to greater ammonia concentration. This effect was attributed to 

NH4+ ions and not to any toxic effect exerted on the transporting cells 

by un-ionized ammonia. NH4+ did not affect chloride influx nor the rate 

of sodium loss. 

Ammonia was added to a Kansas stream at a 24-hour average concentration 

of 1.4 mg/liter NH3, and a 24-hour drift net sampling was conducted 

(Liechti and Huggins 1980). No change in diel drift pattern was observed, 

but there was an increase in magnitude of drift, a shift in kinds of 

organisms present, and changes in benthic standing crop estimates; the 

ammonia concentration was concluded to be nonlethal. 
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Freshwater Fishes 

Herbert and Shurben (1963) investigated the effect on susceptibility to 

ammonium chloride solutions of rainbow trout forced to swim continuously 

against water currents of different velocities prior to ammonia exposure. 

Forcing rainbow trout to swim for one to two days at 85 percent of the 

maximum velocity they could sustain increased their susceptibility only 

slightly, corresponding to a 20 to 30 percent reduction in the 24- or 48-hour 

LC50. 

The behavioral response of blacknose dace (Rhinichthys atratulus) to 

ammonium chloride solutions has been studied (Tsai and Fava 1975; Fava and 

Tsai 1976); the test fish did not avoid concentrations of 0.56 or 4.9 

mg/liter NH3, nor did these concentrations cause significant changes in 

activity. Avoidance studies were conducted by Westlake and Lubinski (1976) 

with bluegill using ammonium chloride solutions. Bluegill detected 

concentrations of approximately 0.01 to 0.1 mg/liter NH3, and evidenced a 

decrease la general locomotor activity. No apparent avoidance of ammonia was 

observed, and there was some indication of an attraction. Behavioral 

responses of bluegill to a five-hour exposure to 0.040 mg/liter NH3, 

although variable, were related to at Least a small amount of physiological 

stress either at the gill or olfactory surfaces. At a concentration of 0.004 

mg/liter NH3, bluegill evidenced slight temporary increases in both 

activity and turning behavior; no preference or avoidance was demonstrated, 

with responses seemingly exploratory (Lubinski et al. 1978, 1980). Wells 

(1915) investigated the avoidance behavior of bluegill to ammonium hydroxide 

solutions and reported that fishes did not avoid ammonia prior to being 

killed by it. In a study of the repelling ability of chemicals to green 

sunfish, Summerfelt and Levis (1967) concluded that concentrations of ammonia 
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high enough to repel fish would be rapidly fatal. In avoidance experiments 

with threespine stickleback, solutions of ammonia concentration 0.27 mg/liter 

NH3 elicited a positive (attraction) respoase from the test fish (Jones 

1948). 

Weltering et al. (L978), in tests with largemouth bass and mosquitofish, 

demonstrated that predator-prey interactions were sensitive to sublethal 

concentrations of NH30 Ammonia concentratioas of 0.63 and 0.86 mg/liter 

NH3 decreased prey coaaunptioa and bass growth; bass were reported to be 

more sensitive than mosquitofish to NH30 The effect of ammonium chloride 

on consumption of juvenile chinook salmon by brook trout was studied by 

Hedtke and Norris (1980). At the lowest teat concentration of 0.29 mg/liter 

m3, trout consumption rates decreased as much as 65 percent. As ammonia 

concentration increased, however, consumption of prey increased and was 

double that of controls at the highest tested concentration of 0.76 mg/liter 

NH3* Increased consumption rate was related to both increased NH3 

concentration and increased prey density. The magnitude of the effect of 

ammonia was not the same at all prey densities, having a greater effect on 

consumption rate at high than at low prey densities. Mortalities were 

observed among prey salmon at the highest NH3 levels, and these were 

attributed to the combined effect of NH3 and stress from presence of the 

predator. Brook trout exhibited toxic effects due to NH3. 

NH4CL -and NH4HC03 solutions were injected intraarterially into 

rainbow trout (Hillaby and Randall 1979). The same dose of each compound was 

required to kill fish, but there was a more rapid excretion of NH3 after 

NH4HCO3 infusions, resulting in higher NH3 concentrations La blood, 

than after N’Q4Cl infusions. Ammonium acetate solutions of different 

concentrations were injected iatraperitoneally into three species of fishes 
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(Wilson 1968; Wilson et al. 1969). LD5Os (mmoles/kg body weight) for chaaael 

catfish for one to four hours was 26.7 to 18.7, for goldfish for one hour 

were 29.3 and 29.6 in tw separate tests, and for rainbow trout for one hour 

was 17.7. Goldfish was the most resistant species tested and rainbow trout 

the least resistant. Nehriag (1964) compared toxicity of anunoaia in the 

water to toxicity of ammonia admiaiatered orally and concluded that the 

threshold and lethal coacentratioas were considerably lower for ammonia in 

water than for ammonia administered orally. 

Acute spptoms of N?i3 toxicity to brown trout sac fry aad 12-day-old 

fry were described by Penaz (L965), who exposed fry to concentrations ranging 

from 0.08 to 50.0 mg/liter NH3. Symptoms caused by NH3 exposures were: 

rapld spasm-Like movements at concentrations of 2.0 mg/liter NH3 and higher 

within 16-17 minutes of exposure; after 40 minutes these symptoms were also 

observed at 0.4 mg/liter NH3- After 2.5 hours these abnormal movemeats 

ceased, and at LO hours heart activity was decreased and fish lost movement 

ability at the higher (22.0 mg/liter Nfi3) concentrations. Other symptoms 

included iaability to react to mechanical stimuLatioa and disorders in rhythm 

of mouth movements culminatiag in the mouth's staying rigidly open. Thumann 

(L950), working with rainbow trout and brook (-brown?) trout, described 

observed symptoms of ammonia poisoning to fishes to be convulsions and 

frequent equilibrirnn aad positional anomalies. 

Smart (1978) reported that exposure of rainbow trout to aa acutely 

lethal concentration of 0.73 mg/Liter NH3 resulted in an increase in oxygen 

consumption, increase in ventilatloa volume, decrease in percent oxygen 

utilizatioa, increase in respiratory frequency and amplitude (buccal 

pressure), decrease in dorsal aortic blood Po2, increase in dorsal aortic 

blood pressure, and increase in meaa heart rate. Physiological parameters 
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not significaatly affected by NH3 exposure were "cough" rate, dorsal aortic 

blood pE, blood PSO, erythrocyte couat, hematocrlt, and hemoglobin 

concentration. Coho salmon exposed to conceatrationa ranging from 0.094 to 

0.162 mg/liter NH5 (Sousa and Meade 1977) exhibited hyperexcitability, 

hyperveatilatioa, ataxia, and progressive acidemia; methemoglobin 

concentrations in blood of exposed fish did not differ significantly from 

those of controls. Effects on trout (species not specified) blood with 

exposure to accumulated excreted NH5 were iavestigated'by Phillips et al. 

(1949) and were reported to include an increase in blood carbon dioxide 

coatent and a decrease in oxygen content. 

Arillo et al. (L979d) measured gill sialic acid content in rainbow trout 

exposed to NH40H or NH4Cl solutions rairgiag from.0.05 to 0.5 mg/Liter 

NH3, and reported that iacreaaiag NH3 concentrations produced increasing. 

gill aialic acid content. Elevated gill siaUc acid levels were also 

produced by higher ammonium ion (NH4+) concentrations at identical NH3 

concentrations, and the authors concluded that NH4+ was a stressor 

causing elevated siaLic acid levels. Exposure of rainbow trout (14-1231 

length) for four hours to NII4Cl and NH40H solutions of concentrations 

ranging from 0.094 to 0.50 ma/liter NH3 resulted in increased proteolytic 

activity and free amino acid levels in the fish livers, but no statistically 

significant change in fructose 1,6-biphosphataae enzyme activity (Arillo et 

al. 1978, 1979a). Renal renin activity was reported (Arillo et al. 1981b) to 

increase in rainbow trout exposed to coaceatratioas of 0.043 to 0.61 mg/liter 

Xn3. A significant decrease in liver glycogea and increase in free glucose 

were observed in rainbow trout exposed to NH4Cl solutions for four hours at 

a concentration of 0.048 mg/liter NH3, and a decrease in total carbo- 

hydrates was observed at 0.12 mg/liter NH3 (At1110 et al. L979b). For 
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trout similarly treated with ammonium hydroxide, significant decreases in 

glpcogen and carbohydrates, and increase in glucose occurred at 0.097 

mg/liter Ktl3* 

A statistically significaat increase in rainbow trout liver 

conceatratioas of cyclic-3’ ,5’-adenosiae-monophosphate (CAMP) was reported by 

Arillo et al. (1979c) to be induced by a four-hour exposure to elevated 

aaunoaie conceatratioas of 0.011 to 0.124 rag/liter NH3. Decreases in liver 

glycogen levels were also measured and were significantly different from 

coatrols only in the trout exposed to 0.048 mg/liter NH3, the highest 

exposure used for glycogen measurements. The authors concluded that CAMP 

measuremeats provided a very sensitive means of discerning fish stress even 

at very low toxicant conceatrations, although quantitative measurement of 

stress intensity was not possible. Lysosomal lability was also investigated 

as an indicator of stress la rainbow trout due to annnonia exposure (Arillo et 

al. 1980), and was reported to increase significaatly for fish subjected to 

concentrations of 0.048 to 0.61 mg/liter NH3. Exposure of rainbow trout 

for four to 48 hours to 0.024 to 0.61 mg/Liter NH3 resulted in changes in 

various brain aad liver metabolitea’ , the magnitude of the changes was depea- 

dent on both exposure time aad NH3 concentration (Arillo et al. L98La) . 

Exposure of walking catfish (Clarias batrachus) to ammonia caused 

inhibition of fish brain cholinesterase and kidney peroxidase activity 

(Mukherjee and Bhattacharya 1974, L975a). Plasma cortlcosteroid 

concentratioas were measured (Tomasso et al. 1981) In channel catfish exposed 

to 1.1 mg/llter NH3 for 24 hours ; corticosteroid levels increased 

initially, peaked after eight hours, then decreased. The overall increase 

was approximately tenfold over normal levels. 

Iorting (L969b) reported that carp exposed to L mg/liter NH3 exhibited 

aa increase in number of blood erythrocytes, reaching an iaitial maximum 

80 



after several hours followed by a gradual decrease; after 50 hours the number 

was less than the average for non-exposed fish. Other blood changes from the 

ammonia exposure were: thickening of individual erythrocytes, reduction of 

osmotic resistance of erythrocytes, increase in concentrations of urea and 

lactic acid, and decrease in ATP concentration. Levi et al. (1974) reported 

that goldfish exposed for 24 hours to NH4Cl solutions exhibited increases 

in cerebral and blood concentrations of glutamine and in other amino acids, 

with changes most pronounced in the brain. Concentrations of free amino 

acids in livers showed only slight increases of a few amino acids, including 

glutamine, and the concentration of lysine decreased. No change in 

concentrations of free amino acids was.observed in kidneys. Rainbow trout 

exposed to 0.33 rag/liter NII3 had significantly higher packed cell volumes; 

exposures to concentrations of 0.24 mg/liter NH3 and higher resulted in 

significantly raised blood glucose and plasma cortisol concentrations (Swift 

1981). 

Diuretic response of rainbow trout exposed to.concentrations of 0.09 to 

0.45 mg/liter NH3 was studied by Lloyd and Ott (1969). After an initial 

lag period, urine production increased rapidly during exposure then returned 

to normal within a few hours after discontinuation of YH3 exposure. A 

no-observed-effect concentration was reported to be 0.046 mg/liter NH3. 

Goldfish were exposed to solutions containing 1.0 to 1.9 mg/liter NH3 

(Fromm 1970; Olson and Fromm 1971); onset of death was characterized by a 

gradual cessation of swimming movements and settling to the bottom of the 

tank. Some goldfish near death were returned to ammonia-free water in which 

they recovered to at least some degree. In similar experiments (Fromm 1970; 

Olson’and Fromm 1971) rainbow trout were exposed to ambient total ammonia 

concentrations of 0.04 to 0.2 mg/liter NH3. There was a decrease in total 
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nitrogen excreted with increase in ambient NH3 , and a concomitant decrease 

in the NH3 portion of total nitrogen excreted; urea and protein nitrogen 

excretion rates showed no changes as ambient NH3 increased. Onset of death 

for trout was characterized by violent thrashing movements. 

Exposure of rainbow trout to solutions of NH4Cl for 24 hours (Fromm 

and Gillette 1968; Fromra 1970) showed that an increase in ambient water NH3 

concentration resulted in a corresponding increase in blood NH3 

concentrations, and a decrease in total nitrogen and NH3 excretion. The 

decrease in NH3 excretion accounted for half or less of the total nitrogen 

excretion,~depending on the water NH3 concentration, indicating that the 

reduction in NH3 excretion was to some extent compensated for by increased 

excretion of some other nitrogenous compound(s). 

Young fry (2-20 days old) of loach (Misgurunus anguilicaudatus) and carp 

were exposed for five to 70 hours to 15 N-labeled ammonium chloride 

solutions at six concentrations from 0.002 to 0.064 ag/liter NH3 (Ito 

1976). and the proportion of 15N relative to total N in the fishes 

determined. Ammonia was shown to be directly absorbed by the fry; nitrogen 

conversion rate increased with increasing ammonia concentration and exposure 

time. Nitrogen conversion rates for carp fry decreased as fry age increased 

from 3 to 20 days. After 48 hours of exposure to 0.064 mg/liter NH3 

followed by transfer to azmaonia-free water, rapid excretion (15-20 percent) 

of the absorbed l5 N occurred during the first hour in ammonia-free water. 

Excretion rate then slowed, with about 50 percent of the absorbed L5~ 

being retained after 48 hours in ammonia-free water. Comparison of 15N 

absorption rates between live and sacrificed three-day-old carp fry showed 

one-third to one-half the uptake of I5 N by dead fry compared with live, 

82 



indicating that the uptake of ammonia from water by live fish occurs not only 

by simple membrane permeation but also by metabolic action. 

Flagg and Hinck (1978) reported that exposure to NH3 lowered the 

resistance of channel catfish to the pathogen Aeromonas hydrophila. In 17- 

and 28-day tests, increasing exposure concentrations from 0.02 to 0.04 

mg/liter NH3 resulted in increasing numbers of bacteria in host livers. 

Schreckenbach et al. (1975) reported that ammonia in pond water leads co 

outbreaks of gill necrosis in carp, accompanied by an increase in ammonia 

concentration in serum of the fish. This is aggravated at elevated pH levels 

due to increasing inhibition of ammonia excretion at increasing pH levels, 

,wtth ammmka ~excretkoa being almost totally blocked at pH values above 10.5. 

After investigating the possible role of parisites, bacteria, viruses, and 

other ultramicroscopic agents in causing gill necrosis, the authors concluded 

that pH-dependent intoxication or autointoxication with ammonia was the sole 

cause of the gill damage. Studies of the treatment and prophylaxis of gill 

necrosis using 28 different therapeutical preparations led to the conclusion 

that only those preparations that lowered the water-pH level and/or ammonia 

concentrations resulted in an improvement in clinical symptoms. 

Increase in frequency of opercular rhythm in fishes was monitored as a 

means to measure fish response to sublethal concentrations of ammonia (Morgan 

1976, 1977). Ammonia threshold detection concentration (Table 5) for 

largemouth bass was approximately 30 percent of the LCSO for that species. 

Increases in largemouth bass opercular rhythms and activity were 

electronically monitored (Morgan 1978, 1979) to determine threshold effect 

ammonia concentrations (Table 5); for a 24-hour exposure the effect 

concentration for opercular rhythms was 0.028 mg/liter NH3 and for activity 

was 0.0055 mg/liter. Lubinski et al. (1974) observed that ammonia stress 

apparently caused bluegill to consume more oxygen. 
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Tn field experiments in an Arizona mountain lake, mortalities of caged 

rainbow trout were attributed to high un-ionized ammonia concentrations and 

high pH levels; 20 to 100 percent of test fish died in 24 hours at NH~ 

concentrations of 0.109 to 0.225 mg/liter (Fisher and Ziebell 1980). Ammonia 

added to a Kansas stream at a 24-hour average concentration of 1.4 mg/liter 

NH~ resulted in fry of slender madtom (Notorus exilis), Notropis sp., and 

orangethroat darter being collected in large nunbers in a 24-hour drift net 

sampling; these fishes are not normally found in drift net samples, and their 

presence was attributed to toxic effects of the ammonia (Liechti and Huggins 

1980). 

Saltvater Invertebrates 

Sublethal toxicity of N?I4Cl to the quahog clam and eastern oyster was 

studied by Epifanio and Srna (1975) who measured the effect of ammonia over 

20 hours on the rate of removal of algae (Isochrysis galbana) from suspension 

(clearing rate) by the clams and oysters. Concentrations of 0.06 to 0.2 

mg/ liter NH3 affected clearing ; no difference was observed between 

juveniles and adults. The effect of ammonia on the ciliary beating rate of 

the mussel Mytilus edulis was studied by Anderson et al. (1978). 

Concentrations of 0.097 to 0.12 mg/liter NH3 resulted in a reduction in 

ciliarp beating rate from 50 percent to complete inhibition (Table 5). 

Exposure of unfertilized sea urchin (Lytechinus pictus) eggs to NH4Cl 

resulted in stimulation of the initial rate of protein synthesis, an event 

that normally follows fertilization (Winkler and Grainger 1978). NH4Cl 

exposure of unfertilized eggs of Strongylocentrotus purpuratus, G. pictus, 

and Strongylocentrotus drobachiensis was reported (Paul et al. 1976; Johnson 

et al. 1976) to cause release of “fertilization acid”, more rapidly and in 

greater amounts than after insemination. Activation of unfertilized G. 

gictus eggs by NH4Cl exposure was also evidenced by an increase in 
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intracellular pH (Shen and Steinhardt 1978; Steinhardt and Mazia 1973). 

&moaia treatment was also reported to activate phosphorylation of thymidine 

and synthesis of histoaes in unfertilized eggs of the sea urchin S. 

purpuratus (Nishioka 1976) . Premature chromosome condensation was induced by 

ammonia treatment of eggs of k. pictus and 2. purpuratus (Epel et al. 1974; 

Wilt and Hazia 1974; Krystal and Poccia 1979). Ammonia treatment of S. 

purpuratus,and 2. drobachiensis fertilized eggs resulted in absence of the 

normal uptake of calcium following insemination, but did not inhibit calcium 

uptake if ammonia treatment preceded insemination (Paul and Johnston 1978). 

The polychetous annelid (Nerci s succinea) , the channeled whelk (Busycon 

canaliculatum), and the brackish water clam (Rangia cuneata) were subjected 

to ammonia concentrations of 0.85, 0.37, and 2.7 mg/liter MI3 and ammonia 

excretion measured (!4angum et al. 1978). The excretion of ammonia in these 

species uas inhibited by non-lethal concentrations of ammonia; the authors 

concluded that ammonia crosses the excretory epithelium in the ionized form, 

and that the process is linked to the activity of the Na+ + K+ ATPases. 

When blue crab (Callinectes sapidus) were moved from water of 28 ppt salinity 

to water of 5 ppt, a doubling of ammonia excretion rate occurred; addition of 

excess NH4CI to the low salinity water inhibited ammonia excretion and 

decreased net acid output (Mangum et al. 1976). The effect of gaseous NH3 

on hemoglobin from blood of the common marine bloodworm (Clycera dibrachiata) 

was examined (Sousa et al. 1977) in an attempt to determine whether there was 

competition between NH3 and oxygen in binding to hemoglobin; such an 

NH3/O2 relationship was not found. 

Saltwater Fishes 

No other data were found for saltwater fish species. 
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UNUSED DATA 

Many references cited in the References section were not used in the 

text or tables, for a variety of reasons. For those several cases where more 

than one reason applies to a given paper, it is listed only under the 

principal reason for Its not being used. 

The following references were not used because the research they 
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Alderson (1979), Arizzi and Nicotra (1980), Brown and Currie (1973), Brownell 
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The following references were not used because insufficient water 

chemical composition data were provided to permit calculation of NH3: 

Belding (1927), Binstock and Lecar (1969), Bullock (1972), Chu (1943), 

Danielewski (1979), Das (1980), Ellis (1937), Hepher (1959), Joy and 

Sathyanesan (1977), Kawamoto (1961), Mukherjee and Bhattacharya (1978), 

Oshima (1931), Oya et al. (1939), Patrick et al. (1968), Rao and Ragothaman 

(1978), Roberts (1975), Rushton (1921), Scidmore (1957), Shelford (1917), 

Shevtsova et al. (1979), Sigel et al. (1972), Southgate (1950), Wolf (1957a), 

Wolf (1957b), Zgurovskaya and Kustenko (1968). 

The following references were not used because the authors reported 

data published elsewhere which was cited in this document from the other 
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publication(s): Burkhalter (1975), Colt (1974), Dept. of Environment, U.K. 

(1972), Herbert (1955), Hillaby (1978), Larmoyeux and Piper (1973), Ministry 

of Technology, U.K. (1960), Ministry of Technology, U.K. (1966), Rice (1971), 

Smart (1975), Wilson (1974). 

The following references were not used because they were foreign- 

language papers for which no translation was available, and no useful 

information could be obtained from the abstract: Desavelle and Hubault 

(1951), Fedorov and Smirnova (1978), Frahm (1975), Garcia-Romeu and Motais 

(1966), Guerra and Comodo (1972), Guseva (1937), Hubault (1955), Jocque and 

Persoone (1970), Kawamoto (1958), Korting (1976). Krauss (1937), Kuhn and 
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(1962a), Vamos and Tasnadi (1962b), Vamos et al. (1974), Yasunaga (1976), 

Yoshihara and Abe (1955). 

The following references were not used because they relate more to 

ammonia metabolism in fishes, than to ammonia toxicity: Bartberger and 

Pierce (1976), Becker and Schmale (1978), Brett and Zala (1975), Cameron and 

Heisler (1983), Covey and Sargent (1979), Creach et al. (1969), Cvancara 

(1969a), Cvancara (1969b), De and Bhattacharya (1976), De Vooys (1968), De 

Vooys (1969), Driedzic and Hochachka (1978), Fauconneau and Luquet (1979), 

Fechter (1973), Fellows and Hird (1979a), Fellows and Hird (1979b), Flis 

(1968a), Flis (1968b), Florkin and Duchateau (1943), Forster and Goldstein 

(1966), Forster and Goldstein (1969), Fromm (1963), Girard and Payan (1980), 
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(lg64), Gordon (1970), Gregory (1977), Grollmu (1929), Guerin-Ancey (1976a), 

GueripAncq (1976b), Guerin-Ancey ( 1976c), Guerin-Ancey (1976d), Hays et al. 
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effluents or waste waters, of which ammonia was a prilnary component: Brown 
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SUMMARY 

All concentrations used herein are expressed as un-ionized ammonia 

(NH3), because NH3, not the ammonium ion (NH4+) has been demonstrated 

to be the principal toxic form of ammonia. The data used in deriving the 

criteria are predominantly from flow-through tears in which ammonia 

concentrations were measured. Ammonia was reported co be acutely toxic to 

freshwater organisms at concentrations (uncorrected for pH) ranging from 0.53 

co 22.8 mg/liter NH3 for 19 invertebrate species representing 14 families 

and 16 genera and from 0.083 to 4.60 mg/liter NH3 for 29 fish species from 

9 families and 18 genera. Among fish species, reported 96-hour LC50s ranged 

from 0.083 to 1.09 mg/liter for salmonids and from 0.14 co 4.60 mg/liter 

NH3 for non-salmonids. Reported data from chronic tests on ammonia with 

two freshwater invertebrate species, both daphnids, showed effects at 

concentrations (uncorrected for pH) ranging from 0.304 to 1.2 mg/liter NH3, 

and with nine freshwater fish species, from five families and seven genera, 

ranging from 0.0017 co 0.612 mg/liter NH3. 

Concentrations of ammonia acutely toxic co fishes may cause loss of 

equilibrium, hyperexcitability, increased breaching, cardiac output and 

oxygen uptake, and, in extreme cases, convulsions, coma and death. AC lower 

concentrations ammonia has many effects on fishes including a reduction in 

hatching success, reduction in growth rate and morphological development, and 

pathologic changes in tissues of gills, livers, and kidneys. 

Several factors have been shown to modify acute NH3 toxicity in fresh 

water. Some factors alter the concentration of un-ionized ammonia in the 

water by affecting the aqueous ammonia equilibrium, and some factors affect 

the toxicity of un-ionized ammonia itself, either ameliorating or exacer- 

bating the effects of ammonia. Factors that have been shown co affect 
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mania toxicity include dissolved oxygen concentration, temperature, pH, 

previous acclimation to ammonia, fluctuating or intermit tent exposures, 

carbon dioxide concentration, salinity, and the presence of other toxicants. 

The most well-studied of these is pH; the acute toxicity of NH3 has 

been shown to increase as pH decreases. Sufficient data exist from toxicity 

tests conducted at different pH values to formulate a mathematical expression 

to describe pH-dependent acute NH3 toxicity. The very limited amount of 

data regarding effects of pH on chronic NH3 toxicity also indicate 

increasing NH3 toxicity with decreasing pH, but the data are insufficient 

to derive a broadly applicable toxicity/pH relationship. Data on temperature 

effects on acute NH3 toxicity are limited, and somewhat variable, but 

indications are that NH3 toxicity to fish is greater as temperature 

decreases. There is no information available regarding temperature effects 

on chronic NH3 toxicity. 

Examination of pH- and temperature-corrected acute NH3 toxicity values 

among species and genera of freshwater organisms showed that invertebrates 

are generally more tolerant than fishes, a notable exception being the 

fingernail clam. There is no clear trend among groups of fish, the several 

most sensitive tested species and genera including representatives from 

diverse families (Salmonidae, Cyprinidae, Percidae, and Centrarchidae). 

Available chronic toxicity data for freshwater organisms also indicates 

invertebrates (cladocerans, one insect species) to be more tolerant than 

fishes, again with the exception of the fingernail clam. When corrected for 

the presumed effects of temperature and pH, there is also no clear trend 

among groups of fish for chronic toxicity values, the most sensitive species 

including representatives from five families (Salmonidae, Cyprinidae, 

Ictaluridae, Centrarchidae, and Catostomidae) and having chronic values 
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ranging by not much more than a factor or two- The range of acute-chronic 

ratios for ten species from six families was 3 to 43, and acute-chronic 

ratios were higher for the species having chronic tolerance below the sedian. 

Available data indicate that differences in sensitivities between warm and 

cold water families of aquatic organisms are inadequate to warrant discrimi- 

nation in the national ammonia criterion between bodies of water with “warm” 

and “cold” water fishes; rather, effects of organism sensitivities on the 

criterion are most appropriately handled by site-specific criteria derivation 

procedures. 

Data for concentrations of XII3 toxic to freshwater phytoplankton and 

vascular plants, although limited, indicate that freshwater plant species are 

appreciably sore tolerant to NH3 than are invertebrates or fishes. The 

ausnonia criterion appropriate for the protection of aquatic animals will 

therefore in all likelihood be sufficiently protective of plant life. 

Available acute and chronic data for ammonia with saltwater organisms 

are very limited, and insufficient to derive a saltwater criterion. A few 

saltwater invertebrate species have been tested, and the prawn Macrobrachium 

rosenbergii was the most sensitive. The few saltwater fishes tested suggest 

greater sensitivity than freshwater fishes. Acute toxicity of NH3 appears 

to be greater at low pH values, similar to findings in f teshwater. Data for 

saltwater plant species are limited to diatoms, which appear to be more 

sensitive than the saltwater invertebrates for which data are available. 

More quantitative information needs to be published on the toxicity of 

ammonia to aquatic life. There are some key research needs that need to be 

addressed in order to provide a more complete assessment of ammonia toxicity. 

These are: (1) acute tests with additional saltwater fish species and 

saltwater invertebrate species; (2) life-cycle and early life-stage tests 
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with representative freshwater and saltwater organisms from different 

families, tith particular attention to trends of acute-chronic ratios; (3) 

fluctuating and intermittent exposure tests with a variety of species and 

exposure patterns; (4) more complete tests of the individual and combined 

effects of pH and temperature, especially for chronic toxicity; (5) more 

histopathological and histochemical research with fishes, which would provide 

a rapid means of identifying and quantifying sublethal ammonia effects; (6) 

studies on effects of dissolved and suspended solids on acute and chronic. 

toxicity. 
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NATIONAL CRITERIA 

The procedures described in the “Guidelines for Deriving Numerical 

National Water Quality Criteria for the Protection of Aquatic Organisms and 

Their Uses” indicate that, except possibly where a locally important species 

is very sensitive, freshwater aquatic organisms and their uses should not be 

affected unacceptably if: 

(1) the one-hour* average concentration of un-ionized ammonia (in 

mg/liter NH3) does not exceed, more often 

years on the average, the numerical value 

where : 

than once every three 

given by 0.52/FT/FPH/2, 

TCAP = 20 C; Salmonids or ocher sensitive coldwater species 

present 

= 25 C; Salmonids and ocher sensitive coldwater species 

absent 

(*An averaging period of one hour may not be appropriate if 

excursions of concentrations co greater than 1.5 times the average 

occur during the hour; in such cases, a shorter averaging period may 

be needed.) 

(2) the 4-day average concentration of un-ionized ammonia (in mg/liter 

NH3) does not exceed, more often than once every three years on 

the average, the average* numerical value given by 

0.80/FT/FPH/RATIO, where FT and FPH are as above and: 
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TCAP = 15 C; Salmonids or ocher sensitive coldwater species 

present 

= 20 C; Salmonids and ocher sensitive coldwater species 

absent 

(*Because these formulas are nonlinear in pH and temperature, the 

criterion should be the average of separate evaluations of the 

formulas reflective of the fluctuations of flow, pH, and temperature 

within the averaging period; it is not appropriate in general co 

simply apply the formula to average pH, temperature and flow.) 

The extremes for temperature (0, 30) and pH (6.5, 9) given in the above 

formulas are absolute. It is not permissible with current data co conduce 

any extrapolations beyond these limits. In particular, there is reason co 

believe that appropriate criteria at pH > 9 will be lower than the plateau 

given above between pH 8 and 9. 

Criteria concentrations for the pH range 6.5 to 9.0 and the temperature 

range 0 C co 30 C are provided in the following cables. Total ammonia 

concentrations equivalent co each un-ionized ammonia concentration are also 

provided in these cables. There is limited data on the effect of temperature 

on chronic toxicity. EPA will be conducting additional research on the 

effects of temperature on ammonia toxicity in order co fill perceived data 

gaps. Because of this uncertainty, additional site-specific information 

should be developed before these criteria are used in wasteload allocation 

modeling. For example, the chronic criteria tabulated for sites lacking 
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(1) Onbhour average concenttatlons for dnmonla.* 

DH oc SC IO c 1s c 20 c 25 c so c 

A. Salmonids or omw Sensitive CoIdwstcK Species Present 

6.50 
6.7s 
7.00 
7.25 

;,:g L 

0:OO 
8.2s 
8.50 
8.7s 
9 .oo 

630 
6.75 
7.00 
7.25 
7.50 
7.75 
a;00 8iO 
8.2s 4.5 
8.50 2.6 
8.75 1.47 
9.00 0.86 

0.009 1 0.0129 0.0182 0.026 0.036 0 .O# 0.036 
0.0149 0.021 0.030 0.042 o.os9 0.059 0.059 
0.023 0.033 0.046 0.066 0.093 0.093 0.093 
0.034 0.048 0.068 0.095 0.135 0.135 0.135 
0 .oJs 0.064 0.091 0.128 0.181 0.181 0.181 
0.0116 0.080 0.113 0.159 0.22 0.22 0.22 
0.06s 0.092 0.130 0.180 0.26 0.26 0.26 
0.065 0.092 0.130 0.184 0.26 0.26 0.26 
0.065 0.092 0.130 0.184 0.26 0.26 0.26 
0.065 0.092 0.130 0.184 0.26 0.26 0.26 
0.065 0.092 0.130 0.184 0.26 0.26 0.26 

35 

3: 
23 
17.4 
12.2 

Un-ionized Amonia (mg/llter NH31 

Total Amnonla (mg/liter NH31 

33 30 29 
2 

3: 
2s f: 23 27 

22 20 19.7 19.2 
16.3 IS.5 14.9 14.6 
11.4 10.9 10.5 10.3 
7.5 7.1 6.9 6.8 

4.2 2.4 ::: ::J" i-i 
1.40 1.37 I .38 I:42 
0.83 0.83 0.86 0.91 

20 
18.6 
16.4 
13.4 
10.2 

7.2 
4.8 
2.8 
1.71 
1.07 
0.72 

14.3 
13.2 
11.6 
9.5 
7.3 

2.: 
2:1 
1.28 
0.83 
0.58 

8. Salmonids and Other Sensltlve Coldwater Species Absent 

6.50 
6.7) 
7.00 
7.25 
7.50 
7175 
8.00 
8.25 
8.50 
8.7s 
9.00 

6.50 
6.75 
7.00 
7.25 
7.50 
7;7i 
8.00 
8.211 
8.50 
8.7S 
9 .oo 

0.0091 0.0129 0.0182 0.026 0.036 0.051 0.051 
0.0149 0.021 0.030 0.042 0.059 0.084 0.084 
0.023 0.033 0.046 0.066 0.093 0.131 0.131 
0.034 0.048 0.068 0;oss 0.135 0.190 0.190 
0.045 0.064 0.091 0.128 0.181 0.26 0.26 
0.056 0.080 0.113 0.159 0.22 0.32 0.32 
0.065 0.092 0.130 0.184 0.26 0.37 0.37 
0.065 0.092 0.130 0.184 0.26 0.37 0.37 
0.065 0.092 0.130 0.184 0.26 0.37 0.37 
0.065 0.092 0.130 0.184 0.26 0.37 0.37 
0.065 0.092 0.130 0.184 0.26 0.37 0.37 

35 

:: 
23 
17.4 
12.2 
8.0 
4.5 
2.6 
1.47 
0.86 

Un-lonlzed Ammonia (mg/llter NH3 ) 

33 
30 
26 
22 
16.3 
11.4 
7.5 
4.2 
2.4 
1.40 
0.83 

Total Amonia (mg/Ilter NH31 

31 30 

22: 
27 
24 

20 19.7 
15.5 14.9 
10.9 10.5 
7.1 6.9 

2: 
1.37 
0.83 

29 

;: 
19.2 
14.6 
10.3 
6.8 
3.9 
2.3 
1.42 
0.91 

29 

22: 
19.0 
14.5 
10.2 
6.8 
4.0 
2.4 
1.52 
1.01 

20 
18.6 
16.4 
13.5 
10.3 

7.3 
4.9 
2.9 
1.81 
1.18 
0.82 

l To convert.theso values to mg/Iiter N, multiply by 0.822. 
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(2) b-day average concentrations for ammonia.* 

PH oc SC IO c I5 c 20 c i5 c 30 c 

A. Salmonids or Other Sensitive Coldwater Species Present 

6.50 
6.75 
7.00 
7.25 
7.50 
7.75 
8.00 
8.25 
8.50 
8.75 
9 .oo 

6.50 
6.75 
7.00 
7.25 
7.50 
7.75 
8.00 
8.25 
8.50 
8.75 
9 .oo 

0.0007 
0.0012 
0.0021 
0.0037 
0.0066 
0.0109 
0.0126 
0.0126 
0.0126 
0.0126 
0.0126 

2.5 

2.5 
213 
1.53 
0.87 
0.49 
0.28 
0.16 

Un-ionized Ammonia (mg/llter NH31 

0.0009 0.0013 0.0019 0.0019 0.0019 0.0019 
0.0017 0.0023 0.0033 0.0033 0.0033 0.0033 
0.0029 0.0042 0.0059 0.0059 0.0059 0.0059 
0.0052 0.0074 0.0105 0.0105 0.0105 0.0105 
0.0093 0.0132 0.0166 0.0186 0.0186 0.0186 
0.0153 0.022 0.03 1 0.031 0.031 0.031 
0.0177 0.025 0.035 0.035 0.035 0.035 
0.0177 0.025 0.035 0.035 0.035 0.035 
0.0177 0.025 0.035 0.035 0.035 0.035 
0.0177 0.025 0.035 0.035 0.035 0.035 
0.0177 0.025 0.035 0.035 0.035 0.035 

Total AmmolIla (mg/llter NH3) 

2.4 
2.4 
2.4 
2.4 
2.4 
2.2 
1.44 
0.82 
0.47 
0.27 
0.16 

2.2 
2.2 
2.2 

z 
211 
1.37 
0.78 
0.45 
0.26 
0.16 

2.2 

222 

z 
210 
1.33 
0.76 
0.44 
0.27 
0.16 

1.49 1.04 0.73 
1.49 1.04 0.73 
1.49 1.04 0.74 
1.50 1.04 0.74 
1.50 1.05 0.74 
1.40 0.99 0.71 
0.93 0.66 0.47 
0.54 0.39 0.28 
0.32 0.23 0.17 
0.19 0.15 0.11 
0.13 0.10 0.08 

8. SalmonIds and Other Sensltlve Coldwater Species Absentt 

6.50 0.0007 0.0009 0.0013 0.0019 0.0026 0.0026 0.0026 
6.75 0.0012 0.0017 0.0023 0.0033 0.0047 0.0047 0.0047 
7.00 0.0021 0.0029 0.0042 0.0059 0.0083 0.0083 0.0083 
7.25 0.0037 0.0052 0.0074 0.0105 0.0148 0.0148 0.0148 
7.50 0.0066 0.0093 0.0132 0.0186 0.026 0.026 0.026 
7.75 0.0109 0.0153 0.022 0.03 I 0.043 0.043 0.043 
8.00 0.0126 0.0177 0.025 0.035 0.050 0.050 0.050 
8.25 0.0126 0.0177 0.025 0.035 0.050 0.050 0.050 
8.50 0.0126 0.0177 0.025 0.035 0.050 0.050 0.050 
8.75 0.0126 0.0177 0.025 0.035 0.050 0.050 0.050 
9.00 0.0126 0.0177 0.025 0.035 0.050 0.050 0.050 

6.50 
6.75 
7.00 
7.25 
7.50 
7.75 
8.00 
8.25 
8.50 
8.75 
9.00 

2.5 
2.5 
2.5 
2.5 
2.5 
2.3 
1.53 
0.87 
0.49 
0.28 
0.16 

Un-ionized Ammonia (mg/iIter NH31 

2.4 
2.4 

9-t 
214 
2.2 
1.44 
0.82 
0.47 
0.27 
0.16 

Total Ammonia (mg/ilter NH3) 

x-: 
2:2 
2.2 
2.2 
2.1 
1.37 
0.78 
0.45 
0.26 
0.16 

9:: 
f-i 
212 
2.0 
lI33 
0.76 
0 .b4 
0.27 
0.16 

2.1 
2.1 

f-l 
211 
1.98 
1.31 
0.76 
0.45 
0.27 
0.17 

1.46 1.03 
1.47 1.04 
1.47 1.04 
1.48 1.05 
1.49 1.06 
1.39 1.00 
0.93 0.67 
0.54 0.40 
0.33 0.25 
0.21 0.16 
0.14 0.11 

l To convert these values to mg/llter N, multlpiy by 0.822. 

t Site-specific crlterla development is strongly suggested at temperatures above 20 C 
because of the llmlted data available to generate the criteria reccmmendation, and 
at temperatures below 20 C because of the ltmlted data and because small changes In 
the criteria may have significant impact on the level of treatment required in 
meeting the recanmended criteria. 
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salmonids are less certain ac eemperacures much below 20 C than chose tabu- 

lated at temperatures near 20 C. Where the treatment levels needed co meet 

these crireria below 20 C may be subscancial, use of site-specific criteria 

is strongly suggested. Development of such criteria should be based upon 

site-specific coxicicy tests. 

Data available for saltwater species are, insufficient to derive a 

criterion for salt water. 

The recommended exceedence frequency of three years is the Agency’s best 

scientific judgment of the average amount of time ic will cake an unstressed 

system to recover from a pollution event in which exposure co ammonia exceeds 

the criterion. Stressed systems, for example, one in which several oucfalls 

occur in a limited area, would be expected co require more time for recovery. 

The resilience of ecosystems and their ability co recover differ qreacly, . 

however, and site-specific criteria may be established if adequate juscifica- 

c ion is provided. 

The use of criteria in designing waste cteacmenc facilities requires the 

selection of an appropriate wasteload allocation model. Dynamic models are 

preferred for the application of these criteria. Limited data or ocher 

factors may make their use impractical, in which case one should rely on a 

steady-state model. The Agency recommends the interim use of IQ5 or lQl0 for 

Criterion Maximum Concentration (CFfC) design flow and 745 or 7QlO for the 

Criterion Continuous Concentration (CCC) design flow in steady-state models 

for unstressed and stressed systems respectively. The Agency acknowledges 

chat the CCC scream flow averaging period used for steady-state wasceload 

allocation modelling may be as long as 30 days in sicuacions involving POTws 

designed co remove ammonia where limited variability of effluent pollucanc 

concentration and resultant concentrations in receiving waters can be 
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demonscraced. In cases where low variability can be demonscraced, longer 

averaging periods for the amonia CCC (e.g., 30-day averaging periods) would 

be acceptable because the magnitude and duration of exceedences above the CCC 

would be sufficiently limited. These maccers are discussed in more detail in 

the Technical Support Document for Water Quality-Based Toxics Control (U.S. 

EPA, 1985a). 
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EXAMPLES OF SITE-SPECIFIC CRITERIA 

National criteria are subject to modification, if appropriate, to 

reflect local conditions. One method provided in the Site-Specific Criteria 

Guidelines (U.S. Environmental Protection Agency 1982) for such modification 

is to base certain calculations only on those species that occur in the body 

of water of interest. As an example of how site-specific criteria for 

ammonia may differ from the national criteria, such recalculations were 

performed for several sites. 

The sites were chosen on the basis of readily available information on 

the presence of fish and invertebrate species and on a reasonable diversity 

between sites. The sites were: 

(1) Naugatuck River, Waterbury, Connecticut 

(U.S. Environmental Protection Agency 1985a) 

(2) Five Mile Creek, Birmingham, Alabama 

(U.S. Environmental Protection Agency 1985b) 

(3) Piceance Creek, Colorado 

(Goettl and Eddie 1978; Gray and Ward 1978) 

(4) Ottawa River, Lima, Ohio 

(Mount et al. 1984) 

The calculations here are for pHs of 7 and 8 and temperatures of 10 and 20 C. 

This exercise is meant just to illustrate how variation in organisms among 

sites will result in different criteria formulations than the national 

criteria; specific design conditions for each site were not addressed. 

For each site, available surveys of species occurrence were used to 

identify which of the genera tested for acute toxicity (Table 3) were 

present. Minimum data requirements for diversity of organisms were met 

except where inappropriate to a site (U.S. Environmental Protection Agency 
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1982). The national GMAVref (Table 3) was used for each genus, even if based 

in part or whole on species not occurring at the site. If a family was 

present at a site, but none of the site genera were tested or the site genera 

were not identified, the FMAVref for that family (the geometric mean of the 

GMAVrefs available for the family) was also used. The data so developed 

for each site are listed in the following cable. 

Sites 1 and 3 included salmonids, so the temperature caps (TCAP) for the 

Log-linear temperature relationship for FAVs and FCVs were set as specified 

in the national criterion for sites with salmonids (20 C for FAVs, 15 C for 

FCVs). For sites 2 and 4, the TCAP was raised to 25 C for FAVs and 20 C for 

FCVs , as specified in the national criterion for sites lacking salmonids. 

The Guidelines method for estimating the FAV as the fifth percentile of 

MAVs was applied to the set of GMAVrefs selected for each site. If the 

FAVrefs so computed exceeded the SMAVref of an important species at a site, 

or the MAVref of an important size class of an important species, the 

FAVref was lowered to the lowest such MAVref. The FAVs at each site were 

then computed by adjusting the FAVref to the specified temperature and pH 

using the relationship FAVref/FT/FPH, where FT and FPH are as specified for the 

national criterion. The one-hour average concentration criteria were set to 

one-half of the site FAVs. 

The FCVs at each site at each particular temperature and pH were 

computed by the formula FAVref/FT/FPH/RATIO, where FT, FPH, and RATIO 

are as specified for the national criterion. If the FAVref was reduced 

for the l-hour criteria to reflect an age/size class, it was restored for the 

above calculation to what it would be without such a reduction. If a 

resultant FCV at a site exceeded the chronic value of an important species 

present at the site, FCVs at all pHs and temperatures were proportionally 
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Lowered until the chronic value was not exceeded. ‘The 4-day average 

concentration criteria were set to the FCVs. 

For site 3, which includes the mountain whitefish (Prosopium), the fifth 

percent i le FAVre f is about 15% lower than for the national criterion, due to 

the lower number of total genera causing the fifth percentile to be closer to 

the acute value for the whitefish. for the ocher sites, Lacking the 

whitefish, the Eifth,percentile FAV,,f is above that for the national 

criterion, but by only several percent due to the presence of other sensitive 

genera and the Lower number of total organisms partly compensating for the 

lack of the whitefish. 

Only site 3 included rainbow trout, so only its FAV,,f was lowered 

to the ?UV,,f of adult rainbow trout, as Bor the national criterion. As 

a consequence, the l-hour average criterion for this site is identical to the 

national criterion. For the other three.sites, the l-hour average criterion 

is about 401. greater than the national number for a wide range of species 

composition. This greater value is not necessarily due to differences in 

general species sensitivities, but could reflect unavailability of informa- 

tion on the sensitivity of different age/size classes Ear species other than 

rainbow trout ; these higher numbers should therefore be treated with caution 

as perhaps providing relatively less protection than the national criterion. 

For the O-day average concentration, the difference among sites and 

between sites and the national criterion are even Less. The FAVrefs 

the four sites are the 

iterion. Consequent lY, 

sites are virtually the 

used for computing the 4-day average concentration at 

same or slight Ly (<10X) less than for the national cr 

the criterion for 4-day average concentrations at the 

same as for the national criterion. 
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Some ocher sites may show higher site-specific criteria, bue these 

increases will not be major. Due co the numerous, diverse genera with 

GMAV refa in the 1.1-1.4 mg/licer NH3 range, few sires will have a 

FAV,,f greater than 1.1, resulting in l-hour average concensracion 

criteria liccle more than twice the national criteria at T<20 C and 4-day 

average criteria no more than 40x greater than the national criteria ac T<15 

C. At higher cemperacures, greater increases are possible if cemperacure 

caps for the log-linear temperature relationship are raised, but ac low 

temperatures additional increases are unlikely given current data on acute 

sens itivicy and aixce-chronic ratios. 
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Sltbsooclflc mnla crltarla exwnplas for four sitar 

SI to Numb* 1 2 3 4 

Ganur 

Prosop I u 
Notamlgonua 
Ethasm 
Salmu 
Huscul I u 
L-1 s 
St1 toatdlon 
NotroQ1 s 
Oncorhynchur 
cae9ostcaa 
HI cfoQtrus 
Oondrocoo 1 un 
PoeI Ila 
08OhrIl a 
Ictaluru* 
Moran0 
Salvollnus 
catoatorrma 
Slmocwhalus 
f-V- 
Carladaphnla 
Ptmaph8i.s 
Arcyn~tuyx 
cottur 
Gambus I a 
Tub1 fax 
HOI I soma 
Crangdnyx 
Calllbaetls 
ASOl \US 
Eohamarel la 
Stenolml s 
Orconacta 
Pk\ larctus 

FAVraf (Jth 9ercantI Ia) 

I-hour average concarr 
tratlon (mg/llter NH31 

4-day avraga concan- pw7; T*lO: 
tratlon (mg/l I ter NH31 T-20: 

pn-7; T=lO: 0.067 0.065 0.046 0.064 
T-20: 0.133 0.130 0.093 0.127 

pee; T*lO: 0.188 0.183 0.130 0.180 
-20: 0.38 0.37 0.26 0.36 

0.0039 
0.005s 

0.023 
0.032 

0.0038 0.0042 
0.0076 0.0059 

pH-8; T=lO: 
T-20 : 

0.023 0.02s 
0.046 0.034 

0.37 
0.75 

0.22 
0.45 

O.f6 
0.88 
1.10 

1.76 

I:3 
a 

1.: 
I.40 

1.:9 
1.63 

a 

1.;9 
1.89 
1.9sb 
1.96 

a 
a 
a 

‘b 2.70 
2.76 

s.fkl 
4.02 

a 
a 

8.48 
ll.Qb 

0.75 0.73 oAoC** 0.72 

0.;6 
0.88 

a 

1.:6 

1.5 

I Jo 
1.34 
1.40 

: 
1.63 

a 

‘b I .79 
1.79b 
1.95 

b 
a 

2:s 

f :Z 
a. 
‘b 3.18 

4.0Zb 

do 
8.48 

a 

0.56 
a 

I.:0 
1 .lOb 

a 

I .;3 
a 
a 
a 
a 
a 

1.:3 

1.:9 
1.79 

1.9”s 

2.:7 
2.29b 
2.35 

a 

‘b 2.76 
3.12b 
3.18 
4.02 
5.25 
8 .OOb 

‘b 11.4 

0.;6 
0.88 

a 

I.:6 

li3 

do 
1.34 
1.40 

b” 
1.63 

a 

$9 
1.79b 
1.9s 

2.ob7 
a 
a 

2.Yo 
a 

LfEl 
a 

8.060 
a .40 

a 

(a) Ganus and faml ly absant trom slta. 
(b) Ganus absent or unldantl f lad, but faml ly praront; FMAV,af used. 
(cl For l-hour avarago, FAV,af lowerod to tha HAVret of adult ralnbor 

trout (0.52). 
(6) For 4-day avaraga, FAVrat recalculatad as 0.60 after GMAVraf of Prosoplur, 

ralsad to 0.78 to raflect Impact of slto on acuta toxlclty. 
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Tablo I. Acute Toxlclty of kPOIa to Aquntlc Aaluls 

SPdOS 

Flatworm, 
Oendrocoelw lacteum 
(Procotyla fluvlstllls) 

Tubl f lcld worn, 
Tublfex tublfex 

Snail, 
qyc Ina Physa 

Snail, 
qyr I na Physa 

Snsll, 
gyr I na Physa 

Snal I, 
Phyragyrlna 

Snail, 
Physagyrlna 

Snal I, 
Physa qyrlna 

Snail, 
Hel lsoma trlvolvls 

Clam, 
Muscullur transversun 

Clam, 
Muscul lun transversum 

Clam, 
Muscu I I urn transvtusum 

Cladoceran, 
Cerlodaphnla acanthlna 

Life stag. 
or Slm 

Mult 

Adult 

Adult 

Adult 

Adult 

Adult 

Adult 

Adult 

Adult 

Adult 

<2-h 

Chrlcal 

tw4CI 

Nti4Cl 

t&l,CI 

Mi,CI 

Ni,CI 

M-l&l 

Ni4Cl 

NHqCl 

f+lqCI 

rn4CI 

Ntt4Cl 

NH,CI 

NH4Cl 

Effoctb 
clnlcentrat loa 

ha/L Mid 

FRESHWATER SPECIES 

lE50 

LCSO 

LCSO 

LCSO 

LCSO 

LC50 

LC50 

LCSO 

LC50 

LC50 

LC50 

IS50 

LC50 

I .4dDf 

Z.ld* f 8.2 I2 Staamer 1953 

1.59 8.0 4.0 12.5 West 1985 

2.09 8.2 5.5 12.3 West I985 

2.49 8. I 12.1 10.0 West 1985 

2. I6 8.2 12.8 9.5 West 1985 

1.78 8.0 13.3 10.4 West 1985 

1.71 8.0 24.9 7. I West 1985 

2.76 8.2 12.9 9.5 West 1985 

0.93 

1.29 

I. IO 

0.770d 

8.2 5.4 12.3 West 1985 

8.1 14.6 9.6 west I985 

8.6 

7.06 

20.5 8.6 West 1985 

24 4.8-5.3 Mount 1982 

8.2 I8 Stmaer 1953 

Raf ereece 

105 



Tablo I. KontIaued) 

Cladoceran, 
Osphnla magna 

Cladoceran, 
Daphnla magna 

Cladoceran, 
Duphn la magna 

Cladoceran, 
magna Oaphnla 

Cladoceran, 
maqna Daphnla 

Cladoceran, 
Oaphnla magna 

Cladaceran, 
Oaphnls magna 

C I adoceran , 
Oaphn I a magna 

Cladoceran, 
Oaphnls magna 

Cladoceran, 
Daphnla magna 

Cladocersn, 
Oaphnls msgna 

Cledoceran, 
Daphnla pul lcarla 

Cladoceran, 
Slmocephslus vetulus 

Cladoceran, 
Slnocephalus vetulus 

Mlxed 
ages 

<24-h 
old 

(24-h 
old 

<24-h 
old 

<24-h 
old 

<24-h 
old 

<24-h 
old 

<24-h 
old 

<24-h 
old 

Q4-h 
old 

<24-h 
old 

(24-h 
old 

Adult 

ammlul 

rn4Cl 

rw4Cl 

Ni4Cl 

Hl4 C ! 

Nti4c I 

NH4Cl 

Ni4c I 

tH4Cl 

bYi4Cl 

NH4Cl 

NH4CJ 

Ni4Cl 

NH,Cl 

Nti4Cl 

W 

s,M 

Se” 

W 

S,M 

S,M 

S,M 

S,M 

S,M 

F-f,M 

fl,M 

Et foctb 

l&so 

‘ES0 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

LJCSO 

LCSO 

LCSO 

LCSO 

LC50 

-tf~tlaa 
fdL Mid 

2.08 8.2 25 7.0-8.5 

2.45 7.95 22.0 

RofwaKe 

Par 
Y 

urrt et al. 1979, 
1981 

Russo et al. 1985 

2.69 8.07 19.6 7.4 Russo at al. 1985 

2.50 8.09 20.9 6.8 Russo et al. I985 

2.77 8.15 22.0 Russo et al. 1985 

2.38 8.04 22.8 Russo et al. 1985 

0.75 7.51 20. I 7.6 Russo et al. 1985 

0.90 7.53 20.1 8.0 Russo et al. 1985 

0.53 7.4 20.6 8.0 Russo et al. 1985 

0.67 7.5 20.3 8.0 Russo et al. 1985 

4.94C 8. I l- 
8.58 

88:: 

7.06 

19.7 9% 
Saturated 

I.16 14 7.2- 
7.4 

Relnbold d Pescltet II 
1982a 

DeGraeve et al. 1980 

0.613* 24 4.8- 
5.3 

Mount 1982 

2.29 8.3 17.0 9.5 West 1985 
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Table 1. (Continued) 

Smclm 
Life Stage 

w Sire 

I-W, 
Asellus racovltzal 

racovltral 
I2 an 

I-pod, 
Asellus racovltzal 

-hIpod, 
Crangonyx pseudogracllls 

M)hIpN 
Crangonyx pseudogracllls 

Arnph Ipod, 
Cranqonyx pseudoqracllls 

hph 1f-b 
Cranqonyx pseudogracllls 

knphlpod, 
Crangoayx pseudogracllls 

Crayf I sh, 
Crconectes na I s 

Crayf Ish, 
Crcamctes lmun I s 

Mavf Iv. 
CaiIliGetls sp. near 

aontanus 

Adult RH4Cl 

Adult Ni4CI 

Adult w14CI 

Adult MH4c I 

Adult W4CI 

Adult RH4CI 

2.78 cm NHqCl 

Adult NH4Cl 

10 mm 

Mwf ly. 
Calllbaetls skoklanus 

Nymph NH4C I 

Wf ly, 
Ephamwel I a grand1 s 

II ml NH4Cl 

Mayfly, 
Ephemerella grandls 

I1 IINn 

HaYflY, 
Ephemerella grandls 

IO mm 

Mi4Cl 

NH4Cl 

chrlcal 

Ni4Cl 

Mi4Cl 

Effectb 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

Concentrat Ion 
M/L f&i11 

Trpuaturm 
PH (W Rof weace 

2.94 7.81 11.9 9.1 Thurston et al. 1983a 

4.95 8.0 4.0 12.6 West 1985 

2.76 8.0 4.0 West 1985 

5.63 8.0 12.1 

12.6 

.? 
Id I West 1985 

3.56 8.2 13.0 9.5 West 1985 

3.29 8.0 13.3 10.4 West 1985 

1.63 8.0 24.9 7. I west 1985 

3.15 26-27 Evans 1979 

22.8 

7.6- 
9.0 

8.2 4.6 

2: 

12.4 west 1985 

1.80 7.81 II.9 9. I Thurston et al. 1984a 

4.82 7.9 13.3 10.3 West 1985 

4.96 7.84 12.8 8.3 Thurston et al. 1984a 

5.88 7.85 12.0 8.8 Thurston et al. 1984a 

3.86 7.84 13.2 8.4 Thurston et al. l984a 



Tablo I. Kantlnudl 

Slmcl8s 

Stonef ly, 
Arcynopteryx parallel8 

Stonef ly, 
Arcynopteryx parallela 

Caddlsf ly, 
Phi larctus guaerls 

Beetle, 
Stenelmls sexllneata 

Plnk salmon, 
Oncorhynchus qorbuscha 

Plnk salmon, 
Oncorhynchus qorbuscha 

coho salmon, 
Oncorhynchus klsutch 

cdl0 salron, 
Oncorhvnchus klsutch 

Coho salmon, 
Oncorhynchus kl sutch 

coho salmon, 
Oncorhynchus klsutch 

coho salmon, 
Oncorhynchus klsutch 

CQho salmon, 
Oncorhynchus klsutch 

Coho salmon, 
Oncorhynchus klsutch 

Coho salmon, 
Oncorhynchus klsutch 

Life Stage 
or Slro 

I9 111 

19 111 

Larvae 

2.8 ml 

Late alevlns 

Fry 

Juvenl le 

Juvenl le 

Juvenl Ie 

Juvenl lo 

Juvenl le 

Juvenl le 

Juven I I e 

6. CI 

chvlcal 

Mi4Cl 

NH4Cl 

t+14Cl 

m4Ci 

fm4’2=4 

(NH4)2SO4 

m4C I 

NH4Cl 

NH,c I 

NH4Cl 

NH4CI 

NH4C I 

NH4CI 

NH4c I 

Effectb 

LC50 

Lcso 

LCSO 

Lcso 

Lcso 

LCSO 

Lcso 

Lcso 

LCSO 

Lcso 

lC50 

LCSO 

LCSO 

LCSO 

Carcentratlaa 
(ml/L NW 

2.06 

Temperature 
ml! (‘C) 
7.76 13.8 8.5 

Ref YenU 

Thurston et al. 1984a 

2.00 7.81 13.1 8.9 Thurston et al. 1984a 

10.2 7.8 13.3 10.4 West 1985 

8.00c 8.7 25 8.0 Hazel et al. 1979 

0.083 
66:: 

66% 

7.0 

3.7- 
4.8 

3.7- 
4.8 

I5 

Rice 6 Bal ley 1980 

0. I Rice 6 Bailey 1980 

0.272 kblnson-WI 

0.280 7.0 I5 

15 

15 

I5 

15 

I5 

14.7- 

Rob1 nson-W I 

0.550 7.5 RobInson-WI 

son 6 Selm 1975 

son h Seln 1975 

son 6 Selm 1975 

0.528 7.5 RobInson-Wilson 6 Selm 1975 

0.712 8.0 RobInSon-Wilson 6 Seln 1975 

0.700 

0.880 

0. 5sc 

8.0 RobInson-WI lson A Sela 1975 

8.5 RoblnsobWIlson 6 Selm 1975 

8.04- 
8.20 

,801 
Saturated 

Buck1 ey 1978 
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Tablo I. Kodlnued) 

SPocles 

Chlnook salmon, 
Oncorhynchus tshawytscha 

Chlnook salmon, 
Oncorhynchus tshauytscha 

Chlnook salmon, 
Oncorhynchus tshawytscha 

Gol den trout, 
Salmo aguatmnlta 

Cutthroat trout, 
Salrno clarkl -- 

Cutthroat trout, 
Salmo clarkl -- 

Cutthroat trout, 
Salmo clarkl -- 

Cut throat trout, 
Salvo clarkl -- 

Ralnbou trout, 
Salm galrdnerl 

Ralnbou trout, 
Salmo galrdnerl 

Ralnbou trout, 
Salrno galrdnerl 

Ralnbou trout, 
Salmo galrdnerl 

Ralnbow trout, 
Salmo galrdnerl 

Ralnbou trout, 
Salm galrdnerl 

Llfo staga 
or Sire 

15.3 g 

18.1 g m4c I 

14.4 g 

0.09 g 

1.0 g 

1.0 g 

3.3 g 

3.4 g 

l-d-01 d 
sac fry 

5-d-01 d 
sac fry 

13-d-01 d 

17-d-01 d 

Sl-d-old, 
1.7-1.9 an 

325-d-01 d, 
8-10 an 

chamlcal 

m4ci 

m4ci 

m4ci 

NH4Cl 

NH4c I 

NH4Cl 

NH4Cl 

NH4c I 

m4c I 

NH4Cl 

NH4Cl 

m4ci 

m4ci 

Effoctb 

LCSO 

Lcso 

LCSO 

Lcso 

LCSO 

lcso 

LC50 

LC50 

LCSO 

Lrcso 

Lc50 

LCSO 

Lcso 

LCSO 

Coaaatratloa 
h!I/LMd 

0.476 

I!!! T-gwo 
7.82 12.2 

Sij Ref ueace 

7.78 Thurston 6 Meyn 1984 

0.456 7.84 12.3 7.87 Thurston & Meyn 1984 

0.399 7.87 13.5 7.26 Thurston 6 Meyn 1984 

0.755 8.06 13.2 8.9 Thurston A Rusm l98l 

0.80 7.81 13.1 8.6 Thurstoo et al. 1978 

0.66 7.80 12.8 8.4 Thurston et al. 1978 

0.62 7.80 12.4 8.2 Thwston et al. 1978 

0.52 7.78 8.3 Thurston et al. 1978 

HI.486 >8Oj 
Saturated 

Calwarl et al. 1977, 1981 

a.486 

0.325 

7.4 

7.4 

7.4 

7.4 

7.4 

7.4 

12.2 

14.5 

14.5 

14.4 

14.5 

14.5 

14.5 

>80$ 
Saturated 

MO% 
Saturated 

0.370 *OS 
Saturated 

Calamarl et al. 1977, 1981 

Calanarl et al. 1977, 1981 

Calwarl et al. 1977, 1981 

0.160 ,80$ 
Saturated 

Calmarl et al. 1977, 1981 

0.440 >80$ 
Saturated 

Calmarl et al. 1977, 1981 
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Tablo I. caatlrued) 

SDecl.8 

Ralnbou trout, 
Salrro galrdnarl 

Ralnbou trout, 
Salm galrdnerl 

Ralnbow trout, 
Salno qalrdnerl 

Ralnbou trout, 
Salmo salrdnerl 

Ralnbon trout, 
Salro qalrdnerl 

Ralnbou trout, 
Salu, qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmu qalrdnarl 

Ra I nbou trout, 
Salmu galrdnerl 

Ralnbuu trout, 
Salmo g_alrdnarl 

Ralnbou trout, 
Salmo galrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ra I nbou trout, 
Salmu galrdner I 

Ralnbou trout, 
Salvo galrdnerl 

Llfo stage 
or Sire 

1.48 g 

0.06 g 

0.06 g 

0.06 g 

0.08 g 

0.12 g 

0.14 g 

0.15 g 

0.15 g 

0. I8 Q 

0.18 g 

0.23 g 

chrlul 

m4ci 

NH4c I 

NHqCl 

m4ci 

m4Ci 

Rti4Cl 

m4C i 

m4c i 

RR4Cl 

RR4CI 

m4c I 

RR4Cl 

m4C i 

.RR4gl 

Et fectb 

Lcso 

Lcso 

Lcso 

u30 

Lcso 

LCSO 

LCSO 

Lcso 

Lcso 

LCSO 

LCSO 

Lcso 

Lcso 

LCSO 

Conaatrat loa 
(n&l/L M1l 

0.697 

i& Ref uenco 

Broderlus & Salth 1979 

0.4 

SOS 
Saturated 

Aerated Rolt a Malcolm 1979 

0.77 

A?!! T-xmre 
7.95 IO 

7.5 I5 

8.0-8.1 I4 7.2-7.4 DeGraeve et al. I980 

0.436 7.90 12.7 8.8 Thurston I Russo 1983 

0.446 7.90 13.4 8.6 Thurrton A Russo 1983 

0.478 7.91 13.0 8.6 

0.291 7.91 13. I 8.5 

Thurston 6 Russo 1983 

Thurston & Russo 1983 

0.232 7.88 12.8 9.2 

0.336 7.88 12.9 8.8 

Thurston 6 Russo 1983 

Thurston & Russo 1983 

0.347 7.87 12.9 8.8 

0.474 7.95 12.5 9.0 

Thurston 6 Russo 1983 

Thurstun & Russo 1983 

0.440 7.87 8.9 Thurston & Russo 1983 

0.392 7.87 

0.426 

13.0 

12.9 

13.4 

8.9 Thurston h Russo 1983 

7.88 8.9 Thurston 6 Russo 1983 
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Tablo 1. W7ntInuW 

SEecles 

Ra I nbou trout, 
Salno qairdnerl 

Rainbou trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ralnbw trout, 
Salmo galrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ral nbou trout, 
Salmo qalrdnarl 

Ralnbou trout, 
Salmo qalrdnerl 

Ralnbon trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ralnbow trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salno qalrdnerl 

Ra I nbou trout, 
Salmo qalrdnerl 

Llfo stege 
or Slto 

0.23 g 

0.33 g 

0.33 g 

0.36 g 

0.47 g 

0.47 g 

0.61 g 

1.01 g 

1.02 g 

1.7 g 

1.7 g 

1.8 g 

2.3 g 

2.5 g 

Chalcal 

tw4CI 

bui4c I 

Nti4c I 

NH4c I 

Mi4c I 

fu4Cl 

NiqCl 

Nt14Cl 

W4CI 

M4C I 

NH4Cl 

tw4CI 

Nti4c I 

MiqCl 

Ef foctb 

LCSO 

Lcso 

LCSO 

aso 

Lc50 

Lao 

LC50 

LC50 

LCSO 

LC50 

Lc50 

LCTO 

LC50 

LC50 

concentrat loa 
(m&L l&II) 

0.400 

0.497 

0.421 

0.758 

0.572 

0.570 

0.673 

1.09 

0.641 

0.696 

0.772 

0.683 

0.812 

0.632 

Tqmrature 
l?!.! (.C) 

7.67 

7.86 

7.86 

8.08 

7.86 

7.85 

7.85 

8.06 

7.85 

7.79 

7.86 

7.84 

7.80 

7.85 

III. I 

13.4 

13.0 

12.8 

12.7 

12.5 

13.1 

13.2 

12.3 

12.4 

14. I 

13.8 

12.4 

13. I 

8.9 

9.0 

9.0 

9.4 

9.0 

9.0 

8.7 

8.8 

8.7 

8.6 

8.8 

9.0 

8.6 

8.7 

Rof raaca 

Thurston k Russo 1983 

Thurston A Russo 1903 

Thurston A Russo 1983 

Thurston A Russo 1983 

Thurston A Russo 1983 

Thurston A Russo 1983 

Thurston A Russo 1983 

Thurston 6 Rusw, 1983 

Thurston A Russo 1983 

Thurston A Russo 1983 

Thurston A Rusw 1983 

Thurston S Russo 1983 

Thurston 6 Russo 1983 

Thurston A Russo 1983 



Tablo I. Wont I nud 

Smclos 

Ral nbon trout, 
Salvo qalrdnerl 

Ralnbou tiout, 
Salu, qalrdnerl 

Ralnbou trout, 
Sal- qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ral nbou trout, 
Salmo qalrdnerl 

Ralnbow trout, 
Salmo qalrdnerl 

Ral nbow trout, 
Salmo qalrdnerl 

RaInbow trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnarl 

Ralnbou trout, 
Salmo aalrdnerl 

Ralnti trout, 
Salmo qalrdnerl 

Rainbow trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ral nbou trout, 
Salmo qalrdnerl 

Llfo staga 
or Slro 

2.6 g 

4.0 g 

4.3 g 

4.3 g 

4.6 g 

5.7 g 

6.3 g 

6.7 g 

7.0 g 

7.9 g 

8.0 g 

8.0 g 

8.1 g 

9.0 g 

Chalcal 

Nn4CI 

Mi4Cl 

NH4Cl 

NH4c I 

NH4CI 

NH4Cl 

M4Cl 

NH4Cl 

Nti4Cl 

HlqCI 

NH4C I 

NH4C I 

NH4Cl 

NH4Cl 

Ef f&b 

LCSO 

LCSO 

Lcso 

LCSO 

LCSO 

Lcso 

Lcso 

Lcso 

‘Lc50 

LCSO 

Lcso 

LCSO 

LCSO 

Lcso 

Coacutretloa 
@l/L )(H*l 

0.618 7.87 

Ref uenco 

Thurston A Russo 1983 

0.410 7.71 II.4 8.3 

0.390 7.71 II.5 8.3 

Thurston 6 Russo 1983 

Thurston A Russo 1983 

0.752 7.84 13.0 8.4 Thurston A Russo 1983 

0.662 7.83 13.5 8.6 Thurston A Russo 1903 

0.763 7.80 II.3 7.7 Thurston A Russo 1983 

0.250 7.44 12.8 8.6 Thurston A Russo 1983 

0.449 7.84 12.2 8.1 Thurston A Russ 1983 

0.392 7.87 12.2 7.9 Thurston A Russo 1983 

0.464 7.90 II.9 8.2 Thurston A Russo 1983 

o.ir3 7.50 14.5 8. I Thurston A Rusm 1983 

0.635 7.82 13.2 7.5 Thurston A Russo 1983 

0.510 

0.623 

7.75 

7.84 

12.3 6.9 Thurston A Russo 1983 

12.9 7.9 Thurston h Russo 1983 
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Tablo 1. Kantlnudl 

sBacIos 

RaInbow trout, 
Salao~lrdnarl 

Ralnbou trout, 
Salam qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

RaInbow trout, 
Salmo qalrdnerl 

Ralnbov trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ralnbon trout, 
Salmo qalrdnarl 

Ral nbou trout, 
Salmo qalrdnerl 

Ral nbou trout, 
Salmo qalrdnerl 

Ral nbou trout, 
Salmo qalrdnarl 

Ralnbou trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

RaInbow trout, 
Salmo aalrdnerl 

Ralnbom trout, 
Salmo qalrdnerl 

9.5 g 

9.7 g 

11.1 g 

II.2 g 

12.3 g 

14.8 g 

15.1 g 

18.9 g 

22.6 g 

22.8 g 

23.6 g 

24.5 g 

25.8 g 

Chalcal 

NH4Cl 

NH4Cl 

NH4CI 

NH4Cl 

NH4c I 

M4Cl 

Ntl4Cl 

Ni4Cl 

NH4Cl 

Nti4Cl 

Nn4Cl 

tM4Cl 

NH4Cl 

Nn4c I 

Et foctb 

Lcso 

IL50 

Lcso 

lx50 

lx50 

Lcso 

LCM 

Lcso 

lmo 

Lcso 

lcso 

Lcso 

Lcso 

Lcso 

Coma&rat Ion 
&2/L rnd 

0.833 

Si, 

6.6 

Ref YYICO 

Thurston A Russo 1983 

0.432 7.70 13.9 8.0 Thurston A Russo 1983 

0.796 7.90 13.0 6. I Thurston A Russo 1983 

0.714 7.87 13.0 7.8 Thurston A Russo 1983 

0.326 7.80 9.7 9.2 Thurston A Rusw, 1983 

0.404 7.65 14.3 7.3 Thurston A Russo 1983 

0.389 7.67 14.0 7.4 Thurston A Russo 1983 

0.375 7.62 14.4 7.2 Thurston A Russo 1983 

0.364 7.64 13.1 7.2 Thurston A Russo 1983 

0.382 7.66 13.6 

0.367 7.65 13.2 

Thurston 6 Russo 1983 

Thurston A Russo 1983 

0.392 7.69 13.4 Thurston & Russo 1983 

0.281 7.60 12.9 

7.0 

7.3 

6.8 

7.3 

7.9 

Thurston 6 Russo 1983 

0.456 7.75 II.8 Thurston A Russo 1983 



Tablo 1. KaatInued) 

Sfleclos 

Ralnbou trout, 
Salmo qalrdnerl 

Ra I nbou trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ral nborr trout, 
Salmo qalrdnerl 

Ralnbom trout, 
Salmo qalrdnerl 

Ralnbor trout, 
Salmo qalrdnerl 

Ral nbou trout, 
Salmo qalrdnerl 

Ra I nbou trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ralnbom trout, 
Salmo wlrdnerl 

Ralnbou trout, 
Salm qalrdnarl 

Ralnbcw trout, 
Salmo qalrdnerl 

Ralnbau trout, 
Sal*0 qalrdnerl 

Life stag. 
w Slzo 

26.0 g 

28.0 g 

29.6 g 

29.8 g 

38.0 g 

42.0 g 

48.6 g 

52.1 g 

I52 g 

240 g 

380 9 

513 g 

558 g 

II22 g 

Chalul 

Nti4Cl 

Nti4CI 

Ni4CI 

NH4Cl 

talCI 

m,c 1 

m4ci 

m4Cl 

Nti4CI 

NH4C I 

m4CI 

Nti4c I 

NH4Q 

NtiqCI 

Effd 

Lc50 

LCM 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

Lcso 

LCSO 

LCSO 

Lcso 

Lcso 

LCSO 

LCSO 

aacantratlon 
(B&L NH-1 

0.432 7.66 12.8 7.2 

Rofwaaco 

Thurston A Russo 1983 

0.268 7.60 13.0 7.3 Thurston A Russo 1983 

0.307 7.63 12.9 7.2 Thurston & Russo 1983 

0.351 7.59 12.7 7.3 Tburston 6 Russo 1983 

0.448 7.66 13.0 7.1 Thurston A Russo 1983 

0.552 7.77 13.6 6.2 Thurston A Russo 1983 

0.580 7.86 10.2 8.8 Thurston A Russo 1983 

0.484 7.68 10.0 9.4 Thurston A Russo 1983 

0.297 7.69 10.7 8.3 Thurston A Russo 1983 

0.327 7.74 10.4 7.7 Thurston A Russo I983 

0.289 7.76 10.0 7.6 Thurston A Russo 1983 

0.262 7.66 9.8 7.6 Thurston A Russo 1983 

0.312 7.64 10.0 

10.4 

6.9 Thurston A Russo 1983 

0.201 7.69 7. I Thurston A Russo 1983 
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Tablo I. Kontlnued’ 

SPOCl# 

Ralnbou trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salrr, qalrdnerl 

Ralnbw trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Rainbou trout, 
Salmo aalrdner I 

Ra I nbon trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salw, qalrdnerl 

Ralnbon trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

RaInbow trout, 
Salmo qalrdnerl 

Ralnbow trout, 
Salmo qalrdnerl 

Llfo stage 
OT Sit* 

1140 g 

1496 g 

1698 g 

2596 g 

1.7 g 

1.8 g 

1.7 g 

2.1 g 

1.8 g 

2.1 g 

9.4 g 

II.9 g 

7.1 g 

IO.1 g 

m4ci 

m4ci 

m4ci 

m4c I 

N”4HCO3 

m4=03 

fm4)2m4 

fm4’2M4 

(NH4)2SO4 

( NH4 )2SO4 

NH4C I 

m4c I 

m4c I 

Nl4Cl 

Ef fectb 

Lc50 

lmo 

LCSO 

Lcso 

LC50 

IS50 

LCSO 

Lcso 

LCSO 

Lcso 

Lc50 

Lcso 

LC50 

Lcso 

Conceatr8tlon 
M/L MM 

0.234 

Taperature 
PH (‘Cl 

7.69 10.7 

Ref u-cm 

Thurston A Russo 1983 

0.249 7.64 9.8 7.2 Thurston A Russo 1983 

0.192 7.65 9.8 6.6 Thurston A Russo 1983 

0.163 7.62 7.9 7.7 Thurston A Russo 1983 

0.677 8.10 13.9 8.8h Thurston A Russo I983 

0.662 8.12 13.6 9.th Thurston A Russo 1963 

0.636 7.94 12.8 9.2h Thurston A Russo 1983 

0.694 7.98 12.5 9.lh Thurston A Russo 1983 

0.764 7.89 12.4 9.2h Thurston S Russo 1983 

0.921 7.94 12.5 9.Oh Thursion A Russo 1983 

0.856 7.85 16. I 6.6 Thurston A Russo 1983 

0.801 16.7 6.3 Thurston A Russo 1983 

0.897 

7.86 

7.91 

7.91 

7.1 Thurston A Russo 1983 

0.942 

19.0 

19. I 6.2 Thurston 6 Russo 1983 
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Tablo 1. Eontlnumd) 

SMCIOS 

Ra I nbw trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ral nbou trout, 
Salmo~lrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ral nbou trout, 
Salmo qalrdnarl 

Ralnbou trout, 
Sal= qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ral nbou trout, 
Salmo qalrdnerl 

Ralnbo; trout, 
Salmo qalrdnerl 

Ralnbom trout, 
Salmo qalrdnerl 

Ral nbou trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salvo qalrdnerl 

Rol nbon trout 
Salmo qalrdne;l 

Llfo step 
OT SIZO 

8.6 g 

10.6 g 

9.0 g 

8.2 g 

9.0 g 

10.0 g 

10.4 g 

4.0 g 

5.7 g 

5.7 g 

5.0 g 

4.6 g 

3.2 g 

18.1 g 

chemical 

m4C i 

m4ci 

m4C i 

m4C i 

m4Ci 

m4Ci 

m4Ci 

Ntt4cl 

Nn4Cl 

m4C 1 

Nti4C I 

NH4Ci 

NH4Cl 

m4C I 

&ffectb 

LCSO 

LCSO 

Lc50 

LCSO 

Lcso 

Lcso 

Lcso 

LCSO 

Lcso 

Lcso 

Lcso 

Lc50 

LCSO 

Lcso 

Cmcmrtrat Ion 
(m&L WI) 

0.931 

&! T-iG:we 
7.96 19.2 6.4 

Rof u-ewe 

Thurston A Russo 1983 

0. I 58c 6.51 14.1 7.9 Thurston et al. 198Tc’ 

0.184’ 6.80 14. I 7.9 Thurston et al. i961ci 

0.454= 7.30 14.0 8.0 Thurston et al. 1981~1 

0.799C 8.29 14.1 7.8 Thurston et al. 198lcl 

0.604= 8.82 13.9 8. I Thursion et al. 198lci 

0.648= 9.01 14.5 7.4 Thurston et al. 198ici 

0.683 7.83 12.8 7.57 Thursfon et al. 1981 b 

0.704 7.79 12.9 7.37 Thurston et al. l98lb 

0.564 7.75 12.5 6.60 Thurston et al. l98lb 

0.610 7.76 12.5 6.57 Thurston et ai. 198lb 

0.497 7.75 12.7 5.66 Thurston et al. 198lb 

0.643 7.75 13.0 

5.0 

5.47 Thurston et al. 1981 b 

0.56= 8. IO- 
0.57 

Sl-88% Relnbold A Pescltel II 
Ssturated 1982b 

116 



Tmblo I. ohntlnud) 

Seecles 

Ra I nbou trout, 
Salmo qalrdnerl 

Ral nbou trout, 
Salno qalrdnari 

Ral nbou trout, 
Saimo qalrdnerl 

Ralnbou trout, 
Saimo qalrdnerl 

Ralnbou trout, 
Salvo qalrdnerl 

Ralnbon trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Ralnbw trout, 
Salno qalrdnerl 

Ralnbon trout, 
Salvo qalrdneri 

Ralnbw trout, 
Salmo qalrdnerl 

Biwn trout, 
Saimo trutta -- 

Brawn trout, 
Salmo trutta -- 

Brown trout, 
Salmo trutta w- 

Brook trout, 
Salveilnus fontlnalls 

Brook trout, 
Salvellnus fwtlnalls 

Llfo stag. 
or Slro 

20.6 g 

Chalcal 

m4ct 

0.61 g m4c i 

0.86 g m4Ci 

0.76 g m4c I 

1.47 g m4ci 

10.9 g NH4Cl 

14.0 g Nn4ci 

10.3 g Nti4CI 

22.4 g m4ci 

3.3 g NH4Q 

I.17 g m4c i 

0.91 g m4Ci 

1.20 g titi4ci 

3.40 g m4ci 

3.12 g NH4Cl 

Effrtb 

LCSO 

iJz50 

LCSO 

LCSO 

Lcso 

Lcso 

LCSO 

Lcso 

LCSQ 

LCSO 

Lcso 

LCSO 

LCSO 

LCSO 

LCSO 

Ccmcentrat Ion 
f&l/L f&r 

0.79= 

0.40 

1.02 

0.77 

0.97 

0.26 

0.6’ 

0.59 

0.43 

1.04 

0.701 

0.677 

0.597 

1.05 

0.962 

Tmporduro 
&!I (%I 

8.02- 
8.55 

6.30- 
8.56 

8.03- 
8.29 

8.45- 
8.76 

8.32- 
8.69 

7.7 

7.7 

7.9 

7.9 

8.3 

7.86 

7.82 

7.85 

7.94 

7.83 

12.8 

3.0 

14.2 

3.3 

14.9 

3.6 

9.8 

II.3 

16.2 

18.7 

13.6 

14.2 

13.2 

10.6 

13.6 

&!h Ret uonco 

47-859 Relnbold A Pescltel II 
Saturated l982b 

IX-IOOl Relnbold A Pescltel II 
Saturated 1982b 

76-933 Relnboold A Pescltei ii 
Saturated 1982b 

74-95s Relnbold A Pesclte 
Seturated l982b 

,I I I 

Ii ii 74-87s Relnbold A Pesclte 
Saturated l982b 

12.4 West 1985 

9.6 west 1985 

8.7 west 1985 

7.3 West 1985 

7.3 West 1985 

8.65 Thurston A Meyn 1984 

8.99 Thurston A Meyn 1984 

9.28 Thurston A Meyn 1984 

8.48 Thurston A Meyn I984 

i$65 Thurston & Heyn 1984 
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Tebio 1. Koatlnued) 

Speclw 

Mountaln uhltef Ish. 
ProsopIum rl I I lamsoni 

Mountaln uhlteflsh, 
Prosopium wil llamsoni 

Mountain uhl tefl sh, 
ProsopIum wl I I Iansonl 

Golden shl ner, 
Notemiqonus crysoieucas 

Red shiner, 
Notropl s lutrensl s 

Red shiner, 
Notropls lutrensls 

Spotfln shiner, 
Notropls spliopterus 

Spotf in shiner, 
Notropls spl Jopterus 

Spotfln shiner, 
Notropl s spl lopter us 

Steelcolor shiner, 
Notropls uhlpplel 

Stoneroller, 
Canpostaaa anonalum 

Fathead ml nnor, 
Plmephales promelas 

Fathead mlnnou, 
Pimephales pranelas 

Fathead ml nnw , 
Pimephales promeias 

Llfo stsgo 
or Size 

56.9 g 

63.0 g 

I77 g 

8.7 g 

0.43 g 

0.40 g 

31-85 am 

41-78 mm 

0.5 9 

0.5 9 

2.1 a 

0.09 9 

0.09 g 

Chal ca I 

m4ct 

m4CI 

m4Ci 

m4Ct 

m4Ci 

m4Ci 

m4Ci 

m4ci 

m4Ci 

MH4Cl 

m4Ci 

NH4ci 

m4Ct 

m4Ci 

Effectb 

LCSO 

LCSO 

LC50 

LCSO 

LC50 

US0 

Lx50 

LCSO 

LC50 

LCSO 

LCSO 

LCSO 

LC50 

LCSO 

Conc~tr8tlon 
f&L NH41 

0.473 

Tamperature 
A!!! (93 

7.84 12.4 7.74 

0.358 7.80 12.3 7.69 

Reference 

Thurston 6 Meyn 1984 

Thurston A Meyn 1984 

0.143 7.68 12.1 6.19 Thurston A Meyn 1964 

0.72’ 7.5 24.5 7.7 Swigert A Spacle 1983 

2.83’ 

3.16’ 

I .20c 

I .62= 

1.35= 

24 Hazel et al. 1979 

24 HazeI et al. 1979 

26 .S Rosaqe et al. 1979 

26.5 Rosage et al. 1979 

25.7 

IE- 

7.5- 
8.0 

81-89s 
Saturated 

86-9 I $ 
Saturated 

7.3 Swigert A Spacle 1983 

I .25= 7.9 25.7 7.3 

1.72’ 7.8 25.7 6.4 

1.59 

1.50 

I.10 

fJ.O- 
8.1 

7.91 

I4 7,2- 
7.4 

8.1 

Suigert 6 Spacle 1983 

Swlgert 6 Spacie 1983 

DaGraeve et al. 1980 

16.3 Thurston et ai. 1983 

7.89 13.1 8.7 Thurston et al. 1983 
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Tablo 1. Koatlauod) 

SPOCI~S 

Fathead ml nnou, 
Plmaphales promelas 

Fathead ml nnou, 
Plmephales promelas 

Fathead minnow, 
Plmephales promelas 

Fathead mlnnou, 
Plmaphales promelas 

Fathead mlnnou, 
Plmephales Eomelas 

Fathead al nnow , 
Plmephales promelas 

Fathead minnow, 
Plmephales prornelas 

Fathead ml nnou, 
Plmephales pronelas 

Fathead ml nnou, 
Plmephales promelas 

Fathead mlnnou, 
Plmephales pt-omelas 

Fathead ml nnou, 
Plmephales promelas 

Fathead ml nnw, 
Plmephales prumelas 

Fathead mlnnw, 
Plnephales pranelas 

Fathead mlnnw, 
Plmephaies promeias 

Fathead ml nnow, 
Plmephales promelas 

Llfo sta9. 
or SIZO 

0.13 g 

0.19 g 

0.22 g 

0.22 g 

0.26 g 

0.31 g 

0.31 g 

0.35 g 

0.42 g 

0.42 g 

0.47 g 

0.47 g 

0.50 g 

0.8 g 

1.0 g 

Chwlcal 

m4ci 

t#i4CI 

m4Ci 

Wi4Cl 

Mtf4Cl 

NH4Cl 

tui4Cl 

m4Ci 

m4Ci 

NH4Cl 

NH4c I 

m4C i 

NH4Cl 

NH4Cl 

NHqCl 

Effoctb 

Lcso 

LCSO 

Lcso 

Lcso 

Lcso 

lcso 

Lcso 

Lcso 

LCSO 

LCSO 

LCSO 

LC%l 

Lcso 

LCSO 

Lcso 

Camntratloa 
(ma/L WHt) 

0.754 7.64 13.6 8.8 

fhfwanco 

Thurston et al. 1983 

0.908 7.68 13.5 8.8 Thurston et al. 1983 

2.73 8.03 22. I 7.6 Thurston et al. 1983 

2.59 8.06 22.0 7.6 Thurston et al. 1983 

0.832 7.67 13.9 8.5 Thurston et al. I963 

2.33 8.05 13.0 9.0 Thurston et al. 1983 

2.17 8.05 ‘3.6 8.9 Thurston et al. 1983 

I.61 7.94 19. I 7.8 Thurston et al. 1983 

1.27 7.76 19.0 8.2 Thurston et al. 1983 

0.775 7.66 13.4 8.8 Thurston et al. 1983 

1.51 7.87 15.8 8.3 Thurston et al. 1983 

1.85 7.83 22.0 7. I Thurston et al. 1983 

1.73 

1.22 

I.31 

7.91 

7.77 

7.77 

18.9 7.6 Thurston et al. 1983 

14.3 

14.1 

8.6 Thurston et al. 1983 

8.6 Thurston et al. 1983 
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Tablo 1. Kontlruod) 

SPOClOS 

Fathead ml nnou, 
Plmephales promelas 

Fathead mlnnw, 
Plmephales pramelas 

fathead l lnnw, 
Plmephales promelas 

Fathead mlnnou, 
Plmephales promelas 

Fathead mlnnou, 
Plmephales promelas 

Fathead l lnnw, 
PlmephaJes prmlas 

Fathead ml nnw, 
Plmephales promelas 

Fathed ml nnw, 
Plmephales promelas 

Fathead ml nnou, 
Plmaphales promelss 

Fathead al nnw, 
Plmephales promelas 

Fathead ml nnw, 
Plmaphales promelas 

Fathead ml MOT, 
Plmephales promelas 

Fathead ml nnou, 
Plmephales promelas 

Fathead ml nnou, 
Plmephales prorneias 

Fathead mlnnw, 
Plmephales prumeias 

I.4 g 

I.4 g 

1.4 g 

1.4 g 

I.4 g 

I.5 g 

1.7 g 

2.1 g 

2.2 g 

2.3 g 

1.8 g 

2.0 g 

2.0 g 

I.8 g 

Chalcal 

Nn4CI 

Nti4c I 

JW4Cl 

m4Ci 

Mti4CI 

m4C I 

NH4c1 

m4ci 

m4Cl 

m4CI 

m4ci 

rw4C’ 

m4ci 

NH4c I 

NH4Cl 

fwhods~ 

fl,M 

FT,M 

n,M 

FT,M 

FT,M 

FT,M 

FT,M 

FT,M 

fl,M 

fl,M 

FT,M 

m,M 

Effoctb 

Lcso 

LCSO 

Lcso 

Lcso 

LCSO 

Lcso 

Lcso 

Lcso 

Lcso 

Lcso 

ix50 

UXO 

lx50 

LCSO 

LCSO 

Coacemtratloa 
SL J&ix) 8 

2. I6 

Tmporaturo 
I!!! (‘C) 

8.04 22.4 6.7 

Refereaca 

Thurston et al. 1983 

2.73 8.08 21.4 6.8 Thurston et al. 1983 

3.44 8. I6 21.4 6.8 Thurston et al. 1983 

2.04 7.88 21.7 6.3 Thurston et al. 1983 

1.23 7.68 12.9 8.9 Thurston et al. 1983 

I.10 7.63 13.2 8.7 Thurston et al. 1983 

1.73 7.76 12.9 8.8 Thurston et al. l9lI3 

2.03 7.84 21.7 6.2 Thurston et al. 1983 

1.09 7.76 13.1 9.0 Thurston et al. 1983 

0.796 7.74 12.8 9.0 Thurston et al. I993 

I.34 7.91 8.0 Thurston et al. 1983 

0.240’ 6.51 9.3 Thurston et al. l98lc’ 

0.452’ 7.0’ 

15.9 

13.0 

13.8 

12.0 

II.8 

9.6 Thurston et al. 198lc’ 

l.OBC 

0. 79sc 

7.82 9.9 Thurston et al. 1981~’ 

7.03 9.6 Thurston et al. i98ic’ 
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Tablo 1. Kontlnuad) 

SPedas 

Fathead mlnnou, 
Plmephales praeelas 

Fathead ml nnou, 
Plmephales prwelas 

Fathead al nnw , 
Plmephales promelas 

Fathead ml nnou, 
Plnephales prwelas 

Fathead mlnnw, 
Plnephales promelas 

Fathead nlnnou, 
Plrephalas pramelas 

Fathead ml nnw , 
Plmephaies promelas 

Fathead ml nnw, 
Plmephales promelas 

Fathead ml nnou, 
Plmephales prwelas 

Fathead mlnnw, 
Plmephales prcnnelas 

Fathead minnow, 
Plmephales prwelas 

Fathead ml nnou, 
Plmephales promelas 

White sucker, 
Catostwus commersonl 

White sucker, 
Catostomus conrecsonl 

White waker, 
Catostomus conrmrrsonl 

Llfa stag. 
oc Slro 

2.0 g 

1.8 g 

0.030 g 

0.032 g 

0.663 g 

0.066 g 

0.2 g 

0.5 g 

1.9 g 

I.8 g 

1.6 g 

1.7 g 

6.3 g 

6.3 g 

11.4 g 

Chalcal 

m4Ci 

RH4Cl 

m4Ci 

m4c i 

m4C I 

m4Ci 

m4Ci 

m4Q 

Rti4Cl 

m4Ci 

m4C I 

RliqCl 

m4Ci 

m4Ci 

m4Ci 

Method 

fl,M 

m,M 

FT,M 

n,M 

FT,M 

m,M 

fl,M 

fl,M 

fl,M 

fl,M 

FT,H 

Et foctb 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

ix50 

LCSO 

lmo 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

&ace&rat Ion 
m/L Mid 

l.68= 

Tllpwature 
l!!! (‘Cl Ei’ 8afwaaca 

8.51 13.5 

1.47C 9.03 ‘3.2 

0.73C 8.21- 
8.70 

87% 

8.13- 
8.38 

8.01- 
8.32 

7.78 

4.1 

9.8 Thurston et al. 1981~1 

9.5 Thurston at al. 1981~1 

87-961 Relnbold A Pascltelll 
Saturated 1982b 

l.24c 23.9 73-792 Relnbold A Pescltel II 
Saturated l982b 

0.80= 4.6 88-961 Relnbold 6 Pescltel I I 
Saturated l982b 

1.65’ 25.2 73-79$ Relnbold 6 Pescltel II 
Saturated 1982b 

l.7Sr- 25.9 7.1 Swlgert A Spacle 1983 

1.87’ 7.0 25.6 7.2 Svlgert A Spacle 1983 

2.41 7.9 3.4 12.4 West 1985 

1.83 8. I 12.1 9.8 West 1985 

I.97 8.0 17. I 8.0 West 1985 

2.55 8. I 26. I 6.3 West 1985 

l.40C 

1.35C 

0.79= 

8.07- 
8.26 

LOO- 
8.28 

15.0 

15.4 

22.5 

93% Relnbold A Pescltei II 
Saturated I982c 

88% Relnbold A Pescltel II 
Saturated 1982~ 

7.8 7.4 Sulgert A Spacle I983 



Tablo 1. woNtInud) 

sPecl.8 

Whlta sucker, 
Catostomus comer son I 

Wh I te sucker, 
Catostamus commsrson I 

Whlte sucker, 
Catostcmus cormwrsonl 

Wh 1 te sucker, 
Catostomus conwnerson I 

Mountain sucker, 
Catostuus platyrhynchus 

Mountaln sucker, 
Catostcmrs platyrhynchus 

Mountain sucker, 
Catostanus platyrhynchus 

Channel catflsh, 
Ictalurus punctatus 

Channel cetf Ish, 
lctalurus punctatus 

Channel catf Ish, 
Ictalurus punctatus 

Channel catf I sh, 
lctalurus punctatus 

Channel catf I sh, 
Ictalurus punctatus 

Channel catf I sh, 
lctalurus punctatus 

Channel catf I sh, 
ictalurus punctatus 

Channel catf I sh, 
Ictnlurus punctatus 

Life Stage 
or Slra 

5.6 g 

5.2 g 

6.1 g 

9.6 g 

63.3 g 

47.8 q 

45.3 g 

SO-70 Irun 

SO-76 M 

SO-76 nun 

20.3 g 

7.1-12.7 g 

4.5-8.3 g 

12.8 g 

‘2.8 q 

Chrlcel 

Nli4CI 

NH4Cl 

Ntl,c I 

Nti4Cl 

Mi4Cl 

m4Ct 

m4ci 

m4Ci 

m4ci 

m4ci 

m4ci 

m4ci 

m4Ci 

NH4Cl 

m4Ci 

Effctb 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

lx50 

LCSO 

LCSO 

LCSO 

LCSO 

LCSO 

Coacoatrat Ion 
da/L f&ix) 

0.76 7.8 3.6 ‘2.5 

1.87 8.1 il.3 9.4 

1.73 8.2 12.6 9.2 

2.22 8.2 15.3 9.7 

0.819 7.67 12.0 6.68 

0.708 7.73 II.7 7.45 

0.668 7.69 ‘3.2 6.59 

2.4 8.6- 
8.8 

22 Near 
saturation 

2.9 8.6- 
8.8 

26 Near Colt A Tchobanoglous 1976 
saturat Ion 

3.8 8.6- 
8.8 

30 Near Colt A Tchobanoglous 1976 
saturation 

i.9sc 8.34- 
8.44 

28 7.6 Colt A Tchobancglous 1978 

2.ik 7.77- 
8.41 

22 &I-89$ Roseboas A Rlchey 1977 
Saturated 

4.pk 7.9’- 
8.25 

28 SO-90s Roseboom A Rlchey 1977 
Saturated 

.i.76= 

1.75= 

7.75- 
6.20 

7.77- 
8.12 

23.8 89% Reinbold A Pescltel II 
Saturated l982b 

23.8 88s Relnbold 6 Pescl tel II 
Saturated 19824 

Ret eramca 

West 1985 

West 1985 

West 1985 

West 1985 

Thurston A Meyn 1984 

Thurston A Meyn 1984 

Thurston A Meyn 1984 

Colt A Tchobanoglous 1976 



Tabfo 1. <coatlaued) 

sPoclw 

Channel catf Jsh, 
Ictalwus punctatus 

Channel catfish, 
lctalurus punctatus 

Channel catf I sh, 
lctaiurus punctatus 

Channel catf J sh, 
lctalurus punctatus 

Channel catflsh, 
ictalurus punctatus 

Channel catf i sh, 
lctalurus punctatus 

Mosqultoflsh, 
Gambusla afflnls 

Mosqultof Ish, 
Gambusla aft Inls 

Mosqultof Ish, 
Gambusla afflnls 

Mosqultoflsh, 
Ganbusla afflnls 

GUPPY. 
Poecllla retlculata 

GUPPY, 
Poecllia retlculata 

GUPPY, 
Poecllla retlculata 

Whlte perch, 
Murona amer I cana 

White perch, 
Morcne amerlcana 

Llfa Stag0 
or Slza 

0.5 g 

5.8 g 

6.4 g 

3.6 g 

3.5 g 

7.4 g 

Adult 
females 

Adult 
females 

Adult 
frmlales 

Adult 
famales 

8.0 
nnl 

8.2 
ml 

8.7 
mm 

76 mm 

76 nun 

aualcal 

Ntf4Cl 

m4Ci 

m4ct 

m4ci 

Nti4c I 

m4c I 

cM4)2@3 

m4ci 

Nn4C2n302 

NH4C I 

MH4c I 

Nti4Cl 

NH4Cl 

tui4c I 

Metbodsa 

fl,M 

s&J 

s&J 

s&J 

%U 

s,M 

s,M 

S,M 

S,M 

S,M 

Effstb 

Lcso 

LCSO 

Lcso 

Lcso 

Lcso 

LCSO 

Lcso 

lE50 

LCSO 

lx50 

Lcso 

cc50 

LCSO 

LCSO 

LCSO 

Cioncontrat Ion 
frp/L f&J 

1.45= 

Tapuaturo 
J?!.! (%I 

7.8 25.7 7. I 

Rafumca 

Suiqert A Spacie 1983 

0.50. 8.0 3.5 12.7 

0.98 8.0 14.6 9.2 

I.91 8.1 ‘7.0 8. I 

I.29 7.8 ‘9.6 7.9 

2.26 8.0 26.0 4.5 

2.4d 
87:; 

3.pd 7.4- 
8.1 

2.1d 

2.6d 

8.2- 
8.8 

7.6- 
8.4 

l.47C 6.95- 
7.50 

:3 

:: 

:: 

ii- 

25 
t:2" 

Nest 1985 

West 1985 

West 1985 

west 1985 

West 1985 

Wal len et al. 1957 

Wal len et al. 1957 

Wai len et al. 1957 

Wal len et al. 1957 

Rubln A Eimaraghy 1976, 
1977 

i.59= 

1.45= 

0. I5 

7.40- 
7.50 

7.40- 
7.50 

6.0 

25 6.6- 
8.2 

Rubln d, Elnaraghy 1976, 
1977 

25 7. l- Rubln A Einaraghy 1976, 
8.2 1977 

I6 Stevenson 1977 

0.52 8.0 16 Stevenson 1977 
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Table 1. (ChtdlIbWd) 

sPoclu 

Green stint Ish, 
Leponls cyanel lus 

Green sunt lsh, 
cyanef lus Lepomls 

Green suof I sh, 
Lepuals cvanel lus 

Green sunf Ish, 
Lemnls cyanel lus 

Green sunf Ish, 
Lemals cyanel lus 

Green sunf Ish, 
cyanellus Lepoals 

Pumpk I nseed, 
Lepomlsglbbosus 

Purpk lnseed, 
g I bbosus Lepar l s 

Pumpklnseed, 
LOPon 1 s J I bbosus 

Punpklnseed, 
Lepomls olbbosus 

Elluegll I, 
mixrochlrus Lepomls 

Bluegill, 
Lepamls racrochlrus 

Bluegl II, 
macrochl rus Lepomf s 

BluegIll, 
macrochlrus Lepomls 

BluegIll, 
mncrochlrus Lepanls 

‘gyp 

a.4 g 

Q-d old 

63.1 mg 

63.1 rg 

63.1 ng 

63.1 mg 

4.5 g 

16.7 g 

18.0 g 

18.9 g 

22.b55.2 
11111 

41.0-67.1 
am 

35.3-65.5 
1111 

0.072 g 

0.217 g 

chadcal 

Mi4CI 

NH,CI 

RH4Cl 

NH,c I 

RH4Cl 

tw4Gl 

Ni4Cl 

Ni4Cl 

Rti4Cl 

tw4Cl 

tM4CI 

Mi4c I 

NH4c I 

NH4CI 

Ml&I 

Effd 

LOO 

LC50 

Lc50 

a50 

Lc50 

Lcso 

lc50 

LC50 

LC50 

lC50 

LC50 

Lc50 

Lc50 

LCSO 

LCSO 

concmtratkm 
(mu/L f&l*) 

0.61d 7.84 12.3 a.3 

Refwaaco 

Jude 1973 

l.Oc- 0.09- 
8.46 

6.6 

26.2 

0.59 22.4 

aas Relnbold & Pescltel I I 
Saturated 1982s 

8.1 McCoralck et al. 1984 

1.29 7.2 22.4 a.1 RcCormlck et 01. 1984 

1.64 7.7 22.4 8. I McGormlck et al. 1984 

2.11 8.7 22.4 a.1 McGornlck et al. 1984 

O.lld 7.77 12.0 8.4 Jude 1973 

0.78 7.77 14.5 a.37 Thurston 1981 

0.86 7.77 14.0 8.36 Thurston 1981 

0.61 7.71 15.7 7.16 Thurston 1981 

0.89 7.96- 
6.26 

18.5 9.1 Emery 6 Welch IQ69 

2.97 7.95- 
8.54 

9. I Emery L Welch I969 

2.57 a. 50- 
9.00 

9.1 Emery 6 Welch 1969 

0.55k a.o1- 
a.13 

95# 
Saturated 

Roseboon A Rlchey 1977 

0.6Bk 7.89- 
a. 12 

18.5 

La. 5 

22 

22 953 
Saturated 

Roseboom 6 Rlchey I977 
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Table 1. Waatlnued) 

Slmc1.8 

BluegIll, 
Lepomls macrochlrus 

Bluegll I, 
Leponls macrochlrus 

BluegIll, 
Lepcmls macrochlrus 

Bluegl I I, 
macrochlrus Lepomls 

BluegIll, 
Lepomls macrochlrus 

Bluegl I I, 
Lepcmls macrochlrus 

Bluegl II, 
Lepoml s macroch I rus 

BluegIll, 
Lepcml s macrochl rus 

Bluegl I I, 
macroch I rus Lewml s 

BluegIll, 
Lepomls macrochlrus 

Smal lmouth bass, 
Mlcropterus dolomleul 

Sma I lmouth bass, 
Mlcropterus dolcmleul 

Sraa I lmouth bass, 
Mlcropterus dolomleul 

Smal lmouth bass, 
Mlcrcpterus dolomleul 

Largernouth bass, 
Hlcropterus salmoldes 

Life StaQe 
or Sire 

0.646 g 

0.342 g 

0.078 g 

0.111 g 

0.250 g 

0.267 g 

49.2 leg 

0.9 g 

0.9 g 

1.2 g 

265 ng 

265 mg 

265 mg 

265 mg 

2.0-6.3 g 

chemical 

Nti4c I 

NH4Cl 

NH4c I 

Ni4Cl 

t+i,c I 

‘)lrCl 

r+l4Cl 

NH4Cl 

Nt14c I 

NH4Cl 

NH4Cl 

Nti4Cl 

t+tqCl 

NHqCl 

NH4Cl 

Ef f&b 

LC50 

LCSO 

Lc50 

LC50 

ti50 

lE50 

LCSO 

Lc50 

lE50 

Lc50 

Lc50 

LC50 

LC50 

lE50 

LC50 

Cmcentratloa 
ha/L t&id 

l.lk 

Taperaturo 
J!!! (‘a ii& Ret ermco 

7.89- 
7.97 

a.i2- 
8.28 

a.32- 
8.47 

7.98- 
8.25 

88:: 

Ei 

7.60 

22 fbsebocm 6 Rlchey 1977 

I.@ 20 Roseboom A Rlchey 1977 

0. 5oc 4.0 

1.9ac 25.0 

0.26c 4.5 

1.35c 24.8 

0.94 21.7 

931 
Saturated 

91s 
Saturated 

73-l 00s 
Saturated 

74-03s 
Saturated 

e7-97$ 
Saturated 

74-891 
Saturated 

7.89 

Relnbold 6 Pescltel II 
1982b 

Relnbolt & Pescltel II 
l982b 

Relnbold & Pescltel II 
l982b 

Relnbold & Pescltel II 
1982b 

Smlth et al. 1983 

1.35c 7.8 24.2 6.4 Sulgert 6 Spacle 1983 

1.75c 7.6 26.5 7.0 Swlgert b Spacle 1983 

l.76c 7.8 26.6 7.2 Sulgert 6 Spacle 1983 

0.694 6.53 22.3 7.93 Broderlus et al. 1985 

1.01 

1.20 

1.78 

l.Ok 

125 

7. I6 22.3 7.90 Broderlus et al. 1985 

7.74 22.3 7.97 Broderlus et al. 1985 

a.71 22.3 8.00 Broderlus et al. 1985 

7.82- 
8.11 

22 85-94$ 
Saturated 

Roseboan 6 Rlchey 1977 



Tablo 1. caatlued) 

SPUl# 

Largamouth bass, 
Mlcropterus sslmoldes 

Orangethroat darter, 
Etheostcma spectabl I8 

Orangethroat darter, 
Etheostoma spectsbl Ie 

Wal love. 
Stlzoitidlon vltreum 

vl trem 

Wal Ieye, 
Stlzostedlon vltreum 

Wel Ieye, 
Stlrostedlon vltreu 

Wal bye, 
Stlzostedlon vltrerv 

Mottled sculpln, 
Cottus balrdl -- 

SarJassu shrimp, 
Latrutes tucoru 

0.045 g 

Prawn, 3-8 days 

0.09-0.32 g 

0.78 g 

0.71 g 

6-d 
old 

22.6 g 

19.4 g 

13.4 

I.8 g 

Macrobrachl urn rosenberq I I old 

Praun, 3-8 days 
Macrobrachlum rosenberqll old 

Prwn , 3-8 days 
Macrobrachlur rosenberqll old 

chmlcal 

Ni,Cl 

tw,Cl 

Mi,Cl 

Mi,CI 

NH,Cl 

H1,Cl 

Mi,Cl 

rJti,c I 

tui,Cl 

NH@’ 

HI& I 

M&I 

Effoctb 

LC50 

LC50 

l.c50 

LC50 

Lcso 

Lcso 

Lc50 

LCSO 

conceatrat Ion 
J&L l&i,) 

l.7k 

0.90C 

1.07c 

0.05c 

0.52 

1.10 

0.51 

1.39 

SALTWATER SPECIES 

Lc50 0.936 

Lcso l.3f 

IS50 0.95’ 

Lc50 0.38’ 

7.98- 
8.10 

8.4 

28 

21 

87:; 

87:: 

22 

18.2 

7.9 3.7 

7.7 11.1 

8.3 19.0 

8.02 12.4 

8.07 23.4 

8.34 

7.60 

6.83 

Aof uaaca 

83-88s Roseboa 6 Rlchey 1977 
Saturated 

87:: Hazel et al. 1979 

E- 
Hazel et al. 1979 

97s Relnbold 6 Pescltelll 
Saturated l982a 

II.7 west 1985 

9.0 West 1985 

6.9 LJest 1985 

8.9 Thurston b, Russo 1981 

6.7 VenkataraaLak et al. l98la 

7.3 AraPstrong et al. 1978 

7.3 Amstrong et al. 1978 

7.3 Armstrong et al. 1978 



Tmblo 1. Nontlnuod) 

SPulos 

Eastern oyster, 
Crassostrea vlrqlnlca 

Eastern oyster, 
Crassostrea vlrqlnlca 

Quahog clan, 
Hercenar-I a mwcenar I a 

Quahog clam, 
Mercenar la mercenar la 

Qww4 
Nltocra splnlpes 

American lobster, 
Homarus americanus 

Red drm, 
Sclaenops ocellatus 

Str’lped muI let, 
Muql I cephalus 

Strlped aul let, 
cephalus )4uql I 

Strlped rrrl let, 
cephalus Muqll 

Striped mullet, 
Muqll cephalus 

Planehead flleflsh, 
Monacanthus hlspldus 

Llfo staga 
or Site 

46-62 
OR 

1E17 
lmn 

28-32 
1111 

4.7-5.2 
1111 

3-6 wk 
old 

22-63 
mg 

larva 

0.4 g 

0.7 g 

I.8 g 

10.0 g 

O-7 9 

chalcal 

NHdC I 

NH& I 

Nti,c I 

NH& I 

“3 

W,Cl 

wiJrlq)so, 

tw&l 

NU,Cl 

NH& I 

W&I 

NH&l 

IWhOdS’ 

S,M 

%M 

S,M 

WJ 

W 

W 

S,M 

W 

S,M 

S,M 

Ef foctb 

LCSO 

LC50 

LCSO 

Lcso 

LMO 

LCSO 

Lc50 

LCW 

Lcso 

LCSO 

Lc50 

LCSO 

Concoatrat Ion 
ha/L NtiL 

24-37d*e 

r!!i T-%;w’ 
7.70- 
8.23 

7.70- 
0.23 

7.70- 
8.23 

7.70- 
0.23 

7.8 

20 

Rof uonce 

Eplfanlo A Srna 1975 

B.J-13d*e 

3.2-5.0dbe 

20 Epl fanlo & Srna 1975 

20 Eplfanlo 6 Srna 1975 

4.6-7.2d*s 20 

l.Sd 21 

ii:!- 

::!- 

7.0- 
0.2 

2: 

,5 

Eplfanlo 6 Srna 1975 

Linden et al. 1979 

2.2d 8. I 21.9 6.9 Del lstraty et al. 1977 

0.47 
E- 

Il.08 

ii 

21.0 

::t 

7.9 

Holt and Arnold, 1983 

1.23 Venkatarml ale, 1981 a 

1.19 8.14 22.0 7.8 Venkatarml ak, 1981 a 

1.63 7.99 

a.00 

8.07 

23.3 7.6 Venkataramlak, 198la 

2.38 23.3 7.5 Venkataralak, 198la 

0.690 23.4 6.7 Venkatarmlak, 198la 
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Tablo 1. (cQntlnued) 

a FT - flowthrough, S - static, R - renewal, M = measured, U = unneasured. 

b Duration of exposure for Invertebrates slther 18 h or 96 h; duration of exposure for fishes 96 h. 

c Recalculated from authors’ W3-N ValUBS. 

d Recalculated fran authors’ total mmonla values. 

l ptl data used In NH3 calculation obtalned fra: Epl fanlo, C. E., personal canmnlcatlon. 

f 96-h LCSO or EC50 estimated from authors’ graph. 

g EC50: 50s of test animals Aotlonless. 

h Dissolved oxygen data obtalned fraa: Thurston, R.V., personal camnun Icatlon. 

J glssolved oxygen and flsh size data obtalned frar: Thurston, R.V., personal camunicatlon. 

J InformatIon on test condltlons obtalned fran: Parkhurst, B., personal canmunlcatlon. 

k Recalculated tram authors’ NH3-N values 4th recorrect Ion for percent NH3 Per authors’ text. 
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Smclos 

Cladoceran, 
Cerlodaphnla acanthlna 

Cladoceran, 
Daphnla magna 

Cladcceran, 
Daphn l a maqna 

Cladoceran, 
Daphn I a maqna 

Plnk salmon, 
Dncorhynchus gorbuscha 

Plnk salu)n, 
Olrcorhynchus gorbuscha 

Plnk talmon, 
Oncorhynchus wrbuscha 

Ralnbow trout, 
Salao galrdnerl 

RaInbow trout, 
Salmo qalrdnerl 

Ra I nbon trout, 
Salmo qalrdnerl 

Ral nbcw trout, 
Salmo galrdnerl 

Atlantic salmon, 
Salmo salar -- 

Fathead mlnnou, 
Plmephales promelas 

Fathead mlnnou, 
Plmephales prcnnelas 

Methods J?!! 
Tempereturo 

(%) 

FRE’SHWATER SPECIES 

LC 

Lc 

77:: 

8.09 

24.0- 5.7- 
25.0 6.4 

22. I 6.9 

0.199-0.4639 0.304 Mount 1982 

0.3784.735 0.527 Russo et al. 1985 

LC 7.6 20.2 7.7 0.536.76 0.63 

LC 

ELS 

ELS 

7.63- 
8.16 

66:; 

66:; 

66:; 

7.4 

l7.8- 
20.8 

4 

88-9l# 
Saturated 

0.%-l .gb 1.2 

0.0024-0.004 0.0031 Rice 6 Balley 1980 

4 D.OOl2-0.0024 0.0017 Rice 6 Bailey 1980 

ELS 4 O.ODl2-0.0024 0.0017 Rice 6 aalley 1980 

ELS 14.5 O.OlD-O.D25 0.016 

LC 9.3 

:2” 

I- 

I3 

>a01 
Saturated 

7.3- 
7.6 

>8 

0.0221-0.0439 0.031 I Thurston et al. 1984b 

ELS 

7.69~ 
7.72 

::: 

7.4- 
7.6 

6.7- 
7.5 

8.01 

a.06 <O.CWiC 

ELS >8 0.064. I2 0.085 

ELS IO 0.002-0.079 

Lc 

LC 

24.0 6.3 0.0884. I88 

7.99 24.2 6.5 0.092-o. 187 

0.01 

0.13 

0.13 

Tablo 2. chronic Todclty of tile to AquatIc Amlwls 

II.1 Yeec. 

Russo et al. 1985 

Relnbold h Pescltel Ii 
l982a 

Calamarl et al. 1977 
1981 

Elurkhalter 6 Kaya 
1977 

Elurkhalter 6 Kaya 
1977 

Samyl In 1969 

Thurston et al. 
(Sutmltted) 

Thurston et al. 
(Sublnl ttedj 
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Tablo 2. tContInuad) 

spaclos 

Fathead nlnnw, 
Plmephales promelas 

White sucker, 
Catostollus comnerson I 

Channel catf I sh, 
lctalurus punctatus 

Channel catf Ish, 
Ictalurus punctatus 

Channel catf I sh, 
I eta lurus punctatus 

Channel catf I sh, 
lctalurus punctatus 

Green sunf Ish, 
Lepcals cyanellus 

Bluegl II, 
oacrochlrus Leporls 

Sual laouth bass, 
Mlcroptwus dolc4eul 

firsal laouth bass, 
Mlcropterus doloaleul 

slral laouth bass, 
Mlcropterus dolasleul 

Snal loouth bass, 
Mlcropterus dolouleul 

Methods 

ELS 

ILO. 
(B&l/L) 

6.6- 
7.8 

Llrlts 

- 

0.15-0.34 

cllrorlc Value 
(n&3/L fdw 

0.22 

Rofwaaco 

Sulgert 6 Spacle 1983 

ELS 68-74s 
Saturated 

0.058 

ELS 5. I 0.103 

JJ 

ELS 

A!!i 
7.63- 
8.13 

B.OI- 
8.65 

77:: 

8.30- 
8.44 

7.53- 
8.37 

7.34- 
7.95 

7.9 

Tapwaturo 
('Cl 

22.7- 
26.3 

l6.9- 
20.5 

25. I- 
25.3 

27.8- 
28.0 

24.8- 
28.4 

23.5- 
28.0 

22 

I’:: 
Jl 70-761 

Saturated 
0.283 

3.6- 
6.7 

0.13-0.21b 0.18 

ELS 7.9 0.22-0.49 0.33 

Relnbold 6 Pescl tel I I 
l982a 

RobI nette 1976 

Colt 6 Tchobanq lcus 
1978 

Relnbold 6 Pescltel Ii 
1982a 

Swlgert 6 Spacle 1983 

McCorolck et al. 1984 

ELS 7.74 22 7.05 0.063-0.136 0.0926 Sralth et al. 1984 

ELS 6.60 22.5 7.69 0.0342-0.0558 0.0437 Broderlus et al. 1985 

ELS 7.25 22.2 7.68 O.IZ@-0.182 0.148 Rroderlus et al. 1985 

ELS 7.83 22.3 7.72 0.472-0.760 0.599 Rroderlus et al. 1985 

ELS 8.68 22.2 7.78 0.433-0.865 0.612 Rroderlus et al. 1985 

species 

Cladoceran, - . . 

Acuto-chronIc Rat10 

Acut. Va1u.f chronic Value 
(w/L NH71 (m/L M1) Ratlo 

1.05 0.304 3.5 
Uerlodaphnla acanthlna 
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Tablo 2. Uhntlnuod) 

SPeclos 

Cladoceran, 
Daphnla maqna 

C ladoceran, 
magna Daphn I a 

Cladcceran, 
maqna Daphnla 

Plnk salmon, 
Oncorhynchus wbuscha 

PI nk salmon, 
Oncorhynchus wrbuscha 

Plnk salmon, 
Oncorhynchus gorbuscha 

RaInbow trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo galrdnerl 

Fathead mlnnou, 
Plmephales promelas 

Fathead ml nnou, 
Plmephales promelas 

Fathead minnow, 
Plmephales promelas 

Wh I te sucker, 
Catostanus ccmmnersonl 

Channel catflsh, 
lctalurus punctatus 

Channel catf Ish, 
lctalurus punctatus 

bw-chralc f&t10 

Aalto Value’ auonlc Value 
&J/L NH*1 hi/L rum) 

2.68 0.527 

0.87e 0.63 

4.6 1.2 

0.090d 0.0017 

0.090d 0.0017 

0.090d 0.0031 

0.422' 0.031 I 

0.35' 0.016 

2.54f 0.13 

2.56f 0.13 

1.7se 0.22 

1.75e 0.058 

2.42 0.103 

1.95 (0.25 8-34k 

Rat10 

5.1 

I.4 

3.9 

53 

53 

29 

I4 

22h 

20 

20 

8.0h 

30 

ISJ 
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Tablo 2. mmtlau8d) 

SJBeclos 

Channel catf Ish, 
lctalurus punctatus 

Channel catf I sh, 
lctalurus punctatus 

Green sunf Ish, 
Lepcmls cvanelfus 

Blusgll I, 
macroch I rus Lepoml s 

semi in0um MSS, 
Mlcropterus dolomleul 

Sma I (mouth bass, 
Mlcropterus dolomleul 

Smal lmouth bass, 
Mlcropterus dolanleul 

Smal lmouth bass, 
Mlcropttwus dolomleul 

Acute-cbron1c am.0 

Acut. V.lw' chroalc Valw 
(la/L )(Hx) (m/L I&) 

2.12e 0.2@3 

1.58 0.18 

2.05 0.33 

I.08 0.0926 

0.81 0.0437 

I. I4 0.148 

1.30 0.599 

1.77 0.612 

Rdlo 

7.5 

8.8 

6.3 

I2 

19 

7.7 

2.2 

2.9 

Geometric mean of acute-chronlc ratios for Daphnla magna - 3.0 
for plnk salmon = 43 
for fathead mInnowi = 20 (I5 If ELS study Included) 
for smallmouth bass * 5.4 (3.6 for pHL 7.25) 
for channel catflsh = IO 
for ralnbou trout = I4 (18 If ELS study Included) 
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Tablo 2. Wontlnud) 

8 LC - life cycle, ELS = early life stage, J = juvenile. 

b Recalculated fron author’s NH3-N values. 

c Louest concentration tested, above control, affected growth (P<O.OS). 

d Estimated from authors’ graph. 

e Acute value gecauetrlc RBan of acute tests In same waters as used for respective chronic tests. 

f Acute,value geometric mean of acute tests ulth juveniles In same watir as used for chronic test. 

g Recalculated frcm author’s total suonla values. 

h Value not used In crlterla calculations because results are avallable frm life cycle test ulth sum species (see GuIdelInes). 

I Value corrected to pH of chronic value. 

J Acute value Is for 24 hours, acute-chronlc ratlo multlplled b 0.65 
studies on channel catflsh (range - 0.50 - 0.75). 

- average rat lo of %-hour LC50 to 24-hour LCSO for several acute 

k Upper llmlt for ratlo based on control concentration (0.06 q/l I ter NH3). 

J Juvenile tests Included because same or greater sensltlvlty show as for embryo-larval ELS tests. 
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Tablo 3. Ranked Genus Mew Acuto Values rlth sprci.S Mm~r ACutdChronfiC Rath 

Rerka 

Ret uenco Genus 
IUO 

34 II.40 

33 8.48 

32 8.00 

31 

30 

5.25 

4.02 

29 3.18 

28 3.12 

27 2.76 

26 2.70 

25 2.48 

24 

23 

2.35 

2.29 

Rafuonco Spda 

SP0Cl.S 
Mun Auto Vgluo 

hi/L INhI 

FRESHhATER SPECIES 

Caddlsfly, 
Phl larctus 

Craytlsh, 
Orconectes nal s 

Crayf lsh, 
Orconectes Immun I s 

Baetle, 
StenoIrIs sexIlneat* 

-YflY, 
Ephemerella qrandls 

Isopod. 
Asel lus racovltzal 

racovl tzal 

WfJY, 
Calllbaetls sp. near 

montanus 

)4aYf JY. 
CaIllbaetls skoklanus 

Mph1 Po‘J, 
Crangonyx pseudogracl I I s 

Snal I, 
Hel lsaas trlVOlVl s 

Tub1 tlcld worm, 
Tub1 fex tub1 fex 

l(osqul tot I sh, 
Gambusla afflnls 

Mottled sculpln, 
Cottus balrdl -- 

Stonet I y , 
Arcynopteryx parallela 

II.4 

3.15 

22.8 

8.00 

5.25 

4.02 

2.00 

5.07 

3.12 

2.76 

2.70 

2.48 

2.35 

2.29 

Speclw )lur 
&utcChroalc 

Rat10 
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17 I .69 

16 1.68 

15 

14 

1.63 

1.49 

1.48 

Tablo 3. U%ntlnued) 

R.1 ueaco Genus 

Rank. 
Mom Acute Vglw 

(D!a/L wd 

22 2.07 

21 1.96 

20 I .95 

19 1.89 

18 1.79 

13 

fathead l lnnou, 
Plmephales prtielas 

C I adoceran, 
Cerlodaphnla acanthlna 

Snal I, 
ovrl na Phwa 

Cladoceran, 
Slmocephalus vetulus 

Whl te sucker, 
Catostomus camersonl 

Mounts1 n sucker, 
Catostamus platyrhvnchus 

Brook trout, 
Salvsllnus tcmtlnalls 

White perch, 
Morone amer I cana 

Channel catfl sh, 
lctalurus punctatus 

Cladocfxan, 
Daphnla magna 

Cladoceran, 
pullcarla Oaphnla 

GUPPY, 
Poecl Ila retlculata 

2.07 

1.96 

1.95 

1.89 

2.15 

1.49 

1.69 

1.68 

1.63 

1.91 

1.16 

1.48 

spulos #toan 
AcutrCbrod c 

R&lo 

20 

3.5 

30 

7.5 

3.1 
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Tablo 3. Wontlnud 

II 

IO 

9 

8 

7 

Rmterenco Genus 
Mean Acuto Vglum 

(ma/L wt.1 SPulr 

Ratwuwm Spocl m 

I .40 F latuorm. 
Oendroco&Iun lacteur 
TProcotvla fliXiiTlTl s) 

1.30 

1.24 

I .34 Smal lmouth bass, 
Wlcropterus dolmleul 

Largemouth bass, 
Wlcropterus salmoldes 

Stoner01 ler, 
Carpostcna amma I um 

Pink salmm, 
Oncorhynchus qorbuscha 

Coho salmon, 
Oncorhvnchus klsutch 

Chlnook salmon, 
Oncorhvnchus tsheuytschs 

1.23 Red shiner, 
Notropl s I utrensl s 

Spottln shiner, 
NotrOPl s spl loptsrus 

Steelcolor shiner, 
Notropls whlpplel 

1.16 Green suntlsh, 
Lepomls cyanellus 

Pumpkl nseed, 
Lepoal s gl bbosus 

BluegIll, 
Lepoml s macrochl rus 

I .40 

I.92 

0.93 

I.30 

2.31 

1.02 

5.4 

43 

0.80 

2.27 

0.92 

0.89 

1.57 6.3 

0.85 

1.16 I2 

Spocles near 
AcutrChQIl c 

Ratlo!. 
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Tablo 3. (Centlnued) 

Rofronco 6onus 

Rank’ 
Moon Acutm Vgluo 

(m/L NHI) sped OS 

6 1.10 Clam, 

5 1.10 

1.07 

0.88 Orangethroat darter, 
Etheostoma spectabl le 

0.88 

0.76 Golden shiner, 0.76 

Muscu I I urn transversur 

Go I den trout, 
Sa Imo aguabon I ta 

Cutthroat trout, 
Salmo clarkl -- 

Ra I nbou trout, 
Salmo galrdnerl 

Brown trout, 
Salmo trutta -- 

Wal leye. 
Stlzo;tedlon vltrem 

v I treum 

Rotwonca Spoclos 
Wwr Acut* V 

(q/L wtdfi 
luo 

1.10 

1.21 

I .20 

0.93 

1.10 

1.07 

Notemlgonus crysoleucas 

0.56 Mountain uhltetlsh, 
Prosopl urn *I I I Iamsonl 

0.56 

SALTWATER SPECIES 

18.3 Eastern oyster, 
Crassostrea vl rgl nl ca 

18.3 

5.01 Quahog clam, 
Mercenarla oercenarla 

5.01 

Spoclos Wwr 
Acuto-Chronlc 

Ratlo 

14 
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Tablo J. 

ja& 

7 

6 

Rotwmca Genus 
Mean Acuto Vglw 

(mu/L Nffx) 

1.93 

1.56 

0.76 

1.31 

2.13 

0.55 

0.32 

Retuenw Spoclw 

Species 

Amer lcan lobster, 
liomarus mu I canus 

Mean Acut. Vtlw 
ba/l~~ 

2.20 

Wwo4 
Nltocra splnlpes 

1.68 

Prawn, 
Wacrobrachlum rosenberoll 

‘1.32 

Striped mullet, 
cephalus Muqll 

Sargassun shrlrp, 
Latreutes tucofrw 

1.31 

0.94 

Planehead flleflsh, 
Monacanthus hlspldus 

0.55 

Red drum, 
Sclaenops ocellatus 

0.32 

spaclw Moan 
kutcChronlc 

fwlo 

a Ranked tra least sensltlve to mst sensltlve based on Genus Mean Acute Values. 

b See text for dl scusslon of reference coodltlons. Wld-range pH and tenperature values used where given as a range In 
test results tram Table 1. 

Freshwater FAVref = 0.70 ag/L WI3 (calculated tron Gt4AVrefs). 

Freshuater FAV,,f = 0.52 lag/L NH3 (lowered to protect ralnbou trout - see tat). 
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Table 4. Toxlclty of Amonla to Aquatlc Plants 

Species 

Alga, NH4c I 
Scenedesmus ob I I quus 

Alga, 
Scenedesmus obllquus 

Alga, 
Scenedesmus obllquus 

Alga, 
Anacystis nldulans 

Alga, 
Anacystls nldulans 

Alga, 
Plectonwna boryanum 

Alga. 
Plectonema boryanum 

Al!.% 
Chlorel la pyrenoldosa 

Alga, 
Chlorella pyrenoldosa 

Alga, 
Chlorella vulgarls 

Alga, 
Chlorella vulgarls 

Chemical 

NH4c I 

tw4Cl 

w4c I 

NHqCl 

NH4Cl 

rM4Cl 

Ntiqc I 

Mi4Cl 

(NH4)2c03 

(NH41203 

pH 

8.8 

7.9 

9.0 

1.0 

9.0 

7.0 

9.0 

7.0 

9.0 

7.0 

7.0 

Temperature 
( *Cl Effect 

FRESHWATER SPECIES 

30 EC50, oxygen 
evolution lnhlbltlon 

30 10% reduction In 
CO 

3 
photoasslml latlon 

ra 8 

30 

30 

30 

30 

30 

30 

30 

26 

88Z reduction In 
CO photoasslallatlon 

3 ra e 

IOj reduction In 
CO photoasslnllatlon 

3 ra 8 

77s reduction In 
CO photoasslmllatlon 
ra e 3 

l6$ reduction In 
CXI photoasslmllatlon 

3 ra 8 

92% reduction In 
CO photoasslmllatlon 

P ra e 

ll$ reduction In 
CO photoasslmllatlon 

P ra e 

79% reduction In 
0 photoasslmllatlon 

? ra e 

LC50 

26 EC50, @art h 
lnhlbltlon 

Come&rat loo 
(D&L NH.1 

I IaBb 

5.1” 

38a 

0.68a 

38a 

0.68a 

38a 

0.68a 

38a 

9.8a 

2.4” 

Reference 

Abellovlch & Azov 1976 

Abellovlch 6 Azov 1976 

Abellovlch 6 Azov 1976 

Abellovlch 6 Azov 1976 

Abellovlch 6 Azov 1976 

Abellovlch 6 Azov 1976 

Abellovlch 6 Azov 1976 

Abellovich 6 Azov 1976 

Abellovlch 6 Azov 1976 

Przytocka-Jus lak 1976 

Prrytocka-Juslak 1976 
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Tabla 4. Wontlnued) 

Speclos 

Dlatom, 
Navlcula arenarla 

Diatom, 
Nltzschla c.f. dlsslpata 

Olatom, 
Nltzschla dublformls 

Dlatcim, 
Nitzschla closterlum 

Diatom, 
Amphlprora c.f. paludosa 

Dlatom, 
Stauronels constrlcta 

Olatom, 
Navfcufa cryptocephala 

Dlatom, 
Navlcula sallnarun 

Dlatoa, 
Gyroslgma spencerl I 

Diatom, 
Nltzschla slgma 

Chmlcal 

NH4Cl 

MH4Cl 

M4Cl 

Ntt4Cl 

NH4Cl 

fw4CI 

Nn4Cl 

NH4c I 

NH4c I 

NH4c I 

I!!i 

8.0 

8.0 

8.0 

8.0 

8.0 

8.0 

8.0 

8.0 

8.0 

8.0 

Teaperatwo 
1%) Ettect 

12 

I2 

I2 

I2 

I2 

I2 

12 

I2 

I2 

I2 

SALTWATER SPECIES 

25% reduction In 
chlorophyll 2 

62s reduction In 
chlorophyll 2 

73s reduction In 
chlorophyll 2 

77s reduction In 
chlorophyll 2 

461 reduction In 
chlorophyll 2 

33s reduction In 
chlorophyll & 

14% reduction In 
chlorophyll & 

l8$ reduction In 
chlorophyll 2 

66% reduction In 
chlorophyl I d 

662( reduction In 
chlorophyl I 2 

Concentrat Ion 
119/L wt.1 1 

0. 24a 

0.24’ 

0.24a 

1.2’ 

0.24a 

0.24” 

0. 24a 

0.24% 

0.24a 

0. 24a 

Aef eronco 

Admlraal 1977 

Admlrsal 1977 

Mmlraal 1977 

Admlraal 1977 

Admlraal 1977 

Malraal 1977 

Mmlraal 1977 

Malraal 1977 

Admlraal 1977 

Mmlraal 1977 

a Recalculated fran authors’ total unmonla values. 

b Estimated tran authors’ graph. 
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Table 5. Other Data on Effects of kwnla QII Aquatic Organlu 

Specl es Chealcal 

Rot1 ter, 
Phllodina acutlcornls 

Husse I , 
El I lptlo complanata 

NH4Cl 

NH,Cl 

Mussel, 
Elllptlo complanata 

Ntt4Cl 

Mussel, 
Elllptlo complanata 

NH4c I 

Mussel, 
Amblema k pl lcata 

Mussel, 
Anodonta lmbecl I I Is 

Mussel, 
Cyrtonalas tarnplcoensls 

Mussel, 
Toxolasma texasensls 

Aslstlc clam, 
Corblcula manllensls 

Aslatlc clam, 
Corblcula man1 lensls 

Ntp 

Aslatlc clam, 
Corblcula man1 lensls 

NH4Cl 

Aslatlc clam, 
Corblcula manl lensls 

w4*O3 

Je! 

7.4- 
1.9 

7.5 

7.5 

7.5 

7.8- 24- 
8.2 26 

7.8- 24- 
8.2 26 

7.0- 24- 
8.2 26 

7.8- 24- 
a.2 26 

1.5 I8 

7.5 

7.5 

7.G 
8.2 

Temperature 
(‘C) Duration Effect 

Concentrat Ion 
(M/L NH& 

FRESHWATER SPECIES 

20 96 h 

I8 

I8 

I8 

<I h - 

<I h - 

<I h 

I65 h 

165 h 

165 h 

I65 h 

*I h 

18 

I8 

<I h - 

<I h 

24- 
26 

I65 h 

EC50 (No re- 2.9-9. Ia 
sponse to Ilght) 

Bulkema et al. I974 

50s reduct Ion 0.073b 
In clllary 
beating rate 

Anderson et al. 1970 

90s reduction O.llb 
In clllary 
beatlng rate 

Anderson et al. 1978 

kplete In- 0. I I-O. l2b 
hlbltlon of 
cllla 

Anderson et al. 1978 

33$ 
Mortal lty 

0. 32b 

56% 
Mortal I ty 

0.32b 

701 
Cbrtal I ty 

0.3Zb 

sol 
Mortal Ity 

0.3Zb 

IUne 6 McIntosh 1979 

Home 6 McIntosh 1979 

Home 6 McIntosh 1979 

Home A McIntosh 1979 

50$ reduct Ion 0.061 b 
In clllary 
beat I ng rate 

Anderson et al. 1978 

901 reduct Ion 0.073b 
In clllary 
beat I ng rate 

Anderson et al. 1978 

Ganplete In- O.ll-O.lZb 
hlbltlon of 
cl I la 

Anderson et al. 1978 

62% 
Morta I I ty 

0.32b Home b McIntosh 1979 

Reference 
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Table 5. Kontlnuedd) 

Species 

FIngernaIl clam, 
Muscullum transversum 

Flngernall clam, 
Muscullum transversum 

Flngernall clun, 
t4uscullum transversum 

Flngernal I clam, 
Huscullum transversum 

FIngernaIl cl-, 
Muscullum transversum 

Flngernal I clam, 
Muscullum transversum 

Flngernall clam, 
Muscullum transversum 

Flngernall clam, 
Muscullum transversum 

Flngernall clam, 
Muscullum transwirsum 

Flngernal I clam, 
MUSCU I lum transversum 

Flngernall clam, 
Huscullum transversum 

Chealcal 

Ni4Cl 

Nti,Cl 

Mi4CI 

M4Cl 

NH4c I 

H14c I 

Nt4Cl 

Nt14Cl 

rw4c I 

rw4Cl 

tW4Cl 

Taperatutw 
PH (‘C) 

8.09- 
8.20 

8.08- 
8. I8 

8.08- 
8. I8 

7.5 

7.5 

1.5 

7.5 

7.5 

7.5 

23.5 

22.9 

22.9 

I8 

I8 

It3 

II3 

I8 

I8 

7.75- 21.7- 
7.85 21.9 

7.75- 21.7- 
7.85 21.9 

Durat Ion Ettect 
Concentrat Ion 

(w/L w 

42 d 

42 d 

I4 d 

<I h 

<I h - 

iI h 

<I h 

<I h 

<I h 

6 wk 

4 uk 

6% 
Mortal I tyC 

na 
Mortal I tyC 

Reduct Ion 
In growth 

501 reduct Ion 
In clllary 
beatlng rate 
of >5 an clzbns 

501 reduct Ion 
In clllary 
beatlng rate 
of <5 mm claras 

901 reduct Ion 
In clllary 
beating rate 
of >5 Inn clws 

901 reduction 
In clllary 
beat Ing rate 
ot 25 Ien clams 

Complete In- 
hlbltlon of 
cllla ot >5 poll 
clams 

0.72b 

Ret erence 

Anderson et al. 1978 

0.73b Anderson et al. 1978 

0.4lb Anderson et al. 1978 

0.036b Anderson et al. 1978 

O.OJE 
0. 085b 

0.049b Anderson et al. 1978 

0.09Jb Anderson et al. 1978 

O.o6l- 
0.073b 

Canplete ln- 
hlbl tlon ot 
ciila of 25 mn 
clans 

0.09 
0. I I 2- 

47% 
Hortallty 

0.073b Sparks 6 Sandusky I981 

361 
Mortal Ity 

0.23b Sparks S Sandusky I981 

Anderson et al. 1978 

Anderson et al. 1978 

Anderson et al. 1978 
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Table 5. Kontlnued) 

Species 

Flngernal I clam, 
Muscul I um transverse 

Flngernall elm, 
Muscullum transversum 

Cladoceran, 
Daphnl a magna 

Cladoceran, 
Daphnla magna 

Cladoceran, 
magna Oaphn I a 

Cladoceran, 
Daphnla magna 

C I adoceran, 
Molna rectlrostrls 

f$%it specltled) 

%$%?t specltled) 

f$%t speclfled) 

WaYflY, 
Ephemerella doddsl 

Mayfly, 
Ephemerel la doddsl 

Mayfly, 
Ephemerel la doddsl 

Mayfly, 
Ephemerella doddsl 

chemical 

NH4Cl 

M4Cl 

tw4Cl 

(NH4)2SOq 

m4c I 

NH4Cl 

NH4CI 

NH4Cl 

NH4Cl 

NH4C I 7.05 12.0 

NH4Cl 7.91 13.6 

NH4Cl 7.83 10.7 

NH4Cl 7.91 Il.0 

Temperature 

&!I! ('C) 

7.75- 21.7- 
7.05 21.9 

7.75- 21.7- 
7.05 21.9 

2: 
25 

8 19 

7.9 22 50 h LC50 2,0a*t Dowden 6 Bennett 1965 

8.09 22. I 2I3d lE50 I.53 Russo et al. (In prep.) 

8.3 25 24 h Lc50 I.50 Gy&e 6 Oldh 1980 

6.0 25 24 h LC50 0. 17a#c Tabata 1962 

7.0 25 24 h Lc50 1.4anc Tabata 1962 

8.0 25 24 h Lc50 5 la,c . Tabata 1962 

thmxbntrat Ion 
Durat Ion Ettect (ml/L MI) Reference 

4 uk 23s 0.63b Sparks 6 Sandusky 1981 
Mortal I ty 

6 wk Gxnplete 0. 036b Sparks 6 Sandusky 1981 
growth Inhlbl- 
tlon 

64 h Threshold 2.4-3.6 Anderson 1948 
value 

2d Wlnlnum lethal 0.55 HaYI&ea 1966 
concentration 

96 h 60s 
Survival 

6.20 Thurston et al. 1984a 

96 h 00$ 
Survival 

5.46 Thurston et al. 1984a 

96 h 100% 2.64 Thurston et al. 19840 
Survival 

96 h 90s 
Survival 

2.20 Thurston et al. 1984a 
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Table 5. Kontlnued) 

Species 

Mayfly, 
Ephemerel I a grand1 s 

Wfly, 
Ephemerel I a grand1 s 

Mayfly, 
Ephemerel la grandls 

Mayfly, 
Ephemerel la grandls 

MaYf IY, 
E hemerel la 

--%GXiiS 
sp. near 

Stonet ly, 
Pteronarcel la badla 

Stonet ly, 
Pteronarcella badla 

Stonet ly, 
Pteronarcella badla 

Stonetly, 
Pteronarcella badla 

Stonefly, 
Pteronarcella badla 

Stonefly, 
Arcynopteryx parallela 

Stonetly, 
Arcynopteryx parallela 

Stonet ly, 
Arcynopteryx parallela 

Stonet ly, 
Arcynopteryx parallela 

Cherlcal 

Nt14Cl 

Tapwature 

PH (‘Cl 

8.06 13.5 

Durat Ion 

%h 

NH4Cl 7.03 10.7 96 h 

tui4Cl 7.91 II.0 96 h 

t4H4c I 7.60 10.5 96 h 

tw4Cl 0.53 20 24 h + 
72 h 

recovery 

m4c I 7.66- lO.7- 
7.91 13.3 

8.04 12. I 

%h 

rui4Cl 3Od 

Mi4Cl 0.04 12.1 3Od 

NH4Cl 7.81 13.2 24 d 

NH4Cl 7.81 Ii.2 24 d 

Ntt4CI 7.00 13.3 96 h 

NH4Cl 7.04 12.8 96 h 

NH4Cl 

NH4Cl 

7.95 

7.00 

13.3 96 h 

13.6 96 h 

Ettect 

90s 
Survival 

Ccmcontratlon 
leg/L MiXI 

4.66 

Retereace 

Thurston et al. l904a 

60s 
Survival 

2.64 Thurston et al. 1904a 

601 
Survival 

2.20 Thurston et al. 19840 

sol 
Survival 

1.54 Thurston et al. 1984a 

EC50 4.7b 
(Cbrtallty at 
96 h atter 
P4-h exposure) 

IW 1.35-7.49 
Survival 

lc50 4.57 

lnhlbl tlon of 3.7 
emergence 

Lc50 1.45 

lnhlbltlon of 3.4 
emergence 

IOOl 7.49 
Survival 

SOS 6.24 
Survival 

901 4.05 
Survival 

60s 3.03 
Survival 

Gal I 1980 

Thurston et al. 

Thurston et al. 

Thurston et al. 

Thurston et al. 

Thurston et al. 

Thurston et al. 

Thurston et al. 

Thurston et al. 

Thurston et al. 

1904a 

1984a 

l984a 

1904a 

1904a 

1904a 

1904a 

l904a 

l904a 
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Tablo 5. (Cwtlnued) 

species 

Caddlsfly, 
Arctopsyche grand1 s 

Caddlstly, 
Arctopsyche grand Is 

Pink salmon, 
Oncorhynchus gorbuscha 

cotto salmon. 
Oncorhynchus klsutch 

Sockeye salmon, 
Oncorhynchus nerka 

Sockeye salran, 
Oncorhynchus nerka 

Ch lnook salmon, 
Oncorhynchus tsharytscha 

Chlnook salmon, 
Oncorhynchus tshawytscha 

Cutthroat trout, 
Salmo clarkl -- 

Cutthroat trout, 
Salmo clarkl -- 

Cutthroat trout, 
Salvo clarkl -- 

Cutthroat trout, 
Salmo ciarkl -- 

Ral nbow tract, 
Salno galrdnerl 

Ral nbou trout, 
Salmo galrdnerl 

Ralnbow trout, 
Salmo galrdnerl 

Chrlcal 

NH4Cl 

J!!i 
7.00 13.3 

lbw~tloa 

96 h 

bncontrat la 
(-Q/L Mw 

7.49 

Rof orontx 

Thurston et al. l904a 

NH4Cl 7.92 13.8 %h 4. I9 Thurston et al. l904a 

(NH4 )2SO4 6.3- 3.7 
6.5 4.8 

96 h >I.5 Rice 6 Bal ley 190O 

8.0 14.2 72 h 0.13’ Holland et al. 1960 

NH4Cl 0.42 IO 62 d O.lZb Rankln 1979 

NH4c I 0.45 IO 62 d 0.49b Rankln 1979 

NH4oH 7.6 15.3 72 h l-&l land et al. 1960 

NIqCl 7.59- 
7.90 

7.81 

II.7 24 h 

Ettoct 

905 
Survival 

801 
Survival 

No ham 
to eyed 
embryos 

crl tlcal 
level 

30s 
Mortal I ty 

ION 
wrtal lty 

crltlcal 
level 

lx50 

0.04- 
0.11a 

0.36 liarader and Allen 1983 

rn4Cl 13. I 36d LC50 0.56 Thurston et al. 1978 

tw4Cl 7.00 12.8 36 d LC50 0.56 Thurston et al. 1978 

Nti4C I 7.80 12.4 29d LC50 0.37 Thurston et al. 1978 

EH4Cl 7.70 12.2 29 d LC50 0.34 Thurston et al. 1970 

(NH4)2SO4 7.55 I4 360 mln tllm to 
death 

0.3Zh 

w4w 

M14Cl 

9.42 13.5 3.5 h a&Iv1 ty 
ceased 

29.6a 

Wuhrmann d Woker 
1948 

Cm-t1 1951 

7.2 15.2 1000 rln medlan 0. lab Allan et al. 1950 
survlval t Ine 
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Table 5. Goetlnued) 

Species 

Ralnbou trout, 
Salmo galrdnerl 

Ralnbou trout 
Salmo galrdnerl 

Ra I nbou trout, 
Salm galrdnerl 

Ralnbou trout, 
Salmo galrdnerl ,- 

Rainbow trout, 
Salmo galrdnerl 

Ralnbou trout, 
Salno qalrdnerl 

Ralnbou trout, 
Salno qalrdnerl 

Ralnbon trout, 
Salao galrdnerl 

Ralnbow trout, 
Salmo %lrdnerI 

Ralnbou trout, 
Salmo galrdnerl 

Ralnbou trout, 
Salmo galrdnerl 

Ra lnbou trout, 
Salmo galrdner I 

Ralnbow trout, 
Salw zlrdner I 

Ralnbow trout, 
Salmo galrdnerl 

Chemical 

rw4Cl 

NH4Cl 

Urea 

Urea 

rw4Cl 

lM4Cl 

Manure 
I eachate 

Manure 
I eachate 

rw4Cl 

NH4Cl 

NH4Cl 

NH4Cl 

(NH4 12S04 

(NH4)2S04 

PH 
7.80 

Temperature 
(W 

17.5 

17.5 

0.55 16-18 

8. I 16-18 

7.0 17.5 

7.8 17.0 

I5 

15-17 

7.81 13.6 

7.06- lO.5- 
0.22 II.6 

6.9 I8 

7.7 

7. I 

8.1 

I8 

I8 

IO. 5 

Duration 

48 h 

3h 

1.28 h 

3.05 h 

48 h 

40 h 

8-60 rln 

Ettoct 

Lc50 

LC50 

time to 
death 

tlnw to 
death 

Lc50 

Is50 

thne to 
death 

Cuncentratlon 
m/L t&i& 

0.60” 

0.49b 

4. I 

0.7 

0.61a 

0.63a 

0.4-4.0 

YJnl Iml ted” no observed (0.2 
et feet 

24 h lc50 0. 7oa 

5d Lc50 0. 5ob 

27.3 rln time to 2.71” 
overturn1 ng 

>I000 mln tlma to 0.85a 
overturn1 ng 

29.8 rain time to 4.3a 
overturnlng 

l-4 d Dluresls 0.081 

Reference 

Herbert 1961 

Herbert 1962 

Nehr I ng 1962-63 

Nehr I ng 1962-63 

Herbert A Shurben 1964 

Herbert d Vandyke 1964 

Danecker 1964 

Danecker 1964 

Herbert A Shurben 1965 

Dal I 1967 

Grlndley 1946 

Grlndley 1946 

Grlndley 1946 

Lloyd A Orr 1969 
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Table 5. Kontlnued) 

Species 

Ralnbow trout, 
Salmo galrdnerl 

Ralnbow trout, 
Salvo galrdnerl 

Ralnbow trout, 
Salvo galrdnerl 

Ra I nbow trout (embryo) , 
Salmo galrdnerl 

Ralnbow trout, 
Salmo galrdnerl 

Ralnbow trout, 
Salmo galrdnerl 

Ralnbow trout, 
Salmo qalrdnerl 

Rainbow trout, 
Salmo galrdnerl 

Ra I nbow trout, 
Salmo galrdnerl 

Ralnbow trout, 
Salmo galrdneri 

Ra I nbow trout, 
Salmo galrdnerl 

Ralnbow trout, 
Salmo galrdnerl 

Ralnbow trcut, 
Salmo galrdnerl 

Ralnbow trout, 
Salmo galrdnerl 

Chemical 

Endogenous 

H13+ 

(NH4)2SO4 

NH4c I 

rW4Cl 

NH4Cl 

NH4Cl 

NH4Cl 

tw4c I 

tW4Cl 

tW4Cl 

NH4Q 

Nn4Cl 

NH4Cl 

l!!i 
7.75 

Tsqnwature 
(‘Cl 

IO 

Durat Ion 

12 man 

0.3 IO 

7.6 I5 

7.4 14.5 

7.4 14.5 

2: 

7.95 

lo-12 

IO 

7.85 13.1 

24 h 

36 d 

96 h 

72 d 

21 d 

30 d 

I2 d 

7.90 Il.9 I2 d 

7.9 I3 I2 d 

7.66 9.8 I2 d 

7.64 10.0 I2 d 

7.81 13.0 35 d 

7.89 12.6 35 d 

Concentrat Ion 
Effect (mg/L NH.) 

HI stopathcr 0.0155 
lcglcal 
effects with 
juveniles 

LC50 0.068 Rice A Stokes 1975 

aill 
Hortal I ty 

LC50 

0.30-O.36b Smart 1976 

a.486 Calamarl et al. 1977, 
1981 

LC50 0.056 Calamarl et al. 1977, 
1981 

LC50 0.30b Eurkhalter A Kaya 1977 

Reduced 
growth 

LC50 

>o. IO - 

0.490 

Eiroderlus A Smlth 1979 

Thurston A Russo 1903 

LC50 

LC50 

lx50 

LC50 

LC50 

LC50 

0.464 Thurston A Russo 1983 

0.684 Thurston A Russo 1903 

0.262 Thurston A Russo 1983 

0.312 Thurston A Russo I983 

0.483 Thurston A Russo 1903 

0.590 Thurston A Russo 1903 

Reference 

Smith A Plper 1975 
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Tablo 5. Gontlnuod) 

speclas 

Ralnbou trait, 
Salmo qalrdnerl 

Rainbow trout, 
Salmo galrdnerl 

Ralnbow trout, 
Salno galrdnerl 

Ralnbo* trout, 
Salmo galrdnerl 

Ralnbow trout, 
Salmo galrdnerl 

Atlantic salmon, 
Salmo salar -- 

Atlantic salmon, 
Salmo salar -- 

Atlantic salmon, 
Salmo salar -- 

Atlantic salmon, 
Salmo salar -- 

Atlantic salmon, 
Salvo salar -- 

Broun trout, 
Salaw trutta -- 

Brown trout, 
Salmo trutta -- 

Brook trout, 
Salvellnus tontlnalls 

chrlcal 

m4c I 

Mi4Cl 

Nti4Cl 

NH4c I 

MH4Cl 

Ni4Cl 8.05 II.5 24 h 

NH3 excreted 
trcmn tlsh 

A! 
7.69 

7.69 13.2 35 d us0 0.322 Thurston A Russo 1983 

7.9 

7.82- 
8.06 

7.7 

7.81 13.6 24 h Lc50 0. 2aa Herbert A Shurben I965 

7.69 12.0 24 h LC50 In 0.15 
treshwater 

Alabaster et al. 1979 

7.92 12.0 24 h LC50 In 30s 0.3 
seawater 

Alabaster et al. 1979 

a.12 IO. 7 24 h Lc50 00 0.2 
dd; SscJl ved 

Alabaster et al. 1983 

7.8 

7-a 

7.0 

Temperature 
(‘Cl 

13.2 

I3 

8-12 

9.3 

I1 

I5 

12.8 

Durat Ion Ettect 

35 d Lc50 

Concentrat Ion 
(rg/L Md 

0.426 

Reference 

Thurston A Russo 1983 

35 d LC50 0.659 Thurston A Russo 1983 

90d Daoust A Ferguson 1904 

5 v 

Eb gill 
lesion 0”:: 

HI stopath- 
ologlcal 

3.04 

effects In 
parental and 
juveniles 

Thurston et al. l904b 

I0 h 36% o.15a 
mortal Ity 

Tay I or 1973 

“Un- No observed 0.0 
I lml ted” ef feet 

Waker A Wuhrmann 1950 

1.75 h dl stress 3.25 Phll llps 1950 

LIZ50 (3.2 0.08 
mg/L dissolved 
oxygen) 

Alabaster et al. 1983 
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Tablo 5. Wontlnuod) 

SPaclos 

Brook trout, 
Salvellnus fontlnalls 

Goldtlsh, 
Carasslus auratus 

Goldflsh, 
tsp. not specl tled) 

Goldflsh, 
tsp. not specltled) 

Goldtlsh, 
(sp. not specltled) 

Carp, 
Cyprl nu5 carp1 0 

Carp, 
Cyprlnus carplo 

Carp. 
Cyprlnus carplo 

Carp, 
Cyprlnus caprlo 

Carp, 
(sp. not specIfIedI 

Carp, 
tsp. not specl f I ed) 

Carp, 
tsp. not specltled) 

Carp. 
tsp. not specltled) 

Carp, 
tsp. not speclfled) 

Fathead ml nnou, 
Plmephales pranelas 

Chemical 

NH3 excreted 
from flsh 

PH 
7.0 

Tanpwaturm 
(‘lx 

I5 

Duratlom Etfoct 

2.5 h dl stress 

Cawontratlaa 
(WI/L MH& 

5.5 

Retuenco 

Phl I lips I950 

NH4Cl 7.9 22 24 h LC50 7.2’~~ Oorden A Bennett 1965 

NH4c I 

(NH4 )2SO4 7.60 

(NH4 )2CO3 8.0 

Urea 

Urea 0.35 16-18 6.0 h 

(NH4)2s04 

NH4Cl 

Manure 
I eachate 

(NH4 b2S04 

(NH4 b2S04 

(NH4 12S04 22 

NH4c I 

1.65 

0.75 

10 .a- 
20.5 

10.80 
20.5 

10.80- 
20.5 

16-18 

15 d 

I5 d 

I5 d 

2.42 h 

7.8 24.5 4d 

7.4 28 %h 

15-17 

7.8 

0.2 

la 

25 

7.59- 21.6- 
7 .a2 .21.9 

Wnl lml ted” No observed 
et tect 

4h death 

la h Not lethal 

I7 mln Loss of 
equlllbrlw 

45 mln Loss of 
equlllbrlln 

72h LC50 

Lethal 
threshold 

Lethal 
threshold 

Lethal 
threshold 

time to 
death 

time to 
death 

Wlnlaum 
lethal 

I .4-l .5a Chlpman 1934 

0.97-l.la Chipman 1934 

3.4-3.aa Chlpman 1934 

9.7 Nehr I ng 1962-63 

2.1 

1.4a 

Nehr I ng 1962-63 

Ma I acea 1966 

concentration 

LMO I.1 Rao et al. 1975 

0.5 Oanecker 1964 

J.fjb Kemp1 nska 1968 

0.24 Vimos 1963 

0.67 Vamos 1963 

0.52 Vamw 1963 

I .68 Sparks 1975 
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Tablo 5. KcmtInuodl 

Spulms 

Fathead ml nnou, 
Plmephales promelas 

Rltterilng, 
Rhodeur serlceus 

Rudd, 
Scardlnlus erythrophthaimus 

Creek chub, 
Semotllus atromaculatus 

Tenth, 
Tlnca tlnca -- 

Channel catf I sh, 
lctalurus punctatus 

Channel catf I sh, 
lctalurus punctatus 

Channel catt I sh, 
tctalurus punctatus 

Channel catf I sh, 
ictaiurus punctatus 

Channel catf I sh, 
I eta I urus punctatus 

Channel catt I sh, 
lctalurus punctatus 

Channel catf I sh, 
lctalurus punctatus 

Channel cat t I sh, 
I ctaiurus punctatus 

chwlcal 

Nti4c I 

(NH4 ) 2S04 7.0 24.5 4d 

NH4Cl 

Ranure 
I eachate 

t+$ excreted 
trar tlsh 

NH3 acreted 
trcia flsh 

t+13 excreted 
tran tlsh 

WI3 excreted 
from flsh 

NH4Cl 

fw4CI 

Mi4c I 

I!! 
a.0 

Tlpuaturo 
4%) 

25 

Durat Ion 

3O4d 

8.05- i2.2- 
0.30 13.2 

0.3 15-21 

6d 

24 h 

I? 20-24 h 

7.7 21.1 I rk 

7.0 21.7 I wk 

7.0 22. a 

22.0 

19.8- 
20.0 

I uk 

8.0 I uk 

7.73- 
0. I6 

48 h 

40 h 

7.0 24 h 

7.0 24 h 

ccacentratiol 
Eftoct J=&lai& 

HI stopath- 
oioglcai 

3.639 

Intracerebrai 
lerlons 

Wlnlmum 0.76a 
lethal 
cohcentrat Ion 

asymptot I c 
LC5O 

*crl tlcaf 
rang& 

time to 
death 

Lc50 

LC50 

lC50 

LC50 

Ia0 

Lc50 

uxo 

l.C.50 

0.44b Dsl I 1967 

0.26-1.2’ Gi I lette et al. I952 

2.5 Oanecker 1964 

0.974a Knepp A Arkln I973 

1.27’ Knepp A Arkln I973 

1.41a Knepp A Ark1 n I9 73 

1.97’ Knepp A Arkln I973 

2.92 Sparks 1975 

1.24- 
I .96 

l.69b 

Vaughn A Since 1977 

Tomasso et al. 1980 

2. i7b Tomasso et al. 1980 

Rofwru 

Smith I904 

Raiacea 1966 
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Tablo 5. KoatIruul) 

Spocl*s 

Channel catflsh, 
lctalurus punctatus 

Channel catfish, 
lctalurus punctatus 

Channel cattish, 
I ctal urus punctatus 

Mosqultotlsh, 
Gambusla atf lnls 

GUPPY, 
Poecllla retlculata 

ZZ;la retlculata 

Green sunt Ish, 
Lepomls cyanellus 

BluegIll, 
macrochlrus Lepoml s 

Biuegl I I, 
macroch I rus Lepoml s 

BluegIll, 
macrochlrus Lepomls 

Largemouth bass, 
Hlcropterus salmoldes 

Largernouth bass, 
Wlcropterus salmoldes 

Cb~ld 

Ni4Cl 

M-14Cl 

m# Excre ed by 
tlsh 

m4c I 

Mi4Ci 

NH4c I 

NH4Cl 

M4CI 

NH4c I 

w4w 

I!!?! 
0.0 

9.0 

Tmpwaturo 
(‘Cl 

2l- 
25 

21- 
25 

Duratloa 

24 h 

24 h 

7Ino 

7.0 21.8 I7 h 

7.0 25 

8.0 25 

7.82- 23. E 
0.56 27.3 

7.72- 21.9- 
8.00 22.1 

7.9 22 

24 h 

24 h 

31 d 

48h 

9:; 

7.0 

20 

22 

96 h 

40 h 

24 h 

7.0 22 5d 

Etfut 
Concutrat laa 

ImQ/L Mid 

Lc50 2.21b 

Lc50 i.aib 

Hi stopath- 
ologlcaf 
gi I I lesions 
In pond 
cultures 

Lc50 

0.020- 
0.067 

I.3 

IS50 O.aa 

ls50 1.4a 

Larval 
mortal lty 

lx50 

0.00 

2.30 

Lc50 8. P*f 

Lc50 

Opercu I ar 
rhythm 
frequency 
I ncrease 

0.024- 
0.0936 

0.020 

Threshold 
value 
(Increase In 
actlvlty) 

0.0055” Worgan 1978, 1979 

Re tweaco 

Taaassa et al. I980 

Tanasu, et al. 19&I 

Soduberg et al. 1904 

Hemens 1966 

Tabata 1962 

Tabata 1962 

Relnboid A Pescltel Ii 
i982a 

Sparks 1975 

Oonden A Bennett 1965 

Turnbul I et al. 1954 

Morgan 1976, 1977 
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Tablo 5. moatlnued) 

SpOClW 

Largemouth bass, 
MI cropterus sa lmol des 

Oscar, 
Astronotus ocellatus 

Oscar, 
Astronotus ocellatus 

Blue tllapla, 
Tllapla aurea 

Nemertlne worm, 
Cerebratu I us f uscus 

Mussel, 
edulls Mytllus 

Mussel, 
uytl lus edulls 

Mussel, 
Mytl lus edul Is 

Eucalanus elongatus 

ZX!k p I I eatus 

Prawn, 
Penaeus setlferur 

chealcal 

H14CI 

H14rn3 

Nti4c I 

NH4c I 

NH4Cl 

tui4c I 

NtiqCl 

NH& I 

7.9 

7.5 

7.5 

8.4 

8.5 

;:i- 

Taperdwe 

mll ( ‘C) Dwat Ion 

7.0 22 5d 

7.5 

8.1 

8.2 

25.5 9-24 h 

25.5 I3 d 

25 72 h 

SALTWATER SPECIES 

I5 106 rln 

I8 <I h 

I8 (1 h 

I8 <I h 

m 96 h 

20 96 h 

28 3 uk EC50d 0.72b*e 

conaatr~tloa 
Effect &Q/L f&k, 

Threshold 0.02aa 
value 
(Increase In 
opercul ar 
rhytlnn) 

I- 100s 
nwtal Ity 

20$ 
mortal I ty 

LC50 

LT50 2.3” 

50s rebct Ion 
In clllsry 

90s reduct Ion 
In clllary 
beatlng rate 

Gmplete ln- 
hlbltlon of 
cllla 

LC50 

lx50 

0.50- 
1.8’ 

1.4a 

2.85b 

0.097b 

O.llb 

O.ll- 
O.lZb 

MO.66 

XI.65 

Reference 

Morgan 1978, 1979 

Magalhaes Bastes 1954 

Magalhaes Rastos 1954 

Redner A Stlcknq 1979 

Brown I9 749 

Anderson et al. 1978 

Anderson et il. 1978 

hderson et al. 1978 

Venkatarmlak et al. l98lb 

Venlcataraalak et al. l98lb 

Wlckl ns 1976 
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Tablo 5. Koatlnwd) 

smcl.8 

Prawn, 
Macrobrachlum rosenberqll 

Prawn, 
Macrobrach I urn rosenberq I I 

Pram, 
Uacrobrachlum rosenbergll 

Prawn, 
Wacrobrachlum rosenbergll 

Prawn, 
Macrobrachlum rosenbergll 

Prawn, 
Macrobrachlum rosenbergll 

Prawn, 
Macrobrachlua rosenbergll 

Prawn, 
Macrobrachlum rosenbergll 

Prawn, 
Macrobrachlua rosenbergll 

Prawn, 
Macrobrachlum rosenberqll 

Prawn, 
Macrobrachlum rosenberqll 

Prawn, 
Macrobrachlum rosenbergll 

Grass shrlrp, 
Palaemonetes puqlo 

chrlcal 

Nti4Cl 

NH4Cl 

tW4CI 

NH4Cl 

NH4CI 

NH4Cl 

Nti4Cl 

NH4Cl 

NH4C I 

NH4Cl 

Nti4c I 

Nti4Cl 

M&c I 

I!,! 
7.0 

7.0 

7.0 

6.83 

6.83 

7.60 

7.60 

8.34 

8.34 

6.83 

7.60 

ILO- 
8.2 

Temperatwo 
( *a 

29.2 

29.2 

29.2 

28 

28 

20 

20 

28 

28 

28 

28 

28 

20 

concontrat Ion 
Duration Effect (Da/L NM 

1700 
aln. 

1400 
nln. 

560 
min. 

6 uk 

LT50 l.7b 

LT50 2.7b Wlckl ns 1976 

LT50 3.4b Wlckl ns 1976 

O.lZb 

24 h 

30-40s 
Grwth 
reduct Ion 

Lc50 0.66 Armstrong et al. 1978 

I44 h Lc50 0.26 

24 h Lc50 2.10 

144 h Lc50 0.80 

24 h Lc50 3.58 

I44 d Lc50 1.35 

7d Reduction In 
grouth rate 

0. I I 

7d Reduction In 
growth rate 

0.63 

48 h lC50 0.34- 
0.53c 

Reference 

Wlcklns 1976 

Wlckl ns 1976 

Armstrong et al. 1978 

Armstrong et al. 1978 

Armstrong et al. 1978 

Armstrong et al. 1978 

Armstrong et al. 1978 

Armstrong et al. 1978 

Armstrong et al. 1978 

Hal I et al. 1978. 
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Tablo 5. uhntInued1 

Sfmcles 

Lobster, 
Hcmarus amer I canus 

coho salmofl, 
Oncorhynchus klsutch 

Atlantic salmon, 
Salmo salar -- 

chwlcal 

NH4C I 

rn4Cl 

Mi4Cl 

J!!! 

8. I 

7.46- 
7.90 

21.9 

15.5- 
I6 

11.9- 
13.8 

coaantratIoa 
ouratlon Effeci (ma/L u Ref erenco 

Bd LC50 l.7b Del lstraty et al. 1977 

48 h l&50 0.50 Katz 6 Plerro 1967 

24 h LC50 0. I4- Alabaster et al. 1983 
0.26 

a Recalculated fra authors’ total amonla values. 

b Recalculatad from authors’ NH3-N values. 

c Estimated fran authors’ graphs. 

d EC50 based on reductlcm In grouth. 

e Auttm+s calculated NH3-EI values could be Increased h up to 11% due to ImprecIsIon of pti measurements (Ylcklns 1976). 

fpH and tanpereture data fran: Freman 1953. 

g pti data obtelned frcm: Brown, A., personaf conmunlcatlon. 

h Recalculated fran authors’ NH3 value (see text). 
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