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APPENDIX C-1






TABLE C-1
ACREAGES AND DISCHARGE POINTS FOR SACRAMENTO VALLEY WATER AGENCIES (1987)

TOTAL RICE
AGENCY NAME ACRES ACRES DISCHARGE POINT
Biggs W. Gridley W.D. 20000 14000 Butte Creek and Morrison Slough
1 (1)
Brown's Valley 1.D. 11000 1702 Jack Stough
1
Butte Creek D.D. 67083 - Butte Creek
1
Butte Slough 1.D. - - Butte Creek
Butte Water District 14000 3400 Morrison Slough
1
Colusa County W.D. 46000 &4 Colusa Basin Drain
Cordua 1.D. B850 7000 Jack Slough
Cortina Water District 502 0 Colusa Basin Drain
1
Davis Water District 960 240 Colusa Basin Drain
1
Drainage District No. 2 7431 - Butte Creek
Drainage District No. 100 5000 - Butte Creek
1
Drainage District Mo. 200 5000 5000 Butte Creek
Drainage 501 & 502 - - Butte Creek
Dunnigan W.D. 10500 0 Colusa Basin Drain
I
Durham Mutual W.D. 1500 T o120 Butte Creek
I -
Feather River W.D. 8000 250 Sutter Bypass to Sacramento Slough
1
Glenn-Colusa 1.D. 172500 82677 Colusa Basin Drain
Glenn Valley W.D. - - Colusa Basin Drain




TABLE C-1, continued page 2
TOTAL RICE

AGENCY NAME ACRES ACRES DISCHARGE POINT

Glide 1.D. 7600 1000 Colusa Basin Drain
1

Hallwood Irrigation Co. - - Jack Slough

Holthouse W.D. 1400 0 Colusa Basin Drain
I

Kanawha W.D. 15060 2500 Colusa Basin Drain
1

Lagrande W.D. 1400 980 Colusa Basin Drain
I

4M WD, 200 0 Colusa Basin Drain
I

Maxwell I.D. 7000 3000 Colusa Basin Drain
I

Meridian Farms Water Co. - - Sutter Bypass to Sacramento Slough

M&T., Inc. - - Butte Slough

Natomas Central Mutual W.D. 35343 15000 Sacramento River
1

Orland-Artois W.D. 20000 2770 Colusa Basin Drain
1

Orland Unit W.D. 21000 ¢] Colusa Basin Drain

Pleasant Grove - Verona Mutual W.D. 7600 3000 Cross Canal
I

Priceton Cordora Glenn I.D. 13500 5200 Colusa Basin Drain
I

Provident I.D. 15000 142560 Colusa Basin Drain
I .

Ramirez W.D. 2092 2092 Jack Siough
1

Reclamation District 10 - - Jack Slough

Reclamation Districts 70 & 1660 33000 3500 Sutter Bypass to Sacramento Slough




TABLE C-1, continued

page 3

TOTAL RICE
AGENCY NAME ACRES ACRES DISCHARGE POINT
Reclamation District 108 47700 16900 Sacramento River
I
Reclamation District 479 6000 1000 Colusa Basin Drain
I
Reclamation District 787 9383 2270 Colusa Basin Drain
Reclamation District 833 338000 38000 Butte Creek
1
Reclamation District 1000 55000 15600 Sacramento River
Reclamation District 1001 32000 6000 Cross Canal
1
Reclamation District 1004 23600 10560 Butte Creek
1
Reclamation District 1660 - - Sutter Bypass to Sacramento Slough
Reclamation District 2035 18000 &6700- Tule Canal to Toe Drain to Sac. R.
I 11000
Reclamation District 2047 230000 - Colusa Basin Drain
Reclamation District 2056 8600 1000 Wadsworth Canal to Sac. Stough
I
Richvale 1.D. 27500 17065 Butte Creek
Sartain Mutual Water Co. 767 580 Butte Creek
South Sutter W.D. 42000 20000 Cross Canal
1
Sutter Extension W.D. 25000 " 11000 Sutter Bypass to Sacramento Slough
Sutter Mutual Water Co. 46TLE 14000 Sutter Bypass to Sacramento Slough
R.D. 1500 & R.D. 1660 I
Tisdale 1.D. - - Sutter Bypass to Sacramento Sltough
West Side W.D. 12000 1000- Colusa Basin Drain
1 1200




TABLE C-1, continued page &
TOTAL RICE
AGENCY NAME ACRES ACRES DISCHARGE POINT
Western Canal W.D. - 35000 Butte Creek
Willow Creek Mutual W.D. 4500 2200 Colusa Basin Drain
I
Yolo County Flood Control 191000 4000 Toe Drain to Sacramento River
& Water Cons. District
Yolo - Zamora W.D. 21500 approx.0 Colusa Basin Drain

(1) I = Total irrigated acres versus total area within district.
(2) Some areas are serviced by irrigation or water districts and
a reclaimation district therefore some acreages may be listed

more than once.
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TABLE C-3

HIGH USE MATERIALS REPORTED IN PURS WITH INSUFFICIENT CHEWMICAL PROPERTY DATA.

CHEMICALS USED DURING MAY-OCTOBER, BUT LACK Kow OR SO:L T 1/2 DATA

CHEMICAL SOIL T 1/2 LOG TOTAL POUNDS
{DAYS) Kow APPLIED IN 1982
ACEPHATE - -2.04 17838
ANTOR . - - 6371
ALUMINUM PHOSPHIDE - - 6111
AROMATIC PET. SOLVENT - - 154256
AROMATIC PET. DISTILLATES - - 8434
CAPTAFOL - 3.95 * 90183
CARBON DISULFIDE - 2.00 6029
2-CHLORO-N-{2-ETHYL-6-METHYLPHENYL)

-n- (2-METHYLPHENYL ) -N- (2-METHYL) - - 6266
CHLOROTHANONIL - 4.34 * 46434
CYHEXATIN 11¢ - 4334
2,4-D,N-OLEYL-1,3-PROPYLENE-

DIAMINE SALT - - N/A
D-D MIXTURE - 1.98 700573
DICAMBA, DIMETHYLAMINE SALT 24.5 - 6707
DNBP, AMINE SALTS - - 2492
ETHION - 2.61 * 4798
MANEB - - 26010
MANEB, WITH ZINC ION - - 53593
NALED - 1.38 4832
PETROLEUM DISTILLATES - - 181260
PETROLEUM HYDROCARBONS - - 88995
POLY-1-PARA-MENTHENE - - 4152
PROPARGITE - 3.52 % 106414
SILVEX, PROPYLENE GLYCOL BUTYL

ETHER ESTER 17.5 - 39747
SULFUR - - 2160686
VINYL POLYMER - - 3991
XYLENE - 3.33 158865
XYLENE RANGE AROMATIC SOLVENTS - - 94546

* Calculated (as opposed to measured) values.
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MOL INATE

TABLE C-4

SUMMARY OF MOLINATE AND THIOBENCAF B CONCENTRATIONS

IN AGRICULTURAL DRAIN EFFLUENT DISCHARGIN: TO THE SACRAMENTO RIVER.

SURVEILLANCE OBSERVATIONS CONCFNTRATION DURATION OF
AGRICULTURAL DRAIN (1) YEAR PERIQD (n) RANGE (ppb) DETECTION REFERENCE(6)
Colusa Basin Drain 1987 4/29-6/29 15 <1.0-43 59 days (5/1-6/29) i
19856 5727 1 <5.0 ND (3) i
1985 4/26-6/26 15 0-95 57 days (5/1-6/26) h
1984 4/25-6/27 14 .8-120 56 days (5/2-6/27) g
1983 4/27-7/11 17 <1-211 54 days (5/18-7/11) e
1982 5/6-7T/14 16 <1-204 47 days (5/21-7/7) e
1981 3/9-9/28 29 <1-310 77 days (4/27-7/13) c
1081 4/30-8/14 16 10-340 74 days (4/30-7/14) b
1980 2/19-12/15 25 <1.3-190 ND [
1980 6/10-9/8 8 <1-60 -- b
Reclamation Slough (4) 1986 6/5 1 7.8 1 day (6/5) i
1982 5/6-7/14 16 <1-82 47 days (5/21-7/7) d
1981 4/30-8/14 16 <1-187 75 days (4/30-7/14) b
Sycamore Slough (RD108) 1986 5/28-6/5 2 1.7-13.0 8 days (5/28-6/5} i
1985 4/26-6/26 15 0-47 49 days (5/8-6/26) h
1983 6/7-6/21 3 11-60 --- f
1982 5/6-T/14 16 <1-187 49 days (5/25-714) d
Sacramento Slough 1987 4/29-6/29 15 <1.0-22 49 days (5/11-6/29) j
1986 5727 1 4.7 1 day (5/27) i
1984 4/25-6/27 14 0-46 49 days (5/9-6/27) h
1983 4/27-7/11 17 <1-68 46 days (5/26-7/11) d
Butte Slough 1987 4/29-6/29 15 <1.0-44 49 days (5/11-6/29) j
1986 5/29-6/12 3 34.0-38.0 14 days (5/29-6/12) i
1982 - 5/6-7/14 16 <1-187 47 days (5/21-7/7) d
Natomas Drain (RD1000) 1985 4/26-6/26 15 0-8 41 days (5/16-6/26) h
1984 4/25-6/27 14 0-49 43 days (5/15-6/27) g
1983 6/7-6/21 3 14-90 ND f
1982 5/6-7/14 16 <1-141 47 days (5/21-7/7) d
1976 5/18-7/20 9 <20-210 42 days (5/25-7/6) a
Liberty Cut (5) 1983 6/23 2 59,84 ND f
Toe Drain (5) 1986 6/2 1. 2.0 1 day (6/2) i
1983 6/17-6723 4 98-57 ND f
Sutter Bypass 1985 4/26-6/26 15 0-38 50 days (5/8-6/26)
1984 4/25-6/27 14 0-42 49 days (5/9-6/26) g

(1) Data selected from stations located near the outfall to the Sacramento River.

(2) (n) = number of days sampled.
(3) ND: Not determined due to insufficient data.
(4) Discharges to the Sacramento River via Sacramento Slough.

(5) Discharges to the Northern Delta at Prospect Slough.



TABLE C-4, continued page 2
THIOBENCARB
SURVEILLANCE CONCENTRATION DURATION OF
AGRICULTURAL DRAIN (1) YEAR PERIOD OBSERVATIONS RANGE (ppb) DETECTION REFERENCE (&)
Colusa Basin Drain 1987 4L/29-6/29 15 <0.5-3.7 18 days (5/21-6/8) j
1985 5727 1 <1.0 ND (3) i
1985 4/26-6726 15 0-19 49 days (5/8-6/26 h
1984 4725-6/27 16 6-7.5 36 days (5/15-6/20) g
1983 4/27-7/11 17 <.5-11.3 43 days (5/31-7/11) e
1982 5/6-7/14 16 <1-57 40 days (5/21-6/30) d
1981 4/30-8/14 16 <i-21 49 days (5/12-6/30) b
Reclamation Slough (4) 1986 675 1 4.9 1 day (6/5) i
1982 5/6-7/14 16 <1-48 47 days (5/21-7/7) d
1981 4/30-8/14 16 <1-39 28 days (5/18-6/15) b
Sycamore Slough (RD108) 1988 5/28-6/5 2 1.0-24.0 8 days (5/28-6/5) i
1985 4f26-6/26 15 0-53 30 days (5/13-6/26) h
1982 5/6-7/14 16 <1-110 40 days (5/21-6/30) d
Sacramento Slough 1987 4/29-6/29 15 <0.5-0.6 1 day (6/4) i
1986 5/27 1 <1.0 ND i
1984 4/25-6/27 14 0-7.8 29 days (5/24-6/20) 9
1983 &/27-7/11 17 <.5-4.9 38 days (6/3-7/11) e
Butte Slough 1987 4/29-6/29 15 <0.5 ND i
1986 5/29-6/12 3 <0.5-1.0 1 day (6/5) i
1982 5/6-7/14 16 <1-10 39 days (5/25-6/30) d
Natomas Drain (RD1000) 1985 4/26-6/26 15 0-8.9 30 days (5/27-6/26) h
1984 4/25-6/27 14 0-49 36 deys (5/22-6/27) g
1983 &/7-6/21 3 2.3-14 ND f
Liberty Cut (5) 1986 6/2 1 <0.5 ND i
1983 6/23 3 2.5,3 ND f
Toe Drain (5) 1986 6/2 <0.5 ND i
1983 6/17-6/23 5 2.4-3 ND f
Sutter Bypass 1985 4/26-6/26 15 0-4.4 23 days (5/20-6/12)
1984 4/25-6/27 14 0-2.1 22 days (5/22-6/13)
(6) a = Van de Pol and Plescia, 1978 f = Cornacchia and Schnagl, 1983
b = Finlayson et al, 1982 g = Finlayson and Lew, 1984
c = Tanji et al, 1982 h = Finlayson and Lew, 1985
d = Finlayson and Lew, 1983a i = Calif. Dept. Food and Ag, 1986
e = Finlayson and Lew, 1983b j = Calif. Dept. Food and Ag, 1987
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TABLE C-7

MASS BALANCE OF THIOBENCARB EMISSIONS DISCHARGED TO THE SACRAMENTC RIVER, 1985.

RD 108 SACRAMENTO SL.  COLUSA BASIN DR.  TOTAL SACRAMENTO RIVER *
DATE MEASURED MEASURED MEASURED EMISSIONS FLOW PREDICTED  MEASURED

(kg/day) (kg/day) (kg/day) (kg/day) (cfs) (kg/day) (kg/day)
MAY 7 0 0 2.6 3 9670 0.1 <1.0
MAY 12 0 0 16.6 17 10600 0.6 <1.0
MAY 15 4 i) 25 29 11000 1.1 1.2
MAY 19 1.2 9.4 28.4 49 13000 1.5 1.0
MAY 22 11.3 19.7 5.8 57 11800 2 2.1
MAY 26 13.7 22.3 442 80 12800 2.6 1.7
MAY 29 13.8- 26.2 5.4 9% 14000 2.8 2.5
JUNE 2 9.4 30.7 6.6 107 14100 3.1 4.1
JUNE 5 2.3 15.8 30 48 12500 1.6 1.9
JUNE 9 1.6 10.5 10.3 22 10700 0.9 0.9
JUNE 12 1.8 5.6 5.1 13 10900 0.5. 0.6
JUNE 19 0.9 1.5 2.7 5 10100 0.2 <1.0
JUNE 26 ) 0 3.6 4 11100 0.1 <1.0

* CONCENTRATIONS MEASURED AT VILLAGE MARINA: FLOWS RECORDED AT VERONA {USGS STATION NUMBER 11425500).
"PREDICTED™ CALCULATED BY SUMMING THE DRAI!, EMISSIONS AND DIVIDING BY THE RIVER FLOW.
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CONCLUSIONS

The 96-hr LCS50 values of molinate to 6-day old and 24-day old
striped bass larvae were 6.6 and 7.9 mg/liter, respectively.

The 96-hr LC50 values of thiobencarb to 6-day old and 24-day old
striped bass larvae were 0.35 and 0.67 mg/liter, respectively.

The 96-hr LC50 values of molinate and thiobencarb mixture to 6-day
and 24-day old striped bass larvae were 3.8 mg/liter molinate and
0.33 mg/liter thiobencarb and 3.1 mg/liter molinate and 0.24
mg/liter thiobencarb, respectively.

The acute toxicity of molinate and thiobencarb increased with
increased exposure time (48 to 144 hr) and decreased with increased
age (6 to 24-day old) of larvae.

Mixtures of molinate and thiobencarb had additive toxic effects.

A no observable effect level (based on reduced growth) for 28-day
old larvae of 0.20 mg/liter molinate and 0.006 mg/liter thiobencarb
was obtained from a 21-day exposure to a mixture of molinate and
thiobencarb.

Results obtained from several tests were questionable because of
high mortality (> 20Z) of control groups, contamimation of dilutiom
water with volitilized molinate, and large variatiom in toxicant

concentration.
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RECOMMENDATIONS

The herbicide mixture acute toxicity tests should be repeated
because of high toxicant comcentratior varatiom in the treat-
ment groups. The variation can be s..ztantially decreased by
replacing the rotatmeter diluter wi'h a proporticmal diluter.

The berbicide scute toxicity tests on striped bass embryos and

@

prolarvae should be repeated becouse of high mertality im centrol

greups. Survivel Ir coptrel groor: CAnR e improved with test
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oo of molinste im the comrrol groups

czn be elimirated b provisinp adeguate ventilatior ip the te=sting
TCOMm.

Younger life-history stages of striped bass should be exposed tc
the nerbicides during chronic tests because they are more semsitive
and growing at & faster wate than oider larvae.

Field testing of meolinate and thiobencarb to larvel striped bass
shouid be postponed to 1986 enabling laboratory culture and testing

to be refined in 1985.






INTRQDUCTIOH
Justification for Study

Rice herbicides Ordram (molinate) and Bclero {(thiobemcarb) have been
detected in the Sacramento River from Kniyrt“s Landing downstream to Rio
Vista (California Department of Food anﬂ_Agriculture 1984). Since 1980, the
California Department of Fish and Game "CDFG) has monitored the level of
rice pesticides present in the agricu':zural drasins which discharge inteo the
striped bass, Morome saxatilis, spawT ing grounds of the Sacramento River
(Finlayson and Lew 1983a; 1983b; 1974, The short-term and long-term effects
of these chemicazls on survival and development of embrycs and larvae of
striped bass are unkmown. In Se-tember 1983, CDFC began s three year study
to determine the toxic effects »f rice pesticides from agricultural drain
water otn the esarly developmenta' stages of striped bass as proposed by
Finlayson et al. (1982a).

The annual rice crop in Califormia has fluctuated betweez a low of
180,000 acres and & high of 540,000 acres (Table 1}). Over 90Z of the rice
acreage in Cslifornia is grown in Butte, Colﬁsa, Glenn, Sacramento, Sutter,
and Yolo counties in bands bordering the west and e#st banks of the
Sacramento River (Figure 1).

A variety of insecticides and herbicides have been used on rice in
California (Table 2) for comtrol of pests, primarily tadpole shrimp and rice
leafminer and watergrass, sagetop, and arrowhead, respectively. Rice is a
semi-aquatic plant, and its culture in California requires continual

flooding with water movement through the inundated field.



Table 1. Ten-year trend in California rice acreage.a/

Year Acreage
1974 176,000
1975 332,000
1976 256,000
1977 207,000
1978 352,000
1979 374,000
1980 | 435,000
1981 508,000
1982 538,000
1983 348,000
1984 ; 510,000

a/

=’ CDFA, Annual Pesticide Use Reports.
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Table 2. Major pesticides used on rice in 1982.a/

Insecticides
Chemical Pounds (a.i.)
Furadan 115,000
Methyl parathion 101,000
Carbaryl : 84,000
Parathion 15,000
Herbicides
Chemical Pounds (a.i.)
Ordram 1,505,000
Bolero 675,000
MCPA 406,000
Bentazon 124,000
Propanil 84,000

Silvex 40,000

al CDFA, 1982 Annual Pesticide Use Report.



Water runoff from rice fields into agricultural draims and, ultimately into
the Sacramento River is at the present time un.voidable because of cultural
requirements. Pesticides accompany this rursff which typicslly occurs from
May through July.

The CDFG and Californiez Regional Weter Quality Control Board-Central
Valley Region (CVBRWQCB), and Californic Department of Food and Agriculture
(CDFA) have monitored the off-target novement of rice pesticides into State
waters since 1978 (Van de Pol 1978; “inlayson et al. 1982b; Finlayson and
Lew 1983a; 1983b; 1984; CDFA 1984). These studies have identified the
Colusa Basin Drain, Natomas DraiL; Reclamation Slough, Reclamation District
108, Butte Slough, Sutter By-Pase, and Sacramento Slough as major sources of
agricultural runoff from rice fi:lde into the Sacramento River (Figure 2),
Water samples taken during théfe investigations were analyzed for
concentrations of ethyl parathion, methyl parathion, molinate (Ordram),
thicbencarb (Bolero), and 2, methyl-4-chlorophenoxy acetic acid (MCPA).
Ethyl parathion and MCPA were never detected in the water samples, and
methyl parathion was only»intermittently detected at concentrations up to
3.0 ug/liter! 100 times less than concentrations demonstrated to be acutely
toxic to fish (Johnsor and Finley 1980). High levels of molinate and
thiobencarb have, however, been detected in agricultural drain water from

1981 through 1984; concentratioms approaching 700 ug/liter molinate and 200
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ug/liter thiobencarb have beer detected in the {oluss Basin Prainm {Figures
and 4). Detectable concentrations of rice berticides im the agricultural
drains have lasted for up tc 6 days.

Residues of these herbicides in whit.. :atfish, Ictalurus catus, and

chanpel catfieh, Ictalurus punctatus, frex the Colusa Basin Draim have
approached 2.0 ug/g molinate and 5.0 uy g thiobencarb (Finlayson and Lew
1983b).

The CDFG originally became invo:ved with monitoring rice pesticides
because of extensive fish lcsses {(ur to 30,000 fish) which bhad been
occurring annually ir the agricult.ral drains since the mid-19707s. .Carp:
Cyprnus carpio, was the primary species killed. Finlayson et al. (1982b)
concluded that wster temperatur:c and dissolved oxygen concentratione were
not limiting factors for surviv:l of channel catfish, white catfish,
bullhead, Ictalurus nebulosus, bluegill, Lepomis macrochirus, crappie,
Pomoxis nigromaculstus, largemouth bass, Micropterus salmoides, and carp
which inhabit the agricultural drains. Ordram was highly suspected of
causing the fish losses based orn the texicity data of molinate to carp
presented by Kawatsu (1977). Kawatsu (1977} determined thst mclinste
produces anemis and eventual death in carp during sub-chromic {2i-day)
exposure. These effects of molinate on carp were reaffirmed in a field
study (Finlayson and Lew 1983b) and a laboratory study (Finlayson and
Faggeila MS 1984). Bolero usage on rice began in 1981. The presence of
Bolero in Sacramento River water was believed responsible for imparting an

off-flavor to the water supply of the City of Sacramento. Because of the

>
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adverse effects of molinate and thiobencarb on bemeficial uses of water,
CDFA in 198Z began a series of regulatory actions aimed at curtailing the
off-target movement of Ordram and Bolero. These actions have included: 1)
mandatory holding times of herbicide treated waters om rice fields (allowing
dissipation.and breakdown of chemical on farget); 2) requiring a permit for
their use (providing enforceability of use restrictions); and 3) limiting
sales (restricting the amounts used).

The 65-km section of the Sacramento River extending from Colusa
downstream to Sacramento (Figure 2) receives large volumes of agricultural
return water from rice fields. During low to normal outflow years,
discharge from agricultural drains may contribute over one-third of the
total river flow above the confluence with American River (Hansen 1982).
Both molinate (up to 42 ug/liter) and thiobencarb (up to 12 ug/liter) have
been detected in the Sacramento River in 1982 through 1984 for up to 40 days
(Figures 5 and 6).

Spawning of striped bass, American shad, Alosa sapidissima, and white
sturgeon, Acipenser transmontanus, occurs in the rice herbicide impacted
zone of the Sacramento River around Knight“s Landing during peak discharges
from the agricultural drains; from April to mid-Jume up to 67% of spawning
of striped bass occurs in the Sacramento River from Isletom to Butte City
(Farley 1966; Turnmer 1976). Additionally, downstream migrant king salmon,
Oncorhynchus tshawytscha, are present in the Sacramento River and

agricultural drains (Butte Creek) durimg this period (Kjelson et al. 1981).

_10_.
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Interm Water Quality Guidelines

The data of Finlayson and Faggella {MS 198%), Kawatsu {1977), and
Chevron Chemical Company and Stauffer Chemical Company pestiéide
registration files were used to develop interim water quality guidelines of
24 ug/liter thiobencarb and 90 ug/liter solinate for protection of aquatic
organisms inhabiting the agricultural drains and the Sacramento River from
Ordram and Bolero (Carper 1984).

The guidelines were considered interim because a comprehensive
assessment of the hazards to residen: and anadromous fisheries in the
Sacramento Valley was not possible since there were few chronic exposure
studies for the two herbicides. A better assessment can be made within the
next few years when the present study and others have been cﬁmpleted.

Scope of Study

The objectives of this study are as follows:

1) Determine the acute and chromic toxicity of rice pesticides in
Sacramento River and agicultural drain water to embryonic and larval striped
bass;

2) Characterize the exposure of striped bass eggs and larvae to rice
pesticides {Ordram and Bolero) in the Sacramento River;

3) Integrate monitoring and toxicity informatiom into a risk assessment
model for predicting the impacts of agricultural return water with varying
concentrations of rice pesticides on the striped bass fishery; and

4) Recommend appropriate corrective actions to the CDFA for

implementation.

=13~



Tasks Completed in 1984

Between October 1, 1983 and November 30, 1984, the following tasks were
completed relative to the study’s overall objectives. These are as follows:

1) Monitored rice herbicide concentrations in the Sacramento River and
associated agricultural drains during 1984 rice growing season and prepared
a report on the findings (Finlayson and Lew 1984);

2) Devloped testing and culturing protocols and faéilities for early
1ife history stages of striped bass; and

3) Determined the sensitivities of striped bass prolarvae and larvae to
rice herbicides Ordram and Bolero.

The design snd construction of culture and testing facilities were
completed during the winter of 1984, The striped bass larvae were
maintained in a recirculating system at the CDFG Fish Disease Laboratory
and, the continuous-flow toxicity tests were conducted in the CDFG Mobile
Bioassay Laboratory, both adjacent to Nimbus Hatchery on the American River.
Acute and chronic tests on Ordram, Bolero, and a mixture of the two
herbicides were conducted between May 1 and Jume 30, 1984.

This report describes the culturing and testing protocol and facilities
used during the 1984 tests, the acute and chronic test results, problems
encountered with the culturing and testing of larval striped bass, and

recommended corrective actions for these problems.

_14_.



HMETRODS AND MATERIALS

Study Schedule

Design and comstruction of the testing and rearing facilities began in
September 1983 and were completed in April 1984.

Toxicity testing on embryomic and larval striped bass began on May 1,
1984 and was completed on Junme 29, 1984. Twenty one acute toxicity tests (7
test series) and three chroric tests (' test series) were attempted during
this two month period (Table 3). All test organisms came from three spawns
(families) of striped bass.
Description of Life History Stages

Striped bass go through four life history stages: embryonic, larval,

juvenile, and adult. The larval stage has been divided into prolarval and
postlarval periods by Rogers et al. (1982). The period from hatching to
yolk absorbtion and omset of feeding (4 to 10 days pokt-hatch) is known as
the prelarval stage, and the period from prolarval stage to metamorphosis
(22 to 76 days post-hatch) is known as the postlarval stage (Table 4).
Metamorphosis of larvae to juveniles occurs at approximately 40 days
post~hatch at 18 C. The juvenile stage lasts for three to four years at
which time they become sexually mature.
Culture Methods

The Nimbus testing and rearing facility cultured striped bass beginning
with fertilized eggs at 6 to 12 hr prior to hatch. The fertilized striped
bass eggs came from the CDFé,ﬁentral Valley Fish Hatchery (CVFH) located at

Elk Grove, California. The CVFH is located approximaﬁely 25 miles from the

..15-
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Table 4. Early life-history stages of striped bass raised at 18 C (after
Rodgers et al. 1982).

Age

Total length
(mm)

Characteristics

51.8 hr after
fertilization

3 days after
hatching

& to 7 days
after hatching

20 to 30 days
after hatching

40 days after
hatching

3.25 to 4.71

5.04 to 5.77

5.5 to 7.5

10, 12 to 16

11.9 t> 20.4

_17_

Hatching completed for eggs

Eye pigmented; gut differentiated
ventrally pigmented; pectoral buds
Yolk sac absorbed

Differentiation of rays in caudal,
anal, and dorsal fins. Myotomes
correlated with number of

vertebrae

Metamorphosis



Nimbus test facility. Eggs were transported via automobile from CVFH to the
Nimbus facility; travel time was approximately 30 minutes. The fertilized
eggs were placed in plastic bags inside a stryofoam ice chests at CVFH prier
to transportation. Upon arrival at the Nimbus facility, some of the embryos
were subjected to the toxicants in tests. Those eggs not used in the
toxicity tests were hatched in modified plexiglass MacDonald hatching jars
(Figure 7).

-One hatching jar was immersed in each quadrant of the circular tank
which was supplied with water from the recirculating rearing system
described below. The quartity of water flowing into the hatching jar was
adjusted so that the eggs were kept suspended. As eggs hatched, the
prolarvae were carried out of the hatching jar and into the quadrant of the
circular tank by the overflowing water.

The rearing system consisted of a 1000-liter circular fiberglass tank
with the volume adjusted to approximately 700 liters. Water in the system
was recirculated through a bioclogical filter. The tamk was divided into
quadrants with plexiglass frames covered with 500 um mesh polypropylene
screen (Figures 8 and 9). Water was pumped from the filter inmto the tank
through PVC pipe jets located on the bottom of the tamk. The jets caused an
upwelling current. Water flowed out of the tank through a central drain
which was screened with 500 um mesh polypropylene screen. Water leaving the
tank flowed by gravity through the biclogical filter and was then pumped

back to the rearing tank. ‘The filter consisted of a 66 x 61 x 47 cm box
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Figure 7. MopirF1eD MACDONALD HATCHING JARS.
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FIGURE 8. EGG AND LARVAL REARING TANK WITH 'SCREENED QUADRANTS.
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made of fiberglassed Crezon plyyood (Figure 9) filled with fine gravel and
oyster shells, 1l cm deep.

Water temperature of the tank and filter was maintained at 19 C by a
Frigid Model D1-33 refrigeration unit emersed in the filter bed.

Water temperature was monitored twice daily.

Salinity of the water was adjusted to 5 o/oo and monitored once a week
with a YSI Model 33 conductivity meter. Water was added to the system when
needed to maintain the salinity at 5 ofoco. Dissolved oxygen and ammonis
were not monitored. One complete water change was made approXimately two
weeks after the initial batch of embryos were received.

The prolarvae and postlarvae were fed San Francisco Bay brand artemia
nauplii. Feeding was begun on the second day after hatching. The prolarvae
generally start feeding the fourth day after hatching (Rogers et al. 1982);
feeding aﬁ this earlier time allowed the larvae 2 days to imprint om the
nauplii. The feeding density was approximately 5,000 nauplii per liter as
suggested by Rogers et al. (1982). The larvae were fed twice daily at 0800
and 1600 hrs.

The artemia nauplii were cultured in two-liter plastic soda bottles
which had the bottoms removed (Figure 10). Salinity of the culture media
was adjusted to 35 ofoo sodium chloride, and 15 ml of artemia cysts were
added per twe liters of culture media. Each bottle was aerated for
circulation. The artemia acysts were incubated for 72 hours at
approximately 24 C, After-72 hours, the seration was terminated, and the

cyst shells floated to the top of the jars and were manually removed. The
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Ficure 10, ARTEMIA REARING SYSTEM (2-LITER INVERTED PLASTIC SODA BOTTLES).
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nauplii were fed to the striped bass larvae using a calibrated plastic
pipette.

Samples were collected from the rearing facility for histological
examination at 2 to 3—day intervals from hatch to metamorphosis to establish
a record of development. Each sample consisted of five individuals which
were preserved in bouin”s solutiom.

Testing Methods

The toxicity tests were conducted in a 7.3 x 2.4 m mobile bioassay
laboratory (Figure 11) located at the Nimbus facility. The 1abor§tory had
three diluters which allowed three toxicants (molinate, thiobencarb, and the
molinate and thiobencarb mixture) to be tested comcurrently. Each diluter
supplied twélve 81 x 15 x 21 cm aquaria, six toxicant concentrations
(including controls) in duplicate. The aquaria were made of glass and
silicone adhesive with water volumes adjusted to approximately 26 liters.
Molinate and thiobencarb were tested individually with the solencid valve
proportional diluters, and the molinate and thiobencarb mixture was tested
with a rotameter type diluter. The proportional diluters (Figure 12) were
modified Mount-Brung types constructed of glass, stainless steel, teflonm,
and silicone. The rotameter diluter was constructed with variable area
flowmeters, teflon tubing, and nylon tubing fittings (Figure 13). The 50%
volume replacement time in the test aquaria was 6.5 hr.

The continuous flow tests were conducted at the nominal termperature
and salinity of 19 C and 2 ©/oo respectively. Quality of the ummodified

incomming American River water used for dilution in the tests varied in
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Ficure 11,

CDFG MORILE BIOASSAY LABORATORY.
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Figure 12. SOLENOID VALVE PROPORTIONAL DILUTER.
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Ficure 13. ROTAMETER TYPE DILUTER.
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temperature from 14 to 17 C and in conmductivity from 50 to 60 umhos/em. The
temperature and salinity of the dilution water was adjusted and monitored
prior to use in the tests (Figure 14).

Temperature of the incoming dilution water was adjusted by heating a
portion with a Dura Power stainless steel hotwater heater and blending it
back into the dilution water line through a Gillman variable area
flowmeter. Salinity of the dilution water was zdjusted to 2 o/oo by
injecting artificial seawater at a salinity of 35 o/oo back into the
dilution water using a Cole-Parmer variable speed peristaltic pump. The
seawater was stored in two 600-liter polyethylene tanks. The seawater was
made by mixing 18 kg of Marine Environment sea salts with 563 liters of
unmodified American River water for several hours with a Cole—Parmer 1/3
h.p. shaft-drive mixer. This quanity of seawater was sufficient for 48
hours of testing. The warmed saline dilution water was then filtered
through a Teel fiberglass cartridge filter (porosity of 10 uﬁ) before
passing through the Montedoro-Whitney Model WQM-1 water quality monitor
(WQM). The temperature, pH, conductivity and dissolved oxygen of the
dilution water were measured and recorded at 30-minute intervéls by the WQM.
Direct readings of the WQM were used to adjust the flows of the hot water
and sea water several times daily.

Five test chamber designs were used during the testing period: 1) a
modification of the flow-through egg chamber used by Burton (i982) which was
manufactured from glass, silicome, and 350 um mesh polypropylene screen,

used in Test Series 1 (Figure 15); 2) a 14 x 8 x 25 cm box manufactured from
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500 um mesh polypropylene screem, used in Test Series 2 and 3 (Figure 16);
3) a 14 x 8 x 13 cm box manufactured from 500 um mesh polypropylene screen,
used in Test Series 4; 4) a 13 x 13 x 10 cm box manufactured from 350 um
mesh polypropylene screen (sides) and 500 um mesh polypropylene screen
(bottom), used in Test Series 5, 6, 7, and 8 (Figure 17); and 5) a 13 x 13 x
13 cm box manufactured from 3.3 mm plate glass (sides) and 500 um mesh
polypropylene screen (bottom), used in Test Series 8 (Figure 18). The
flow-through egg chambers (Figure 15) were comnected directly to the
diluters by teflon tubing, and the flows through the chambers were
controlled by pinch clamps. The boxes were suspended from the top edges of
the aquaria. Glass marbles were placed in the bottoms of the
all-polypropylene boxes to keep them from floating due to air bubble
entrapment.

Water temperatures in the test aquaria were maintained at 19 + 0.5 C
(mean + SD). The aquaria were immersed in constant temperature water baths.
There were three water baths (12 aquaria per bath) intercommected to a
central reservoir. Water in the reservoir was pumped into the three water
baths, circulated between the aquaria, and returned by gravity flow to the
central reservoir. The water in the reservoir was heated by submersible
quartz heaters controlled by a Cole-Parmer proportional indicating
electronic temperature controller. The baths were cooled by the overhead

Coleman air conditioner. Temperatures in the water baths and the aquaria

-
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Ficure 15.

EGG TEST CHAMBER USED IN TeST Series No,1l.
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Ficure 16. LArRvAL TEST cHAMBer (14 x 8 x 25 cm) mape oF 500 um
POLYPROPYLENE SCREEN. UseDp FrRo TesT Series No. 2 anp 3.
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Figure 17. LarvAL TEST chamBer (13 x 13 x 10 cM) MADE OF 350 um
POLYPROPYLENE SCREEN SIDES AND A 500 UM POLYPROPYLENE SCREEN

BOTTOM. Usep IN TesT Series 5, 6, 7. anp 8.
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Ficure 18. LArRvAL TEST CHAMBER (13 x 13 x 13 CM) MADE WITH GLASS SIDES AND
500 uM POLYPROPYLENE SCREEN BOTTOM. Usep IN TesT Series 8.
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were continuously monitored by platinum thermometers and recorded on a
Cole-Parmer two-channel strip chart recorder (Figure 14).

Acute (l44-hr) toxicity tests were conducted on embryo, prolarval, and
postlarval fish (Table 3). Approximately 50 embryos were placed in each
test chamber, and approximately 50 larv-e were placed in each test chamber
at a density of 25 larvse per liter as :ecommended by Burton (1982). Each
aquarium had one test chamber, and thcre were two aquaria per concentration.
Thus, approximately 100 individuals ter concentration were exposed in the
acute toxicity tests.

Chronic (21-day) toxicity tescs were conducted on 28-day old postlarvae
(Table 3). Three test chambers were placed in each aquarium. Survival was
monitored in two of the test chambers, zid individuals in the third test
chamber were collected for histilogical examination. Approximately 25
larvae were placed in each tes: chamber at a density of 12 larvae per liter.
Thus, approximately 100 individuals per concentration were exposed in the
chronic tests.

The larvae were fed twice daily at 0800 and 1600 hours at an optimum
nauplii density of approximately 5,000 liter as recommended by Rogers et al.
(1982).

Water samples for a confirmation of molinate and thiobencarb
concentrations were collected with glass pipettes and deposited in
borosilicate glass bottles. The samples were immediately preserved with
100 ml of petroleum ether. Samples were taken three times during the acute

toxicity tests at 24, 72, 120 hours and twice weekly during the chromic
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tests. The samples were analyzed for molinate and thiobemcarb
concentrations at the CDFG Water Pollution Control Laboratory. The glass
sample bottles and pipettes were chemically cleaned after use by scaking in
IN sodium hydroxide for 24 hours, rinsing with hot tapwater, washing with
hot soapy water, rimsing with tapwater, rinsing three times with deiomized
water, and finally rinsing with a mixture (1 + 1) of petroleum ether and
acetone.

Dead larvae were recorded and removed daily. A fish was considered
dead if it did not respond to external stimulii or if it had turned opaque.

Llength measurements of larvae were made at the termination of acute and
chronic tests. Total length measurements were made on prolarvae using a
calibarated ocular micrometer graduated to 0.01 mm. Total length was
measured from the anterior tip of snout to the end of the nmotochord. Fork
length measurements were made on postlarvae using a calibrated microscope
slide to 0.1 mm. Total and fork length measurements were made because of
damage often occurimng to the tail fim.

Samples of larvae were taken for histopathological examination at the
‘termination of the acute and chromic toxicity tests. Each sample consisted
of five fish from each concentation which were preserved in bouin”s solution
and fixed for later examination.
Toxicants and Delivery Systems

Molinaste and thiobencarb sclutions were prepared from Ordram
8 EC and Bolero 8EC commercial herbicide formuiations (containing 90.3 and

85.4% active ingredient, respectively) by sonicating them in distilled
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water. A Heat Systems-Ultrascnics Model W-370 Cell Disrupter was used for
sonication. The solutions were made up in 15 liter quantities and stored imn
20 liter glass jars with lids; 15 liters wes cufficient for a 6-day acute
toxicity test. New solutions were preparcd weekly during the 2l-day chromic
tests. The solutions were supplied to the toxicant mixing chambers of the
diluters using Gilson peristaltic pump: and silicome tubing. The solutions
were checked analytically for molinate and thiobencarb content at the
beginning and end of use.
Dats Analysis

All statistical calculations r 2re computed on a 16-bit NEC APC
microcomputer (11,000 K RAM, 126 K ROM) with Ashton-Tate D-Base II
assembler and Digital Research (B86 Basic compiler. Survival data from the
acute and chronic tests were an:iyzed by the binomial chi-square test for
data arranged in two groups (Ccchran and Cox 1968).

Median lethal concentratiom (LC50) values were calculated for the
acute tests. The tests were considered invalid if wmortality of the controls
was > 20%. Abbot’s correction factor was used when control mortality was >
1027 and £ 207

Mx(a) = 1 - Sx/Sc
where Mx(a) is adjusted mortality in concentration x, $x is survival in
concentration x, and Sc is survival in controls (Finley 1971).
The Mx(a) was used to calculate the adjusted number dead in concentration x
Dx(a) = Mx(a)*Ex

where Dx{a) is the adjusted number dead in concentration x and Ex is the
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number exposed in concentration xXx. The LC50 values were determined using

either moving average method when > 1 toxicant concentrations had partial

mortality (between O and 100% mortality) or nonlinear interpolation method
when no toxicant concentration had partial mortality (Stephan 1977).

Angle transformation of mortality was used in the calculatioms:

V = 1/2 [Arcsin Dx/(Ex + 1) + Arcsin  (Dx + 1)/(Ex + 1)]
where V is the transformation, Ex is the number exposed and Dx (or Dx[al) is
the number dead in concentration x. Exact (952) confidence intervals were
calculated using Fullers Theorem (moving average), or comservative (> 95%)
confidence intervals were calculated using binomial probabilities (nonlinear
interpolation) according to methods given by Stephan (1977).

In herbicide mixture tests, molinate and thiobencarb concentrations at
the LC50 level were interpolated from least squares regression (solutiomn
concentration versus herbicide comcentration). To determine the type of
toxic interaction of molinate and thiobencarb in mixtures, toxicities of the
herbicides in mixtures were expressed as toxic units and summed (Lloyd 1961;
Brown 1968):

(Mm/Mi) + (Tm/Ti) = §
where M is molinate and T is thiobencarb, i is LC50 of individual herbicide
tested separately, and m is the concentration of the individual herbicide at

the mixture LC50 value. Additive indexes (AI) were calculated by adjusting
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for asymmetry of S and substituting 952 confidence intervals for the 96-hr

LC50 values and establishing a test range (Marking 1977) as follows:

i}

If S > 1.0 then AL = -5 + 1.0;

If §

(VoY

fl

This index is symmetrical about AI = 0 (additivity); positive values
indicate synergism, negative values antagonism. The theoretical range of
completely (simple) additive toxicity (AI = 0) for the herbicide mixture
tests were estimated by adjusting the herbicide mixture LCS50 values to

S = 1.0, substituting the adjusted ¢5% confidence intervals into the two AI
equations and establishing an addicive range (Finlayson and Verrué 1982).
To determine the type of interactiou, the two ranges were compared as
follows: if the test range bro:dly (> 50%) overlapped the additive range
then additive toxicity; if most of the test range (>50%) was below the
additive range then antagonistic toxicity; and if most of the test range
(>50%) was above the additive range then synergistic toxicity.

Length measurements of larvae from control and treatment groups were
compared in the acute and chronic tests. Significant differences betweeﬁ
the control and treatment groups were determined by the Kruskal-Wallis test
with Dunn“s muitiple comparison procedure (Daniel 1978).

Chemistry

Molinate and thiobencarb concentrations in water were analyzed by the

methods outlined in Finlayson et al. (1982). A quantity of test water was

extracted twice with 100 ml each of petroleum ether. The extracts were
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combined and then anélyzed with a Varian Aerograph Model 3700 gas liquid
chromatograph with the following conditiomns:
Column: DC200, length 183 cm
ID: 2 mm
Detector temperature: 290 C
Injector temperature: 210 C
Column temperature: 192 C for thicbencarb; 180 C for molianmte
Carrier gas: N2
Carrier flow: 20 ml/min
Detector: TSD
Detection limits: 1 ug/liter for both molinate and thiobencarb.

The toxicant concentrations were averaged for the testing period, and

the means were used in the calculations of LC50 values.
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RESULTS
Water Quality and Toxicant Stability

The mean salinity of the dilution water for the acute toxicity tests
ranged from 1.84 to 2.14 of/oc (Table 5). The mean salinity of the dilution
water for the chronic toxicity tests wa' 1.85 o/oo. The daily meamns for the
acute and chromic tests are summarized n Appendicies A and B, respectively.

The mean teméeratures for the di"ution water for the acute toxicity
tests ranged from 17.4 to 17.9 C (Table 5). The mean temperature for the
dilution water for the chronic tests was 18.2 C., The temperature of the
water in the test aquaria averaged 19 C due to additional warming by the
recirculating water bath. The diily means for the acute individual tests
are summarized in Appendicies A snd B.

The mean pR for the dilutirn water for the tests ranged from 8.5 to 9.0
(Table 5), and the dissolved oxygen ranged from 99 to 1362 of saturation.
The daily means for pH and dissclved oxygen for the acute and chronic tests
are summarized in Appendicies A and B, respectively.

For the herbicides tested individually, the measured molinate and
thiobencarb concentrations in the test aquaria avegaged 94% and 87% of
expected, respectively, based on analyses stbck solutions and known dilution
rates. For the herbicide mixture tests, measured molinate and thiobencarb
concentrations in the test aquaria averaged 85 and 99Z of expected,
respectively.

Success of Culture and Test H;thods

We did not design a protoccl to monitor survival of larvae in the

rearing system. Based on visual observations, it appeared that we had

success comparable to that noted in the literature (Rogers et al. 1982},
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The larvae reared in our system appeared to have growth rates (Figure 19)
comparable to those reported by Eldridge et aln'(1981) for larvae which were
fed a similar quantity of brine shrimp.
Toxicity of Thiobencarb and Molinate

The concentrations of molinate and thiobencarb tested produced dose
related responses in survival of 6-day ¢1d (Table 6), 7-day old (Table 7),
and 24-day c¢ld fish (Table 8). The lcwest molinate and thiobencarb
concentrations tested individually which significantly lowered survival
during the 1l44-hour exposures were 7.6 and 0.19 mg/liter, respectively. For
the herbicide mixture tests, the lowest molinate and thiobencarb
concentrations tested which sign ficantly lowered survival were 2.0 and 0.16
mg/liter, respectively. Growth was not measured in the test on 6—day old
fish (Test Series 5) and nome of the herbicide concentrations tested
significantly lowered growth of the 24-day old fish (Test Series 7).
Herbicide concentrations producing greater thgn 407 mortality significantly
lowered growth of 7-day old fish (Test Series 6) during the l44~hour
exposure, and this effect appeared to be dose related. The data from Test
Series 6 were, however, questionable because of ﬁhe high mortality of
control fish (27 to 37Z). Mortality of controls in Test Series 5 (6-day old
larvae) and 7 (24-day old larvae) ranged from 2 to 17% with a mean of 7.5%.

Thiobencarb was on the average 14 times more toxic than molinate to
larval striped bass based om 96~hr LC50 values. The toxicity of molinate
and thiobencarb and the herbicide mixture increased with exposure time and
decreased with age of larvae (Table 9). The 96-hr LC50 values for 6-day and
24—day old larvae exposed to the herbicides separately were 6.6 and 7.9

mg/liter molinate and 0.35 and 0.67 mg/liter thiobencarb, respectively. The
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Table 7. Acute effects (144-hr) of molinate and thiobencarb concentrations {(mg/liter) on growth and aurvival
(mesn values with SD in parentheses) of 7—day (Test Series 6) striped bass larvae.

Molinate Thiobencarb Molinate snd Thiobencarb Mixcore
Fish Fish Fisgh
Molinzte Mortziity Length Thicbencerb Mortality Length Holinste & Thiobencarb Mortality Length
Concentration (2) (am) Concentration (2) [€Y] X Concentration () () R
Comtrol 27 5.09(C.48) 25 Control 3T 4.74(0.47) 24 Control 37 5.08(0.55 25
(<0,14(0.06)) (<c.1¢0)) (<0.12(0.04))
(<5.1000))
2.6(0.4) 42/ 4. 88(0.61) 10 0.13(0.03) 42 4.97(0,58) 24 0.86(0.44) 34 4.50(0.66)Y 23
0.07(0.02>
3.8(0.4) w6 45900409 25 0.23(0.08) 34 A.58(0.50) 24 3.6(0.9) s a8 3
0.28(0.07)
</
6.5(0.6) 6o a.08¢0.28)% 23 0.39(0.03) s 6.1300.22) 10 5.4(1.30) et/ 3.95(0.700% 12
0.40(0.12)
11.0¢1.1 100% - - 0.63(0.08) o8 aloe0.222¥ 6 10.0(3.50) 100¥/ - -
0.74(0.20)
20.0(2.9) 100 - - 1.1€0.12) 100/ - - 21.0(6.3) 100%/ - -
1.5(0.04)

LY N = gnmber of fish measured. %
b/

Significantly greater than controls (xz, 0.05).

¢/ Significantly smaller than comtrols (z, 0.05).
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Table 8, Acute effects (l44-hs) of molinate end thiobencarb coscentration: (mg/licer) on growth snd survival
(mean values with SD in parentheses) of 24~day (Test Series 7) ntriped bass larvae.

Molingte Thi bencarb Mplipate and Thiobencarb Mixtore
Fish Fish Fish
Molinate Mortality Length Thiobencarb Mort- iity Length Molinate & Thiobenmcarb Mortality Length
Concentration () (=m) H"‘, Concantration (<) (wmn) N Concentration =) (um) N
Control 2 8.02(0.71) 25 Control 37 5.33(0.75) 25 Control 4  7.82€0.533 25
{<0.29(0.19)} (.1} (<0.15(0.06)
(<0.10(0)
o/ : ; o
3.6(1.3) & 8.18(1.11) 10 0.20€0.04) 33 8.48(6.31) 5 0.49(0.18) 18 T.e200.600% 25
<0.1(0)
/ b/
5.4(1.7) 522 §.30£0,33) 18 0.27(0.05) 20 8.24(0.65) 25 2.6(1.1) 87 8.28(0,29) 3
6.19(0.06)
B.9(2.5) 34 7.82(0.31) 26 0.45(0.05) 522 7.s200.70) 25 3.8(0.58) gp®/ 7-4000.95 2
0.30(0.03)
13.0(1.33 100/ - - 0.75(0.09) 9% 7.03¢0.0m & 8.0(0.189) 100% - -
6.60(0.05)
20.002.4) 100%/ - - 13061 100%/ - - 14.0{0.5) 1o0®/ - -
1.1(6.05)

1Y)

N = pomber of fish messured. 1
LY A z

Significantly grester than comtraels {x", 0.05}.
e/

Significantly smaller than controls (z, 0.05).
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Table 9. Mean lethal (LC50 values) and 95I confidemee interval (im parentheses) concentrations (mg/liter) of molinate
(Crdram 8EC) and thiobencarb (Bolero S8EC) to larval striped bass.
L J
1C50 Values
Fish Fish Molinate Thiobencarb
Age Length
(a) (oam) Test Series 48-hr 96=hr 14é~hr 48-hr 96=hr lb4é~hr
6 5.52(0.35)‘/ 5 1%.0 6.6 5.4
{9.6-11.0) (6.1-7.1) (4.9-5.9)
0.78 0.35 0.32
(0.72-0.84) (0.30-0.39) (0.29-0.35)
5.2 3.8 2.7 0.46 0.33 0.22
(4.8~5.6) (3.5~4.2) (2.4-2.9) (0,42-0.51) (0.30~0.37) (0.19-0.24)
26 8.06(0.66) 7 13.0 7.9 -
{12.0-14.0) (71.-8.7)
- 0.67 0.46
(0.61-0.74) (0.41-0.52)
7.7 3.1 1.4 0.60 0.24 0.11
(6.7-8.8) (2.6-3.6) (1.2-1.7) (0.52-0.68)  (0.20-0.28) (0.090.13)
EY)

Mean + SD in parentheses. R
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96-hr LC50 values for 6-day and 24-day old fish exposed to the herbicide
mixture were 3.8 mg/liter molinate and 0.33 mg/liter thiobencarb, and 3.1
mg/liter molinate and 0.24 mg/liter thiobencarb, respectively. The toxicity
of the herbicides.to 6—day old fish incressed with increased exposure. The
LC50 values for molinate decreased from (0.0 to 5.4 mg/liter and for
thiobencarb decreased from 0.78 to 0.32 mg/liter with an increase ig
exposure from 48 to 144 hr.

The molinate and thiobencarb mix:ures produced AI ranges indicating
slightly less than additive (6~day cid larvae) and slightly greater than
additivity (24-day old fish) toxic.iy (Figure 20). Collectively, the tests
suggest simple additivity betwee: molinate and thiobencarb in a mixture.
The data summary sheets for the acute tests with the 6-day, 7-day, and
24~day old fish are presented ir Appendix C.

None of the molinate concentrations tested seperately in the 2l-day
chronic test significantly lowered survival ot%growth of 28-day old
postlarvae (Table 10). The highest thiobencarb concenfration (0.074
mg/liter) tested seperately significantly lowered growth., However, high
mortality (32 to 49Z) in the comtrol groups of the.chronic tests with
individual herbicides makes any conclusions from the data questionable.
None of the molinate and thiobencarb concentrations in the herbicide mixture
chronic test significantly lowered survival but concentrations > (.20
mg/liter molinate and > 0.009 mg/liter thiobencarb significantly lowered
growth of the postlarvae. THis effect on growth appegred to be dose

related. Thus, a no observable effect level (NOEL) for 28-day old fish
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Table 10, Chrovic effects (21=day) of molinets and thiobenmcarb concentraticas (mg/liter) on growth and survival
(mean values with SD in parentheses) of 28-day old (Test Serics 5) striped base larvae.

°
Molinste Thiol -ucard Molinste and Thiobencerd Mixture
Fish Fish Fish
Molinate Mortality Length Thiobencarb Mortal .ty  Length M¥olinete & Thiobsncarb Mortality Leogthk
Concentration (1) () H‘/ Concentration (x) () E Concentration (1) (mm) K
Countrel 49 17.2(1.4) 25 Control 32 20.1(1.5) 14 Control 14 19.4(1.6) 25
(<0.13(0.05}) (<0.001(0.001)> {(<0,08(0.04)}
(<0.002(0.002))
0.16{0,07) ik 18,6(1.,3) 25 9.010{0.005) 2 18,9(1.4) 25 0.18(0.17) 2] 18,6(1.3) 25
0.003(0.001)
0.20(0.04) 3 18.3(1.3} 25 0.015(0.003) -3 19.4(1.5) 25 0.20(0.08) 19 18.7(1.7) 25
0.006(0.002)
0.28(0.09%) 16 17.7(1.3) 5 0.022(0.006) 9 19.0(1.4) 25 0.20(0.09) 18 18.7(1.6)b-’ 25
) 0.009(0.0012)
0.45¢0.07; m 17.6(1.1) 25 0.041(0,018) 2 19.5(1.8) 25 0.43(0.10) 13 17.5{1.3)b" 25
£.020(0.005)
!
0.79(0.10} 35 18.3(1.6) 25 0.076(0.013) 20 17.8(1.‘0)M 25 0.68(0.12) 17 IT.I(X.Z)b" 2%
0.046(0,014)

o ¥ = nomber of fish msasured.

L) Significantly smelier than controls (=, 0.05). '
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exposed to the herbicide mixture for 21 days was 0.20 mg/liter molinate and
0.006 mg/liter thiobencarb.

The specimens collected from the acute and chronic tests for
histological examination have not been processed at the time of writing this
report. Results of their examination will be presented in an addendum to

this progress report.
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DISCUSSION
Water Quality and Toxicamt Stability

The raw water from the American River used for dilution in the tests
was adjusted to a desired salinity of 2 o/0c0 and a temperature of 19 C.
Water was warmed from ambient (14 to 16 ) to 17 to 18 C with the hotwater
heater an