State of California
Resources Agency

DEPARTMENT OF FiSH AND GAME

HAZARD ASSESSMENT OF RICEHERBICIDES
MOLINATE AND THIOBENCARB
TO LARVAL AND JUVENILE STRIPED BASS

ENVIRONMENTAL SERVICES DIVISION
Administrative Report 87-2
1987



Hazard Assessment of Rice Herbicides Molinate and Thi obencarb
to Larval and Juvenile Striped BassleZ

by
G A Faggella and B. J. Finlayson

Aquatic Toxicology Laboratory
9300 El k Grove-Florin Road
Elk Grove. California 95624

SUMMARY

Acute toxicity tests with rice herbicides nolinate {(Qrdran®),
tiiocbencarh (Bolere®), and molinare-thiobencart mixtures on larval and
juvenile striped bass liorone saxarilis produced riedian |etha
concentrations (96-i: LC50 values) indicating <hat thiiobencart (0.35 to 0.67
/L) was 7 to 21 times nore toxic whan nolinate (2.1 to 14 mg/L), and
molinate=-rhiobencarb miktures at 1:1 LC50 value ratios had additive toxic
effects. Prolarval and postlarval stages were approximately twce as
sensitive to the herbicides as juvenile striped bass.

The herbicides are dischar;ed from May through June into agricultura
drains and subsequently, the Sacramentco River and Sacranento-San Joaquin
Estuary, California. Al though no chronic eggs-ro~fry tests were conpl eted.
an assessment based on worst~-case anal yses using safety factors conparing
neasured and expected environmental concentrations of nolinate and
rhicbencarh with estinated chronic eggs~to=Fry no-observed-effect
concentration val ues indicated that minimal toxicol ogical hazard exists to
young striped bass from exposure to rice herbicides in the Sacramento River
and downstrean estuary. This assessnent is based on safety factors of at
| east & fold foe molinate and at least 2 fold Eor thiobencarb; conpliance
wi*i public health action levels in the Sacramento River will result in
safery factors of ar least 7 fold Eor nolinate and at least 11 fold for
vhiobencarb, A siuilar assessment, based on data from other researchers.
indicared rhar a potentially excessive hazard exists to opossum shrinp
decriysis mercedis in the Sacranmento-San Joaquin Estuary during years with
ainimal dilution Flows in Sacramento River. This invertebrate is a primry
food iten of young bass. The hazard to opossum shriwmp can be minimzed by
lewering %he maximum herbicide concentrations in agricultural drains to 54
us/L rolinate and 12 ug/L thiobencarb

The lack of operational techniques prevented the successfu
couplerion of striped bass eggs-to-fry tests. Research and devel opnent on
successful laboratory culturing and testing techniques progressed over the
Juration of the study. Several factors conducive to striped bass culture
dre identified and di scussed.

m Znvironmental Services Division administration Report No. 82-7; fina
report of the Rice Herbicide Srudy.

= Swucy funded by California Department of Fish and Gawme Striped Bass
Srawp Fund. Stare Vater Resources Conrtrol 3oard (Interagency
Ay,reenent lio, | -161-420-2). and Rice Research Board {Standard
Ajnreements ilo, G 1053 and G 1519).
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Maxi num concentrations {ug/L} of molinate and
thiobencarb in agricultural drain water for
protection of striped bass and opossum shrinp

in Sacranento Rivet and Sacramento-San Joaquin
Delta. Calculations assume sinple additivity
of molinate and thiobencarb and mninmal dilution
from Sacramento River.
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CONCLUSI ONS
Acute (96 and 144-h) toxicity tests indicated that 6. 13. and 24-day
old larvae (nean 96-h 1¢50 val ues of 3.3 mg/L nolinate and 0.27 mg/L
thi obencarb) were approximately twice as sensitive to
nol i nat e-t hi obencarb mxtures than 45 and 90-day old juveniles (mean
96-h LC50 values of 7.7 mg/L molinate and 0.58 mg/L thiobencarb).
Molinate~-thiobencarb m xtures had additive acute toxic effects on
striped bass.
The sensitivity of 6. 13. and 24-day old larvae to nolinate was
variabl e but they were more sensitive than 28-day old |arvae and
90-day old juveniles. The sensitivity of 6-day old larvae to
t hi obencarb was greater than the sensitivity of 13, 24. and 28-day
old larvae and 45 and 90-day old juveniles.
Thi obencarb (nmean 96-h LC50 val ues of 0.59 mg/L) was on the average
14 tinmes more toxic than nolinate (rmean 96-h LC50 val ue of 8.3 mg/L}.,
Two simlar static tests with thiobencarb on 13-day old | arvae by
different |aboratories produced simlar 96-h LCS0 val ues indicating
the test procedures yield reproducible results.
An assessnent based on worst-case anal yses using safety factors
conparing nmeasured and expected environmental concentrations of
mol i nate and thiobencarb with estimared chronic no-observed-effect
concentration values indicated that mninal toxicol ogical hazard
exists to young striped bass fromexposure to the rice herbicides in

the Sacramento River and downstream estuary. This assessment is
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based on safety factors of at least 6 fold for molinate and 2 fold

for Fhiobencarb: conpliance with public health action levels in the
Sacranento River will result in safety factors of at least 7 fold for
molinate and 11 fold for thiobencarb.

An assessnent, based on data from other researchers. indicated that
potential |y excessive hazard exists to the opossum shrinp from
exposure to the rice herbicides in the Sacramento-San Joaquin Delta
during years with minimal dilution flows in Sacranento River. This
assessment is based on safety factors of 0.6 to 2.6 for molinate and
0.5 to 6.0 for thiobencarb. The hazard can be mnimzed by |owering
maxi mum her bi ci de concentrations in Fhe agricultural drains from Fhe
present 90 to 54 ug/L nolinate and fromthe present 24 ro12 ug/L

t hi obencar b.

Condi tions which were identified as conducive to striped bass
survival during culture and testing include the following: i) water
with hardness and alkalinity of 2200 mg/L CaCOB; ii) feeding
prolarvae and early postlarvae brine shrinp nauplii supplemented with
unicellular algae; iii) the use of round glass test compartments with
deep (>15 cm) water colums: and iv) the use of flowthrough
techniques for culturing toprevent the build-up of toxic nitrogenous

wast es.
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RECOMMENDATIONS
It is desirable to collect additional information onthe chronic
effects of rice herbicides on striped bass eggs-to-fry and opossum
shrinp to conplenent and confirm the safety factors from the current
hazard assessnent.
The DFG shoul d recomend to the Departnent of Food and Agriculture
gui del i nes of 54 ug/L nolinate and 12 ug/L thiobencarb for protection
of aquatic organisns in the agricultural drains and downstream
Sacranento River and Sacramento-San Joaquin Delta. It is anticipated
that current Departnent of Food and Agriculture pesticide use
practices (best management practices) will result in nolinate and
t hi obencarb concentrations at or bel ow these recommrended gui del i nes<
Future culturing procedures for striped bass should include the
fol | owi ng: i) water of sufficient hardness and alkalinity (>200 mg/L
CaCOB); i) supplementing the diet of prolarvae and early postlarvae
wi th unicellular algae; and iii) flowthrough techniques.
Future testing procedures for sériped bass larvae shoul d incl ude

round gl ass test conpartnents witha mnimum water depth of 15 cm

—-iX-



| NTRODUCTI ON

[dentification of Problem

Molinate (Ordram®) and thiobencatb (Bolero@ are herbicides used to
control weeds which infest inundated rice fields in the Sacramento River
Valley, California (Figure 1), Seasonal (My through June) discharges of
these herbicides into agricultural drains and the Sacramento River have
been monitored since 1981 (Finlayson et al. 1982: Finlayson and Lew 1983a;
1983b; 1984; 1985; 1986). The California Departnent of Fish and Gane
(CDFG) becane concerned about discharges of rice pesticides because of

coincident fish losses in the agricultural drains. Carp Cyprinus carpio

has been the primary species killed in the Colusa Basin Drain with
estimated annual |osses of 7.000 to 30.000 from 1980 to 1983; no fish

| osses were observed in 1984 through 1986 with the inplenentation of

hol ding tinmes follow ng herbicide application required by the California
Departnment of Food and Agriculture (Finlayson and Lew 1984; 1985; 1986).
Previ ous studies have defined the acute and chronic toxicities of nolinate
and thiobencarb to juvenile resident and anadromous fishes (Finlayson and

Faggella 1986).
Ri ce herbicides and other toxics may be responsible for the decline

of striped bass in the Sacramento-San Joaquin Estuary (State Water
Resources Control Board 1981: Stevens et al. 1985). The YO km section of
the Sacranento River extending from Col usa downstreamto Sacranento
receives up to 33% of total flow fromagricultural drain water originating

from rice fields; the Sacramento River downstream of Sacranento receives up
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to 24%of total flow fromagricultural drain water {(Cornacchia et al
1984). This section and downstream estuary serve as spawning and nursery
habitats from maythrough June for anadromous striped bass Morone

saxatilis, Anerican shad Alosa Sapidissinma. and white sturgeon Acipenser

transmontanus (Farley 1966; Turner 1976). Chinook sal non Oncorhynchus

ashawyt scha and steel head trout Salmo gairdneri downstream m grants, also

occupy this area. The effects of these herbicides on survival and

devel opment of striped bass larvae and juveniles were unknown until the
study reported here was conpleted. Results of investigations conpleted in
1984 and 1985 have been previously reported (Finlayson and Faggel|la 1984:
Faggella and Finlayson 1985). Here we report a summry of all work

compl eted through 1986 and provide a hazard assessnent of rice herbicides
on larval and juvenile striped bass. Additionally, we evaluated toxicity

data for the herbicides on opossum shrinp Neonysis mercedis col | ected for

the State Water Resources Control Board (1985).

Study Goal and Objectives

The goal of this study was to collect data necessary for an
assessnent of possible toxic effects caused by nolinate and thiobencarb on
larval and juvenile striped bass in the sacramento River and Sacrament o- San
Joaquin Estuary. In obtaining this goal, several objectives were
acconplished as follows:
1)  Estimating environnental concentrationsof nolinate and
t hi obencarb in the Sacramento River and associated agricultura

drains;



2)

4)

5)

Resear chi ng. devel oping, and inplenenting operational techniques
for the successful culturing and testing of larval and juvenile
striped bass;

Estimating the acute and chronic toxicities of the herbicides on
embryonic. larval, and juvenile striped bass;

Integrating monitoring and toxicity information into worst-case
hazard assessment riodels for judging toxicol ogi cal impacts of
agricultural recurn wuter containing rice herbicides on striped
bass; and

Recommending appropriate guidelines to regul atory agencies which

will protect srriped bass fromtoxic effects of rice herbicides.

Study Schedul e

Tasks Conmpleted in 1984 - Between Cctober 1983 and Decenber 1984. the

follow ng tasks were conpleted relative to the srudy objectives:

1)

2)

3)

Monit ored herbicide concentrations in the Sacranento River and
associated agricultural drzins during 1984 rice growi ng season
and prepared a report on the findings (Finlaysen and Lew 1984);
Devel oped prototype testing and cul turing protocols and
facilities for early-life-history-stages (ELHS) of striped bass;
Conducted 24 acute and chronic toxicity tests with the

her bi ci des on striped bass enbryos, |arvae, and juveniles and
prepared a progress report on the findings (Finlayson and

Faggella 1984);

b



4)

5)

Col | ected and preserved striped bass specinens fromthe culture
system for a histological record of ELHS developnment.  Specinens
have been processed by California State University under
contract to CDFG and are currently being anal yzed; and

Col | ected and preserved striped bass | arvae which had been
exposed to molinate and thiobcncarb in 144-h tests for

eval uati on of possible histopathol ogical effects of molinate and
t hi obencarb. Specimens have been Processed by California State
Uni versity under contract to DFG and are currently being

anal yzed.

Tasks Conpleted in 1985 ~ Between January and Decenber 1985 the

fol | owi ng

1)

2)

4)

5)

tasks were conpleted relative to the study objectives:

Constructed a glass and sol enoid valve type diluter to replace
the flow neter type diluter used in 1984 tests for better
toxicant delivery and stability;

Installed airlifts in the test comnpartments for aeration and
water circulation and exchange

Constructed 36 new gl ass and pol ypropyl ene screen test
conpartments for increased testing capacity;

Installed an oil-less air conpressor. two-stage regulator. and
PVC pi pe delivery systemfor the test chanber airlifts;

Installed a water chiller in the recirculating water bath system

for better temperature control



6)

7)

8)

9)

10)

11)

Modified the saltwater injection systemfor better control of
dilution water salinity:

Installed ventilation fans to renove volatilized molinate from
t he bioassay rcom for |ess cross-contanination of test aquaria;
Modi fied the striped bass rearing systemto allow for using
eirher circular or up-welling currents. and increased the
hol di ng capacity to allow for holding up to three fanilies
concurrently;

Enlarged brine shrinp rearingcapacity for increased food supply
of larval striped bass;

Conductred 27 acute and chronic toxicity tests with the

her bi ci des on striped bass enbryos, |arvae, and juveniles and
prepared a progress report on the findings (Faggella and
Finlayson 1985); and

Monitored rice herbicide concentrations in the Sacranento R ver
and associ ated agricultrual drains during 1985 rice grow ng
season and prepared a report on the findings (Finlayson and Lew

1985) .

Tasks Coupleted in 1986 ~ Between January and Decenber 1986 the

following tasks were conpleted relative to the study objectives:

1)

2)

Constructed a gas stripping rower foe renoval of supersaturated
gas from the American River water:
Install ed pressurizing punp and filters for consistent delivery

of sedisent~free dilution water



3)

4)

5)

6)

7)

8)

q)

10}

Installed pressurizing punp in salt water system for consistent
injection of salt water into the dilution water:

Installed stirrers in stock solution containers for maintenance
of honbgeneous toxicant sol utions;

Installed plastic covers over the banks of test aquaria to
reduce cross-contami nation of melinate caused by volatilization
Dar kened sides of test conpartnents to reduce positive
photoraxis behavior and corresponding stress of larval striped
hass;

Installed a copper tube hear exchanger coil in the recirculating
water bath systemfor more stable and efficient tenperature
control

Conducted 21 acute and chroniec continuous flow toxicity tests
with the herbicides on striped bass enbryos. |arvae and

j uvenil es;

Conducted one static acute toxicity test with thiobencarh on
striped bass larvae and contracted with the U S, Environmenta
Protection Agency for a simlar quality assurance test; and
Monitored rice herbicide concentrations in the Sacranmento River
and associ ated agricul tural drains during 1986 rice grow ng
season and prepared a report on the findings (Finlayson and Lew

1986) .



METHODS AND MATERI ALS

Testing Schedul e

From May 1984 through December 1986. 21 acute 96 or 144-h toxicity
~estg Were completed on prolarval, postlarval, and juvenile striped bass
(Table 1}. Oher acute and chronic tests were initiated but not conpleted
during this period primarily because of |ess than satisfactory survival
(<75%) of «ne control groups (Appendix A).

Culrure Techniques

Enbryos and Larvae -~ Striped bass enbryos (12 to 6 h prehatch) were

obtai ned fron the CDFG Central Valley Fish Hatchery |ocated near Elk Grove,
California. The enbryos were transported to the Ninmbus facility in
ajir=-tiasht plastic bags containing oxygen inside Styrofoamice chests.
Transport time was approximately 30 ninutes. Some of the embryos were
exposed ro the herbicides in tests. Those embryos not used in the toxicity
tesrg were hatched in nodified plexiglass MacDonald hatching jars described
by Finlayson and Fappella (1984).

Tie harching jars were placed in culture tanks with one striped bass
fanily pet tank. The culture system consisted of three, 400-L circular
Eiber;lass tanks witn the water volumes adjusted to approxinmately 200 L
Initial |oading of striped bass prolarvae did not exceed 50/L in the tanks.
"The tanks were interconnected to biological filters made of two, 114-L
plastic Nalgene® tanks (Figure 2). Aquariumgravel (30 to 35 cm deep) was

used as substrate for bacterial growth in «he filters. Water flowed by



Table I. Schedule of acute tests completed with molinate, thiobencarb, and molinate-thiobencarb mixtures in
1984 through 1986.

Test Begin Bass Age Test duration
series date family (developmental stage) Herbicide (h)
1984-5 5-11-84 84-2 6-day Molinate 144
{prolarvae) Thiobencarb
Molinate-
Thiobencarb
Mixture
1984-7 5-29-84 84-2 24-day Molinate 144
(postlarvae) Thiobencarb
Molinate-
Thiobencarb
Mixture
1985-4 5-23-85 85-3 13~day Molinate 144
(postlarvae) Thiobencarb
Molinate-
Thiobencarb
Mixture
1985-5 5-31-85 85-4 6-day Molinate 144
(preolarvae)
1985-6 6-7-85 85-4 13-day Molinate- 144
{postlarvae) Thiobencarb
Mixture
1985-7 6-7-85 85-3 28-day Molinate 144
(postlarvae) Thiobencarb
Molinate-
Thiobencarb
Mixture
1985-8 6-2 1-85 85-3 45-day Thiobencarb 144
(juvenile) Molinate-

Thiobencarb
Mixture
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FIGURE 2. SCHEMATIC DIAGRAM OF THE RECIRCULATING REARING SYSTEM,
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~ravity out of each culture tank through 5300-um mesh pol ypropyl ene screen
into PVC pipe drains. through zhe biological filters, and =hen into the
chilling reservoir. The water in the reservoir was wainrtained ar 17 no 199
C using a Frigid Unit ® model DI -100 1/2=%on refrigeration uni=. The cooled
water Was then recirculsted to rthe circular rearing tanks with March® nodel
AC3CMD impellor pumps. ‘ater Flowed into the tanks as upwelling (to 13
days afrer hatchk) anc circular (thereafter) currents by adjuszin; the

hei ght and positicn of PVC di scharge pipes.

Water =emperarure, salinity, dissolved oxygen, and ammpnia in the
culture systeir were neasured daily. Water remperature was neasured wWith a
gl ass rthermometer, di ssolved oxygen with a YSI® nodel 57 dissolved 0Xygen
meter calibrated daily, salinity with a YSI® model 33 conductivity neter.
and ammonia with an Oion@ meodel 407A specific-ion neter and an Orion@
amnonia prope calibrated daily. The biological filters were backflushed
and approximately 107 of the wzter was replaced daily. Salinity of the
warer was naintained at 2 to 5 o/foo using Marine Environment@artificial
sea salts.

The gtrived bass prolarvae were fed brine shrinp nauplii beginning at
4 days after hatcii. Auromatic feeders (Figure 3) suspended over the
cul ture tanks dispensed live brine shrinp nauplii through 24 VDC 316
stainl ess steel solenoid valves controlled by repeat-cycle timers. Each
feeder was calibrated to dispense nauplii at approximtely 400/L of tank

volume, eight tices (every 3 h) per day. Larvae were

-12~-
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occasionally removed fromthe system and neasured using an ocular
micromerer to the nearest 0.01 mm to establish growrh rates.

The brine shrinp nauplii were cultured in bottonless inverted
one~zallon plastic bottles. Salinity of the culture media was adjusted to
35 g/oo With sodiumchloride, end 30 ml of San Francisco Bay Brand@ attemia
cysts were added per gallon of culture nedia. The nauplii were separated
from the shells and unhatched cysts using a device (Figure 4) simlar to
tha= described by Lewi s and Heidinger (1981), The resulting density was
50¢,000 nauplii/L,

For the static test conducted by the U S. Environnental Protection
Agency. striped bass enbryos (12 h prehatch) were obtained from CDFG
Central Valley Hatchery and shipped to Oegon via air freight using the
procedures | i sted above. The |arvae were raised using the culture
procedures |isted above. except as noted in Appendix B.

Juveniles = Juvenile striped bass at 80 days of age were obtained
from vhe CDFG Central Valley Hatchery at Elk Grove, California and
transported to the Ninbus facility using techni ques described above. The
juveniles were kept for 14 days in a 400-L circular tank with adequate
supply (12 L/nin) of flowi ng freshwater prior to testing;, water quality was
temperature of 179 C, pH of 7.0 co 7.1. hardness of 20 to 21 mg/L CaC0,,
and di ssol ved oxygen »90% of saturation. The juvenile bass were fed
Rainbrook® fish food twice daily at 2.5% of their body weight (5.0%total).

Tile fish were not fed for 4 days prior to or during the 4 day tests.

-14-
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Testing Techniques

Conti nuous Flow ~ The 96 and 144-h continuous flow toxicity tests

were conducted in the laboratory trailer (Figure 53) previously described by
Finlayson and Faggella (1984) wusing procedures outlined by Anerican Society
for Testing and Materials (1980) and Finlayson and Faggella (1986). Tests
were conducted with three herbicide solutions concurrently; nolinate
rhiobencarh, and molinate-thiobencarb mixture at a 1:1 LC50 value ratio.
Fish were exposed using solenoid valve proportional diluters of plexiglass,
glass. and stainless steel described by Faggella and Finlayson (1985).
Each zest consisted of a control group in replicate and a geonetric series
(dilution facror of 0.6) of five herbicide concentrations in replicate
bracketing the LC50 value. The flow rate through the 15-L aquaria was 4
L/h. A photoperiod of 14-h light (0500 to 1900 h) and 10-h dark was
provided by automatically controlled overhead fluorescent |ights. Two
overhead ventilation fans with a =otal discharge capacity of 2.000 c¢fm kept
wmolinarze and thiobencarb vapors in the 1,200~cf bi oassay room to a mi ni mum
Dilution water used for the tests cane from the American Rivet-.
tarive quality of the American River water during the tests was pH of 7.1.
alkalinity of 20 mg/L CaCl4, hardness of 18 mg/L CaC04, tenperature of 14
ro 179 ¢, conductivity of 50 uS, and dissolved oxygen of 290% of
saturation. Supersaturated gas from the Anerican River water was brought
into equilibrium with air using a gravity fed gas stripping colum (Figure
5}, The degassed water was stored in a 300-L Nalgene® tank and pressurized

ro 18 psi with a March® nodel TW-7R-MD 3/4 hp punmp. \Water used for
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dilution in the tests on enbryonic and larval striped bass was adjusted to
2 + 1 o/oo salinity by injecting artificial sea water (35 o/oo) at 22 psi
into the degassed native water with a March@ nodel TE-7R~-MD 3/4 hp punp
(Figure 5), The artificial sea water was made by m xing Marine Environnent @
artificial sea salts with native American River water for 4 h using an
electrical 316 stainless steel mixzer., The artificial sea water was aged
and aerated for 20 h prior to use. Native Anerican River water was used
for diluzion in the tests on juvenile bass. Dilution water was filtered
through 10-yu porosity cellulose filters. Tenperature control in the test
aquaria was provided by a recirculating water bath. The tenperature of the
recirculating water bath was nmaintained at 17 to 199 C by either heating
with Cole~Parmer® quartz immersion heaters or cooling with an Edwards®

nmodel CCl one-ton water chiller. \Water tenperatures in the water bath and
aquaria were continually nonitored with a two channel Col e Parmer®
temperatute recorder.

The enbryonic and larval striped bass were exposed in 600-m glass
beakers (Figure 61 and one-liter (13 x 13 x 13-cm plate glass and 500-um
nesh pol ypropyl ene screen test conpartments (Figure 7), respectively.
inside 15-L glass aquaria. For the tests with enbryonic striped bass. the
roxicant delivery tubes fromthe diluters were placed in the bottomof the
beakers to provide an upwelling current. The newly hatched prelarvae
flowed out of the beakers into the test conpartnents. Each test
conpartment had an airstone which provided for an exchange of test water

with the aquaria and hel ped keep the l|arvae suspended. A Dayton@ nodel
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42706 3/4 hp oil-less air conpressor with a 76-L storage tank supplied
pressurized air to the test compartments through two-stage regul ators, PVC
manifolds. and valves. The juvenile bass were exposed in 15-L gl ass
aquaria. The test Pish were anesthetized in water of 10 o/oo salinity to
facilitate handling between the culture and test systems.

The stocking density was 25 striped bass enbryos per beaker with one
beaker per aquaria (50 embryos/concentration), 20 striped bass prolarvae
and postlarvae per test compartment with one conpartment per aquaria (40
fish/concentration). and 20 juveniles per aquaria (40 fish/concentration).
Larval fish were fed brine shrinp nauplii at a density of 5,000 nauplii/L,
two times daily during the tests, Juvenile fish were not fed during the
tests.

Dead fish were recorded and renpved daily. A fish was consi dered
dead if it did not respond ro external stinmuli or had turned opaque. At
the =ermination of a test, all remaining live prolarval and postlarval bass

were measured using a" ocular microneter to the nearest 0.01 mm.

Static - Two 96-h static toxicity tests with thiobencarb on 13-d old
postlarvae were conducted. one by CDFG at the Ninbus facility and one under
coptract o CDFG by the U S. Environmental Protecrion Agency (EPA) at
Newport, Oregon. The fish were exposed in 4-L glass jars with the vol une
adjusted to 3.5 L. The CDFG test was conducted at a water tenperature of
17.5 to 18,59 C and a salinity of 2.5 ofoo using Marine Environment @

artificial sea salts (Appendix C). The EPA test was conducted at a

repperature of 17.0' C and a salinity of 4 ofoo using Marine Environnent"
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zrrificial gea salts (Appendix B), The dilution water for the EPA test was
made fromdistilled-deionized tap water and that for the CDFG test was made
from native American River water., The stocking density in the tests was 25
| arvae per jar (50 larvae/concentration}.

Cheni stry

Water tenperatures in the continuous flow tests were continuously
peasured with therwister probes and nonitored on a Cole~Parmez® two- channel
script chart recorder. Conductivity and pH of dilution water were
automatically neasured hourly using a Montedoro-Whitney® nodel WQM 1 water
quality nonitor.

HMolinate and thiobencarb stock solutions used in continuous flow
tests were prepared from Ordram 8EC® and Bol ero 8EC® commercial herbicide
fornul ations (conzaining 90.3 and 85.4% active ingredient. respectively) by
sonicating in deionized water, A Heat Systenmis U trasoni cs@ nodel W 370
Cell Disrupter was used for sonication. The solutions were nmade up in 12-L
quantities and srored in 20-L glass jars with lids. The stock sol utions
were checked anal ytically at the beginning and end of a test. The
solutions were delivered to the proportional diluters through silicone
tubing using Gilson® npdel HP1 tlinipuls peristaltic punps.

For the static tests, thiobencarb test solutions were prepared by
dilution of a stock solution (213 mg/L thiobencarb). The stock solution
was prepared in 0.2% Nanograde® acetone to increase solubility of

thiobencarb., The maximum concentration of acetone was 0.001% or 0.01 mg/L
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in the highest herbicide test concentration; solvent controls were not
test ed.

Water sanples for confirwarion of molinate and thiobencarb test
concentrations were collected at 24 h and 72 h during the 96-h tests and
additionally at 120 h during the 144-h tests. \ater samples fromthe
continuous flow tests were collected by di pping chenically clean 250-ni
amber glassbottl es into the aquaria. Water sanples fromstatic tests were
collected in chenmically clean ;lass beakers and transferred to 250~ml1 anber
glass bottles. The bottles were filled to the top and sealed with
teflon-Lined caps. The EPA test sanples were shipped packed in ice in
styrofoam chests from Qregon to California via around transportation. Al
samples were stored at the Nimbus facility in a refrigerator at 4° C for up
ro five days until anal yzed. Repeated analyses.of water sanples stored in
this manner for two wecks indicated insignificant [osses of herbicides.

Vater sawples were extracted with Baker®~10 Solid Phase Extraction
C-6 disposable colums. The Baker®-10 columns were pre-conditioned with 2
al of methanol followed by 2 m of deionized water. \Water sanples were
passed through the colunns at a rate of 5 wl per minute. The herbicides
were elured from the colums with two 2-m aliquots of ethyl acetate. The
extracts were transferted to a 10-ml graduated tube and adjusted to a
desirabl e volune for analysis by gas chromatography. The instrunenta
conditions of the Varian~Aerograph® nodel 3700 gas chromatograph used for

+he analysis were as follows:

=23~


http://herbici.de

Column: DC-ZOO. Length: 183 ¢cwm, |.D.: 2 mm

Detector Tenperature: 2900 C

Injector Tenperature: 2109 c

Colum  Tenperature: 1920 C for thiobencarb

1800 C for molinare

Carrier Flow 30 ml/min

Carrier Gas: H2

Detecror: TSD

Detection Lirits: 1 ug/L for borh molinate and thiobencarb

In 1984. 1985, and 1936, water sanples were split and anal yzed for
molinate concentrations by Stauffer Chemical Conpany (168 sanples) and for
t hi obencarb concentrations by Chevron Chenical Company (71 sanples); our
molinate concentrations were 89% (r = 0.97) of those reported by Stauffer

Cherical Conpany, and our thiobencarb concentrations were 88%{r = 0.93) of

those reported by Chevron Chenical Company (Finlayson and Lew 1984. 1985,
1986) .

Dera Analysis
Generally. median |ethal concentration (LC50) val ues were not
calculated if wmorrality of the control group was >25%. Abbot's correction
factor was used to adjust for control group mortality of >10% and <25%
tx(a) = 1 =~ Sx/Sc
where Mx(a) is adjusted nortality inconcentration %, Sx is survival in
concentration x, and Sc is survival in controls (Finley 1971). The Mx(a)

was used 1o ¢calculare the adjusted nunber dead in concentration
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Dzla) = Muf{a) * Ex
where Dx(a) is the adjusted nunber dead in concentrarion x and EX iS whe
nunber exposed in concentration x.

The LC50 val ues were determined using either moving average method
when >2 roxicant concentrations had partial nortality (between 0 and 100%
mortality) or nonlinear interpolation nethod when <1 roxicant concentration
had partial nortality (Pelrier and Weber 1985), Confidence intervals (95%
surroundi ng LC50 val ues were calculated using Fiellers Theorem (noving
average), Of conservative (»95%) confidence intervals were calculated using
binomal probabilities (nonlinear interpolation).

I'n herbicide nixture tests, nolinate and thiobencarb concentrations
at the LC50 level were inzerpolated from|east squares regression (solution
concentration versus herbicide Concentration). To determne the type of
toxic interaction of nolinate and thiobencarb in mxtures. toxicities of
the herbicides in mxtures were expressed as toxic units and summed (LI oyd
1961; Brown 1968):

(Mm/Mi) + (Tw/Ti) = S
where M is nolinate and T is thiobencarb. i is LC50 of individual herbicide
rested Separately, and m is the concentration of the individual herbicide
at the mixture LC50 value. Additive indexes (AI) were calcul ated by
adjusting for asymmetry of S and substituting 95% confidence intervals for

the 96-h LC50 val ues and establishing a test range (Marking 1977) as

follows:
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If 8 >1.0 then Al = -5 + 1.0;

If S<1.0 zthen Al = |/S - 1.0.
This index is symmetrical about Al = ¢ {addiriviry); positive val ues
indicate synergism negative values antagonism The theoretical range of
conpletely (sinple) additive toxicity (Al = C) for the herbicide mxture
tests were egrimared by adjusrting the herbicide mixture LC50 values to S =
1.0. substituting the adjusted 95% confidence intervals into the two Al
equations and establishing an additive range (Finlayson and Verrue 1982).
To detercine rhe type of interaction. the two ranges were conpared as

follows: i) addizive toxicity if the test range broadly (>50%) overl apped

the additive range: i) antajonisric toxicity if nost of the test range
(>S0%) was below the additive range; and iii) synergistic toxicity if most

of the test range {>50%) was above the additive range.

Significant differences in survival and growth between control and
treatnment groups were used to establish no-observed-effect concentration
(NOEC) and lowest-observed-effect concentration (LOEC) values. Survival
data of striped bass fromcontrol and treatnent groups in the acute tests
were conpared by the binomal chi-square test foe data arranged in two
groups (Cociran and Cox 1968). Significant differences in length
measurements of larvae fromcontrol and treatnent groups were determ ned by
the Kruskal~Wallis test with Dunn's nultiple conparison procedure (Daniel

1978).
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RESULTS

Culture Systenm

There were varying degrees of success in maintaining |arval and
juvenil e bass in the culture system. Generally, the survival of control
aroups in the testing system parallelled the survival of that famly
renaining in the culture system Poor survival in the culture system was
associated with several factors including: i) failure of a recirculating
punp and subsequent | oss of filtration and aeration; ii) high density of
fish coupled with failure of the biclogical filter in removing anmonia
wastes; iii) stress caused by low water hardness and alkalinity;, iv) poor
inflation of gas bladders: ) lack of feeding activity; vi) parasitic gill
protozoan and secondary fungal infections; and vii) inadequate space and
environmental control  systens.

The growh of larval striped bass fromfanilies spawned in 1984 and
1985 were similar and conparable co that reported by others (Figure 8).

Testing System

From 1984 through 1986, 24 tests were begun with enbryonic bass,
three with 4-day old bass, nine with 6 to 7-day old bass, eight with 13-day
old bass, nine with 24 to 28-day ol d bass, three with 45-day ol d bass, and
nine with 90=-day old bass (Table 2}, Generally. the percentage of the
tests which were successfully conpl eted (<25% mortality in controls)

increased with increased age of bass.
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Table 2. Number of tests which were successful and unsuccessful (>25% mortality
in control group) in 1984, 1985, and 1986.

Age Successful Unsuccessful
Prenatch 24
4-day 3
6 to 7-day 4 5
13-day 4 4
24 to 28-day 6 3
45-day ! 2
90-day 6 3
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Acure Toxicity Tests

Tests on prolarvae and postlarvae were conducted at tenperatures of
174 t0 20.0°C and salinities of 1.6 to 4.0 ofoo (Table 3). Tests on
juvenile bass were conducted in freshwater at a tenperature of 17,49 C
Di ssol ved oxygen concentrations for all the tests ranged from80 to 100% of
saturation and total ammonia concentrations were <0.1 mg/L.

HMolinate concentrations averaged 90, 81, and 86% and thi obencarb
concentrations averaged 93, 53. and 86% of expected based on known stock
sol ution concentrations and dilutions for years 1984. 1985. and 1986.
respectively.

Survival of fish in control groups in the acceptable 96-h and 144-h
continuous Plow tests varied from75 to 96% for b-day old. 77to 92% for
13-day ol d, 82 ro 98% for 24-day old. 91 to 93% for 28~day old. 75 to 85%
for 45-day old, and was 100% for 90-day old striped bass.  Survival of
13-day ol d bass fromcontrol groups in the 96-h static tests were 62 and
90% for EPA and CDFG conducted tests. respectively. Mdlinate and
t hi obencarb concentrations caused dose rel ated responses in survival of
b-day old (Tables 4 and 5), 13-day old(Tables 6. 7. and 8), 24-day old
(Table 9), 28~dayold (Table 10), 45-day old (Table 11), and 90~day old
bass (Table 12), Thiobencarb (nean 96-h LC50 = 0.59 mg/L) was on the
average 14 times nore toxic than melinate{mean96-h LC50 = 8.3 mg/L).
Generally. the sensitivity of striped bass to the herbicides decreased with
increased age (Table 13). The sensitivity of 6. 13, and 24-day old |arvae

*u molinate was variable but they were nore sensitive than 28-day ol d
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Table 3. Mean (+ S.D.) characteristics of dilution water during toxicity tests.

Test Salinity Temperature Dissolved oxygen
series (o/00) (°C) pH (mg/L)
1984-5 2.0+0.2 17.4t0.9 8.9:0.3 9.820.2
1984-7 2.1£0.3 17.6+0.8 8.9+0.4 9.9t0.5
1985-5 1.620.9 18.9+0.9 7.0£0.3 8.7+0.3
1985-6 1.6t0.9 18.9+0.9 7.1+0.4 8.9+0.3
1985-8 2.520.7 20.0t1.5 7.1k0.2 9.0%0.3
1986-5 0.0 17.420.3 7.2%0.1 8.5£0.2
1986-84 4.0 17.0£0.5 7.8%0.1 9.0+0.3
1986-8B 2.5i0.0 18.0+0.3 7.910.1 9.4+0.2
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Table 4. Acute effects (144-h) of nolinate and thiobencarb concentrations (mg/L) on survival of 6é-day old
striped bass |arvae (mean values with S.D. in parentheses) during Test Series 1984-5.

Mbl i nat e- Thi obencarb M xture

Mol | nat e and

Mol inate Mrtality Thi obencarb Mrtality Thi obencarb Mortality
concentration () concentration (%) concentrations (%)
Cont r ol Cont r ol Cont r ol
€0.31(0.23) b <0.1(0) 12 <0.16(0.08) 4
<0.10(0)
2.6(0.55) 23 E/ 0.12(0.01) 15 0.79(0.21) 7
0.07(0.03)
4.2(0.54) 20 2/ 0.19(0.02) 31 2/ 2.0(0.76) 19 2/
0.16(0.05)
6.6(0.52) 54 3/ 0.37(0.04) 44 3/ 3.1(1.0) 16 2/
0.24(0.08)
13.0(1.3) 100 2/ 0.72(0.10) 100 2/ 6.0(2.3) 100 2/
0.49(0.15)
20.0(1.8) 100 2/ 1.2(0.05) 100 2/ 8.6(2.9) 100 2/
0.83(0.19)
af

=’ Significantly greater than control (x2, 0.05).
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Table 5. Acute effects (144-h) of molinate and thiobencatb concentrations (mg/L) on growth and survival
(mean values with S.E. in parentheses) of 6-day old striped bass larvae during Test Series 1985-5.

Molinate-Thiobencarb Mixture

Fish Molinate and Fish

Molinate Mortality length a/ Thiobencarb Mortality length

concentration (%) {mm) N — concentrations (% (mm) N

Control Control

0.02(0.02) 16 5.55(0.12) 36 0.03(0.01) 25 4.52(0.13) 37
0.001(0.00)

1.5(0.1) 37 b/ 4.70(0.39) & ¢ 0.1(0.3) 30 3.56(0.03) &/ 28
0.05(0.02)

0.9(0.5) 50 b/ 4.7100.268) & 10 1.0(0.3) 27 4.23(0.18) 20
0.06(0.03)

4.6(0.6) 100 ®/ -- - 1.7(0.3) 28 4.88(0.03) 31
0.09(0.06)

8.4(3.5) 100 E/ - - - 2.7(0.7) 63 P-/ 4.27(0.17) 19
0.17(0.06)

13.3¢2.1) 100 &/ - - - 4.4(0.9) 68 b/ 5.03(0.07) 21
0.26(0.10)

af _ .

-— N = Number of fish measured.

-‘3/ Significantly greater than control (%2, 0.05).

— Significantly greater than control (z, 0.05).



Table 6. Acute effects (144-h) of molinate and thiobencarb concentrations {mg/L} on growth and survival {meap values with 5.E. ip parentheses) of
13-day old striped bass larvase during Test Series 1985-4 and 1985-6.

Molinate-Thiobencarb Mixture

Fish Fish Molinate and Fish
Molinate Mortality length Thicbencarb Mortality length ‘Thiobencarh Mortality length
concentration (%} (mm) ¥ af concentration T) {mm) N concentration {%) (om) N
Control Control Control
0.21(0.24) 18 5.62(0.05) 59 0.001(0.00) 23 5.80(0.09) 20 0.04(0.02) 8 5.50(0.06) 39
<0.001(0.00)
b
2.0(0.3) 17 5.72(0.09) 23 0.07(0.04}) 13 5.52(0.07) 23 0.88(0.2) 23 B/ 5.39(0.08) 28
0.05{0.05)
3.1(0.7) 21 5.55(0.10) 27 0.11(0.08) s7 8 s 1200018y & 13 1.3¢0.3) Y s30a0Y 20
0.09(0.04)
C/' c/ bf C/
4.9(1.9) 23 5.34(0.08) & 23 0.22(0.14) 37 4.96(0.12) & 14 2.0(0.5) 45 2 5.16¢0.09)8 22
0.15(0.06)
8.0(1.7) a0 ¥ s ost010y) & 1y 0.44(0.06) g2 2 sgooen Y 6 3.2(0.5) 532 4g700.09Y 25
0.27(0-5)
15.5(3.7) 100 & - —- 0.86(0.23) 100 2/ - - 5.9(0.1) wo 2 4erc0.0mE 17
0.48(0.06)

af

— N = Number of fish measured.

LY Significantly greater than comtrel (x7, 0.05)

<f Significantly greater than contrel (2, 0.03).
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Table 7. Acute effects (96-h) of thiobencarb concentrations (mg/L) on survival
(mean values with $.D. in parentheses) of 13-day old striped bass
larvae during Test Series 1986-8B conducted by DFG.

Thiobencarb Fish length b/

concentration % Mortality {mm) N =
Control a/

<0.002 10 5.4x0.3 = 24
0.09(0.05) 0 —_— -
0.17(0.11) 4.2 - -
0.27(0.15) 10 - —_—
0.47(0.27) 21,38/ - -
0.8(0.5) 502/ - -
i/ Mean + S.E.
b/

- Number of fish measured.

£ Significantly greater than control (x?, ¢.05)}.
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Table 8. Acute effects (96-h) of thiobencarb concentrations (mg/L)} on survival
(mean values with §.D. in parentheses) of l3-day old striped bass larvae
during Test Series 1986-8A conducted by U.3. Environmental Protection
Agency.

Fish

Thiobencarb Mortallty length b/

concentration (%) {mm) -

Control a/

(<0.01) 38 5.1 = 23

0.16(0.01) 34 5.0 33

0.31(0.01) 42 5.0 27

0.45(0.00) 42 5.0 30

0.80(0.03) 94 &/ 5.0 L5

1.45(0.03) 100 &/ 4.9 1

a/

—'  Mean length.

b/

— Number of fish measured.

c/

=’ Significantly greater than control (x2, 0.05).
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Tabie 10. Acute effects {144-h) of molinate and thiobencarb concentrations (mg/L) on growth and

of 28-day old striped bass larvae during Test Series 1985-7.

survival (mean valves with $S.E. in parentheses}

Molinate-Thiobencarb Mixture

Fish Fish Molinate and Fish
Molinate Mortality length / Thiobaacarh Mortality length Thiobencarb Mor:tality length
comncentration (%) (mm) n & concentration (%) {mmm) N concentration (%) (mm) N
Centrol ) Control Control
0.03(0.02) 7 12.5(0.3) 23 <0.01(0.00) -1 12.6(0.5) 14 0.04(0.02} 9 [2.9(0.3} 10
¢0.01(0-01}
1.9(0.2) 15 12.1(0.2) 24 0.04(0.02) 14 12.8(0.3) 20 0.9(0.2) o] 12.4(0.3) 19
0.05(0.05)
0.02(0.02) 8 12.0¢0.3) 20 0.10(0.06) 6 12.0(0.3) £S5 1.3(0.3) 4 12.2(0-4) 12
0.09(0.04)
5.0(0.6) 10 11.8(0.3) 17 0.18(0.11) o 12.5(0.2) 25 2.0(0.5%) 8 11.9(0.2) 18
0.15(0.06)
7.0(1.8% 17 12.1(0.2) 14 0.35(0.17) 33 Wx 12.2(0.3) 10 3.2(0.5) 0.5 11.8(0.2 23
0.27(0.15)
15.5(3.0) 55 &/ 11.8(0.2 6 0.44{0.26) a1 B 10.9¢0.4) & 10 5.9(0.1) 39 &/ .80.¢ 7
0.48(0.086)

al N = Number of fish measured.
L2 Significantly different tham contrel (x%, 0.05).
c/

="' Significantly different tham control (z, 0.05).
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Table 11. Acute effects (l44-h) of molinate and thiobencarb concentrations (mg/L) on growth and survival
{mean values with S.E. in parentheses) of 45-day old striped bass fry during Test Series 1985-8.

Molinate-Thiobencarb Mixture

Molinate and

Thiobencarb Mortality Fish length / Thiobencarb Mortality Fish length
concentration (%) {mm) a concentrations (%) {mm) N
Control Control
<0.01(0.00) 25 20.0(0.3) 20 0.02(0.02) 15 18.9(0.3) 25
<0.01(0.00)
0.20(0.18) 5 24.4(0.6) 13 3.5(1.2) 3 18.8(0.3) 28
0.35(0.11)
0.27(0.08) g 24.0(0.4) 15 4.9(1.4) 3321 18.2(0.3) 13
0.49(0.16)
0.40(0.25) 37 23.5(0.4) 6 7.7(2.1) 692/ 18.1(0.5) 7
0.74(0.25)
0.77(0.23) 90>/ 19.5(3.5) 2 13.1(4.0) 1002/ — -
1.1(0.4)
b/
1.3(0.35) —-= - - 20.8(4.9) 160-= — -
1.7(0.7)
a/

—" N = Number of fish measured.

b/ Significantly different than comtrol (x*, 0.05).



Table 12. Acute effects (96-h) of molinate and thiobencarb concentrations (mg/L) on survival (mean values
with S.D. in parentheses) of 90-day old striped bass juveniles during Test Series 1986-5.

Molinate~Thiobencarb Mixture

Molinate and

Mclinate Mortality Thiobencarb Mortality Thiobencarb Mortality
concentration (%) concentration (% concentration (%)
Control Control Control
0.008(0.003) 0 €0.005(0.000) 0 0.012(0.005) 0
<0.005(0.000)
1.6(0.05) 0 0.24(0.02) 0 1.4(0.1) 0
0.10(0.01)
3.4(0.04) 0 0.47(0.01) 0 2.7(0.2) 0
0.19(0.02)
6.2(0.0) 2.5 0.89(0.03) 97.5 &/ 4.2(0.4) 0
0.30(0.02)
10(0) 0 1.5(0.0) 97.5 2/ 7.0(0.6) 18 2/
0.50(0.04)
19(0) 97.5 2/ 2.6(0.1) 100 2/ 12(2.0) 100 2/
0.75(0.01)
af

2/ gignificantly greater than control (x2, 0.03).
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Table '3, Median lethal (LC50 values) and 95% confidence interval (in parentheses)
concentrations (mg/L} for molinate and thiobencarb on striped bass.
Fish Molinate Thicbencarb
age Solution 0f=n 154} 96-h AR
& Molinate 6.6(6.1-7.1) 5.4(4.9=-5.9)
Molinate 2.1(1.8-2.4) 2.1(1.7=2.4)
Thiobencarh 0.35(0.30-0.39) 0.32(0.29-0.35}
Molinate-Thiobencarb 3.8(3.5-4.2) 2,7(2.4-2.9) 0.33(0.30-0.37) 0,22(0.19-0.24)
Mixture
Molinate-Thiobencarb sy 4,4 »>(},26 0,26
Mixture
13 Molinate 11(8.0-16) 8.8(8.0-1m)
Thiobencarhb 0.51(0.44-0.86) 0.24(0.21-0.27)
Thiobencarb = 0.62(0.57-0.68)
Thiobencarb 2 0.70¢(0.61-0.87)
Molinate-Thiobencarb 13,0(2.7-3.3) 2.0¢1.7-2.4) 0.24(0.21-0.26) 0.16(0.13-0.19)
MixXture
24 Molinate 7.9(7.1-8. 1
Thiobencarb 0.67(0.60~0.74) 0.46(0.41-0.52)
Molinate-Thiobencarb 3.,1(2.6-3.6) Loa(l.2-1.7) 0.24(0.20~0.28) 0.11¢0.09-0.13)
Mixture '
28 Molinate L6 >16
Thiobencarh >0, 44 >0.44
Molinate-Thiobencarb >5,9 >5,9 >0.48 >0.48
Mixture
45 Thiobencarhb 0.97(0,40-0.77)
Molinate-Thiobencarb 7.5¢(7.0-8.3} 6.6{4.7-7.5) 0.65(0.60-0.72) 0.58(0.43-0.66)
Mixture
9Q Molinate 14(13-15)
Thiobencarb 0.67(0.60-0.75)
Molinate-Thiobencarb 7.9(7.4-8.6) 0.52(0.49-0.56)
Mixture
al U.5. Enviroumental Protecticn Agency %6-h static test.
b/

DFG 96-h static test,

A



larvae and 90~day old juveniles. The sensitivity of 6-day old larvae to
thiobencarb was greater than the sensitivity of 13, 24, and 28-day old
larvae and 90-day old juveniles, The molinate~thiobencarb mixtures
produced AI ranges suggesting simple additive toxicity to 13-day old,
slightly less than additive toxicity to 6 and 90-day old, and slightly
greater than additive toxicity to 24~day old striped bass (Figure 9).
Collecrively the four tests indicate simple additive toxicity of molinate
and thiobencarb fo striped bass larvae and juveniles, The mean L050 values
for the molinate-thiobencarb mixtures were 5.1 mg/L molinate and 0.40 mg/L
thiobencarb (Table 13).

Generally, the no-observed—-effect concentration (NOEC) values for the
l44=h acute tests increased with age of larval striped bass (Table 14),
Molinate NOEC values ranged from <1.,5 to 7.0 mg/L for 6 to 28=-day old bass,
and thiobencarb NOEC values ranged from 0.07 to 0,40 mg/L for 13 to 45;day
old bass, respectively., The herbicide mixture NOEC values ranged from 0.79
mz/L molinate and 0.C7 mg/L thiobencarb to 3.5 mg/L molinate and 0.35 mg/L
thiobencarb for 6 and 45~day old bass, respectively. The lowest-observed-
effect concentration (LOEC) valuesg also increased with age of fish.
Survival was as sensitive as growth as an indicator of acute toxic effects
from molinate and thiobencarb on striped bass larvae (Tables 5, 6, 9, 10,

11, and 14),
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Table 14. No-observed-effect concentrations (NOEC) and lowest-observed-
effect concentrations (LOEC) of molinate and thiobencarb (mg/L)
during 6-day tests on striped bass larvae.

NOEC LOEC
Age Molinate  Thiobencarb Molinate  Thiobencarb
6-day Molinate 2:b/ €1.5 1.5
Thiobencarb b/ 0.12 0.19
Molinate- 0.79 0.07 2.0 16
Thiobencarb
Mixture E/
l3-day Molinate &/ 3.1 4.9
Thiobencarb a,b/ 0.07 0.11
Molinate- <{J.88 £0.05 0.88 0.05
Thiobencarb
Mixture B2
24-day  Molinate b/ 3.6 3.6
Thiobencarb E/ 0.27 Q.45
Molinate- 0.49 0.08 2.6 0.19
Thiobencarb
Mixture B
28-day  Molinate b/ 7.0 16
Thiobencarb B/ 0.18 0.35
Molinate- 3.2 0.27 5.9 0.48
Thiobencarb
Mixture E/
45-day Thiobencarb B/ 0.40 0.77
Molinate- 3.5 0.35 4,9 0.49
Thiobencarb
Mixture 2

<43=

Based on significantly reduced growth compared to control (P <0.05).

Based on significantly reduced survival compared to control (P <0.05).
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DISCUSSION

Culturing and Testing Techniques

Varying degrees of success in culturing and testing striped bass
occurred during the 3~year study for a variety of reasons., Sufficient
water hardness and alkalinity (>200 mg/L CaC04) in culture and test water
are important factors for the health of striped bass (Stickney 1986). The
water hardness and alkalinity used for culturing and testing striped bass
in our study varied from 20 to 100 mg/L CaCO3, Stress caused by low water
hardness could lead to poor feeding, increased occurrence of disease, and
weaker test organisms.

There is no evidence to indicate that brine shrimp nauplii are a
nutritionally complete diet even through they are recommended food for
larval striped bass (American Fisheries Society 1976; Lewis and Heidinger
1981; Rogers et al. 1982). To the contrary, nauplii have been shown to
lack essential fatty acids and some elements required by marine fish,
Cowgill et al. (MS 1986) has suggested correcting deficiency diseases in
larval fish by supplementing brine shrimp with algae grown in nutrient
enriched media. Survival of prolarvae and early postlarvae may be improved
by offering them a combination of brine shrimp nauplii and unicellular
algae, Additionally, algae are smaller than nauplii and not mobile thus,
more available than nauplii as a food item to young bass.

Nitrogenous wastes, particularly ammonia, are highly toxic to striped
bass larvae (Stickney 1986). Although water recirculation systems for

culturing striped bass have been used successfully, our experience
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indicates that the systems are difficult to maintain and are easily
disrupted resulting in toxic concentrations of nitrogenous wastes. Flow
through or partial recirculating systems are much easier to operate and
keep nitrogenous wastes below toxic levels.

Larval striped bass control groups had better survival in circular
clear glass test chambers with deep (215 em) water columns under
well-lighted conditions. Light may have improved the food catching ability
of the striped bass. A small water current provided by weak aeration
helped keep the prolarvae suspended. Test chambers with netting should be
avoided because larval striped bass often become impinged in the netting.

Acute Toxicity of Rice Herbicides

The 96-h and 144~h continuous flow LC50 values indicated that the
sensitivity of stripe& bass to the rice herbicides decreased with increased
age. The LCS50 values of molinate and molinate—-thiobencarb mixtures for
larvae 24=~days old and younger were generally lower than those for larvae
and juveniles 28-days old and older. The LC50 vazlues of thicbencarb for
larvae 6~days old were lower than those for larvae and juveniles 13-days
old and older, The 96~h LC50 values of molinate and thiobencarb for 90~day
old bass agree with those for yearling striped bass of 8.1 to 12 mg/L
molinate and 0.76 mg/L thiobencarb reported by Finlayson and Faggella
(1986),

The herbicide mixtures produced AI ranges indicating additive
toxicity of molinate and thiobencarb to larval and juvenile striped bass.

These data indicate that both herbicides were twice as toxic when present
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together at 1:1 LC50 value ratios than they were individually. Finlayson
and Faggella (1986) reported additive toxicity from molinate-thiobencarb
mixtures to juvenile channel catfish, chinook salmon, and steelhead trout.

Survival was as sensitive as growth as an indicator of toxic effects
on striped bass larvae from molinate and thiobencarb. Woltering (1984)
also found survival to be as sensitive an indicator of roxic effects in
chronic and early-life~history—stage roxiciry tests with a variety of
toxicants and fish species,

Hazard Assegsment of Rice Herbicides to Striped Bass and Oposgum Shrimp

The hazard assessment procedure compares estimated or measured
environmental concentrations with toxic adverse effects likely to result
from those exposures, Three possible measurements of risk are possible
from an assessment: 1) minimal hazard; ii) potentially excessive hazard;
and iii) uncertain hazard, Risk should not be confused with safety which
is a value judgement, largely social in origin, on the perceived
acceptability of the risk,

The Standard Guide (E1023-84) for assessing the hazard of materials
to aquatic life used here was developed by the American Scociety for Testing
and Materials (ASTM 1984)., Our assessment evaluates the toxicological

hazard to striped bass and opossum shrimp Neomysis mercedis resulting from

exposure to rice herbicides in the Sacramento River and downstream estuary.
Opossum shrimp are a primary food item of young bass in the Sacramento~San
Joaquin Delta {(Orsi and Knutson 1979). It is based on the measured and

estinated acute and chronic toxicity of molinate~thiobencarb mixtures to
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young striped bass and opossum shrimp and the measured and expected
environmental concentrations of the herbicides.

The procedure is Dased on reascnable worst—-case analyges that are
consistent with scientific validity. Judgements in the measurements of
risk are done using safety factors, the quotient of a toxicologically
significant concentration divided by an appropriate environmental
concentration. If these safety factors are large then the risk is judged
minimal, and if the factors approach or are less than one then the risk is
judged unacceptable, If the risk cannot be judged minimal or unacceptable
then it is judged uncertain, requiring additional information. The value
of the safery factor for minimal trisk will vary with the quantity, quality,
and kind of data available concerning the environmental concentrations and
toxic effects, and the degree of confidence in the validity of any
assunmptions and extrapolations that were used.

Environmental Concentrations -~ Extensive and accurate data are

available on the measured environmental concentrations of rice herbicides
in the Sacramento River and Sacramento~San Joaquin Delta. The CDFG has
been monicoring molinate and thicbencarb concentrations in the‘Sacramentb
River since 1982 (Finlayson and Lew 1983a; 1983b; 1984; 1985; 1986), and
the Regional Water Quality Control Board~Central Valley Region has been
wonitoring rice herbicide concentrations in the Sacramento~San Joaquin
Delta since 1983 (unpublished data). Expected worst~case environmental

concentrations of rice herbicides were estimated from the State Water
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Resources Control Board dilution flow model for rice herbicide
eoncentrations in the Sacramento River (Cornacchia et al., 1984},

Restrictions on the use of these herbicides influence envirconmental
concentrations in the agricultural drains and ultimately, the Sacramento
River. The Department of Food and Agriculture began mandatory use
restrictions during the 1984 rice season which have since been modified
yearly (California Department of Food and Agriculrure MS 1984; 1985),
Rather than conduct individual assessments for years 1984, 1985, and 1986,
we chose 1985 as the worst~case {(highest levels of herbicides) year for
measured rice herbicide concentrations in the Sacramente River (Finlayson
and Lew 1985; Regional Water Quality Control Board~Central Valley Region
1985, unpublished data). Two worst-case hypothetical environmental
concentration scenarios were also assessedt i) minimum compliance with the
Department of Health Services action levels (20 ug/L molinate and 1 ug/L
thiobencarb) for Sacramento River drinking water; and ii) minimum
compliance with the DFG guidelines (90 ug/L molinate and 24 ug/L
thiobencarb) for protection of aquatic life in agricultural drains and
expected minimal dilution {(242) in the Sacramento River below Sacramento
using the State Water Resources Control Board model (Cornacchia et al.
1984), Both maximum and estimated daily weighted mean (one~half maximum)
concentrations were used in the assessments (Table 15).

Toxicologically Significant Concentrations — A review of acutely

lethal levels for striped bass (Tables 13 and 14) indicated that 13~-day old

postlarvae were the most sensitive and 90-day old juveniles were the least
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Table 15. Measured and estimated worst-case concentrations (ug/L) of molinate and

thiobencarb in Sacramento River and Sacramento-San Joadquin Delta,

Location and scenario Molinate Thiobencarb

I. Sacramento River @ Sacramento
A. Measured concentration (1985 data)éié/

1. Maximum 16 4.1
2. Average 8.0 2.0
B. Estimated concentration (DHS action 1evels)£/
l. Maximum 20 1.0
2. Average 10 0.5
C. Estimated concentration (DFG guidelines)ﬂl
1. Maximum 22 .
2. Average 11 2.9
I1. Sacramento-$San Joaquin Delta @ Rio Vista
A. Measured concentration (1985 data)gj
1. Maximum 10 2.3
2. Average 5.0 1.2

a/ Concentrations of molinate (>1 ug/L) in 1983 lasted for 38 days in Sacramento
River at Sacramento; average molinate concentration is weighted numeric mean
for 38-day period.

b/ Concentrations of thiobencarb (0.5 ug/L) in 1985 lasted for 26 days in
Sacramento River at Sacramento; average thiobencarb concentration is weighted
numeric mean for 26~day period.

e/ Maximum concentrations represent minimum compliance with DHS action levels and
average concentrations estimated as weighted numeric means for 38-day and 26-day
exposure perlods for molinate and thiobencarb, respectively.

d .

d4/ Maximum concentrations represent minimal compliance with DFG guidelines in all
agricultural drains and worst-case dilution (24%) 1n Sacramento River; average
concentrations estimated as weighted numeric means for 38-day and 26-day exposure
periods for molinate and thiohencarb, respectively,

e/

Maximum concentrations from Regional Water Quality Control Board - Central Valley
Region 1985 data; average concentrations estimated as weighted numeric means for
38-day 'and 26~day exposure periods for molinate and thiobencarb, respectively.
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sensitive to molinate, thiobencarb, and molinate~thiobencarb mixtures,
Sensitivities to molinate~-thiobencarb mixtures were used in the hazard
assessment because of the additive roxic effects from the two herbicides on
larval striped bass (Figure 9) and young chinook salmon (Table 16;
Finlayson and Faggella 1986). The 96~h LC50 values for 13-day and 90-day
old striped bass life-history—-stages were used in estimating safety factors
for acutely lethal levels (Table 17}. The acute NOEC values from the test
on 6-~day old prolarvae were also used because these data were more
definitive than and approximated those for 13=day old prolarvae (Table ;4).

Chronic striped bass eggs—to—fry NOEC values for molinate and
thiobencarb were estimated from tests on 90-day old juvenile striped bass
by dividing those 96-h LC50 values by corresponding acute=-chronic ratios.
The NOEC is rhe lower level of the MATC (maximum allowable toxicant
concentration} range and is a conservative estimate of an unacceptable
chronic level; the upper level of the MATC is the LOEC., The acute-chronic
ratios are quotients of the juvenile 96—h LCS50 values divided by the
chronic eggs—~to-fry HNOEC values For chinook salmon exposed to molinate,
thiobencarb, and a molinate-thiobencarb mixture (Table 16). It appears
that chinook salmon (Table 16) are a suitable model for predicting effects
of the herbicides on striped bass (Table 17) given the similarity of 96;h
LC50 values of molinate and thiobencarb alone and molinate—thiobencarb
mixtures for juvenile fish.

Acute (7 and l4~day tests) LC50 values from tests with molinate and

rhiobencarb alone and a molinate-thiobencarb mixture on opossum shrimp
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Table 17. Toxicologically significant concentrations (mg/L) of molinate an

d thiobencarb on striped bass.

6-day old l44-h NOEL 13-day old 96-h LC50 . 90-day old 96-h LCS0 Eggs-to-fry MATC af
Selution Molinate Thiobencarb Mclinate Thicbencarb Molinate Thiobencarb Molinate Thiobencarb
. b/
Molinate alone 1.5 -— 1l - 14 - 0.42-0.71 —
Thiobencarb alone - 0.12 - 0.54 - 0.67 0.025-0.043 &/
d
Molinate-Thiobencarb 0.79 0.09 3.0 0.24 7.9 0.52 0.14-0.20 d/ 0.011-0.016 LY
Mixture
af MATC trepresented by NOEC-LOEC range.
b/ Estimated using acute-chronic ratios of 331 and 19 from chinook salmon juvenile and eggs-to-fry tests.
s Estimated using acute-chromic ratios of 27 and 16 from chinook salmon juvenile and eggs-to-fry tests.
d/ ratios of 58 and 40 for molinate and 48 and 33 for thiobencarb from chinook salmon juvenile and eggs-to-fry

£/ Esrimated using acute-chromic
tests.

1
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(State Water Resources Control Board 1985) indicated simple additivity for
the two herbicides (Table 18). Chronic 42-day tests on molinate and
thiobencarb alone produced NOEC values for growth of 0,026 and 0.007 mg/L,
respectively. A chronic 42-day test was conducted wirh a molinate-
thiobencarb mixture for the State Water Resources Control Board (1985) but
the results were invalid because of poor survival in the control group and

bad laboratory practices. However, we estimated chronic MATC values for

the molinate~thiobencarb mixrure as one-half of those values for the
individual herbicides, assuming additivity in the mixture during the 42Z-day
test., Additivity was demonstrated in the chronic 90~day test on chinook

salmon (Table 17) and in the 7 and l4~day acute tests on opossum shrimp.

Hazard Assessment - The acute safety factors indicate no hazard %o striped

bass from a short—term (4 to 6 day) exposure to the combined rice
herbicides; safety factors ranged from 36 to 1,580 for molinate and 16 to
1,040 for thiobencarb (Table 19). However, exposure in the Sacramento
River and downstream estuary lasts from 30 to 40 days and coincides with
the egga~to=-fry stage of striped bass. The safety factors (Table 19)
indicate minimal hazard to striped bass eggs-to~fry because the estimated
chronic NOEC values (Table 17) are greater {(at least 2 fold) than the
worst~case maximum environmental concentrations (Table 15), For average
herbicide concentrations, the safety factorg uging estimated chronic NQEC
values ranged from 13 to 28 for molinate and from 3.9 to 22 for
rthiobencarb., It is anticipated that future herbicide use restrictions will

result in compliance or better with the DHS acrion levels of 20 ug/L
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Table 18. Toxicologically significant concentrations (mg/L) of molinate and
thiobencarb on opossum shrimp Neomysis mercedis in acute and chronic

tests. Data from State Water Resources Control Board (1985),

LCS50 Values

LCS0 Values

Sglution Molinate 7_da')I"h:Loben(:arb Molinate Thiobencarb
Molinate alone 2.5 0.82

Thiobencarb alone 0.21 0.091
Molinate-Thiobencarb 2.1 0.071 0.77 0.024

Mixture

Solution

MATC Values-i/

Molinate alone

Thiobencarb alone

Molinate-Thiobencarb-E/

Mixture

a/

b/

42-day
Molinate Thiobencarb
0.026-0.045
0.,006-0.013

0.013-0.023 0.003-0.006

MATC represented by NOEC-LOEC range.

-55=-

NOEC and LOEC values for mixture estimated as one-half of values for
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molinate and 1 ug/L thiobencarb in the Sacramento River at Sacramento;
minimal compliance and better will result in safety factors of at least 7
for molinate and 11 for thiobencarb during the 30 to 40 days of exposure in
May and June.

The acute safety factors indicare no hazard to cpossum shrimp from a
short term (7 to 14 day) exposure to the combined rice herbicides; safety
factors ranged from 38 to 410 for molinate and from 4.1 to 142 for
thiobencarb (Table 20), However, exposure in the Sacramento River and
downstream estuary lasts from 30 to 40 days. The safety factors (Table 20)
indicate potentially excessive hazard to opossum shrimp because estimated
chronic NOEC values {(Table 18) are 0.6 times the worst—case maximum
environmental concentrations (Table 15). Safety factors ranged from 0.6 to
1.3 for molinate and from 0.5 to 3.0 For thiobencarb, For average
herbicide concentrations, the safety factors using estimated chronic NOEC
values ranged from 1.2 to 2,6 for molinate and from 1.0 to 6.0 for
thiobencarb, Compliance with the DHS action level for thiobencarb will
result in acceptable environmental concentrations, but the DHS action level
for molinate will not protect against toxic conditions for the opossunm
shrimp. Likewise, compliance with the present DFG guidelines (90 ug/L
molinate and 24 ug/L thiobencarb) for agricultural drains will not protect
the opossum shrimp under minimal dilution (24% of total flow) conditions
below Sacramento. Lowering the DFG guidelines to 54 ug/L molinate and 12

ug/L thiobencarb will result in a mean safety factor of 1.0 below
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Sacramento and should protect the opossum shrimp during worst—-case dilution
years,

It would be desirable in the hazard assessment to have empirical
information on the chronic effects of mclinate and thiobencarb on striped
bass eggs—~to—-fry and opossum shrimp to confirm the estimated acute~chronic
ratios and safety factors. The present assessment indicates minimal
toxicological hazard to young striped bass from exposure to rice herbicides
in the Sacramento River and Sacramento-San Joaquin Delta. We presently
have no viable method for testing striped bass <b6-days old. There is no
reason to believe that striped bass have a different acute~chronic ratic to
rice herbicides than chinook salmon., Cornacchis et al. (1984) lists an

acute—chronic ratio for channel catfish Ictalurus punctatus exposed to

molinate alone at 36 and for mysid shrimp Mysidopsis bahia exposed to

thiobencarb alone at 17. Our acute-~chronic ratios for chinook salmon
exposed to the herbicides alone (Table 16) approximare these values for
these species suggesting that our acute~chronic ratios for the herbicide
mixture are reasonable.

The present assessment indicates potentially excegsive hazard to
opossum shrimp from exposure to rice herbicides in the Sacramento River and
Sacramento—-San Joaquin Delta during worst—case dilution years, The
potentially excessive hazard to opossum shrimp can be corrected by lowering
the DFG guidelines for herbicide concentrations in agricultural drains to

54 ug/L molinate and 12 ug/L thiobencarb which will result in a mean

=59~



chronie safety factor of 1 below Sacramento., Because molinate and
thiobencarb are additive, the guidelines for molinate range from 0 to 90
ug/L and those for thiocbencarb range from 0 to 24 ug/L (Table 21).

The worst-case safety facrors used here are reascnable and
conservative for protection of striped bass and opossum shrimp and allow
for a margin of error. This margin of error is created by the estimations
and assumptions inherent to this hazard assessment. The safety factors use
chronic NOEC values rather than chronic LOEC values and sublethal effects
are expected to occur at concentrations somewhere between the NOEC and LOEC
values. The safety factors use maximum concentrations rather than average
(one-half maximum) concentrations although the latter typically controls
the degree of sublethal effects during chronic exposure. Finally, neither
organism would be expected to be exposed to the worst-case environmental
concentrations of the herbicides for more than a few days hecause of
additional dilution in the Sacramento=San Joaquin Delta created by San
Joaquin River flows and San Francisco Bay tidal action., This additional
dilution is seen in the measured concentrations at Sacramento and Rio Vista
in 1985 (Table 15) and the safety factors calculated for the two locations
(Tables 19 and 20). The minimal 4 fold conservative margin of error is
needed, however, because not all aquatic species have been tested under all

conditions,
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Table 21. Maximum concentrations (ug/L) of molinate and thiobencarb in
agricultural drain water needed for protection of striped bass and
opossum shrimp in the Sacramento River and Sacramento-S3an Joaquin
Delta. Calculations assume simple additivity of molinate and
thiobencarb and minimal dilution from Sacramento River.

Molinate Thiobencarb
90 0
80 3
70 7
60 10
54 12
50 13
40 15
30 17
20 20
10 22

0 24
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Appendix A.

Test
series

Schedule of uncompleted acute and chronic tests with molinate,

thiobencarb, and molinate-thiobencarb mixtures in 1984 through

1986,

Begin
date

Age
(developmental stage)

Herbicide

Comments

1684-1

1984-2

1984-3

1984-4

1984-6

1984-8

1985-~1

1985-2

5~1-84

5~4-84

5-5-84

5-11-84

5~18-84

6-8-84

4=27-85

5-9-85

12-h prehatch
{(embryonic)

6-h prehatch
{embryonic)

4-day
{prolarvae)

13-h prehatch
(embryonic)

7=-day
{praolarvae)

28-day
(postlarvae)

12-h prehatch
(embryonic)

12-h prehatch
(embryonic)
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Molinate

Thiobencarb

Molinate-
Thiobencarb
Mixture

Molinate

Thiobencarb

Molinate-
Thiobencarb
Mixture

Molinate

Thiobencarb

Molinate-
Thiobencarb
Mixture

Molinate

Thiobencarb

Molinate-
Thiobencarhb
Mixture

Molinate

Thicbencarb

Molinate-
Thiobencarb
Mixture

Molinate

Thiobencarb

Molinate-
Thicbencarb
Mixture

Molinate

Thiobencarb

Molinate-
Thiobencarb
Mixture

Molinate

Thiobencarh

Molinate-
Thiobencarb
Mixture

100% mortality
all treatments

100% mortality
all treatmerits

100%¥ mortality
all treatments

100% mortality
all treatments

20% mortality
controls

20% mortality
controls

50% mortality
controls

50% mortality
controls

in

in

in

in

in

in

in

in



Appendix A.

Test Begin
series date
1985~3 5-10-85
1985-5 5-31-85
1986-1 5-10-86
1986-1 5-15-86

, 1986-3 6-12-86

1986-4 6-14-86
1986-6 8-6-86
1986-7 8-12-86

{Continued)

Age

(developmental stage)

Herbicide

Comnentg

12-h prehatch
(embryonic)

6-day
{prolarvae)

12-h prehatch

{embryounic)

12-h prehatch

(embryonic)

ll-day
(postlarvae}

13-day
(postlarvae)

S0~day
(juvenile)

90-day
(juvenile)
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Molinate

Thiobencarb

Molinate-
Thiobencarb
Mixture

Thiobencarb

Molinate-
Thiobencarb
Mixture

Molinate

Thiohencarb

Molinate~
Thiobencarb
Mixture

Molinate

Thiobencarb

Molinate-
Thiobencarb
Mixture

Molinate

Thiobencarb

Molinate-
Thicbencarb
Mixture

Molinate

Thiobencarb

Molinate-
Thiobencarb
Mixture

Molinate

Thiobencarb

Molinate~
Thiobencarb
Mixture

Molinate

Thiobencarb

Molinate-
Thiobencarb
Mixture

50% mortality in
controls

75% mortality in
highest treatment

50% mortality in
controls

50% mortality in
controls

75% mortality in
controls

75% mortality im
controls

0% mortality in
all treatments

25% mortality in
controls
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RESULTS OF A FROTOCOL TEST FOR CONDUCTING ACUTE TOXICITY
EVALUATIONS WITH EARLY LIFE STABGES OF STRIFED BASS

Introduction

The U.5. Environmental Frotection Agency ¢ research group
at Newport. Oregon is involved in a program to develop and
test- the robustness of toxicity evaluation procedures {far
ma&rine ordanisms, with the immediate goal of providing a
sl te of testes for wee in requlating effluents discharaed
it the maring environmant. A ralated Srtate of California
project is the development of culture and testing
procedures for several species of estuarine organisms of
special interest in San Francisco Bay and Delta region. Ag
gart of the lattar investigaticn, thne EFA labkoratory in
Hewport condected & parsailel rearina snd texicty TRat
gvalualion in conjunction with California Fish ana Bame.
Support far the EFA effort was made available bv California
Fish and Game (CF%G) through a coorperative agreement
aireadv in place between EFG and Oregon State Umiversity.
Coordinztion of the details of the rearing and test
procedures was provided by Brian Finlavson of California
Fish snd Geames Festicide Investigation Unit to Gary Chapman
mt EFf’ s Neweort facilitw,

M=thods

Details of the methaoo were stipulated by CFUG. In summary,
fish were ragared and tested in reconstituted sea watar made
ue with distilled-deionized tap water from the EFA
laboratory and s=sa salts provided by CFRGE. Erime shrime
{(firtemis) cvets were suppliad by CFLG and reared in 14
epthousend seawster. Eggs and prols-vas were held
rominally at 17 € and 4 ppt reconstituted seawater. Fish
were fed Artemia nauerlii at about FO,000 per foeding.
mepproHimately 10 percent of the I25 liter recirculating
gawsiter volume was repnlaced seach davwv.

The striped bass egqgs were provided by CFLE and were picked
up at the Eugesne, Oregon airport shortly after midmiaght on
May 24, 19B&. The package was immediately transporied to
Newport, arriving at the laboratory at OI00 hrs.  The
tamperature of the eag transport water was Il C. At 0I19
hre the eggs were placed into a McDonald hatching jar at a
temperature of 17 . The water flow through the hatehing
jar was =295 ml/min with the remaining 1173 mlsmin of water
fiow praviding a circular fiow of water in the rearing tank
in which the hatching Jar was placed.
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At 0739 the SZOoml/min overflow from the hatching rar was at
17 C. but al)l nf the egas had hatched and only & few
prolarvag were still 1n the Jar. Ubs&rvatiaon of tne
hatched prolarvae throuah & digsecting scope led to the
+pllowing notation in the notebook: "As a rouah estimate
1'd say about 1/2 of the larvae are active.,"

On May 27 the fish were “well eved." Three-s-day feedings
started this morning. about 75 hours a+ter hatch., Ky the
morning of May T "There are still lots of fish around the
edge of the tank, but not as many as previousiy. The
Aumbars apeesar to he fewer."

On Mav 21 the watsr temceg-ature climbed to 19 C by 1515 hrs
with the room air temperature in the low 80s (Fi, The
cuetodial staff readiusted the thermnstat; the roonf
terrerature thereaftsr remained 1n the mid-ous.

(in Jume | the fish apweszred to poxsess a swim-bhladoer ang

on June 2 the beating of the heart was discernible. A June
Z notebook notation read: "1'm concerned that the number

of fish surviving until time +or the test will 2ither be
insufficient for the tast or make minimal stress capture
difficult,”

On Jume 4 the parallisl arcug of fi¢h being reared oy CFL3
ware reported to have beern Filled s & result of & pume
a1 lure,

On June S twalve one—aasllon rars wers filled with 4 eof
‘ma-monetituted ssswarner ond eplaced 10 2 17 C water baturn.
ignment of corcentrarion af test chemical to the jars
done by rancom numbsr, The test chemical was the
roamate herpicice Thicbsncart and was surplied as an
uecus stock solutrian by CF%G. The stock soluticn wss
ceiverd at Newport an June 4 snd was stared at ream
mperature. Stock solution was agdesd to the tsst jsrs atb
O hrs on June &. Sameles ot the test soluticnzs wers
:2n within the hour and were stored 1n a refrigarator.
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Eecsuse cf an impending shipment of s=triped bass egge due
to arrive in Eugene on the svening ot June &, start up ofF
the toxicity test wase put off until Jume 7. Many larvae
were collected fraom the rearing tank on the afterrioon o+
June &6, Eecausze of low numbers of fish in the ftank the
following method of cspture was used: small numbers of
fish were "“siphoned” into a length of B mm i.d. glsss
cubing by covering one end of the tube with an inger fipger
and inserting the other =nd several inches below the water
surface and in the vicinity of the bass larvae; removing
the finger cauvsed a flow of water (and entrainea bass
larvae) intoc the tube: the upper end was re-covered and the
contents transferred to a beaketry finally, the beaker was
emptied into a bucket of 12 ppt aerated seawater and the
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fish provided with Artemia. The fish were held in this
manner until their transfer to the touxicity test chambarg

htrs. ) About Z00 fish were transferred at thhe {first
capture; very few deard larvae were noted the next dav and
the fish appeared to be in good condition.

Beginning at 1345 hrs on June 7 groups of 4 to 7 larvae
were removed from the holding burcket using the alass tube
"siphon" procedurs described above. The larvae were
deposited into & white, glass spoon, weess water pipetted
off, and the larvas placed into & test j1ar basinnine with
jar no, 1 and eroceding 1n order through jar no. 12, Tk
procedure wes repeated for 2 second, tnire, fourth and
fifth group per jar, until each jar contained 25 larvae.
Distribution of test organisms was completed at 1510 hrs,

Test jars were plazed in the head bor for the redirzulation
svstem supplving the rearing tenk. Each jzi recelvad
gentle aeration. Water temererature was checked daily in
from one to four jars and never daeviataed from 17.0 C. Jars
ware removed fram the water bath early each atftterncor after
the aeration was removed and the water gently stirred for
ten revolutions to concentrate gdead and weak larvas in Lhe
center of the jar. rl] posziblv dead fisgh were removed and
placed in a small petii dish for cbservatiocn under a
disegecting scope. Fish showing sign of lits, even ir
1imited o wesk vertilstory or heart activioy., were placed
back inta the test Jara. Fish showing no sian o1 life were
removed and discarded. After @5 hours all fish that could
be {found were removed., observed, and snumersted 1n the
following classifications: deads; live but immobile: weakly
mobile: and normal. ALl but the desd +ish wsra2 placed into
sample viale and epreserved in 10% formslin.

PDismussion with Brian Finlayson indicstsed that those +fish
that ware live bhut immobile would be termed dead by tha
criteria useo bv CFRE. EBecause the count of prolarvae intc
the test jars was believed Yo hbe more accurate tham the
firnal count of live and dead fish, ali jars were assumed to
have received 29 fish at the start of the test (sxcept +or
jar no. 10 which was kmnown to have received 2& and jsr no.
7 which vielded 246 dead larvae,! Therefore, the final
number of dead fish was taken to be the sum of the number
of observed deaths pluz the number of immobile fish st 94
hours plus the number of missing fish.

Following termination of tne test, water samdles were taken
and shipped on ice to CF%E for thiobencarb anaiveis, 1n
addition, samrles were removed for pH analvsis and Winkler
dissolved owvasn determimation. Temperatures were meagured
in each jar atter they were removed from the water bath,
but before fich were removed. The last four jars (9-123)
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watrmed appreclably prior to temperature measurement and do
not represent_test _temperatures.

Results.

Eatween the receipt of the striped bess egge and the start
of the toxicity test with tniobencarb, the temperature
ranged between 16.2 and 19.0 Ci salini*ty varied between
eintreme values of 2,5 and 4.7 pet (Table 1.

Mortality in the thiobencarb toiicity test showed an
chviouws doze related prograzszion at the two highest
caoncentrations of C.&7 and 1.70 mg/t. (Table 2).
Considerable intermediate movtality was seen at 0.21 and
2.8 ma/L and in one control jar. Mincr mortality waes seen
at 0,12 mgsl and in the other control Jsr.

The 2Pé&=hr obeervations +or conditicn of the larvae are
given in Yable Z. Normal larvae predominated in controls
end the two lowest concentrations (O,12 and 0.21 ma/L).
Most surviving larvae at 0,28 mg/L were weak and those at
D.&7 were immobirle. The Fé-hr LCSD sppearred to be betwsen
G, 28 and O.&7 ma/L.

N effects of thiobencaroc were seen on the finzl lenaths of
the larvae from the %&-rmr touxicity test. The lengths
aperezar to be less than those for larvas fran teste
sonductea by CFLEGS in previcus wvears, FReportad in arbhitrary
scaled vnits, the convercsicon to millimters incicited thar
all trestmentsz had fish with a mean lenoth between 4.%4 and
.18 mm (Table S). Individveal lengths ranaen +rom 4,735 to
S. =5 mm.

Eaveral wesks faollowing the terminstion af the test.
analytical results +from CFLE indicated that the thiomensarh

conceEntrationg were about U percent greater frnat nomiral
due to 2 similarly greater concentration in the stock
gclution. Based on the anslvzed stoct =olutior

concentration, meédasured concenitrsticne 1n the test jars
averaged about .02 mg/L higher tharn nominal (Table &) and
were very statle over the period of the test.

Discussion.

Success with the first grour of striped bass eggs indicated
that the procedures used in collection, shipeing, and
receiving of the eggs were acceptable. A sucseauent
failure with a zecond group o+ eqggs was aprarently caused:
by & combination of less viable eggs and a problem in
trangit from Sacramento to Eugere that led to a 12 hr delay
in receipt of the egqgs at Ewgene.



The toxicity test results provided an apparent Fo-hr LETO
that_was_ip reasonable_agreeaept.with _those obtained in
earlier tests by CFu5. A combination of factors, primarily
the 17 C rearing temperature, resulted in the larvae being
tested at a relatively small size (5 mm) and before many
larvae had begun active feeding. ] believe that a warmenr
temperature would have resulted in a more rypically sired
larvae at two weeks post hatch &nd more fesding larvae
being represented i1n the population. However, this may
also have resulted in a poorer survival in the stock priagr
to the test, a survival that was probably only about H-10
percent under the existing conditions. Using more
developed larves in the test would epresumsbly have alliowerd
a somewhat better control survival.

Fast success with rearing striped basg larvae
notwithstanding, | bslieve that & smaliler Yirst food wouig
prroavide a bettar and more naturel prav for stimped Dass
than the Artemie nauplii currently prescribed. RAlthouah
available eqa numbers may preclude broader exrerimentation
at our laboratory, I would like to trv resring larvae on a
diet that included & smaller prey oOrasnlsm (parlaps 4a
ratifer) in aadition to Artemia.

Sucecess in rearing many organisms has been achieved with
arrtificial media composed nof deionizsed water ana sea salts
or off—the-shelf chemicales. Such media sroviae 8 standard
matrix for the conduct of toxicity testz., and this allows
for hetter compariscn of data bstween tests, betwesn
effluants, and between laboratories., O+ten this sUCCess is
achieved in spite of, rather thnan hecauss of, the
charactisitice of the medium., It wouid be int=recseting to
look at the rearina of stripsd bass 1n 3 meoium bhlending
natural surtace frecshwater and nstursl seawster, pretarably
inm a minimally acceptable flow-througn modes.

Measurament of dissolved oxygen, pH, and smmonia were
hampered by lack of meters for these messurements cawused by
a delav in funding of the EFA-Dregon Stste Universzity
coorerative agreement to which the stricsd bags test was o
be attached. The agreement was +unded erective June &,
198&, and the equipment will be availatcle for the next
round of stripad bass testing.

A significant loss of thiobencarb from similar test
solutions in CF%G tests suggested a aitference hetween the
resylts from the present study and those conducted by
CF%GE. Discussicn with Brian Finlavseon elucicated a
provable cause for this discrepency betweRen thae two
studies. Our tests were conducted in +rmshly prepared 4
pet seawater, while the CFYE tests were coarposad in water
from the striped bass rearing system. Thig suggests that,
bacterial decomposition of the thiobencarb was the mode o
detouication in the CF¥[( tests.
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Table 1.

rearing apparatus,

Date

o T
e AR
sy
E.'/.::-.I‘
[ i e
pu )

S/24
Srza
S/04

A
SR

Summary of temperature and salinity values in the

Time

1 OO0
1440
1826

[T

300
7S

T2E
1 e

PRFOR |

&2 L1005
S/27 1008
8/28 S093I5
S/IT CEZO
S/29 1170
/30 0810
S/TO 1275
S/00 1425

G 1514
5771 1310
ST 1120
ST 1208
&0l 1OEG
&/01 1122
& 00 015
&/02 11449
R 1610
5707 Og7zo
/04 L] =yel
&/05 DE1D

&A05

6 /0s

140%

70

Teme. (O

7.0

IR
18,0
17.0

17.6
17 .0
17.0
17,0
17.0

17 .1

17.0

17,4

17,0
17.5
1=.2
17,0
17 .14
14,
le.
17.

1?--\_1'

17.0

Mo

fn

* Adjusted to correct towatrds 4
*¥* 4d justed

rogom temperaturs

pet

Salinity (ppt}

S.1%
4.5

4.2




Table 2. Summary of Cumulative Mortal:ity (number of dead
fish removed) at variouws times during the test,

Namimal

Jar No, Concims./ L) aahe iR 7o e
9 Control 0 1 = 4
10 Cantrol z 4 & 11
& .12 ] 1 1 ey
£ 0.1y ! 1 7 i
b .2 i H & F
11 0,21 2 2 3 e
2 0.8 {} 2 ] 8
4 1,78 1 ! ] 7
1 0. &7 1 4 4 12
12 CG.&7 0 ] = i7
= 1.20 = 15 e 22
7 ol I 16 27 2&
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Table T. Summarv of condition of fish &t the end of £he Sy
A test. All jars were presumned to heve received 27 fiah
at the start of the fest (eucept No. 10 which received g

figh.)

Nominal Tota)
Jar No. Conctmasl; Dead Immobkile Weal: 0Ob Lost  “Deasc”

G Contrcl 4 o 1 7 I 7
10 Control 1: 0 1 o 1 12
o I @ ) z 14 & &
L .10 - i H 11 £ 3
= 0.21 < W g 5 W i1
11 0.21 =] 0 5 10 2 10
2 0.7 8 = 10 2 ! s
4 Q.78 7 1 14 g O 8
1 D7 12 2 ya ) 2 23
12 .67 17 4 1 i = 24
= 1,20 a2 2 W] O 1 2%
7 1.20 24 W (] ) 0 26
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Table 4. Summary of chemistry and conditions i1n test jars
at_the termination o4 _the P6zhr test.

Nominal .
Jar No, Concimg/L} pH D.0. (ma/L) Tenprerature (C?
< Control 76T 8.7 1B.2%
10 Lontrol 7.87 9. Qi 18,2
& (WIS I 7alE T .k _ 17.5
& 012 7.59 €, 00 17,75
b 0.2 722 Q.56 17.3
11 (W) | T.70Q F .o 18.2%
2 . 8 TG Gl 17.0
G i 7l e VI
1 O.&7 - ey 17.4
12 .67 7.75 F.02 18.2%
et 1e20 s 22 2,08 17.2
7 1.20 7.20 g.E0 1704

*Result af sitting st room temperaturs following temoval
from the watetr bath ises tent).
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Table 3. Standsrd lenaghte of strired bess larvas &t the
y +

terminstinn Of the Ss--bis ooy, Test,

HNominza! Thiahs~rars Coac, (mafl g aes Jor N,

Length* Conteol G100 vy ol . & FpY
TN R o B =1t =4 110 =

1e 7 3 ] ]

S8 4 PR 1 1 X i

.9 =t =z 7 a4 4 = 1 1

&0 = = 7k ~ 5 ¢ S LA

.l 14 o z 1 = 1

B 1 ] R 1 1 0t

Sl o4

P S 1 i

5. S 1

- bl

o B = i

Cia 1
FivT . .= 5. SN S.5% .=t AW
e o, 54 .07 T Tl &0 ——
#arnltreaty 2ofte units. 1 ounlt = 02T am
Averaze lengthszs convertad fo millimsters ares:
Fiva, 3,24 4,95 S 4,c= g, 9% .87
AT .18 4,55 DLk .05 Tl ——
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Tabhle &, Results of CFF0 thioberncarb anaslyveic of sanples
from the EFA towioity btest,

N

Conuentration fmsil i
Mezasured Measuran
Jer Mo, FMominal Initial Final

—
Tr.
-

W RN G 577

o Gu 3k 4D, W
= 1.20 1,50 1. 40
4 . TR G, 45 0. 45
g PRy 0, 20 0.3

& .12 G, 15 [ T W

~d

1,20 1,40 1.50
G. 132 I [
Comtrel S, il
Caomtrol '

.21

&1}

—
o Tn

f

e &/
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Appendix C. Daily mean quality of water for the static acute toxlcity

test.
Salinity D.0. Temperature
Date pH (o/00) (mg/L) (°C)
al
(9.5-9.6)
6-14-86 - 2.5 9.6+0.0 17.50.0
f-15-86 - 2.5 9.0+0.1 18.5£0.0
(8.9-9.2) (18,0-18.5)
6-16-86 - 2.5 9.1£0.1 18.5
{(9.0-9.3)
6-17-86 8.0 2.5 9.2:0.1 17.5
(9.1-9.3)

a/

-~ Mean * §,E., with range in parentheses.
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