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Species Tested: Sheepshead Minnow
(Cyprlnodon variegatus).

CITATION: Ward, G.S. 1988. Chronic Tox1city Estimate of
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(Cyprinodon varieqatus) in a Flow-Through3Test. FMC
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CONCIUSTIONS: This study is sc1ent1f1call¢ sound but does
not fulfill the guideline requirements for a fish early
life-stage test. Growth (length) was the%most sensitive
indicator for the toxicity of Carbofuran Technical to
sheepshead minnow (Cyprinodon Varlegatus)J The MATC was
determined to be less than 17.6 ug/L mean| measured
concentration, based on reduction in leng h. The NOEL could
not be calculated from the data tested due to the adverse
effect on growth found at all test leve;sq
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MATERIALS AND METHODS: ‘

A. Test Animals: Naturally spawned sheepshead minnow
(Cyprinodon variegatus) embryos less ﬁhan 48 hours old
were obtained from Aquatic Researchioﬁqanisms, Hampton,
New Hampshire. Live embryos were ran&omly distributed
into the test chambers on the day the§ were received.

B. Test System: The test system was aipjoportional diluter
with a dilution factor of 0.5. The system consisted of
seven duplicate sets of glass aquarﬁaidesigned to
maintain approximately 6.0 L of test solution or
dilution water. Two cylindrical screened retention
chambers were positioned in each duplicate test
aquarium. Five FMC 10242 Technical}c&ncentrations, a
natural seawater control, and a dimethylformamide (DMF)
solvent control were utilized. Test concentrations were
prepared fresh with each diluter cy l;. The solvent
concentration was maintained at app;o;imately 20 ulL/L in
the solvent control and all test concentrations
throughout the test. Salt water used| for testing was
filtered (5-micrometer) natural seawater. The water was
collected at Marineland, Florida, and|diluted to 20
parts per thousand with ESE’s well water. Prior to use,
the seawater was passed through an ultraviolet
sterilizer. *

Flow rate to each duplicate aquarium (i.e., 7 to 8
cycles per hour) was sufficient to provide approximately
14 daily volume turnovers. Test soluﬁion delivery was
directed into the retention chambers ﬁo maintain the
best water quality possible throughbuﬁ the test. A
water bath was utilized to maintain| test temperature at
279Cc. A 16-hour light and 8-hour dark photoperiod with
a 15-minute transition period to si#u ate dawn and dusk

was maintained.

C. Dosage: 35-days early life-stage tes

\
|
|
i
D. Design: Embryos and juveniles wered%finitively tested
for 35 days at nominal test concentrations of 19.75,
39.5, 79.0, 158.0, and 316.0 microgfaﬁs per liter
(ug/L) . The test was initiated when 25 embryos were
randomly added to each retention chamber within 48 hours
of fertilization. Embryos were removed daily from each

retention chamber, counted, dead em#ryos removed, and
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the chambers rinsed with freshwater\te clean screens.

This procedure was repeated until all
Embryo mortality and tlmewt

living embryos had
hatch were

After hatching, juvenile fish were fe$ brine shrimp

(Artemia salina) nauplii at least opc
Survival was monitored daily until te
any changes in physical appearance br
recorded. Growth of juvenlles was ﬂe
of the exposure by measuring standard:

weight,

and dry weight of 1nd1v1duaﬂ fish.

per day.

t termination, and
behavior were
termined at the end
:length, wet
Dry weights

were obtained by drying fish overnlght at 60°C and then

cooling them in a desiccator prior to

Diluter function was checked daily
periodically by direct measurement
Technical. The test concentrations w
initiation, and on Days 7, 12, 16, 21
and 35 during the test. Additional s

by}
of

weighing.

‘observation and
FMC 10242

were checked at test

, 24, 28, 31, 34,

amples were

collected from the highest test concentration whenever

events occurred which affected test c

oncentrations.

Samples were collected from all treatment duplicates at

each sampling.

Statistics:

Hatching success and juvenile survival:

Difference

between the seawater control and solﬁent control were

determined by Fishers Exact tests. D
the pooled controls and test concentr

ifferences among
ations were

determined by analysis of variance (ANOVA), using angle

(arcsine square root) transformations
survival data. If the results were s
significant in an ANOVA test, at a pr
statistical comparison between the po
each treatment was made using Wllllam
multiple comparison of several treatm

\
Mean standard length, wet weight, and
juvenile fish: Differences between th

and solvent control were determined b
test. Differences among the solvent\
concentrations were determined by ANO
were statistically significant in the
probability of 0.95, )
solvent control and each treatment was

of the percentage
tatistically
obability of 0.95,
oled controls and
s’ procedure for
ents to a control.

dry weight of
e seawater control

Yy a Student’s t-
control and test
VA. If the results
ANOVA test, at a

statistical comparison between the

made using

Dunnett’s procedure for multiple comphrlson of several

treatments.
at the 95 percent confidence level.

3 |
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REPORTED RESULTS: During the test, water | quality remained
within limits considered acceptable forﬁsheepshead minnows.
Salinity ranged from 18 to 22 parts per| thousand.
Temperature varied between 25 and 28°c nﬁ dissolved oxygen
concentrations remained > 4.3 mg/L or > 61% of saturation.

The pH ranged from 7.7 to 8.4.

The author reported that the concentrations of FMC 10242
Technical remained fairly stable throughout the test (Table
3-1, attached). However, on Day 3, an apﬁarent electrical
short-circuit in the Automatic Pipette puﬁp resulted in
double injections on some cycles. The pump was replaced
which rectified the situation. Measurement of the highest
test concentration found that the concentration increased
by approximately 38% over nominal (60% increase over day-0
measurement). The system then functioned normally until Day
11 during which toxicant delivery ceased for approximately
21 hours. The actual drop in test concentrations were not
measured. Based on the diluter cycling;rite, the author
estimated that the test concentrations could have dropped
below the analytical limit of detection during the 21-hour
period. ©On Day 34, the diluter began to &ycle slower

because the seawater supply was runningroﬂt and then due to

a malfunction in the seawater delivery sys

tem pump. The

diluter was allowed to go static for the ﬂast 24 hours of

exposure.
due presumably to physical or biclogical d
processes. The mean measured concentraﬁi¢
Technical in seawater ranged from 76 to 11
concentrations (Table 3-2, attached). |
|
Hatching success embryos, time to embryo h
of juvenile fish, and juvenile growth are

Tables 3-3, 3-5, 3-6, and 3-7, respectively.

The test concentrations fellibj

as much as 67%
egradation
ns of FMC 10242
0% of nominal

atching, survival
presented in
The author

stated that the MATC value for sheepsheadiminnow was <17.6

ug/L FMC 10242 Technical based on length

nd wet weight.

However, he did not see a clear relatioﬁsﬁip of
concentration-related response in these two growth

parameters. The mean dry weight also did|

significance detected by length and wet weight.

not confirm the
Since the

solvent control fish were significantly;lérger than the
seawater control fish, the author speculated that the
solvent (DMF) provided an organic substrate for

microorganisms which in turn provided aldi
for the solvent control fish. This stimul

etary supplement
atory growth was

assumed to be present in all test concentrations in the

absence of the toxicant.
presence of toxicant in the test solutions
affected the population of microorganisms

£ - |
|

\
|
\

The author thdught that the

¥might have
creating an
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artifact from the use of DMF. The lack $fJ51gn1f1cance
between the seawater control and all tesﬁ oncentrations
except for 256 ug/L, also led the author! 'to think the
solvent-induced effect might have occurred in this case.
Therefore, he believed the true MATC value for FMC 10242
Technical on sheepshead minnows was actually between 43.4
ug/L and 68.0 ug/L, based on reduction in hatching success.

"Hatching of sheepshead minnow embryos was}51gn1f1cantly
reduced at test concentrations > 68.0 ug/L., There was no
apparent delay in hatching relative to FMC 10242 Technical
exposure concentration. Mortality of juvenile fish was
significantly increased at test concentratipons > 120.0 ug/L.
Sheepshead minnows exposed to concentration of FMC 10242
Technical > 17.6 ug/L were statistically smaller than the
solvent control fish on both length and wet| weight bases,
while only those fish exposed to 256 ug/L were significantly
smaller than the solvent control fish on a dry weight basis.
Differences in growth between the seawater control and the
solvent control were attributed to the presence of the
solvent as an organic substrate for microorganisms which
were utilized by the solvent control fish as diet
supplement. Based on the effects of FMC 10242 Technical on
growth, estimated MATC is between 43.4 ug/L|and 68.0 ug/L."

The study was conducted in accordance with
Laboratory Practice Standards (40 CFR 160),:
exception that specified procedures for recording data were
not strictly followed. A quality assurance statement was
included in the report, stating that "this report has been

reviewed by the Toxicology Department's Qua~1ty Assurance
Unit." |

A. Test Procedure: The test procedure andjthe report
generally followed the SEP, except for Che following
deviations: 1

o0 The test material was described as "‘arbofuran

Technical; FMC #7326." However, FMC 10242 Technical was

referred to as the test material all thj:ugh the report.

o Twenty-five eggs were used per cup exposed to FMC
10242 Technical. ASTM E 1241 states that no more than

20 randomly assigned embryos should be &dded to each
cup.

‘‘‘‘‘‘
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o The quality of the dilution water\dl not meet
requirements. 1) the TOC should be less than 5 mg/L;
filtered seawater used in this study had a TOC of 36.7
mg/L, 2) suspended solids at 24 mg/L\eereds the
criteria level of <20 mg/L, and 3) the%ﬁevel of
organophosphate pesticides (<0.118 g/L exceeds the
standard criteria of <0.05 g/L. ch rmore some heavy
metal levels (viz. cadmium, iron, and zinc) are
exceptionally high and mercury was not heasured

0 The test system failed to keep the t st
concentrations stable due to three fallﬁres as described
by the author in Section 12. At each fallure, all test
concentrations should have been measuye& and included in
the mean measured concentration estimates. By ignoring
the concentration drops during the first two failures,
the mean measured concentrations estimated may not
reflect the true values the fish were\ekposed to.

o Diluter malfunctions occurred for ap rox1mate1y 4 of

the 35 days of testing (i.e., about 11% of the exposure
period). ‘

© An hourly printout of temperature was reported as
being provided in Appendix F. However, Appendix F is
missing from the report. |

o Verification of the precise embryonic stage at the
beginning of the exposure was not attemﬂted

of the test. 1In this study, the embryos were reported
as being less than 48 hours old at testglnltlatlon.

However, the age of embryos in this test is acceptable
by the ASTM Standard. |

o0 The number of males and females used} o obtain the
enbryos was not reported.
© The test fish were fed only at least once per day.
Test fish should be fed at least twice dé:ly, according
to the SEP, or "to excess" according to ASTM.

o The amount of food the fish received ias not
reported. Since growth parameters were used as end
points of the toxic effects, each control and treatment
fish should have received equal amounts of food.

© Fish should not be fed for at least 2% hours prior to
test termination. This report does not pec1fy whether

6



‘flsh's gastrointestinal tracts.
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food was withheld from the test flsh‘durlng the last 24
hours of the test. If not, the weight measurements at
test termination would not be a meaningful parameter
since they would include the weight af food in the

o Time to swim-up was not recorded.

0 The relative standard dev1atlon (co‘ff1c1ent of
variation) of welghts of the fish that were alive at the
end of the test in any control chamber must not be
greater than 40% (according to the SEP). The relative
standard deviations for seawater controls were 46% and
39% for seawater control A and seawater control B,
respectively.

o There is a contradiction in the report. The MATC
value reported as being between 43.4 and 68.0 ug/L based
on hatching success in the result and summary sections,
but on growth in the conclusion section.

B. Statistical Analysis: The reviewer rea alyzed the data
using ANOVA (Tukey's and Duncan's tests and obtained
slightly different results from the author's. Dunnett's
test was also used to analyze the embry hatching and
juvenile survival data (with arcsine square root
transformation on the data). The resuh‘s obtained were
the same as those done by Tukey's and Duncan's tests.
All printouts are attached. The resdlt‘ are summarized
below: 5

Concentration Time to % %$ Juvenile Length { Wet Wt. Dry Wt.
(ug/L) Hatch Embryo Survival (mm) (mg) (mg)
(Day) Hatched
Seawater * * *
Control 6.75 81.0 89.3 10.54 30.71 4.89
Solvent
Control 6.50 80.0 96.5 11.97 45,28 7.35

17.6 7.50 78.0 98.8 11.08" 37.97% 7.65

43.4 6.25 80.0 88.5 10.44* 34.64" 6.75

68.0 6.75  68.0 82.8 10.04% | 35.44% 6.87

© 120.0 7.25 68.0 62.0" 10.86* | 50.01 10.13"
256.0 6.50 58.0*  52.3% 8.73% | 27.19* 5.44*
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- Slgnlflcantly different from solvent control ak p < 0.05.

Results of statistical analyses were\ln general
agreement with those done by the author, except for the
embryo hatching success. Three methods (Tukey‘s,
Duncan's, and Dunnett's) were used b§ the reviewer to
analyze the hatching data. The resuﬂts were all the
same (see attached prlntouts), i.e., lonly embryo
hatchlng at 256 ug/L was significant y lower than that
in the solvent control (p < 0.05). Qhe difference
between the reviewer's analyses and the author's was
probably because the author pooled tﬂeé eawater control
and solvent control data before comparlhg to those in
the treatments. 1In the reviewer's oplnﬁcn, this
practice should not have been done since it is obvious
from the test data that the solvent used in this study
may have exerted some effects on sheepshead minnow's
early life stages. ASTM specifies that "if a
statistically significant difference [in| either survival
or growth is detected between the two controls, only the
solvent control may be used.....as thp basis for
calculation of results."

C. Discussion/Results: Since the solvent (DMF) used in
this study had an apparent effect on sheepshead minnow,
the comparlsons should be made among the results
obtained from the solutions that contalﬁed solvent
(i.e., all treatments versus solvent co 1trol). Growth
was the most sensitive indicator of the ‘toxicity of -
Carbofuran Technical in this study. Ex‘

ept for the data
obtained from the 120-ug/L test level there were

negative trends on growth with 1ncreasqu concentrations
of Carbofuran Technical. The issue whether food supply
limited the growth in the seawater control could gave
been avoided if the guidelines of feealﬁq all test
concentrations "to excess" had been fbltowed (as opposed
to feeding once a day).

Based on length data, all concentratlon“ tested
significantly reduced the growth of sheepshead minnow
juveniles as compared to the solvent co”trol.
Therefore, the MATC value of Carbofuran‘Technlcal for
sheepshead minnow was less than 17.6 ug L mean measured
concentration. The no-observed-effect ﬂPvel (NOEL) .
could not be calculated due to the adﬁe:se effect on
growth (length) at all test levels.

D. Adequacy of the Study:
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(1) Classification: Supplemental. | !

(2) Rationale: The range of concenﬂrd ions tested did
not include a no-observed-effect level. Therefore,
a more precise MATC could not be estimated. 1In
addition, the quality of dilution water did not
meet requirements. o

(3) Repairability: No. : .

!
COMPLETION OF ONE-LINER: Yes, November 9, 1988.
N ! ‘ .
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Nomifial and Mean Measured FMC 10242 Technical C
During an Early Life Stage Test with Sheepshead

(Cyprinodon yariegatus)

C-FMC87/FMCCARBO . REP
Corporation
A87-2265

MG
y No.

oncentrations
M

i

Nominal Measured Concentrations (ug/L) erg
Uoncentrations . Replicate Treatment off
(ug/L; ppb) Mean (+SD*) Mean (+SD) omi
eawater A ND+ ND ;
Control B ND f
Solvent A .ND ND L
Control B ND |
19.75 A 17.7 (3.3) 17.6 (2.8) 8
B 17.6 (2.4) ~ I&
B39.5 A 43.9 (7.2) 43.4 (6.6) 1
: B 42.8 (6.4) |
79 A - 68.3 (10.9) 68.0 (11.1) g
' B 67.7 (11.9) |
i 158 A 119 (16.2) 120 (15.3) 76
| B 120 (15.2) |
316 A 262 (81.2) 256 (72.0) 8

B 248 (62.7)

8D = Standard Deviation.
ND = Not Detected; <10.0 ug/L.

=18~




C-FMC87/FMCCARBO . REP
 FMC Corporation
Study No. A87-2265

able 3-3, Hatching Success of Sheepshead Minnow (gxpgigggig variegatus)
Embryos Exposed to FMC 10242 Technical o

i Mean
‘B Measured

_Percentage Hatchx

Replicate A Replicate B Treagmept

1 2 1 . 2 Mganﬁ

76 92 80 76 | 81
80 68 84 88 80
72 84 88 68 78
76 76 88 80 80
76 64 68 i 64 6§+

64 64 64 80 68+ j

60 48 72 52 58+ |

) reduced hatching success compared to the pooled

Y
'y

-19-




C-FMC87/F
FMC
] t:udy

-

L.

Con
ﬁo . A

=21-

( @ble 3-5. Test%iy on which Hatching of Sheepshead Minnow yprinodon
‘N variegatus) Embryos Exposed to FMC 10242 Technical Met or
Exceeded 90 Percent Completion ‘ ‘
‘fMean Measured Time to Hatch (days) »
{@Concentration Replicate A Replicate B Treatment
(ug/L; ppb) 1 2 1 2 Melani]
J8awater Control 7 7 6 7 6.75f
lvent Control 7 7 6 6 6‘.5
17.6 7 7 8 8 #.5;
. ol
43.4 7 6 6 6 6.25
68.0 6 5 8 8 2.75
I 120 8 7 7 7 7.25
! | L |
‘R 256 7 6 6 7 ‘ .9
‘
fource: ESE, 1988.
|
i
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Bble 31-6. S‘\;;iival of Sheepshead Minnows (Cyprinodon wariegatus) )
Exposed to FMC 10242 Technical in a 35-Day Early Life Stage

s

Test |

.«, :

4 Mean Measured Percent Survival* if

i Concentration Replicate A Replicate B | Treatment

R (ug/L; ppb) 1 2 1 2 |' Mean

i ' —

w!‘ awater Control 95 87 80 95 - ; 89

; Olvent Control 95 100 100 91 ‘96

R 176 | 100 100 95 100 99

g w4 95 100 59 100 91

B 680 84 94 53 100 | | 82

B 12 50 44 9% 60 62+
256 | 47 50 50 62 | | 52+

'urvival is calculated by dividirig the number of survi.viﬁ juveniles on
’y 35 by the total number of embryos which hatched. . F

~ ignificantly (P20.95) reduced survival compared to thi pooled controls.

‘urce: ESE, 1988.

:
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d}owth, as Standard Length and Dry Weight, of

Minnows (Cyprinodon variegatus) Exposed to
Technical

fiean Measured
fConcentration
§ (ug/L; ppb)

Std Length
in mm (+5.D.)

Wet Weight
in mg (£S.D.)

*?awater Control

§olvent Control

72
77
78
70
56
42

30

10.5+
12.0

11.1+
10 .4+
10.0+
10.8+

8.7+

30.7+

45.3

;38.0+

34,6+
35.6+
50.0

27.2+

ESE, 1988.

:Signiflcant (P 20.95) reduction in growth of fish when c
§6lvent control. ‘

-23~
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