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As promised in the above referenced document, The Goodyear Tire & Rubber Company is . =
providing EPA with the following final report:

WINGSTAY 100 - Bioaccumulation Study with Carp (Cyprinus carpio), Phase 1

The unexpected mortalities observed in the first exposure at the 50 ppb target concentration
(Initial submittal - SEHQ-94-13284) were not seen in the subsequent exposure at a similar target
concentration of the test material. The deaths observed in the first exposure were isolated to one
aquarium. No mortality or adverse behavior were noted in any of the other aquaria associated
with the study. In an effort to identify whether or not the deaths were related to the test material,

a second exposure was conducted. In this second exposure, at 79 ppb no mortalities or adverse
effects were observed.

Additionally, the bioaccumulation study demonstrated that the test material accumulates to a
high degree in fish (consistent with the high fat solubility for this chemical product), but is
readily eliminated following cessation of exposure. cs 1\1\ t)/C f’.V T
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ABSTRACT

This study investigated the potential for Wingstay® 100 to be concentrated in the tissue of
freshwater fish. Japanese Carp were exposed to two different concentrations of Wingstay® 100.
During the time the fish were in water containing Wingstay® 100, the test substance was
measured in the tissues of the exposed fish. Concentrations of Wingstay® 100 in tissue were
approximately 3,000 - 5,000 times greater than the concentration of Wingstay® 100 in the water.
Following this part of the experiment, the fish were placed in clean water containing no
Wingstay® 100. After 14 days in clean water, the fish had essentially eliminated all Wingstay® 100
from their tissues. This experiment demonstrates the fact that Wingstay® 100 accumulates to a

high degree in fish (consistent with the high fat solubility for this chemical product), but is readily
eliminated following cessation of exposure.

EXECUTIVE SUMMARY

This study investigated the potential for Wingstay® 100 to bioaccumulate in freshwater fish. The
measure of bioaccumulation was performed using the Japanese carp (Cyprinus carpio), following
OECD Guideline 305E (“Bioaccumulation: Flow-Through Fish Test”, OECD, 1981b) and MITI test
guidelines (*“Methods for Testing the Bioaccumulation of Chemical Substances in Fish”, MITI,
1993). Exposure to two aqueous concentrations of Wingstay® 100 was provided via a continuous
flow diluter system. Following exposure, the rate of depuration of the accumulated residues was
measured by transferring the exposed populations to clean flowing water (i.e., without test
substance). Selection of the target exposure concentrations for the initial investigation
(Springborn Report #35-5-5882) was based on the results of an acute toxicity test (96-hour LC50
of > 1.0 mg/L for Wingstay® 100 and a representative freshwater fish). Concentrations selected

for bioaccumulation estimation (i.e., 50 and 5.0 pg/L) were 5 and 0.5% of the established LC50
value.

Exposure of carp to 50 pg/L (nominal) Wingstay® 100 resulted in unexpected mortality (i.e., 18%)
by day 7. Due to the unexpected mortality, exposure of the population of carp to the 50 pg/L
treatment level was terminated. No mortalities or adverse effects were observed during the
exposure of carp to 5 pg/L of Wingstay® 100 or the control sclution, which continued through 36
days, followed by 14 days of depuration. Analysis of the exposure solution established an
average measured concentration of Wingstay® 100 of 3.24 pg/L or 65% of the target

Springborn Laboratories, Inc.




Page 2 of 6

concentration. Measurement for residues in the fish tissue determined that steady state
concentrations in the edible (11,800 pg/kg), non-edible (20,500 pg/kg) and whole body
(15,700 pg/kg) tissues were achieved by exposure day 15. Based on these data, the measured
(tissue / water) bioconcentration factor (BCF) for each tissue type was; 3640 (edible), 6310
(nonedible) and 4850 (whole body). These measured BCF's were consistent with the predicted
values based on the uptake (k) and depuration (ky) constants, i.e., 3790 (edible), 6450
(nonedible) and 4970 (whole body). Elimination of Wingstay® 100 from all tissue types was
continuous during the 14-day depuration period. The half-life (i.e., the time required to eliminate
50% of the accumulated residues determined at the termination of the exposure period) occurred
in the whole body tissue prior to day 7. Elimination of 95% of the residues in the whale body
tissue was achieved by day 14. Based on the lipid content (5.90%), the BCF for whole body

tissue was calculated to be 82,200, a factor which represents theoretical accumulation in fatty
tissue.

Due to the unexpected mortality during the initial exposure to 50 pg/L Wingstay® 100, this portioh
of the study was repeated (Phase It Exposure, Springbom Report # 95-4-5826) to determine if
the observed mortality was test material related and to establish the BCF for Wingstay® 100 at
a second exposure concentration. No mortaiities were observed during the supplemental
exposure which extended through 28 days, followed by a 14-day depuration period. The absence
of mortality during the supplemental test indicated that the previously observed mortality was
associated with a condition unrelated to toxicity of the test material. Analysis of the exposure
solution established an average measured concentration of Wingstay® 100 of 79.0 Mg/l or 158%
of the target concentration. Analysis of the fish tissue established that steady state was
achieved by day 16 of the exposure period. Steady state concentrations determined during the

supplemental test were as follows: (198,000 ug/Kg) edible, (291,000 ug/Kg) nonedible, (246,000
ug/Kg) whole body.

Based on these data, the measured bioconcentration factor (BCF) for each tissue type was 2510
(edible), 3680 (non-edible), and 3110 (whole body). These measured BCF's were consistent
with the predicted values based on the uptake (k,) and depuration (k,) constants, i.e., 1890
(edible), 2910 (non-edible), and 2400 (whole body). Elimination of Wingstay® 100 from all tissue
types was continuous during the 14-day depuration period. The half-life occurred in the whole
body tissue prior to day 7. Elimination of 94% of the residues in the whole body tissue was
achieve by day 14. Based on the lipid content, the BCF for whole body tissue was calculated
to be 52,700 which represents theoretical accumulation in fatty tissue.

Springbom Laboratones, Inc.
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These two studies together provide data pertaining to the bioconcentration of Wingstay® 100 in
fish. Exposures at 3.24 pg/L and 79.0 pg/L yielded BCF's ranging from 2,510 to 6,310
depending on exposure concentration and tissue type. This range of variability is well within that
expected for bicaccumulation studies and demonstrates that the bioconcentration of Wingstay®
100 is independent of exposure concentration. The unexpected mortality observed in the first
exposure at the 50 ug/L target concentration were not seen in the subsequent exposure at a
similar target concentration of Wingstay® 100. The deaths observed in the first exposure were
isolated to one aquarium. No mortality or adverse behavior were noted in any of the other
aquaria associated with the study. In an effort to identify whether or not the deaths were related
to Wingstay® 100 effects, a second exposure was conducted. In this second exposure, at 79.0
Hg/L no mortalities or adverse effects were observed. Therefore, based on the orange-red
killifish exposure and the two bioconcentration studies there does not appear to be any adverse
biological effects caused by exposure of fish to Wingstay® 100. The following tables and figure
further illustrate the comparison between the predicted and measured BCFs and uptake and
depuration rates observed during the two bioaccumulation exposures.

Spningbom Laboratones, Inc.
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Table 1. Summary of the Steady State Concentrations Determined for
Wingstay® 100 in Carp During Two Separate Exposures to
Mean Measured Water Concentrations of 3.24 ug/L and
79 ug/L.
Mean Steady State Concentrations
Study Phase Report # Measured y
Water
Concentration Steady State Edible Nonedible Wholle Body
Phase |
Bioaccumulation  95-5-5882 3.24 pg/L day 15 11,800 20,500 15,700
Phase I
Bioaccumulation 95-4-5826 79 pg/L day 16 198,000 291,000 246,000
Table 2. Summary of the Residue Concentrations for Wingstay® 100 in
Carp After 14 Days of Depuration Following Two Separate
Exposures to Mean Measured Water Concentrations of 3.24
ug/L and 79 ug/L.
Percent Residue Concentrations after 14 Days Depuration
Study Phase 50% Depuration
Depuration (14 day) Edible Nonedible Whole Body BCF Lipid
Content (whole body)
Phase |
Bioaccumulation  before day 7 95% 3640 6310 4850 82,200
Phase Il
Bioaccumulation before day 14 94% 2510 3680 3110 52,700

Springbom Taboratores, Inc.
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Table 3.

Phase |

Summary of the Predicted and Measured Bioconcentration
Factors (BCF) for Wingstay® 100 in Carp Determined During
Two Separate Exposures to Mean Measured Water

Concentrations of 3.24 ug/L and 79 ug/L.

Mean Measured Water Tissue type K, K, Predicted Measured
Concentration During Exposure BCF BCF
3.24 ug/L Edible 602 0.159 3790 3640
Nonedible 1370 0.212 6450 6310
Whole Body 1000 0.201 4970 4850
Phase li
Mean Measured Water Tissue type K, Ky Predicted Measured
Concentration During Exposure BCF BCF
79 yg/L Edible 318 0.169 1890 2510
Nonedible 439 0.151 2910 3680
Whole Body 376 0.156 2400 3110

Springbom Laboratories, Inc.
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Figure 1. Residue Levels in Carp During and After Wingstay® 100
Exposures Under Water Flow-through Conditions in Laboratory

Aquaria.
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SUMMARY

Wingstay® 100 - Bioaccumulation Study with Carp (Cyprinus carpio), Phase |

SPONSOR:

PROTOCOL TITLE:

REPORT NO. :

STUDY NO.:

TEST SUBSTANCE:

TEST DATES:

TEST SPECIES:

TEST CONDITIONS:

DILUTION WATER:

TARGET TEST
CONCENTRATION:

The Goodyear Tire & Rubber Company

Wingstay® 100: Measurement of Bioaccumulation in Japanese Cam
(Cyprinus carpio) Following OECD and MITI Guidelines, Springbomn
Laboratories Protocol No.: 081194/OECD-MITI-BCF and Protocol

Amendment Nos. 1 and 2, dated 7 October 1994 and 8 June 1995,
respectively.

95-5-5882
13537.0994.6100.143

Wingstay® 100, Lot No. 137170393 NP1017, CAS Registry No.
68953-84-4, a gray, flaky substance with a purity of 100% reported

by the Study Sponsor, was received from Goodyear Research on 7
September 1994

Exposure : 25 October to 30 November 1994
Depuration: 1 December 1994 to 16 December 1994
(last analytical sampling was on 14 December 1994)

Japanese Carp (Cyprinus carpio) . SLI Lot #
Mean wet weight = 12 g (range 7.0 to 19 q)
Mean total length = 97 mm (range 76 to 115 mm)

Source = Owens and Williams Fish Farm, a commercial supplier in
Hawkinsville, Georgia

36 days exposure, 14 days depuration, 23 to 25 °C, illumination of
16 hours light:8 hours dark at 50 to 70 footcandles

Well water

pH: 69t07.2

Specific conductivity: 110 to 130 ymhos/cm
Total hardness as CaCQO4: 30 to 36 mg/L
Total alkalinity as CaCO,: 21 to 27 mg/L

5.0 pg/L Wingstay® 100

Springborn Laboratories, Inc.
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MEAN MEASURED
CONCENTRATION:

ANALYTICAL DETECTION
LIMIT:

RESULTS AND
DISCUSSION:

3.24 ug/L
approximately 2 to 3 ug/L (Section 5.1)

Carp (Cyprinus carpio) were exposed to a target concentration of
5 ug/L of Wingstay® 100 for 36 days to determine bioaccumulation
(bioconcentration) factors (BCF) in edible (fillet), nonedibie
(viscera/carcass) and whole body tissues. A 14-day depuration
period was also conducted, after steady-state conditions had been
reached, to determine the elimination rate of Wingstay® 100 from
fish tissues at this time.

The actual Wingstay® 100 concentration in water over the 36-day
exposure period was determined by high performance liquid
chromatography (HPLC) to be 3.24 + 1.57 pg/L. Steady state
conditions were reached on Day 15. The mean tissue
concentrations at this time were determined by HPLC to be 11,800,
20,500 and 15,700 pg/kg for edible, nonedible and whole body
tissues, respectively. BCF values based on mean measured steady
state tissue concentrations and mean measured exposure
concentration (3.24 pg/L) were calculated to be 3640, 6310 and
4850 in edible, nonedible and whole body tissues, respectively. By
Day 14 of depuration, 94.5% of the Wingstay®100 had been
eliminated from fish tissues.

Predicted and measured bioaccumulation
(bioconcentration) factors for each tissue type

Tissue type

Ky Ky Predicted  Measured
BCF BCF

Edible 602 0.159 3790 3640

Nonedible 1370 0.212 6450 6310

Whole Body 1000 0.201 4970 4850

Springborn Laboratories, Inc.
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1.0 INTRODUCTION

The purpose of this study was to measure the bioaccumulation (accumuiation from water)
of the test substance using a representative freshwater fish species, carp (Cyprinus carpio). A
static acute toxicity test with orange-red killifish (Onizias /atipes) was performed prior to initiation
to allow selection of test concentrations for the bioaccumulation study. Based on the acute test,
concentrations of 5.0 and 50 pg/L Wingstay® 100 were selected for the bioaccumulation study.
However, the 50 ug/L exposure was discontinued after 9 days due to unexpected fish mortality.
Thus, only bioconcentration factors from the 5.0 pg/L bioaccumulation exposure are éresented in
this report. To replicate the high concentration exposure and to investigate the cause of fish
mortality at this concentration, a separate 28-day study was conducted and reported in Springbomn
Report #95-4-5826 entitled "Wingstay® 100 - Bioaccumulation Study with Carp (Cyprinus carpio),

Phase II". For comparison purposes, results from that study are also included in this report. These
reports are summarized below.

Target

Study Phase Report# Test Type Species Concentration Test Dates
Pilot 95-5-5882 static acute orange-red 1.0 mg/L 28 September to

kiilifish 2 October 1994
Bioaccumulation 95-5-5882 flow-through carp 5.0 and 25 Qctober to
Phase | acute 50 pg/L? 14 December 1994
Bicaccumulation 95-4-5826 flow-through carp 50 pg/L 11 January to
Phase li acute 24 February 1995

2 Unexpected fish mortality was observed at the 50 pg/L treatment level.

The study was initiated on 7 October 1994, the day the Study Director signed the protocol,
and was completed on the day the Study Director signed the final report. The experimental phase
of the 50-day definitive test was conducted from 25 October 1994 to 14 December 1994 at

Springborn Laboratories, Inc.
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Springborn Laboratories, Inc. (SLI), Health and Environmental Sciences, located in Wareham,
Massachusetts. All original raw data and the final report produced during this study are stored in
Springborn's archives at the above location.

2.0 MATERIALS AND METHODS

2.1 Protocol

Procedures used in this study followed those described in the Springborn protocol entitled
"Wingstay® 100: Measurement of Bioaccumulation in Japanese Carp (Cyprinus carplo) Following
OECD and MITI Guidelines", Springborn Protocol No. 081194/CECD-MITI-BCF and Protocol
Amendments No. 1 and 2, dated 7 October 1994 and 8 June 1995, respectively (Appendix I). The
methods described in this protocol generally meet the testing requirements of the OECD Guideline
for Testing of Chemicals #305E (OECD, 1981) and MITI test guidelines, Method for Testing the
Bioaccumulation of Chemical Substances in Fish (MITI, 1993).

2.2 Test Substance and Standard Reagents

2.2.1 Test Substance. The test substance, Wingstay® 100, was received from Goodyear
Research, Akron, Ohio on 7 September 1994. Upon receipt at Springborn, the test substance was
stored at room temperature (approximately 20 °C) in a dark, ventilated cabinet. At the termination
of the testing program, a sample of the test substance will be maintained at Springborn. The
remaining test substance will be sent to the Study Sponsor. Test concentrations were not adjusted
for purity and are reported as micrograms per liter of solution (4g/L). The structure of the test
chemical's components is presented in Figure 1. Product specification information is provided in

Appendix II. The following information describes the test substance received:

Chemical Name: mixed diaryl-p-phenylenediamines
Physical Appearance: gray flake

Lot No.: 137170393 NP1017

CAS Registry No.: 68953-84-4

Purity: 100% (Certificate of Analysis, Appendix 11)
Molecular Weight: 274 g/mol (average)

Water Solubility: <5 ppm

Vapor Pressure: not available

Springborn Laboratories, Inc.
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2.2.2 Standard Reagents. All aqueous solutions were prepared using water (meeting
ASTM Type IlA requirements) obtained with a Sybron/Bamstead NANOpure® Il system. The filter-
sterilized water typically shows greater than 16.7 Mohm-cm resistivity and less than 1 mg/L totai
organic carbon, which is the detection limit. All solvents were of HPLC grade from commerciai

sources. All other chemicals were at least reagent grade from commercial sources.

2.3 Test Dilution Water

The dilution water used throughout this study was from the same source as the water which
flowed into the holding tank and was characterized as having total hardness and alka;inity ranges
(as CaCQ,) of 30 to 36 mg/L and 21 to 27 mgiL, respectively, a pH range of 6.9 to 7.2, and a
specific conductance range of 110 to 130 pmhos/cm (Gravity Feed Tank Water Quality Analysis
Notebook, Volume 9). Representative samples of the dilution water source were analyzed
pericdically for the presence of pesticides, PCBs and toxic metals. None of these compounds were
detected at concentrations that are considered toxic in any of the water samples analyzed, in
agreement with ASTM (1989) standard practice. In addition, representative samples of the dilution
water source were analyzed monthly for total organic carbon (TOC) concentration. The TOC
concentration of the dilution water source ranged from 0.39 to 0.56 mg/L during the period of
September to December 1994 (Springborn TOC Master Log). The minimum instrumental operating
range is 0.1 mg/L. Several species of daphnids (a representative freshwater organism generally
recognized to be sensitive to chemical challenges) are maintained in water from the same source
as the dilution water utilized during this study and have successfully survived and reproduced over
several generations. The excellent performance of the cultured daphnids, in combination with the

previously mentioned analyses, confirmed the acceptability of this dilution water for use in the
bioaccumulation study.

2.4 Test Food

For the acute toxicity test, the orange-red killifish were fed a commercial dry, pelleted food

daily, ad libitum, supplemented with live brine shrimp (Artemia sp.) and flake food.

Springborn Laboratories, Inc.
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For the definitive bioaccumulation study, the carp were fed a commercial dry, pelleted food
twice daily, ad libitum, except during the 24 hours prior to test initiation. Fish were not fed during
these periods to eliminate the possibility of large amounts of gut contents being present, which
could bias measurement of tissue residue concentrations. All fish were fed at the rate of
approximately 1% of their total biomass per feeding. Representative samples of the food sources
were analyzed for the presence of pesticides, PCBs and toxic metals. Food sources were
considered to be of acceptable quality since the total concentration of pesticides was below the

detection limit, i.e., less than 0.3 mg/kg (ASTM, 1985), for the pesticides that were assayed.

2.5 Test Conditions

For each phase of the study, the acute toxicity and the bioaccumulation test, the aquaria
were placed in a temperature-controlled water bath designed to maintain the temperature at
25 £ 1 °C. The circulating water was automatically heated by two Pro-Tec quartz 1000 watt

Omega Thermoregulators or cooled with a Frigid Unit 1/3 horsepower chiller, as necessary.

llumination was provided by Duro-Test® Vita-Lite® fluorescent bulbs located over the test
aquaria. Light intensity was measured with a General Electric Model 214 light meter. Sixteen hours

of light were provided each day, avoiding sudden transitions from light to dark and vice versa.

2.6 Water Quality and Test Monitoring

Throughout the study temperature and dissolved oxygen concentration were measured
daily in each test aquarium. Temperature was also continuously monitored in the control aquarium.
Measurements of pH were performed daily during the acute toxicity test and three times a week
during the bioaccumulation study. Hardness (as CaCO,) was measured in the treatment and

control aguaria at initiation of the acute toxicity test and the bioaccumulation study.

The pH was measured with a Jenco Model 601A pH meter, the dissolved oxygen
concentration was measured with a Yellow Springs Instrument Model #57 dissolved oxygen meter

and probe, and the temperature was measured with a Fisher Brand alcohol thermometer. In
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addition, temperature was continuously monitored using a Fisher Submersible Min/Max

thermometer. Total hardness was measured according to APHA et al. (1985).

3.0 ACUTE TOXICITY TEST WITH ORANGE-RED KILLIFISH (Orizias latipes)
3.1 Test Organisms

Orange-red killifish (Orizias latipes) was selected as the acute toxicity test species, since
it is an OECD Guideline for Testing of Chemicals (1981)-recommended species and a commonly
used freshwater fish in acute toxicity tests. The orange-red killifish used during this study (SLI Lot
# 94A102) were obtained from Aquatic Research Organisms, a commercial supplier i}1 Hampton,
New Hampshire. Prior to testing, these fish were held in a 18.9-L fiberglass tank under a
photoperiod of 16 hours of light and 8 hours of darkness. The test fish were maintained under
standard test conditions for a minimum of 14 days prior to test initiation. The temperature in the
holding tank was 24 °C during this 14-day period. Mortality observed among the killifish test fish
population during the 4 days prior to testing (Springborn Daily Record of Fish Holding Conditions)
was less than 1%. A representative sample of the killifish from the test population had a mean wet

weight of 0.34 g (range 0.29 to 0.43 g) and a mean total length of 32 mm (range 29 to 35 mm)
(Springborn Fish Weight and Lengths Log).

3.2 Stock Solution Preparation

The target exposure concentration selected for the acute toxicity test was 1.0 mg/L. To
achieve a Wingstay® 100 concentration of 1.0 mg/L in 15 L of water, 1.5 mL of a 10.0 mg/mL stock
solution was used. The 10 mg/mL Wingstay® 100 solution was prepared by dissolving and diluting
100.8 mg of Wingstay® 100 to 10 mL with acetone (CAS #67-64-1).

3.3 Test System

The acute toxicity test was conducted using an exposure system consisting of a
temperature-controlled water bath and a Wingstay® 100 exposure aquarium, a solvent control
(acetone) aquarium and a blank control aquarium. Each clear glass aquarium contained a total

solution volume of 15 L. The solution depth in each aquarium was maintained at 18.4 cm. The
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surface area of the solutions' air-water interface was 814 cm?2. The test aquaria were labeled to

identify the target test concentrations.

3.4 Test Procedures

The 96-hour acute exposure of orange-red killifish to Wingstay® 100 was conducted from
28 September to 2 October 1994. The study was initiated by impartially selecting and distributing
ten killifish to each of three replicate aquaria (e.g., 30 fish per treatment level and control). One
treatment level (1.0 mg/L, nominal), a dilution water control and a solvent control were included.
Dissolved oxygen concentration, pH, temperature and conductivity were monitored once daily in
each exposure aquarium. Observations were made on the appearance and behavior of the fish
and the physical appearance of the test solutions at 0, 4, 8, 24, 48, 72 and 96 hours of exposure.

4.0 BIOACCUMULATION STUDY WITH CARP (Cyprinus carpio)

4.1 Test Organisms

Carp (Cyprinus carpio) was selected as the test species for the definitive bioaccumuiation
study, based on the OECD Guideline for Testing of Chemicals (1981). Characteristics which make
carp suitable for bioaccumulation tests are ease of handling, ready availability, convenient size, and
the extensive data on this common fish species. The carp used during this study (SLI Lot
# 94A110a) were obtained from Owens and Williams Fish Farm, a commercial supplier in
Hawkinsville, Georgia. Prior to testing, these fish were held in a 500-L fiberglass tank under a
photoperiod of 16 hours of light and 8 hours of darkness. The well water which flowed into this
holding tank was characterized as having total hardness and alkalinity ranges (as
calcium carbonate, CaCO,) of 33 to 35 mg/L and 23 to 26 mgiL, respectively, and a specific
conductance range of 110 to 140 (umhos/cm). Other parameters determined in the holding tank
were a pH range of 7.0 to 7.4, a dissolved oxygen concentration range of 59 to 114% of saturation
and a flow rate range of 20.4 to 43.2 tank volume replacements/day. The test fish were maintained
under these conditions for a minimum of 14 days prior to test initiation. The temperature in the
holding tank ranged from 23 to 24 °C during this 14-day period.

No mortality was observed among the carp test fish population during the 48 hours prior to
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testing (Springborn Daily Record of Fish Holding Conditions). A representative sample (N = 30)
of the carp from the test population had a mean wet weight of 12 g (range 7.0 to 19 g) and a mean
total length of 97 mm (range 76 to 115 mm) (Springbomn Fish Weight and Lengths Log). The length
range was within acceptable length in accordance with OECD guidelines. The fish used in this
study were smaller than limits recommended in the OECD guidelines (OECD 305C recommends
using 20- to 40-gram fish). For this study, smaller fish were used in order to minimize biomass

loading. Furthermore, the analytical methods used were sensitive enough to obtain reproducible
results with smaller tissue samples.

4.2 Test Concentrations

The target exposure concentrations selected for the bioaccumulation study were 5.0 and
50 pg/L, based on the acute toxicity test with orange-red killifish (Orizias latipes).

4.3 Stock Solutions Preparation

Forthe 5.0 ug/mL exposure, a 463 pyg/mL primary stock solution was prepared by dissolving
and diluting 92.6 mg Wingstay® 100 to 200 mL with acetone. A diluter stock was prepared by
combining 80 mL of the 463 ug/mL solution (37.04 mg) with 80 mL of reagent water and diluting
to a final volume of 200 mL with acetone. No visible precipitate was observed. This yielded a

diluter stock with a nominal concentration of 185 pg/mL.

For the 50.0 ug/mL exposure, a 4630 ug/mL primary stock solution was prepared by
dissolving and diluting 925.9 mg Wlngstay® 100 to 200 mL with acetone. A diluter stock was
prepared by combining 80 mL of the 4630 ug/mL solution (370.4 mg) with 80 mL reagent water and
diluting to a final volume of 200 mL with acetone. This yielded a diluter stock with a nominal

concentration of 1850 ug/mL.

Subsequent primary and diluter stock solutions of Wingstay® 100 were prepared in a
manner similar to that described above. Primary stock solutions were prepared every 7 to 10
days, as needed; diluter stocks, every 3 to 5 days, as needed. Concentrations of the diluter stocks

were confirmed by high performance liquid chromatography with ultra-violet detection (HPLC-UV).
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The solvent control stock solution was prepared by combining 120 mL of acetone with
80 mL reagent water in a 200-mL volumetric flask. This stock was prepared every 3 to 4 days (total
of 12 preparations), as needed in the definitive test.

A 0.250 mg/mL primary stock solution was prepared by dissolving and diluting
25.0 mg Wingstay® 100 to 100 mL with hexane. This stock solution was used, with dilution, in
hexane to prepare HPLC calibration standards for water analyses. Five calibration standards (0.05
to 0.500 mg/L) were prepared in hexane for Days 0 through 8 in the bioaccumulation study. HPLC
analysis performed on Days 15 through 36 required calibration standards prepared in hexane at
a lower range (40.8 to 204 pg/L) to accomodate water sample analysis.

A 1.00 mg/mL primary stock solution was prepared by dissolving and diluting 100.1 mg
Wingstay® 100 to 100 mL with acetonitrile. This stock solution was used, with dilution, to prepare
HPLC calibration standards for tissue analyses. Five calibration standards (0.500 to 10.0 mg/L)

were prepared in 80:20 acetonitrile:reagent water for tissue analysis in the bioaccumulation study.

4.4 Test System

The bioaccumulation study was conducted using an exposure system consisting of a
continuous chemical delivery system, an adaptation of a diluter described by Benoit et al. (1982),
a temperature-controlled water bath, two Wlngstay® 100 exposure aquaria, a solvent control
(acetone) aquarium and a blank control aquarium. Each clear glass aquarium was constructed at
Springborn using glass and silicone adhesive and measured 75 x 39 x 30 cm (length x width x
height). The water level in the test aquaria was maintained at a depth of 25 cm for a total solution

volume of 73 L. The test aquaria were labeled to identify the target concentration of the test

substance.

The diluter system was calibrated prior to test initiation and at termination of the exposure
phase (Test Day 36) by measuring delivery volumes of each stock solution (toxicant and solvent).
The function of the diluter system (e.g., flow rates, stock solution consumption) was monitored daily

and a visual check was performed each day. In addition, analysis of the exposure solutions for the
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concentration of V\ﬁngstay® 100 was also used to verify proper operation of the diluter system. The
diluter systems continuously delivering Wingstay® 100 at concentrations of 5.0 and 50 Hg/L and
solvent control were in operation from mid-to-late October 1994 prior to the addition of the test
organisms. The aquaria were sampled and analyzed for Wingstay® 100 on three separate days

to confirm the appropriate concentration of test substance in the exposure water.

The toxicant delivery system for the 5.0 pg/L Wingstay® 100 exposure consisted of a Sage®
syringe pump equipped with two 50-mL gas-tight syringes, each calibrated to deliver 0.027 mU/min
of the Wingstay® 100 or solvent control stock solution to a flow of 1000 mL/min of iest dilution
water. This delivery rate was equivalent to approximately 20 aquarium volumes per day or a 90%
aquarium volume replacement each approximately 2%-hour period (Sprague, 1969). On Pretest
#3, the toxicant delivery was increased to 0.038 mi/min to achieve the target concentration of
5.0 ug/L. The concentration of solvent in the acetone solvent control aquarium was equal to that
in the exposure aquaria. Since the stock solution used to prepare the exposure solutions consisted
of 60% acetone (by volume) in reagent water, the delivery system initially provided a maximum

concentration of solvent (acetone) to exposure solutions of 0.016 to 0.023 miJL.

4.5 Test Procedures

On 25 October 1994, the exposure was initiated by impartially selecting and distributing
38 carp to each of four aquaria. The total fish biomass was 456 grams (0.31 gram per liter of the
24-hour flow-through volume of the aquaria) at test initiation and decreased throughout the study
as fish were removed for tissue residue analysis. Water quality parameters were measured daily
for two weeks prior to initiation and through study termination. Daily observations were made on
the appearance and behavior of the fish and the physical appearance of the test solution.
Exposure water solutions were sampled on Days 0, 3, 7, 8, 15, 21, 24, 28, 31 and 35 of exposure
for analysis by HPLC-UV. Three fish per aquarium were sampled on Days 0, 3, 7, 15, 21, 28 and
36 of exposure and Days 3, 7, and 14 of depuration for analysis by HPLC-UV.
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4.6 Analytical Measurements

To monitor the concentration of Wingstay® 100 residues in the exposure water, 50-mL
water samples were collected on 15 separate days during the month prior to test initiation. During
the in-life phase, water samples were removed on Days 0, 3, 7, 8, 15, 17, 21, 24, 28, 31 and 35
of exposure. Each 50-mL sample was collected from the approximate midpoint of the aquarium
and extracted with 4.0 mL of hexane. An aliquot, 1 to 2 mL, of the diluted extract was transferred
into an amber glass vial and analyzed by HPLC-UV. This procedure is detailed in Appendix llI.

Since Wingstay® 100 contains three major diaryl-p-phenylenediamine componénts, multipie
peaks were observed in the HPLC chromatograms. A representative HPLC chromatogram of
Wingstay® 100 is shown in Figure 2, depicting the separation of the three diaryl-p-phenylene-
diamines. The sum of the three major components was determined in both exposure water and
fish tissue and used to calculate the BCFs.

Quality Control (QC) water samples were prepared and analyzed with the water samples
at each interval to determine the accuracy and quality control maintained during the analytical
process. The QC water samples were prepared by fortification of a known amount of V\ﬁngstay®
100 into 50 mL of test dilution water which was then analyzed in the same manner as the exposure
solutions. A method validation/recovery study performed prior to test initiation resulted in a mean
recovery of 97.9 + 6.68% (N=9) from water at Wingstay® 100 concentrations of 5 and 50 Hg/L.
QC samples having a recovery range of 77.9 to 118% (representing three standard deviations from
the mean) were considered acceptable. Conditions and procedures used throughout the analysis

of exposure solutions and QC samples during the bioaccumulation study were similar to those
described in Appendix IIl.

To quantify the concentration of Wingstay® 100 residues in the carp tissue during the
exposure period, three fish were collected from each aquarium and analyzed on Days 0, 3, 7, 15,
21, 28 and 36. The fish were dissected into 2 portions: edible (muscle) and nonedible (viscera and
carcass). Each tissue sample was extracted with acetonitrile as follows: a volume of acetonitrile

approximately 5 times the wet weight of the tissue portion was combined with the tissue portion,
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homogenized three times for two minutes using a biohomogenizer, vortexed for one minute and
centrifuged at 1500 revolutions per minute for approximately 30 minutes. Aliquots of the
supernatant were transferred into glass vials prior to HPLC analysis. This procedure and analytical
conditions are detailed in Appendix IV (with the exceptions that tissues were extracted only once,
and Wingstay® 100 was monitored at 280 or 310 nm).

QC tissue samples were prepared and analyzed with the tissue samples at each interval.
The QC tissue samples were prepared by fortification of a known amount of Wingstay® 100 onto
blank control fish tissue which was then extracted and analyzed in the same manner as the
exposure tissue samples. A method validation/recovery study performed prior to test initiation
resulted in a mean recovery of 96.0 £ 5% (N=9) from tissue. Samples with recovery in the range
of 81.0 to 111% (representing three standard deviations from the mean) were considered
acceptable. Conditions and procedures used throughout the analysis of tissue and QC samples
during the bioaccumulation study were similar to those described in Appendix IV (with the

exceptions that tissues were extracted only once, and Wingstay® 100 was monitored at 280 or
310 nm).

4.7 Determination of Lipid Content

To reduce variability in test results, particularly for those substances with high lipophilicity,
bioconcentration should be expressed in relation to lipid content as well as whole body weight. The
lipid content in carp was determined in duplicate according to the following procedure. Two fish
were weighed and separately homogenized in a centrifuge tube with 20 mL of chioroform and 40
mL of methanol for a period of two minutes. A second 20-mL volume of chloroform was added and
the sample was homogenized for an additional two minutes. The homogenized samples and
chloroform were then filtered (Whatman GF/F glass microfibre filters) through a Buchner funnel and
the filtrates transferred to a 500-mL separatory funnel. The residues remaining on the Buchner
funnel were transferred to the centrifuge tube and vortexed for 3 minutes with 80 mL of 1:1
chloroform and methanol mixture. The vortexed mixture was again filtered through a Buchner

funnel. The filtrate was combined with the first filtrates in the same 500-mL separatory funnel and
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exactly 60 mL of NANOpure® water added. The samples were shaken by hand for three minutes,
transferred to centrifuge tubes and centrifuged at 1500 rpm for 2 hours.

The top layer from each sample was decanted into 250-mL glass (clear) bottles before the
second aliquot was added to the centrifuge tubes. The samples were refrigerated overnight and
then centrifuged at 1500 rpm for 6 hours. Approximately 50 mL of the lower chloroform layer was
removed using a glass syringe. To avoid contamination, the syringe was inserted through the
upper methanol/water layer while expelling air. An additional volume of chloroform (20 mL) was
added to each tube and the samples were refrigerated overnight. The samples were re;moved from
the refrigerator and centrifuged at 1500 rpm for 4 hours. A portion (25 mL) of the methanol water
(top) layer was removed and reagent grade water and chloroform (25 mL of each) were added to
each tube. The samples were centrifuged at 1500 rpm for 1.5 hours and stored refrigerated
overnight. The samples were centrifuged the next day for 3 hours at 1500 rem. The
methanol/water layer was removed to expose the chloroform (lower) layer. The chioroform layer
was removed and combined with the two aliquots previously removed and dried through anhydrous
sodium sulfate into preweighed 250-mL roundbottom flasks. The chloroform was then rotary
evaporated and the roundbottom flask, containing the remaining lipid residues, was placed in a
vacuum desiccator and allowed to dry overnight. The roundbottom flask was then reweighed to
determine the weight of the dry lipid sample. The weight of the dried lipid sample was divided into
the original tissue weight to determine the percent lipid content.

4.8 Calculation of Bioaccumulation (Bioconcentration) Factors

Bioaccumulation (bioconcentration) factors for edible, nonedible and whole body fish tissue
for Wingstay® 100 were determined by dividing the mean measured equilibrium (steady state)
tissue concentration for each tissue type by the corresponding mean measured water concentration
for the entire exposure period. For comparison, an additional method of calculating -
bioaccumulation (bioconcentration) factors where the ratio of the uptake constant (K, ) to the
depuration constant (K4 ) equals bioaccumulation (bioconcentration) factor (BCF) was performed.
The uptake and depuration constants, K, and K, were established based on the measured tissue

and water concentrations. They were calculated using an iterative computer program (i.e., Eureka,
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Version 1.0, Borland Software). This program selected the values for Ky and K, which best fit the

experimental data.

For the uptake phase:

K
C, - = x C, x [1-ef
K

K
C, - 2 x C, x [e"""
Kd
Where: Kq = depuration constant (day™")

K, = uptake constant (day™)

t =time in days

C; =tissue concentration at time t (ug/kg)
Cy = water concentration at time t (ug/L)
BCF =K, /Ky

BCFs based on lipid content were caiculated as:

lipid content BCF . — BCF
lipid content

(1)

(2)

(3)
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5.0 RESULTS

5.1 Analytical Method Development

Analytical methods were developed for analysis of Wingstay® 100 in water and fish tissue
using reversed-phase HPLC. The three main components of Wingstay® 100, (R-59, R-1679 and
R-898) were well separated under the chromatographic conditions. The sum of the three
components was determined and used to quantify the amount of Wingstay® 100 in both water and .
tissue. The method limit of quantitation (LOQ) for water sample analysis was determined to be
approximately 2 to 3 pg/L (the sum of three components) based on the method validation
(Appendix ). During the study, the concentrations of Wingstay® 100 were measured as low as
1.8 ug/L. The apparent difference in LOQs was attributable to the variance in the calibration curve
(linear regression). The definition of LOQ is described in Appendix V.

During method development, Wingstay® 100 was found to be rather unstable in water at
low concentrations. The extent of degradation appeared to be intermittent but highly concentration
dependent. Although considerable efforts were devoted to the investigation, the mechanism of the
apparent degradation was not clear. It was suspected that oxidation was involved in the
degradation of Wingstay® 100 in water at low concentrations (approximately 3 to 5 pg/L). The
ability to recover Wingstay® 100 from water through solvent extraction was evaluated. Hexane
extracts showed the least amount of degradation.

5.2 Acute Toxicity Test with Killifish

At a nominal test concentration of 1.0 mg/L, no lethal or sub-lethal effects were observed.
The LC4, was estimated to be greater than 1.0 mg/L. Based on this information and the detection
limit of the analytical methods, Wingstay® 100 exposure concentrations of 5.0 and 50.0 pg/L

(representing 0.1 and 1% of the expected toxicity level, respectively) were selected for the
bioaccumulation study.

During the 96-hour static acute toxicity test, the measured water quality parameters varied
minimally and remained within acceptable ranges for the maintenance of killifish in the control,
solvent control and 1.0 mg/L Wingstay® 100 exposure aquaria. Dissolved oxygen concentration
ranged from 7.4 to 9.1 mg/L. Temperature, monitored continuously, was measured to be 25 °C.
The pH ranged from 7.2 to 7.6. Conductivity ranged from 170 to 180 Hmhos/cm. Characterization
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of the dilution water at test initiation established a total hardness of 30 mg/L as CaCO, and an
alkalinity of 24.

5.3 Evaluation of the Bioaccumulation (Bioconcentration) Factor

Solution samples were removed from the test aquaria on each of three days before the
exposure was initiated. Analyses of these samples resulted in measured concentrations which
were acceptable. Based on these results, the exposure was initiated.

Throughout the study, no undissoived test substance was observed in the dilution system
or the test aquarium. During the exposure no mortalities occurred among the test organisms

exposed to 5 ug/L Wingstay® 100. In general, the fish appeared healthy and exhibited normal
behavior throughout the study.

By Day 7, seven deaths had occurred among the test organisms exposed to 50 Mg/l
(target) Wingstay® 100. Due to the unexpected mortality rate, the 50 pg/L Wingstay® 100 exposure
was discontinued. The fish were maintained in the aquarium through the end of the study. Six
additional mortalities occurred within seven days of discontinuing the Wingstay® 100 exposure.
This result was considered to be an anomaly since no mortality or adverse effects were observed

in a subsequent 28-day study (SLI Report #35-4-5826, Phase Il) at concentrations exceeding
50 pg/L (target).

During the 50-day bioaccumulation study (36 days exposure, 14 days depuration at 5.0 pg/L
Wingstay® 100), the measured water quality parameters varied minimally and remained within
acceptable ranges for the maintenance of carp. Dissolved oxygen concentration averaged
approximatley 7.5 mg/L (range = 5.4 to 8.8 mg/L) and was equivalent to 88% of saturation at 24 °C.
Dissolved oxygen concentrations dropped to approximately 55% saturation in the solvent and blank
control aquaria on day 1 of the study. Aeration was initiated and dissolved oxygen concentrations
were maintained above 60% saturation for the remainder of the study. Continuous monitoring of
the temperature (monitored in the solvent control aquarium located in the same water bath)
throughout the test resulted in a temperature range of 22 to 27 °C. The temperature was also
measured daily in each aquarium. The pH range was 6.9 to 7.6. Characterization of the dilution
water at test initiation established a total hardness range of 31 to 36 mg/L as CaCO,. Water quality
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parameters (mean dissolved oxygen concentration, mean daily temperature and pH range)
each aquarium are detailed in Table 1.

for

The concentrations of the Wingstay® 100 diluter stocks were determined prior to use and
are presented in Table 2. The concentrations of the 185 mg/L diluter stock ranged from 99.6% to

103% of nominal. The concentrations of the 1850 mg/L diluter stock ranged from 98.2% to 102%
of nominal.

The concentrations of Wingstay® 100 measured in the exposure water during the pretest
and 36-day exposure are presented in Table 3. A representative chromatogram of an exposure
water sample is shown in Figure 3. The mean (x S.D.) measured concentration of‘V\ﬁngstay® 100
over the Day O to Day 36 exposure period was 3.24 (+ 1.57) ug/L which represented 65% of the
target Wingstay® 100 concentration. As indicated by the data, the Wingstay® 100 concentrations
in exposure water were both somewhat less than targeted and somewhat variable over the 36-day
exposure period. The variable mean measured concentration of Wingstay® 100 for the 36-day
exposure period was not unexpected because water concentrations were close to the 3 Hg/L LOQ
of the anaiytical system. Results of the solvent control water analyzed during the 36-day exposure
were below the detection limit of the analytical system. A representative chromatogram of a
solvent control water sample is shown in Figure 5.

Analysis of the aqueous QC samples for Wingstay® 100 at each aquaria water sampling
interval resulted in a mean percent of nominal (+ S.D.) of 93.2 (£ 15.9)% (n = 42). These results
are presented in Table 4 and Figure 6 and were consistent with the acceptable recovery range of
77.9 to 118% determined during the method validation (Appendix ). Recovery of Wingstay® 100
outside the acceptable range was not unexpected because QC water sample concentrations of
S pg/L were close to the LOQ of the analytical system.

The concentrations of residues measured in the edible, nonedible and whole body tissue
of the carp sampled during the exposure and depuration periods are presented in Tables 5
(exposure) and 6 (depuration). Representative chromatograms of edible and nonedible tissue
samples are presented in Figures 7 and 8, respectively. Steady state concentrations for edible,
nonedible and whole body tissues were determined by subjecting measured (or calculated as in
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whole body) concentrations for three consecutive sampling intervals to analyses of variance until
no statistically significant difference was found between the three concentrations. Steady state
concentrations were reached by day 15 as determined by statistical analysis of variance (p=0.05)
and Tukey's Test (Neter et al., 1985; Zar, 1984). The mean steady state concentrations (Day 15
through Day 36) in edible tissue, nonedible tissue and whole fish were determined to be 11,800 +
4,580 pg/kg, 20,500 + 8,570 ug/kg and 15,700 + 5,980 Ha/kg, respectively. Results of the solvent
control fish tissue analyzed during the 36-day exposure and 14-depuration were below the

detection limit of the analytical system. A representative chromatogram of a solvent control tissue
extract is shown in Figure 9. .

Tissue QC samples for Wingstay® 100 at each exposure sampling interval resulted in a
mean percent recovery (S.D.) of 94.7 (+ 7.29)% for nonedible tissue and 92.0 (+ 6.44)% for edible
tissue (Table 7) and, with two exceptions, were within the acceptable recovery range of 81.0 to
111% determined during the method validation (Appendix 1V). Tissue QC sample results for
Wingstay® 100 during depuration are presented in Table 8 and Figure 10. The resuits of QC
samples throughout the study established that satisfactory precision and quality control were

maintained during the analytical process. A representative chromatogram of a tissue QC extract
is shown in Figure 11.

Bioaccumulation (bioconcentration) factors for each tissue type were calculated using the
mean measured water exposure concentration, 3.24 pg/L Wingstay® 100, and the mean measured
steady state tissue concentration. Predicted bicaccumulation (bioconcentration) factors for edible,
nonedible and whole body tissue were also calculated. Equations 1 and 2 (Section 4.8) were used
to determine the uptake (K,) and the depuration constant (Ky) for each tissue type. KKy
established the predicted BCF. Predicted and measured bioaccumulation (bioconcentration)
factors for each tissue type are presented in the table below. The model predictions for edible,
nonedible and whole body tissue, as presented in Figures 12, 13 and 14, respectively, are in
relatively close agreement with the actual bioconcentration factors determined during the study.
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Predicted and measured bioaccumulation
(bioconcentration) factors for each tissue type

Tissue type Ky Ky Predicted  Measured
BCF BCF
Edible 602 0.159 3790 3640
Nonedible 1370 0.212 6450 6310
Whole Body 1000 0.201 4970 4850 ’

5.4 Depuration Phase

Analyses of the edible and nonedible tissue portions of carp transferred to a depuration
aquarium (Wingstay® 100-free) in the diluter system after 36 days of exposure indicated continuous

elimination of Wingstay® 100 from all tissue types over the 14-day depuration period (Table 6:
Figures 12 to 14).

The half-life, or time when 50% of the accumulated residues were eliminated, was reached

before Day 7 post-exposure in the whole body tissue. By Day 14, elimination in the whole body
tissue was 94.5%.

5.5 Lipid Content

The lipid content in carp was determined as described in the materials and methods section.
The percent lipid content from each of two carp from Springborn Lot #94A110 was calculated by
dividing the weight of the final lipid residue by the initial weight of the fish. The results of the
percent lipid determination were used to calculate BCFs in both the Wingstay®100 bioaccumulation
Phase | study (SLI Report #95-5-5882) and the Wingstay® 100 bioaccumulation Phase It study
(SLI Report #5826). BCFs based on lipid content are calculated by dividing the measured BCF
by the lipid content. Resuits of duplicate lipid content determinations were 5.63% and 6.16%,
average 5.90%. Based on relation to lipid content, the BCF (whole body) was calculated to be
82,200, a factor which represents accumulation in fatty tissue.
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6.0 CONCLUSION

The bioconcentration of V\ﬁngstay® 100 in carp (Cyprinus carpid) was investigated for
36 days in a flow-through system at a target exposure concentration of 5 Hg/L. Concentrations of
Wingstay® 100 in both exposure water and fish tissue were measured by HPLC-UV at 310 nm
(exposure water) and 280 or 310 nm (fish tissue). During the 36-day exposure, the concentration
of Wingtay® 100 in water averaged 3.24 ug/L. The steady state was reached after 15 days of
exposure. The steady state tissue concentration averaged 11,800 pg/kg for edible tissue, 20,500
Hg/kg for nonedible tissue, and 15,700 ug/kg for whole body tissue. Based on these values, the
bioconcentration factors (BCF) were calculated to be 3,640 for edible tissue, 6,310 for nonedible
tissue, and 4,850 for whole body tissue. These BCF values were consistent in the model
calculations using equations specified in Section 4.8.

The lipid content of the carp population used in this study was estimated to be 5.9%. The
whole body BCF, calculated based on the estimated lipid content, was 82,200. This lipid content

BCF can be used as a reference BCF value for comparison to fish with different lipid contents.

The elimination of Wingstay® 100 by carp during depuration was rapid. The depuration half-
life was less than 7 days. By day 14 of depuration, 94.5% of Wingstay® 100 had been eliminated
from the whole body tissue.

Springborn Laboratories, Inc.
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PROTOCOL DEVIATIONS

1. Due to unexpected fish mortality, the test at high concentration (50 pg/L) was
terminated after 9 days of exposure. Instead, a 28-day study was conducted at

higher concentrations of Wingstay® 100 under a separate study protocol (SLI
Protocol #010495/GOODYEAR).

2. The lipid content of a representative sample of the fish population was measured

after test termination, instead of within two weeks of the start of the exposure périod
as described in the study protocol.

3. To better understand the chemical behavior of Wingstay® 100 in exposure water
and fish tissue, the analytical sampling schedule was adjusted in the definitive
study. Exposure water was sampled on Days 0, 3, 7, 8, 15, 17, 21, 24, 28, 31 and

35 of exposure. Fish were sampled on Days 0, 3, 7, 15, 21, 28 and 36 of exposure.

4, Section 4.5.3:Test Conditions; Temperature of the study protocol states that the
water temperature of the test solutions will be maintained at 25 + 2°C. On Day 8
of depuration the temperature in the solvent control and 5 pg/L aquaria was
measured to be 22.0 *C. The water temperature was gradually increased
throughout the day to within 25 £ 2°C.

5. In Section 4.5.3, Test Conditions, Dissolved Oxygen, the protocol states that the
total dissolved oxygen is not allowed to drop below 60% saturation for the duration
of the test and aeration will be used maintain this saturation level. On Day 1 of the

study, the dissolved oxygen concentrations in the solvent and blank control aquaria
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dropped to 4.7 and 4.5 mg/L, respectively. At 25°C, these concentrations yield 57%

and 54% saturation (solvent and blank controls, respectively). Aeration was

initiated and the dissolved oxygen concentrations were maintained above 60% for
the remainder of the study.

These deviations from the protocol are not expected to impact the results of the
study.

SPRINGBORN LABORATORIES, INC.

EB»M&Q aln [4t

L

John Mao, Ph.D. bate
Study Director
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QUALITY ASSURANCE UNIT STATEMENT

The study conduct, raw data and report for "Wingstay® 100 - Bioaccumulation Exposure
In Carp (Cyprinus carpio)' were inspected by the Quality Assurance Unit at Springbomn
Laboratories, Inc., Health and Environmental Sciences, to determine adherence with the study

protocol and laboratory standard operating procedures. Dates of study inspections, dates .
reported to the Study Director and to Management are listed below.

Inspection Date Reported to Study Director Reported to Management
9/30/94 9/30/94 9/30/94
10/25/94 10/28/94 11/4/94
10/26/94 10/26/94 11/4/94
11/9,14,16/94 11/16/94 11/18/94
11/29/94 11/29/94 12/2/94
12/20/94 12/20/94 12/30/94
12/30/94 12/30/94 12/30/94
1/4,5/95 1/56/95 1/13/95
1/13/95 1/13/95 1/13/95
2/6,7/95 277195 2/10/95
6/6/95 6/6/95 6/16/95
6/7/95 6/7/95 6/16/95
6/9-12/95 6/12/95 6/16/95
6/12,13/95 6/13/95 6/16/95
6/13-19/95 6/19/95 6/30/95
6/20,21/95 6/21/95 6/30/95
3/27,28/96 3/28/96 4/5/96
4/1,2/96 4/2/96 4/5/96
4/11,12/96 4/12/96 4/19/96
7124/96 7/24/96 7/26/96
8/1/96 8/1/96 8/1/96
9/11/96 9/11/96 8/11/96

SPRINGBORN LABORATORIES, INC.

Q%% §2¢AW 1 520 94,

Doreen S, Newhouse Date
Manager,
Quality Assurance Unit

Springbormn Labaoratories, Inc..



Report No. 95-5-5882 (Phase ) Page 32

REFERENCES

APHA, AWWA WPCF. 1985. Standard Methods for the Exammgngn of Water and Wastewater.
16th Ed., New York.

ASTM. 1985. Standard Practice for Conductmg Bioconcentration Test with Fishes and Saltwater
Bivalve Molluscs. Standard E1022-84.

ASTM. 1989. Conducting acute toxicity tests with fishes, macroinvertebrates, and amphibians.
Standard E729-88. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA. 19103.

Benoit, D.A., V.R. Mattson and D.C. Olson. 1982. A continuous-flow mini-diluter _system for
toxxclty testing. Water Research Vol. 16, pp. 457-464.

Ministry of International Trade and Industry (MIT1). 1993. Method for Testing the Bioaccumulation
of Chemical Substances in Fish. In Handbook of Existing and New Chemical Substances,
Sixth Edition. pp. 569-571.

Neter, J., W. Wasserman and M.H. Kutner. 1985. Applied Linear Statistical Models. Richard D.
lrwm Inc., Homewood, lllinois.

Organization for Economic Cooperation and Development (OECD), 1988. Good Laboratory

Practices (OECD, 1981) as acknowledged in the EEC Council Directive 88/320/EEC of 9
June 1988.

Organization for Economic Cooperation and Development (OECD), 1981. OECD Guidelines for

the Testing of Chemicals. Guideline 305E. Flow-Through Fish Test. Adopted 12
May 1981.

Sprague, J.B. 1969. Measurements of pollutant toxicity to fish. |. Bioassay methods for acute
toxicity. Water Research Vol 3, pp. 793 - 831.

Zar, J.H. Biostatistical Analysis. Prentice-Hall, Englewood Cliffs, New Jersey.

Springborn Laboratories, Inc.




Report No. 95-5-5882 (Phase |)

Page 36
Table 3. Wingstay® 100 concentrations measured in exposure water
during 36 days of exposure of carp (Cyprinus carpio) to 5.0 pg/L
(target) Wingstay® 100.
Water Concentration (ug/L)
Replicate Replicate Replicate Standard Population

Day A B o Mean Deviation (n)
Pretest #1 BOL? BDL BDL NAP NAP ., 3
Pretest #2 4.04 3.83 3.82 3.90 0.12 3
Pretest #3 3.24 3.70 3.60 3.51 0.24 3
0 5.42 5.05 6.44 5.63 0.72 3
3 3.93 4.85 4.05 4.28 0.50 3
7¢ 2.1 1.80 2.51 2.05 0.23 3
8 2.53 272 2.52 2.59 0.12 3
18 2.33 2.63 2.75 2.57 0.22 3
17 2.96 2.58 2.51 2.68 0.25 3
21 8.89 3.13 2.30 477 3.59 3
24 2.69 2.02 2.87 2.53 0.45 3
28 1.97 2.07 BOL 2.02 NA 2
31 BDL 2.21 BOL 2.21 NA 1
35 3.08 3.44 BDL 3.26 NA 2

Value was below limit of detection.
NA = Not applicable. Value cannot be calculated.
Two HPLC analyses were conducted on day 7. The diluter system went static overnight and values from

the first sampling were all below the limit of detection. Thus, values from the first sampling are not
included in this table.

Springborn Laboratories, Inc.
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Table 4. Analytical results for Quality Control samples analyzed
concurrently with water samples during the 36-day exposure of
carp (Cyprinus carpio) to Wingstay® 100.

Nominal Measured Percent
Concentration Concentration of
Test Day (ug/L) (pg/L) Nominal
Pretest #1 5.00 3.85 77.02
25.0 29.6 118
50.0 49.8 _ 99.6
Pretest #2 5.00 4.49 89.8
25.0 243 97.2
50.0 472 84 .4
Pretest #3 5.00 6.49 1302
25.0 23.6 94 .4
50.0 47 1 94.1
0 5.00 4.87 97.4
25.0 257 103
50.0 46.1 92.3
3 5.00 4.64 92.8
25.0 24.6 98.4
50.0 491 98.3
7 5.00 462 92,5
250 21.5 86.2
50.0 453 90.6
8 5.00 4.44 88.7
25.0 243 97.0
50.0 48.3 96.6
15 5.00 3.83 76.52°
5.00 3.77 75.520
5.00 3.72 74.33.0

 Percent recovery for this QC sample is outside the standard acceptable range established by this laboratory
(ie., £3 standard deviations from the mean percent recovery determined during the method
validation/recovery study, 77.9 to 118%, Appendix V). These values, however, were used in the calculation
of the mean recovery to demonstrate the overall method accuracy and precision.

b Low recovery is not unexpected for QC samples intentionally prepared at 5 ug/L in the water phase of the
test system. This concentration is close to the LOQ of the analytical system.

Springborn Laboratories, Inc.
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Table 4. Continued. Analytical results for Quality Control samples
analyzed concurrently with water samplies during the 36-day
exposure of carp (Cyprinus carpio) to Wingstay® 100.

Nominal Measured Percent
Concentration Concentration of
Test Day (pg/L) (pg/L) Nominal
17 5.06 6.42 1272
5.06 5.45 108
5.06 6.03 1193
21 5.06 4.40 86.9
5.06 3.88 76.63
5.06 4.44 87.7
24 5.06 5.32 105
5.06 462 81.4
5.06 6.19 1222
28 5.06 457 90.4
5.06 5.45 108
5.06 3.63 71.82
31 5.06 2.90 57.23b
5.06 3.13 61.82b
5.06 3.66 72.33b
35 5.06 4.19 82.7
5.06 469 92.7
5.06 5.00 98.7
Mean 93.2
Standard Deviation 15.9
% Coefficient of variance 171
N 42

? Percent recovery for this QC sample is outside the standard acceptable range established by this laboratory
(ie., *3 standard deviations from the mean percent recovery determined during the method
validation/recovery study, 77.9 to 118%, Appendix V). These values, however, were used in the calculation
of the mean recovery to demonstrate the overall method accuracy and precision.

® Low recovery is not unexpected for QC samples intentionally prepared at 5 ug/L in the water phase of the
test system. This concentration is close to the LOQ of the analyticai system.

Springborn Laboratories, Inc.
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Table 5. Wingstay® 100 concentrations measured in fish tissue portions
and exposure water during 36 days of exposure of carp
(Cyprinus carpio) to 5.0 ug/L (target) Wingstay® 100.
Tissue
Concentration (pg/kg)
Water Whole
Test Day Concentration (ug/L) Edible Nonedible Body?
0 5.42 <211b <234 NAS
5.05 <222 <242 NA
6.44 <238 <237 NA
Mean 5.63 NA NA NA
S.D. 0.72 NA NA NA
3 3.93 7,190 17,800 11,120
485 4,450 5,860 5,270
4.05 5,710 8,710 7,080
Mean 428 5,790 10,800 7,840
S.D. 0.50 1,370 6,210 3,030
7 2.11% 7,380 13,500 10,600
1.80° 9,260 19,900 14,700
2.25° 8,380 15,200 11,800
Mean 2.05° 8,340 ' 16,200 12,400
S.D. 0.23 937 3,320 2,090
15 2.33° 10,600 26,600 17,900
2.63° 14,700 21,600 18,100
2.75° 13,900 24,000 18,900
Mean 2.57° 13,100 24,100 18,300
S.D. 0.22° 2,160 2,540 531

2 Based on calculations using sample weights and tissue concentrations of Wingstay® 100 measured in the
edible and nonedible tissue portions.

b All tissue concentration values were below the limit of quantitation for test day 0.

¢ NA = Not applicable. Value cannot be calculated.

4 Water values presented are Day 35 values.
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Table 5. Continued. Wingstay® 100 concentrations measured in fish
tissue portions and exposure water during 36 days of exposure
of carp (Cyprinus carpio) to 5.0 pg/L (target) Wingstay® 100.
Tissue
Concentration (Hg/kg)
Water Whole
Test Day Concentration (pg/L) Edible Nonedible Body?
21 8.89 11,400 26,100 17,500
3.13 18,900 37,900 26,200
2.30 8,410 15,200 11,300
Mean 477 12,900 26,400 18,300
S.D. 3.59 5,410 11,400 7,430
28 1.97 6,840 12,700 9,540
2.07 3,290 4,370 3,970
BDLP 10,400 15,100 12,600
Mean 2.02 6,850 10,700 8,710
S.D. NA 3,570 5,640 4,390
36 3.08¢ 19,100 26,100 23,000
3.44 11,100 18,400 14,700
BDL® 13,100 17,600 15,200
Mean 3.26 14,400 20,700 17,700
S.D. NA 4,170 4,690 4,670

? Based on calculations using sample weights and tissue concentrations of Wingstay® 100 measured in the

edible and nonedible tissue portions.
® Below limit of quantitation.
¢ NA = Not applicable. Value cannot be calculated.

4 Water values presented are Day 35 values.
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Table 6. Wingstay® 100 concentrations measured in fish tissue portions
during 14 days of depuration.
Tissue
Concentration (pg/kg)
Whole Percent
Test Day Edible Nonedible Body? Elimination®
3 10,900 19,200 14,800
2,890 4,660 3,770
2,040 3,370 2,760 .
Mean 5,270 9,090 7,100 59.8
S.D. 4,880 8,810 6,670
7 7,640 12,600 10,100
6,780 8,920 7,850
9,910 15,500 12,600
Mean 8,110 12,300 10,200 423
S.D. 1,620 3,280 2,360
14 403 490 447
1,120 1,040 1,080
1,070 1,710 1,370
Mean 862 1,080 967 94.5
S.D. 399 610 474

2 Based on calculations using sample weights and tissue concentrations of Wingstay® 100 measured in the
edible and nonedible tissue portions.

® Based on mean measured whole body concentration on Day 36 of exposure (17,700 Hg/kg).
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Table 7. Analytical results for Quality Control samples analyzed
concurrently with fish tissue samples during the 36-day
exposure of carp (Cyprinus carpio) to Wingstay® 100.
Edible Nonedible
Nominal Measured Theoretical Measured
Test Concentration Concentration Percent Concentration Concentration Percent
Day (mg/kg) (mgrkg) Theoretical (mg/kg) (mg/kg) Theoretical
Exposure
0] 8.81 9.66 110 10.6 10.0 84.4
4,53 4 51 99.4 452 4.31 ’ 95.3
0.878 0.816 93.0 0.835 0.870 104
3 496 42.4 85.6 50.4 455 90.2
21.8 19.1 87.5 27.3 25.3 92.6
5.36 4.66 86.8 5.44 5.88 108
7 98.0 91.4 93.3 102 105 103
459 426 92.8 49.9 49.8 99.9
9.53 9.20 96.5 11.1 11.1 99.7
15 18.9 15.3 81.1 20.0 186.9 84.6
10.1 8.08 80.0° 9.83 7.99 81.3
2.07 1.98 95.7 1.97 2.12 108
21 44.5 4186 93.4 48.0 472 Q8.2
17.7 17.0 96.5 18.4 17.3 93.8
6.72 6.40 95.3 6.08 5.78 85.0
28 6.77 6.33 93.5 6.00 5.42 90.3
18.1 16.4 90.7 17.8 15.5 87.3
47.4 43.9 92.7 455 436 95.7
36 6.43 5.70 88.6 6.36 5.47 86.0
24.4 22.3 91.2 23.9 216 90.5
443 39.1 88.3 50.3 458 91.0
Mean 92.0 947
Standard Deviation 6.44 7.29
%Coefficient of variance 7.00 7.70
N 21 21

2 Percent recovery for this QC sample is outside the standard acceptabie range established by this laboratory
(e, *3 standard deviations from the mean percent recovery determined during the method
validation/recovery study, 81.0 to 111%, Appendix VI).
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Table 8. Analytical results for Quality Control samples analyzed
concurrently with fish tissue samples during the 14-day
depuration period of carp (Cyprinus carpio) to Wingstay® 100.
Edible Nonedible
Theoretical Measured Theoretical Measured
Test Concentration Concentration Percent Concentration Concentration Percent
Day (mg/kg) (mg/kg) Theoretical (mg/kg) {mg/kg) Theoretical
Depuration .
3 1.67 1.52 20.8 1.80 1.53 85.1
8.97 8.02 89.4 8.60 7.78 904
13.6 12.0 88.4 14.0 13.4 95.6
7 0.672 0.892 1332 0.609 0.614 101
2.59 2.38 91.8 2.77 2.67 96.5
4,97 4.65 93.6 4.89 4.66 95.2
14 0.610 0.663 109 . 0.632 0.591 93.5
2.48 2.13 85.9 2.55 2.26 88.7
5.00 4.46 89.3 483 443 91.7
Mean 96.8 93.1
Standard Deviation 15.1 4.7
%Coefficient of Variance 15.6 5.0
N 9 9

# Percent recovery for this QC sample is outside the standard acceptable range established by this laboratory
(l,e., +3 standard deviations from the mean percent recovery determined during the method
validation/recovery study, 81.0 to 111%, Appendix Vi).
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FIGURES
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Figure 1. Diagram of the chemical structure of Wingstay® 100
components.
n* !
R R
R=Hor CH3
R-59 R1and Ry =H

R-1679 R1 = H, R2 = CH3

R-898 R4 and R2 = CH3
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Figure 2. Representative HPLC chromatogram of a Wingstay® 100 water
calibration standard (0.125 mgiL) depicting the separation of
the three diaryl-p-phenylenediamines.
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Figure 3. Representative HPLC chromatogram of an aguarium water

sample analyzed during the 36-day exposure of carp (Cyprinus
carpio) to Wingstay® 100.
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Figure 4. Representative HPLC chromatogram of a soivent controi

aquarium sample analyzed during the 36-day exposure of carp
(Cyprinus carpio) to Wingstay® 100.
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Figure 5. Representative HPLC chromategram of a quality coqtrol samgle
analyzed during the 36-day exposure of carp (Cyprinus carpio)
to Wingstay® 100.
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Figure 6. . Analytical resuits for Quaiity Control samples analyzed
concurrently with water samples during three pretests and 36

days of exposure of carp (Cyprinus carpio) exposed to
Wingstay® 100.
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Nate: It was not unexpected that some of the QC samples fell outside the acceptable recovery range.
QC samples were prepared to match concentraticns in the water phase of the test system close to the 3 pg/L
LOQ of the analytical system.
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Figure 7. Representative HPLC chromatogram of an edibie tissue extract

analyzed during the 36-day exposure of carp (Cyprinus carpio)
to Wingstay® 100.
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Figure 8. Representative HPLC chromatogram of a nonedible tissue
extract analyzed during the 36-day exposure of carp (Cyprinus
carpio) to Wingstay® 100.
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Figure 9. Representative HPLC chromatogram cf a solvent controi tissue
extract analyzed during the 36-day exposure of carp (Cyprinus
carpio) to Wingstay® 100.
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Figure 10.  Analytical resuits for Quality Control samples analyzed
concurrently with tissue sampies during 36 days of exposure
and 1 to 14 days depuration of carp (Cyprinus carpio) exposed
to Wingstay® 100.
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Figure 11.  Representative HPLC chromatogram of a Quality Control tissue
extract analyzed during the 36-day exposure of carp (Cyprinus
carpio) to Wingstay® 100.
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Figure 12.  Measured tissue concentrations and model calculations of
Wingstay® 100 in edible tissue of carp (Cyprinus carpio).
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Measured tissue concentrations and model calcuiations of

Wingstay® 100 in nonedible tissue of carp (Cyprinus carpio).

(n
(o)
O
(@)
(@)

N Cri
i~ ~a
(W] (W)
(] O
O (@]

O
(@}
()
(]

I\)
o
(@]
(]
()
[ l L ] I [ I | 'l“l reor ]'l“'l_l'l"'l_'l_l‘]AlVl “l‘l“l‘l"l"l"r‘r e

1 |\|)‘|‘6:l:|_‘!' v

—42CC

—— Model
Calculated Fit
Mean Nonedible
Tissua

Concentraticn

[
(
(@)

(@]

8 16 24 320 4 12
Exposure D
INTERVAL (DAY

Springtom Laboratories, Inc.




CONCENTRATION (jeg/kg)

TISSUL

Recort No. 95-8-5882 (Phase )

Page 53
Figure 14.  Measured tissue concentrations and model calcuiations of
Wlngstay 100 in whole body tissue of carp (Cyprinus carpio).
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Wingstay® 100: Measurement of Sicaccumulaton in
Japanese Cam (Cyprinus carpio) Following CECD and MITI Guideilnes

1.0 PURPQOSE AND CBJECTIVES

1.1 Purpose

The curcosa of this test is to measura the icconeentration (aczumulation frem water) of
the test material using a represemtative fresnwater fisn sgecies, the Jacanese carp (Cyprinus
carpio), following CECT Guideline 305 (" Sicaccumulation: Fiaw-Through Fish Test™) (CECD,
19818) and MITI test guidelines (*Method for Testing the Sicaccumuiation of Chemical
Substances in Fish™) (MIT], 1993). The bicaczumuiaticn ot the tast matenal is determined at two
test c::ncemraxioné. The test concemrations are selected hasad an the results of an acute Tlm
study with crange-red killifish (Origas latipes) as descrited in Secticn 3 of this pretecai.
Feilewing the uptake phase, carp are kept in clean flowing ‘water or 14 days ‘o study the rata of
depuration cf the chemical from their tissues.

12 Cbjectve

Infcrmation on the uptake cf a chemical from water and s retention in fish tissues can
Se useful in assassing the propensity of the chemical 10 srter and gersist in aguatic ‘cod
chains. Sicaczumulation studies are conductad in crdar o cttain an estimate of the maximum
amount of the test material which can be expectad to aczumulate in fish tissues during
canminucus expesure. Tast results are repanec as the csncentraticn ‘actor, defined as the ratio
<t tast materiat concentration in tissue (editle tissue, nenecible tissue, and whole bedy) to the
lest material concentration in the water. Rates af uptake and degurarion of the ‘est material are
alsa reported. This stucy will follow CECD GLP guiceiinres (CETD, 1581a).

1.3 Justification of Test System

Characteristics which make carp suftable for Sicacsumutation tests are their 2asa cf

harcling, their ready availabiiity and convenient size, and the 2xensive axisting data for this

csmmen tish species.

Spnngeocrn Latoratories Protocol #: 081 194/QECC-MITI-ACF Page 20f 16
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2.1 Identiflcation and Characterization

The name, CAS or Lot numeer, and curty of the test matanal anc referencs materials
are provided by the Study Sponsar on the caver Fage ct the crotocal. The Sponsor also
pravices any available information on water soiubility, vacer nressure, siorage stability,
mathods of analysis, MSDS and sate hancling crecadures, and a verfied exoiration or
reanaiysis date, if acpiicable.

2.2 Receipt and Handling

Upon armval at Seringbomn Laborateries, all test matanais, referenca substances, and
standards are received by the Test Material Canter. Reccres are maimained by GiL° standarcs,
ana a Chain-of-Custody is established. The condition cf the extemal cackaging of the test
material is recorcded and any damage is noted. The pgackaging is removed, the primary storage
ccmaner is also inscected for leakage or damage, and the conciticn is recarged. Any damage
is recorted to the Sponser and/or manufaciurer. Sach test material sample is given a unique
samgle identification number and is stored under the coneiticns scectied by the Spansor ar
manufaciurer.

3.0 ACUTE TCXICITY TEST WITH CRANGE-RED KLLIFISH (ORIZIAS LATIPES)

3.1 Purpose

Before the bicacsumulation study begins, the acute toxicty of the test mareriai to the
cranga-‘ad killifisn, Crizias /atipes, is measures ‘o alcw saiection of “ast zoncantrations for the
Bicaccumuiation study. Results of the acute toxicty test are raccriec as the 24-, 48- and 96-
heur TLm values (the concentrations of test material that kiil 20% cf tha tast pcpulation within

the stated 2xposure pericd).

Spnngeom Latoratories Protocol #: 081194/CECD-MIT-ECE Page 3 cof 16
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32 Test Qrganism
Mature crange-red killifisn are used, weigning 0.1€ g 10 0.3 g eaen. Diseasad fsn ar
thesa with annormal appearance are not usad. Al fish used in a single tast are cktained frem

ihe sama source and are of approximately the sama age. The iength of tha largest fish used in

atast dees not exceed that of the smailest fisn oy mora than 1.5. The sax of the fish is not
determined.

3.2.1 Source and Acclimation. The fish are obtaimed frem a reliaizle commercial
sucplier. They are gracually acclimated to the ‘est cenditicns aver a ten-day period before
testing, and ars neld for a2 minimum of ane week at tha required test lemperatura hatore tasting.
Ouring he 4 cays before the tast pericd tha numter of dead or il fish must nct excaed ten
Lercert or the entire batch is not used.

3.22 Feeding. The fish are fed at least snce daily urmil 48 hcurs befora the test. They
are nct ted <curing the final 48 hours Sefore the test nor during the test. Fish are fed frozen brine
shrimp (Artermia sp.) and flaked fish feed.

3.2.3 Handling. Fish are transterred with fine-mesn cip nets. Care is taken to minimize

hancling stress. Fish that are damaged or dropoed during transiar are nct used in the test.

3.3 Exposure System

3.3.1 Test Chambers. The test chambers usad in the acute texicity test are 1$-L clear
glass aguaria which are chemically ciean. Each acuarium cemains acoroximately 15 liters of
i@st medium. This size is adequate (o meet the maximum allowatle Siomass 0ading rate of 1
g/L Cne aguanurm is usad for each test concentratian. Sz2ch test chamcer is lakeled with the

stucdy numkter and test cancentration.

3.3.2 Dilution Water. Ciluticn water consists of uracufterated ‘water obtained frcm a

1CO-meter tedrock well and pumged to an approximately 5,CC0-gailon concreta resarvair. It is

Scringtern Lakaerateries Protocol #: 081194/CECO-MITI-ACE Page 4 0/ 16
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succlemented in varying proocnions with untreated Town of ‘Nareram weil water, serated to
cang the pH ana dissotved gases imo equilibnurm with tha &mcscrere, and cumped through
agea FPYC piping tC the test system. The water is charactenzsd as scit water with a typical totaf
haraness of 20 to 40 mg/L as CaC0,, and aikafintty of 20 to 25 mg/L as CaCQ,. The pH range is
8.910 7.5, and the speciic canductivity ranges tetween 20 ang 150 umhos/em. Total hardness,
tctal atkajintty, pH and spacific conductivity of the dilution water are monrtored weekly at a
camral lacation in the laboratory to assure that thesa Farameters are within the normat
acceptable ranges.

3.3.3 Test Canceantrations. Toxicant cancemrations ‘er she acute toxicity test are

selected basad on a prefiminary static range-inding test. The freiiminary test consists of
several widely spaced concentrations, usually cf 3-1_ volume. each ccntaining five test fish. The

range cf concemrations selected for the definitive test is intendac 1o include toth 100% effect
and no-affect levels, Sut due to the nature of some test rﬁazen‘als. cne ar both leveis may nct be
coserved. A gecmetric series af five cencentrations and cre ccmrcl are usad for aach definitive
lest, with ten fish (in a singte aquarium) expased at each ccneanraticn. it a carrier solvent is
used, a solvent controi is included aiso. Sach dosa level! is ar 'east 0% of the next higher

csncantration of the test matarial.

3.3 Test Procedures

3.4.1 Test Initlation. Test solutions are creparec in the ‘est chameers by mixing
accrogriate velumes of test material and dilution water and 2rought to test temeperature (25 =

Zi. Tenfisn are ‘mpartiaily cistnbuted 10 2acn test cramear wnin 3C minutes cf solution
srazaraticn.

3.42 Test Conditions. The temgerature of the test sciutions is maintained at 25 = 2 °C
Sy atemperature~cantrolled water bath, Fiucrescent bulbs orcvica acoroximately 25

‘ccreandles illumination in the test area. A 16-ncur light:8-ncur cark snctopericd is maintained

Seringzorn Lacaoratories Protocol #: 081194/0E20-MITI-2CE Page 5 of 16
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WRh an automnatic umer. If the disscived oxygen concemrancn in any test chameer falls beiow 4

mg/L dunng the test, all test chamters are aerated with ail-free arr ‘cr the Quraticn of ‘he test,

3.4.3 Qbservations. At the start of the test, anc 4,3, 24, 48 and 96 hours thereatter,
aksarvations of stress, abnormal behavior and mcrtality are made on the fish in each test
champer, and dead fish are removed. Physical characreristics of tha test solutions (such as
presancsa of preciotatas, surface films, or clcuciness) are aiso obsarved and recorded. The test

is terminated arter 36 hours of axpaosura.

3.4.3 Water Quality Analysis. Canductivity, pH, temparature and dissclved oxygen are
Measured at the start of the test and at 24-nour imervais thereatter in all test chamiders where
there are surviving fish. If 100% mertality occurs in a chamoer, water guality is measured on
that day but not at subsequent obsarvation intervals. The {emperature of the water bath is
monitored cantinuously with a minimum-maximum themmcmetar anc/or a recording

thermometer.

3.5 Statistics

Test resufts are used o calculate the median lethal csncentration (TLm, the
concentration of test materiai that kills 3C% of the *ast gcculation) atter 24, 48 and 36 hours of
axpcsure. A computer program astimates TLm valuas using one aof three statistical methods:
praoit aralysis, moving average angla methcd, and tiremial Acobagiiity. The methed selected
is determined by the data (e.g., presance or absenca ct 100% fesconsa, numeer cf partial
resgonses, etc.). If the test data are statistically inaceguate for ail three of thesa statistical
methcds, aiternative approaches (such as gracnical intercelation) may be used. 95%

confidencs limits are repcrted when the cata cermit thewr calculaticn.

Springtcm Labcratories Protocol #:081194/QECC-MITI-2CF Page 6 of 16
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4.0 BIOACCUMULATION STUDY WITH JAPANESE CARP (CYPRINUS CARPIO)

4.1 Test Organism

Yearling Japanese carp, Cypnnus carpio, are usec {0 cancuc: he bicaccumuiation test.
Fish are at aperoximately the same size and age, i.e., the ‘ength cf *he largest fish does nat
exceed tha length of the smailest fish by mora than twe-icid, and have an average waight
Eetween ten and twenty grams. The sex ot the fisn is nct detarmined. The lipid contant of a

regresentative sample of the fish population is measured within two ‘~eeks of the start of tha

s

exposure periad.

4.1.1 Origin and Acciimation. The fish are octained from a reliable cammercial fisn
hatchery and are gradually acclimated to the test canditions (<3 °C/day) under flowing warter
ccncitions. They are held for at least an additionat 14 cays in the dilution water pricr to testing.
Trey are held for a minimum of five days at the required test temperature, during which time
lctal merajity ar avidenca of weakening of the fish must nct axcaed fve percart, or the

sogulaticn is not used. During acz!imation, diseased ‘isn are remaved.,

4.12 Feeding. The fish are fed a commercial ish ‘cod twica qaily prier to and during
the bicaczumularion test. The ‘cod is analyzed reutinely for merals, cesticides, and PC8s to
ansure its suitability for use. During the ticaccumulaticn siucy the ish are fed twica daily at a
raza of acproximately cne percent of total biomass per day. Feed is crovided slowly to assura
thar all feed is aaten. They are not fed 24 hours prior 0 intiation cf ihe test, nor 24 hours pricr
ic 2ach sampiing, to eliminate the possibility of large amcurts of gLt contents which could Sias

ihe tissue resicue concentrations measured.

4.2.3 Handling. Fine-mesn dip nets are usac iz ransfer the ‘isn, taking care i

minimiza cossible stress due o handling, Fish that are camaged cr drapped during transfer are

nct usad.

4.2.4 Biomass Loading. Fish bicmass o soluticn ratic ("cacing”) dees nat axczed 0.5

gram ger liter passing through the test system per 24 Rcurs. Thirty-aight fish are inciuced in

Scringporn Latoratories Protocol #: 081194/CECO-MITI-ECE Page 7 cf 16
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2ach aquanum to allow sampling of three fisn ger interval ‘or sach of he ten planned sampling
mervals, with acditional fisn 0 allow fer a maximum of twenty cercant mortality througnout the
axecenmemal penacd.

4.3 Expasure System

4.3.1 Test Cantainers. The tast chamters used in the flow-through bicaccumuiation ‘
‘st are clear glass aquaria canstructed with silicane achesive, anc measure approximately 75
x 39 x 30 cm (length x width x height). Water depth is maintained by a constant level overflow
drain approximately 25 cm from the bottom of each test aquarium. The totai test solution
vclume in each agquarium is approximately 73 L Cne test container is usad for each test
cancentraticn and far the controis.

4.32 Cleaning. The test aquaria are cremicaily cleaned using standard latoratory
prececures to remove any resicual contamination befora tha tast is swarted. Test aquaria are
cieaned daily during the test by removing material aghenng to the wails of the aguaria and
sichaning cut accumulated dektris,

4.3.3 Dilution Water. Dilution water cansists cf sart, unacuttarated ‘well water ottained
irem a 1C0-meter tecrock well, and pumped 10 an acproximateiy 8.CC0-gal concrate reserveir.
It is susplemented wrth varying amounts of untreated tcwn of Waranam weil water, aerated to
&nng he sH and dissoived gases into equilibrium with the armescrere, and gravity ‘ed through
aged PYC piping to the tast system.

Tctai hardness, totai alkalintty, pH ane scecific ssnductanca of the diluent water are
rcutinely manitered. Totai harcness and alkalinity are cetermined aczarging to Standard Meth-
¢cs ‘cr the Examination of ‘Water and 'Wastawater (APHA, 1989). In gereral, ranges for soft water
are: ictal hardness, 25 - 36 mg/L CaCQ;; alkalinity, 22 - 20 mg/L CaCQ,; specific cenductivity,
1€0 - 170 umhas/cm: and pH, 5.9 - 7.6.

Seringzorn Laboratories Protocal #: 081194/CECD-MITI-ECE Page 3 of 16
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4.3.4 Diluter. A continucus flow chemical defivery system, an adaptation of a diluter
cescnbed by 2enort et af. (1982), is used ta ceiiver accreximately 1,000 miJ/min of treated
dilutien water (exposure aquaria), untreated diluticn watar (cantrot aguariumy ar scivent treated
dilution water (scivent contrai aquanum tc the test acuana. This flow rate is adequate to mest
the maximum allowable loading requirements (see acave under *Sicmass Loading”), and
arovides a turnover rate of approximately twenty aquanum velumes per 24 hours. A Sage
synnge pump metering davica, equipped with a glass, Gas tigr syringe, is used to .
continuausily deiiver the apprepriate amount of a chemical steck selution ar scivent o the 1,CC0

mi/minuta dilution water flow to producs the test or saivent cemrol selutions.

4.3.5 Solvent Controi. When a scivent is used in the chemical stcek preparation, a
scivent controf agquarium is maintained instead of a cantrai aguarium and the delivery system

adds soivent to the control water at the same rate {and cencermtration) as that of the treatment
aguaria.

4.3.6 System Calibration. The caiibration ¢t :re ailuter system is checked prior (o test
inttiation. f thera is any indication during the test that the diluter calibration has changed (e.qg.
cnanges in measured concentration or differences in cissoived oxXygen concentration),
calibration of the necassary diluter compcnents is racrecked. A lest is not started until the
ciluter and texicant delivery device have been ctsarvec o ce progerly functioning for at least
48 hours prior to the test.

4.4 Test Solutions

4.4.1 Selection of Toxicant Cancentrations. The 2xXpCsure concentraticns for the
Sicaczumuiation test are selected based on the acute toxicity of the chemical to the orange-red
«illifish (determined under Section 3 of this preteeal) and shysical/chemical characterizations of
the test substance. The concantrations selected are intancad o axert no toxicity curing
cantinucus exposure, yet to result in resicue of the test marterial in the fish tissues which can te

measured. The targeted nominai ccncentraticns are 1/1,2CCth and 1/10,00Cth of the 36-hcur

Seringtorn Lacoratories Protocol #: 081194/0E20-MITI-2CF Page Gof 18
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TLm, 2ut may be higher it necessary depenging an the anaiytical detecticn limt of the tast
material.

4.4.2 Stock Preparation. A stock seiuticn of he tast substancs is prepared by trans-
feming a measured weight or volume inte a velumetric ask canmaining tha apprepriate scivent
(usually acatone or distilled water). Initiaily, sutficient stock sclution is prepared to replenish the
syringe injectcr system voiume for the antire duration of the stucy. The final volume and

cancantration of the steck soifution depends an the salected exgosure concemration the .

calibrated deiivery volume cf the chemical delivery system. The test material csncentration in
the stock solution is measured.

4.5 Test Pracedure

4.5.1 Equilibration Period. The test system is allewed *o crerarte for at least we cdays
prior <o tha introduction of test fish so that the chemical deiivery system and diluter ogerations
¢an te checked and the desired test concentrations canfirmed. Tripticate aliquots of treated

warer are analyzed to confirm the test concantrations an twao separate days preceding test
inttiazion,

4.5.2 Test Initiation and Duration. The test begins when thirty-2ight fish are impartiaily
distrituted to each test chamber. The exposure of carp to the test material is continued for 55
days cr until a steady-state tissue residue concentration has been esiablished. This is
determined by subjecting the measured tissue resicue corcantrations far three csnsecutive
samgoling intervais to analysis of variance until no statistically signdicant difference is found
terveen the three sets of resicue concentrations. The cata are aiso axamined graphically, and
i an increasing trend is susoected the data may be anaiyzed by regrassion analysis to contirm
that the slope of concantratian vs. time is not significantly diffarent ram zero. The fish
remainirg in the exposure aquarium at the and of the axgasure gericd are transfarred ta an

aguarium camaining flewing cilution water (identicai 1o the csrtrol aguarium) far 14 days of
depuration.

Seringborn Labaratories Protocol #: 081194/0OECD-MITI-ECF Page 10cf 16
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4.5.3 Test Conditions. The following cenditions are maimamed aunng the
Sioaczumulation study:

Disscived Oxygen. Totai dissaived axygen is nct alicwed o drop telow 60 percent
saturation fer the duration cf the test. Aeraticn is used, with non-volatile test

materials. to raise and maimain the dissoiveg exygen csneentration at or above
60% of saturaticn.

Temperature. Water temperature cf the test solutions is maintained ar 25 = 2 °C by

resting the aquaria in a watar bath maintained a the appropnate test
temperature.

Lighting. A cambination of flucrescemt bulbs is usad to illuminate the aquaria with a
wide spectrum of light, simutating the spectrum af naturaj sunlight. An 8-hcurs
dark and 16-haeurs light photopericd is maimaired dunng the test,

4.5.4 Sampling. During the coursa of the axposure, ihree fish are collected from 2ach
acuarium on days 0, 3, 7, 14, 28, 42 and 58, if necessary, ‘o cemenstrate maximum
aczumulation. At the end of the exposure pericd, the remaining fisa are transferred to an
aguarium containing flowing dilution water (identicai to the zznurcl aguariumj for 14 days of
Cepuration. During the depuration pericd, three fisn are csilecrac from each aguarium on days
3, 7 and 14, For each sample, fisn salected impariaily from he suraving fish in the aquarium
are ramgved from the aguarium, wiced lightty with gauze. and civided into two portions, i.e.,
fillets (edible portion) and viscera/carcass (nonecivle zorticn). Zach partion is weighed and
frezan. The tssue is homogenized betare analysis. Anaiytical tacnnicuas wiil oe develoged and

valicated tefora the samples are analyzed.

Water samples are collected from eacn aquarium two times ger week (daysQ, 3, 7, 10,
14,17, 21, 24, 28, etc.) and analyzed for the test material. The warter samples are taken from a
Feint approximately micway detween the surface, bottom anc sices of sach aguarium.

Analytical techniques will be developed and validated sefcre the samples are anaiyzed.
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4.5.5 Quality Control Samples. For avery samgcting intervaf in which water samples are
collected and analyzad for test materiaf residues, three samcles consisting of aliquots of water
spiked with a known amcunt of test material are also anafyzed. Curing every interval in which
fish are sampied ana analyzad, three tissue samgles are sgiked with a known amount of test
material and anaiyzed. Quality Control (CC) samples are stered {in the case of fish), processed
and analyzed in parailel with the water and fisn samgles fom the tast system. ’

4.5.5 Water Quality Analysis. At test initiaticn, watar Juality variabies (temperature,
pH, harcness and dissoived OXygen concentrations) are recarced in each test aquarnium.
Subsaquent to this, aquarium temperatures and disscived oxygen concentration are monitsrad
daily, and pH is measured at least threa times per wesek.

4.8 Computations

Measured ceoncentration factors ‘or aditle anc nonecible fisnh ‘issue are determined by
cividing the mean measured equilibrium test matenal cancentration by the mean measured
‘water concantration for the aentire exposure zeriod (yieiding the "mean equilibrium* or “steady
state® cancentration factor). Cancentration ‘aciors fcrwiole fish are cajculated in the same way,
using average tissue concentrations caiculated frem ihe cereertrations and ‘weights of the
ecibie and nonedibie porticns.

The uptake canstant (K) and depuraticn consiare (K,) ars determined By obtaining the
best it of the mean measured water and tissue eoncentraticns during the uptake and
depuration phasas with the following simuitanecus acuaticns:

(=) x (12!

For uptake: c

4 1
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For cepuration:

A

where C. = tissue concantration at time ¢ (units ug/kg), C, = mean water concenration during

Jrtake phase (units ugsL), K, = uptake cansian (unrs days"), and K, = depuration constant
{untts days™).

5.0 RECORDS TC BE MAINTAINED

Reccrds to be maintained include, but are not limitec to, carrespendence and other documents
relating to the interpretation and evaluation of data, as weil as ail raw data and documentation
generated as a result of the swdy.

6.0 REPCRATING

The raw data and final draft of the recort are raviewea cy the Quality Assurance Unit ang
Stucdy Cirector. One copy of the draft regort is susmtad tc the Sconser for reviaw and
comments. Ugon accaptance by the Sgonscr, three =zcies of the fnaj report are issued. All re-

Fors include, but are not limited to, the fotlewing infermarion:

The repert and project numbers from Springtern Laborataries, Inc. and Spgonsor study
number, if any.

Laboratory site, dates of testing and zersennei inveived in the swuay, i.a., Cuality
Assurance Unit, Proegram Coorcinater (it applicatie), Study Directar, Principal
Investigator.
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