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TNTRORUCTION

Because the pctanal/water partition eoafficient indicated that santiclzer 160
has 4 moderate potential to accumulate in Fish and hegayse 1t 1S currently
under government serutiny. a fish htaconcentration study was corducted. This
study estimates the potential for 5-160 t0 accumuiate in £ich 4n the natural
enyironment. Tha rate and extent of hioconcentration of lbiopesidugs were
measured in yluegliil continuously exposed to 1np.]aheled 5-160 during 2
definitive Y7-day gXposure period, & pre1imﬁnary!k1net1c 7-day gxposura pariod
and two kinelic 7-day exposure periods. Relative dizeributions of the resi-
due belwesn wholefish, muscle, and viscera were determined for the fish samples
collected during the 17-day dafinitive ctudy. Follawing exposure. the raie

and extent of ciearancé or depuration of the restdue from the fish were gxamined
after_placing exposed fish in 2 clean water aguarium.

SUMMARY

coefficient (510). 15 O113ETE —

fish. Based on 4 BCF of 29 in muscie, the edible porticn of tne i

has a negligible potential to accumulate, The BGF in viscera, although some-
what higher than in vhelestsh and muscle, is of 11tile concern hacause the
140-yasidue probably rapresents 5-180 metabolites o¢ $-160 adsorbed on food
sn the pastrointestinal tract.

MATERIALS AND METHODS

Pracedures used in the bl oconceniratian study closely follawed those outlined
tn the ASTH Proposeas Standard practice. for Canducting Bigconcentration Tests

with Fishes and Saitwater Bivalve Matiuscs Oraft Ho. g (April 13, 1579%. AN
deviations Trom these procaduras were ~pted 1n the follawing sections.

1. Test Fish

Blueqil] {Lapomis macrachlryg) used ip the study were rerejved From Osage

Catfisheries in Wigssourl on duly 28, 1978, A11 test fish weve held in

2 culture tank at 18°C and chserved for at l1aast 14 days prior tO taesting.

buring this period, yha fish receivad a standard Fish food (Purina Ho. 3?
zd Tibitum. Throughout the study, he eich were Ted once a day in the
morning.  On sampling days, the fish were feq after collacting the samplas.
Morgality during the fourteen days prior to the inftiation of the test was
less than 1% indicating that the fish were in good condition. Fish were
acclimated to the test water temperature of 22°C prior ta starting the

. test. The mean weight 2nr the fish used in this test was 0.913% 4.
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Test Systenm

A continuous flow diluter system described by M. J. Adams, et al..
ES-7B-55-27, was used fo deliver water to the control aguarium and

water plus three nominal concentrations of §-160 (2.22, 22.2, and

222 ug/1) to the test aquaria. Dimethyiformamide {DMF} was used as

a carrier solvent for S-160. The S.160,/DMF stocks Tor 2.22, 22.2, and

222 pg/1 contained 6.86 mg/1, 66.6 mg/T, and 668 mg/1, respectively.

They were pumped at rates of 5.2 mi/hr, 2 mifhe, and 2 mlfhr, respectively,
to the mizing cell Just beneath ihe surface of the water. Diluent water,
dechlorinated city water (Table 1}, entered the mixing ceil at rates of
15.6 1/twr, 6 1/hr, and & 1/hr, respactively. Mater and §-160 flowed
continucusly and were mixed by magretic stirrers placed under gach mixing
cell. Water flowed divectly from the mixing chamber through glass tubing
to glass test aguaria containing 100 1, 30 1, and 30 1, respectively. Flow
rates allowed 3.74 tank volume repiacements per day for the 2.22 pg/1 con-
centration and 4.8 tank volume replacementis per day for the 22.2 ug/l and
222 ugfl test concentrations, The volumes used during exposure aliawed
1pading equal to 1.4 fish/1 HgOs

For the preliminary study, 2.22 ug/1 exposure cancentration, difution
water Flowed at & 1/hr and toxicant Was pumped at 2 mi/hr. There were
4.0 tank yolume replacements per day in the 30 1iter aguarium. The
loading was equal to 1.4 fishf1 B0 as in the dafinitive and kinetic

- gtudies.

Test Compound

Ten vizls of 14C-labeled 5-160 with & total activity of 882.02 uli,
ware received from H. Yepez, MIC Applied Sciences an August 7, 19749,
Each £]ask contained 2.0 to 3.6 mg of S-160, The specific activity
was. 9,5 mci/mM. A1l stocks were prepared using DWF. The cotd S-160
ueed in the stocks was Lot No. QKQ8511, The amount of 14C-labaled
§-160 and cold $-160 9n each stock is 11stad below in pCif1 and mg/l,
respectively. The “C-5-160 was uniformly ring 1abeled on the phthalie
ring. The radiochamical purity was 97%. Ehines and Kaelble, 1978).

Exposure Stock wCi/i mg/1 Cald
Concentration concentyation mq/]  !4C-labeled §-160 $-160
2,22 5.66 202.52 0
22.2 55 .6 202.52 59.94
222 BEd 202 .52 559.34
Procadure

The preliminary test began on August 8, 1979, by exposing twenty-four
bluegill to 2.22 ug/ lir.labeled §-160 in an aguarium that was aquili-
brated at 2,22 uwgfl. The 5-160 concentration in the water was checked
on bDay 0, August B, 1978. The concentration of DHF did not exceed
0.33 mg/1, (0.033%]. Fish and water were sampled and analyzed for 5-160
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Test System _

& econtinuous Flow diluter system described by W. J. Adams, et al.,
ES-73-55-21, was used o deliver water to the centrol aquarium and

water plus three neminal cancentrations of 5-160 (2.22, 2z.2, and

322 ug/1} to the test aquaria. Dimethy!formamide [OMF) was used as

2 carrfer salvent for S-160. The 35-1607DNMF stocks for 2.22, 22.2, and

222 ug/f1 contained .60 mafl, 66.6 mg/l. and 666 ma/f1, respectively.

They were pumped at rates of 5.2 ml/hr, 2 w1/hr, and 2 mi/far, raspectiveiy,
to the mixing cell Just weneath the surface of the water. Dilyent waler,
dechlarinated city water (Table 1), entered the mixing cell at rates of
15.6 1/hr, & 3/hr, and & 1/hr, respectively. Water and S-160 flowed
continuously and were mizad by magnetic stirrers placed undar 2ach mixing
egll. Water flowed directly from the mixing chamber through glass tubirg
to giass test aquaria containing 100 1, 33 1, &and 30 1, raspectively, Flow
rataz allowed 3.74 tank volume replacemants per day for the 2.22 ng/l con-
centpation and 4.8 tank volume repincements per day for the 22.2 pg/1 and
277 wod1 test cencentrations. The volumes used during exposure allowed
lozding equal ta 1.4 Tish/1 Hzln

For the praliminary study, 2.22 nafl exposure concantration, dijutiaon
water fiowed at § 1/hr and toxicant was pumped at 2 mifhr. There were
4.5 tank volume replacements per day in the 30 iiter aquarium. The
Joading was equal to 1.4 fish/3 HQ as {n the definitive and kinetic
studies.

Test Campound

Ten vials of 1%C~labeled 5-160 with a tatz]l activity of B882.02 pli,
were received from H. Yepez, MIC Appliad Sciences on nequst 7, 1979.
Cach flask contaired 2.0 to 3.6 mg of 5-160. The sperific activity

was 9.5 mCi/mM. A1l stocks were prepared using DMF.  The cotd S-160
seed in tha stocks was Lot Ho. QKOS511. The amount of 18 Tahaled
5-160 and cold 5-16¢ in aach stoek 1s 1isted below in uCif1 and ma/l.
respectively. The 1ep-$-160 was uniformly ring labeled on the phthalic
ring. The radipchemical purity was 974, Ehines and Kaalble, 1979).

Exposure Stock MAFS mg/1 Cold
Copcentration Concentration md/l 14¢_[abeled 5-180 5-160
2,22 6.56 202.52 0
r2.2 G .6 202.52 5%.94
222 GE6 202.52 859.34
Procedure

The preliminary test be&an on August 8, 1979, by exposing twenty-four
hluegill to 2.22 ugfl P*C-labeled $.150 in an aquarium that was equili-
brated at 2.22 ug/i. The S-160 concentration in the water was checked
on Dey 0, August 8, 1978, The concentration of OMF did not excend

0.33 mg/t. {0.033%}. Fish and water were sampied and amalyzed for 5-160
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based on l4c_measurements over @ sevan day uptake and 14 day depura- %
tion period. kesults are summardized in Tables 2 and 3. ;

The 17 day definitive test (2.22 va/1) and two 7 day kinetic studies \
(22.2 and 222 ug/1) began O August 13, 1979, 1n 217 3 tests, the con- |
centratton of DNF did not axceed 0.33 m1/1 (5.033%). Ore hundred- !
twanty Tish were placed in the definitive test aguarium. Twanty-four :
£ich were placed into esach of the 2 kinetic tost aguaria. Fish and

water Were sampled during the test to monitor the S-160 exposurs, l
counulation and depuration, nased on i4G-residue. Tables 4,5,6,7,8 !
and 9 supmarize the rasults of water and tissue analysis for S-160 i
concentration 1n the definitive, kinetic 1, and kinetic 2 tests, i

respectively.

e

Sample_Schedule !
1

sampling times were determined basad on the predicted time to steady
state (55). Using the actanol/water partition coefficient and the H1
water sofubility, an approximate- time #n steady state {equi1ibrium) -1
was caleulated using +he following two formulas: 1) 5=3.0§anti1ng :
(0,42 log w-2.117; 2) 5=3.0/antilog {-0.414 log P + 0.122) where

se time to steady state in hours, W= weter solubility, and P= petanoly
weter partition coefficient (Hamelink and Eaton 19?9{.
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The following sampling points were chosen to monitor Fish bigaccumulatien.

Concentration Sampiing Paints

2.22 Definitive Uptake 2.5, 1,2,4,7,14,16,18,2] days
Dapuration 1.2,4,7,14,18,21 days

.22 preliminary Uptake 1.4.7, days
pepuration 1,4,7,14 days

22,2 Kinetic 1 Uptake T.4:7, days
Depuration 1,4,7.14 days

222 Ripetic 2 Uptake 1,4,7. days
pepuratian 1,4,7,14 days

buring the definitive study, 6 fish were collected at each sampling time.
fish collecked were diyided randomly into 2 groups of three fish. One
group was analyzed as wholefish, The second group was dissected and
muscle and viscera samples Were analyzed. Muscle samples Wers gbtained
by removing the head, tail, and viscera. viscara included all organs

in the gut region inciuding gastrointestinal track, tidneys, spleen

gall bledder, and Tiver, A11 samples fwholefish, muscle, and yiscera}
were welghed to obtain wot weight. placed in marked petri dishes, and
dried at 90°C.

For the nreliminary resi and two kingtic tests, three fish were collected ”
st each sampliing time (except day 21 of each tast when 5,6, and 4 fish
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ware removed from the preliminary, kinetic 1 and kinetic Z tesis,
respectively}. A1l samples were analyzed individually as wholefish.
During uptake, two 2 ml water samples were taken for radipassay at
each sampling time. Water samples were also eollected on day O for
211 tests and on day 11 for the definitiwve test, Water samples were
placed n scintilTation vials containing 16 ml of instagel scintilla-
tion cocktat] and counted for 10 minutes in & HKuclear Chicage Isocap
300 scintillatian counter.

Residue Analysis for Water Samples

Verification of the actual concentration of 3-160 in the test aguaria
water was determined on day 7, August 20, 1979, by taking two 100 mi
grab sampies of water from the aquarium and extracting them cne time
gach with 10 m1 of nanograde hexana. tHexane extracts were analyzed
by the gas chromatographic procedures for analysis of phthalates
sutlined by Hicks, et al., in ES-78-33-8.

Residue Analysis for Fish Tissug- Samples

. Verification of the actual concentration of 5-160 in the whalefish

VIIL.

1%.

tissue samples was made by sampling fish during steady state on day
17, Septemoer 3, 1979, Six Tish were collected, weighed, placed on
& marked petri dish and frozen., Analysis is currently in prograss
andBEesg1ts will be reported in Environmental 3ciences Special Study
ES-B0~55-5,

Rad]oassay

Triplicate dried samples of viscera, muscte, and wholefish were placed

in combusto conesTd together with 0,30 m] of Combustald™ and were com-
pusted in a Packard Mode] B306 Tri-Carb™sapple oxidizer. The resulting
1400, was trapped in Carbo-sorb®, flushed with Permafloure ¥ into 2
counting vwial, and counfed for 10 minutes in the scintillation counter.
Oxidizer, chemicals, and supplies were purchased from Packard Instrument
Company. Recovery of 1*C was 92.8% to 100.8% based on analysis of stand-
ardg. Mimury (140 carryover to next combusted sample) ranged from 0.011%
to 0.037%.

Example Calculatians

tomputer printout for tha scintillation counter gave disintegrations
per winute (OPM}, corrected for efficiency, and micrograms pf 5-160
The following equation was used to calculate the water concentration.

pg HC-3-160/2 ml X lﬂﬂ? m/f1 X factor = wg S-160/1

The factor was hased on the mix of hot material to cold material Tn

each stock. The 2.22 ug/] concentration containad only Y“C-labeled o
materialy therefore, the factor was 1. The 2Z.2 and 222 g/l can-
centrations contained 10:1 and 100:1 ratios of cold $-150; hok $-180,
therefore, the factors were 10 and 100, respectively. CalcuTations

[T PR T A LT eV T iy
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were removed from the preliminary., kinetic 1 and kinetic 2 tests,
respectively}. All samples wers analyzed ipdividual Ty as wholefish.
During uptake, twe 2 ml water samples were taken for radioassay at
each sampiing time. Water samples were alsa collected on day O for
a1l tests and on day 11 for the definttive test. Water samplgs were
placed in scintillation vials containing 16 ml of {1nstagel scintilla-
tion cocktail and counted for 10 minutes in 2 Nuciasar Chicago Isocap
300 scintillation counter.

pacidue Analysis for WHater Sampies

Yerification of the actual concentration of 5-160 1n the test aguaria
water was determined an day 7, August 70, 187%, by taking twao 100 ml
grab sampTes of water fram the aquarium and extracting them one time
each with 10 m1 of nanograde hexane. Hexane extracts were analyzed
by the gas chramatographic procedures for analysis of phthalates
sut]lined by ficks, et al., in ES=-7B-55-8.

Residve Analysis for Fish Tizsue SampTes

yerification of the actual concentration of 5-160 4n the wholefish
tissue samples was made by sampling Fish during steady state an day
17, September 3, 197%. Six fish were enllected, weighed, placed on
4 marked petri dish and frozen. Anajysis is currently in progress
andEEESU1EE will be reported in Environmental 3ciences Special Study
ES-B3-55-5.

Radioassay

Triplicate drisd samples of yiscera, muscle, and wholafish were placed

in combusto conesTd together with 0,30 ml of Copbustaid™ and were gcom-
busted in a Packard Model B306 Tri-Carb™lsampie oxidizer. The regulting
1500, was trapped in Carboesorb®, Flushed with Peymafloura ¥ into &
counting vial, and counted for 10 minutes in the scintillation countar.
Owidizer, chemicals, and suppilas were purchasad from Packard Instrument
Company. Recovery of 1%C was 92,8% to 100.3% based on analysis of stand-
ards. EM;mory {(14¢ carryover to next combusted sample) ranged from 0.011%
to D.031A.

Example Caleulations

Computer printout for the seinti1lation counter gave disintegvations
per minute (DPM). corrected for efficiency, and microgvams of 5-160
The following equation was used to calculate the water concentration.

ug 1¥C-5-160/2 m1 X 1000 ml/1 X factor = pg S-16011

The factor was based on the mix of hot material fo cald material in
each stock. The 2.22 pg/1 concentration contained anly *C-labeied
material: therefore, tha factar was 1. The 22.2 and 222 wgft con-
centrations contained 10:7 and 100:1 ratios of coid 5-160: hot S5-160,
tharefore, the Tactors were 10 and 140, respectivaly. Calcuiations
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for tissue samples used the following equatien:

uq 14{-5-160/sampie X 1/sample weight (mg) X 1 ¥ 105 X Factor =
wy S-180/kg fish tissue

The same factors were used as for the water 5am§1& calculatians.

RESULTS AND DISCUSSION

During the uptake portion of the study, the average exposure concentration
for each test was as follows:

_ Whalafish
Cancentration X EXposure Range BCF
2.2%2 Oefinitive 2,98 ugfl 2,30+4.19 187 .65
2.22 Preliminavy 2.62 wg/i 2,232,082 1358 .40
22.2 Kiretic 23.11 po/l 3.2 +36.3 62,15
222 Kinetilc 208,02 uwg/l 2278 96.53

T s Ty N T A A L TR A LA 20 b AT b e T 2 S LU L

The axposure concentrations were verified using gas chromatography. Thesa
pesults are 1isted in TabTe 10 along with the radioanalysis concentiations

#

t measured on tha same day. Fluctuatfons in exposure concentrations coincided i
a with malfunctions of the manostat pump. On August 17, day 4, the exposura il
; concentration of $-150 4n the definitive test water dropped te 0.72 wofi. . Pt
i The concantration of 5-160 in the fish sampled that day was significantly i
2 Tower than on previous sample days (B1.70 wg/kg fish vs. 1191.08 ng/kg fish)}. {
a In calculating the BCF and other paramgters, day 4 was considered to be day U i

=

of uptake. The Biofac program wes used to ealculate the BCF for both sets of
dats, day 021 and day ﬂ(ﬂ%+2]{1?}. The darived BCFs were similar, 141.53
and 187.65 far wholefish.

The o%ygen, pH, alkalinfty, hardness, and temperature ranged from 2.4 to 7.0
mg/1, 6.6 to 7.9, 18 to 30 mg/?, 105 to 120 mg/1, and 22° to 23°C, respectively.
These values indicate the water quality was satfsfactory throughout the study.

The survival of the contrals was excellent. There were no martalities during
the test in the controls or any of the test aguaria.

For the hleegil) bicconcentration study with $-16C, 17 days was a sufficlient

amount of time for 5-160 to reach steady state in the fish tissues. This

exposure perdod was selected based on the aqueous solubility and the octanol/

water partition coefficient far §-160 and a 7 day ereliminary exposure of :
bluegills ta 2.22 pg/1 8-180. Two additional 7 day studies at concentrations i

of 22.2 and 222 ug/] were conducted to assess the effect of exposure concen-
tration on hieconcentration of 5-160.

Analysis of the wholefish, muscle, and viscera wers used to calculate BCF, Xy,
X, T& clearance, and Lime to 90% 55 by entering the derived values in the
computer using the Dow Biofac prograwm {Blay and Agin, 1978). A1l values are
1sted in the tahle below. The Biofac program graphs the data, calculates a

)
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for tissue sampies used the following aquetion:

vy 14C.5-160/sampie X 1/semple weight {mgy X 1 % 108 X Factor =
wy 5-1607kg fish tissue

The same factors were used as for the water sample calculations.

RESULTS AND DISCUSSION

Buping the uptake portion of the study, the average expostire concentration
for each test was as foliows:

Wholefish
toncentration X Exposure Range BLF
2.22 pefimitive 2.96 ug/l 2,304,159 127.65
2.22 Preliminary ?.62 wg 2.232,82 135.4Q
27.2 ¥inetle 23,17 ug/] 3,2 =35.3 g2.1%
222  Kinetic 208,08 pg/l ) To2ev27e 95.53

The expostre concentratipns wers yarified using gas chromatography. These
results are 17sted in Table 10 aleng with the radicanalysis concentrations
measured on the same day. Fluctuations in exposure concentrations coincided
with malfunctions of the manostat pump. On August 17, day 4, the exposure
concentration of §-160 in the definitive test water dropped. to 0,72 ug/l. .
The concentration of 5-160 in the fish sampled thal day was significantiy
Tawer than on previous sample days (67.70 wg/kg Tish vs. 1181.04 ngfkg fish).
In calculzting the BCF and other paramaters, day 4 was considerad to be day O
of uptake. The Biofac program was used to calculate tha BCF for both sefs of
data, day 0+21 and day 4{&?+21{1?J. - The darived BCFs were similar, 141.53
and 187.65 for wholefish.

The uﬁygan, pH, alkalinity, hardness, and temperzture ranged from 2.4 to 7.0
mg/1, 6.6 to 7.0, 18 ta 30 mo/1, 105 to 120 mg/1, antd 22° to 23°C, respectively.
Thasa values indicate the water gquality was satisfactory throughout the study.

The survival of the controls was excellent., There were no mortalities during
the test in the controls or any of the test aquaria.

For the bluegill hioconcentration” study with 5-160, 17 days was 2 sufficient
amount of time for $-160 to reach steady state in the fish tigsuas. This
exposure period was selected based on the agueous solubility end the octancl/
water partition coefficient for 5-160 and a 7 day preliminary exposure of
bluegills to 2.22 pg/1 3-160. Two adéitional 7 day studies at concentrations .
of 22,2 and 272 ug/1 were conducted to assess the effect of exposurs cancen-
tration an bioconcentration of S-180.

Analysis of the wholefish, muscle, and viscera were used to calculate BLF, Ky,
Kys T# clearance, and time to 90% 53 by entering the derived values in the i
tomputer using the Dow Biofac program (Blayu am¢d Apin, 1978}. Al1 values are
listed in the table below. The Biofac program graphs the data, calcuiates &
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best fit 1ine as well as giving the ahove parameters. An example ot the

graph, Figuras 1, 2, 3, 4, 5 and 6 and printout of data, Figures 7 and 8

are includad. Furthermore, the Biofac pragram can determine rate canstants

and calculate a BCF from short term exposure data. Az a result, kinetfc tesis

can be run at Jower cost and can be used fo predict BLFs for different exposure
consentrations. The rate constants, K; and K;, 21low predietion eof the concen-
tratign of a chemical in fish as related to exposure time and cancentration,

as wall as, how quickly the fish will clear the chemical when exposed to clean

water.

Study Exposure ppb BiF 4] Ko 90% §§ Tk Days
17 Day Daf. W.F. Z2.22 .187.85 143.40 0.76 3.0 0.91
77 Day DNaf. Mus. 2.22 23.54¢ 17.38 0,81 3.78 .74
17 Day Oaf. Yis, . P.PE 1893.86 1760.19 1.03 2.23 0.a7
7 Day Prelim. ¥.F. 2.22 135,40 35.07 2,33 0.%49 0.30
7 flay Kin 1 W.F. 22,2 G2.,15 179,48 1.94 1.182 0.3a
7 Tay Kin 2 Y.F. 222 06.03 22414 2.32 0,53 0,30

X1 is a rate constant characterizing the uptake of chemical fr-om water by fish
in parts water/day/parts fish.

¥o i5 a rate constant characterizing the clearance of chemical from fish in
day*! units.

The hand calculated steady state BLFs for the 17 day definiiive study (182,70
for wholefish, 286.26 for muscle and 1853.26 for viscera) agreed well with the
BLFs calculated using the Eiofac program. Because of speed, accuracy and the
additional information chtained, the Dow Biofac computer program, was used
for analysis of the bioconcentration data.

Based on the results of the wholefish amalysis, 5-T€0 has a low potential to
bioconcentrate in fish. The observed BLF 15 cansiderabiy Tess than that pre-
dicted from tha actanalfwater partition eoefficient {510). This diffarence
may he atiributed to matabolism of 5-160 by the fish, In the muscle, the con-
sumed portion of the fish, the bloconcantration potential is negligihle. The
maximum observed concentratfan in the muscle {121.66 wg/kg) is also insignifi-
cant and well below health standards. Although the BCF for viscera was higher
than Tn wholefish and muscle, 1t 1s of low concern because most of the 1%{-
residue found is presumed to be metabolized 5-160 or adsorbed an food in the
gastrointestinal tract. There was a goocd correlation between the wholefish
8CF of the prelimfnary test and defindtive test. This may allow us to use
short term kinetie tests to astimate the bioconcentration potential af other
cheriicals. The two kinetie tesis indicated there was a tendency far the S-160
bicconcentration factor to decrease as the exposure concentration increased.

The BCF caleulated at the MIG laberatory (188) is significantiy different from

8 BCF previously calecuiated at the EGAS Bionomics laboratory in Wareham, Mass.

(663) (Barrow et.al.}. A greater amount of rediochemical Impurities in the
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5-160 used in the Bionomics study may have been responsible for this d4iffarshee.
These impurities_may have been adsarbed or metabolized more vreadily by the fish,
resutting in a higher apparent 5=160 bioconcentration in the Bionomics study,

Presently, we are looking more closely at the variables associated with each
study 1n order to explain this discrepangy.

.
’
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5-180 used in the Bionomics study may have been responsible for this differches.
These impurities may have been adsarbed or metabolized move veadily by the fish,
resulting in a higher apparent 3-140 bloconcentration in the Bionamics study,
Presently, we are looking mare clasely at the variables associated with sach
study in arder to explafn this discrepancy.
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cteristics of the ditction {gity) water,

Characteristic

City Water
Heasuremant

Akatinity (mg/1 CaCD3)
Hardmess (mg/1 CaCls)
pH (madian)

Aluminum (ma/1 A1)
Monia-total {mafl 03]
amania-unionized (ma/T WHg)
Antimeny (mgs/1 Sb)
garium {ma/1 B)
Raryl1tum {mg/1 Be)
Cadmium {mgf1 Cd)
catctum (mg/l Ca)
Chloride (mg/l1 €173
Chramium (mg/1 Cr)
cobalt (myf1 Co}
topper (mafl Cu)
Fluoride {mg/1 F~)

. Iron {mg/7 Fg&)

Lead {mg/1 Fb)

Magresium {ma/d M)
Mangznese (mg/ tr}
votybdenum {(ng/1 Mo)
Mickel f(mg/1 ti)

Hitrate + Nitrite (mo/1 N}
Phosphorous {mg/1 P)

41
120

6.90
0.031
0.35
203,901
0.0
0.021
<0.001
g.002
E5.3
30.5
0.008
0.002
0, 004
0.98
0.025
0.013
2.80
.00
{0,608
D.031
0.64
g.0140

i
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Clty Water

Charactaristic Heasyramant
5i15con (mef1 51} 6.3
siqver (ma/1 Ag} 0,005
sodium [mg/1 Na) g3.2
syulfata {(mg/1 §04) 175.4
strontium (mgs1 S1) 0.16
Tin {mg/} Sn} 0.007
Titanium {(mg/1 Ti} ‘ 0.0
Total Organochlorine {ug/1) 0.5
Total ﬂrganuphnsphuroué (ug/1) 20.05
Vanadium {ma/1 V} 0.070
0.016

Zine fmg/1 In)}

e
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Tabje 1 {Continued)
City Water

Characteristic Measuremeni
siticon (mgf1 Si) 6.3 i
Stiver (mg/1 Ag) 0,005 !
sedtum (mg/] Ne) 83,2 |
Sulfzta (mg/1 S04) 175.4 1|
gtyonidum (mg/1 Si) g.16 i
Tin (mg/l Sn) 0.007 |
Titanium {mg/1 Ti} . 0.001 :
Total Organgchiorine fug/1) 0.5 |
Total Crgatophosphoraous {ug/1) 20,05
vapadium {ma/1 V) 0,070
7ine (mgi/1 In) 0.016
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TABLE 2. MEASURED MC-RESIDUES CALCULATED AS S-160 TN WATER DURING & 7-DpY

(PRELTIMINARY] CONTINUOUS EXPOSURE OF BLUEGILLS TQ A NOMINAL CON-
CENTRATION OF 2.22 ng/1.

Expusure Concgntration pg/

Bay Sample # Result Nean
0 Before Tish T 2,37 2.43
2 2,44
0.17 1 2.23 2.27
, 2 2.30
3 1 1 2.53 2.67
£ 2 2.8]
g .
1,17 1 2,67 2.78
; 2 2,82
4 8 1 2.8 3.00
| 2 379
d 74 1 0.31 0.32
t—ﬁ 2 0.33
ok
;
g | R o= 2,62
§ = 0.0

*Day 7 values were not included in catculating the mean because of manostat
malfunction.
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MEASURED 14C-RESIDUE AS $-160 IN BLUEGILL DURING A 7-DAY PRELIMINARY
CORTINUDUS EXFOSURE OF 2.22 wg/7 {DAYS T-7) AND OURING ELIMIMATION

(DAYS 9-21)

Day
]

1]

14

27

=

Fish #

13 P L WY - LA P = 0 ol =— LLF Pod =t Lk Pa—*

1
O B L) B =

313.23
287.01
319,84

368,37
843.14
412,36

267,71
198,14
336,12

28.95
45.63
47.9q

9.50
14,34
11.29

9,83
30.42

30.85

7.7
27,10
5.75
10,38
7.49

Mean

305.70

44].23

267.32

40.85

11.34

23.73

11.68

= e rmd—mtL Lt benod t o
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TABLE 3.

ES-79-55-19
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MEASURED 1%C-RESTDUE AS 5-160 IN BLUEGILL DURING A 7-DAY PRELIMINARY
CONTINUQUS EXPOSHURE OF 2.2z wug/1 {DAYS 1-7) ANC DURIMG ELIMIMATION

(DAYS 9-21)

11

14

21

Fish #

0o P — LAY P =t Lo ol = al Ml =t Ld [y et Lad P —

A b L RS —

ngdka

313.23
287.01
319,88

368.37
543.15
12,36

267.7
198,14
J36.12

25,495
45.53
47.95

9.90
14.34
11.249

g.83
30.42
30.95

7.72
27.10
8.7%
10.35
7.45

Mean

306, 70

441.29

287.32

40.85

11.54

£3.73

11.68



RECES R

i g ot o e -

E5-79-55-19
Paga 12

TAALE 4. NEASURED 1%C-RESIDUES CALCULATED AS $-160 IN WATER DURING A 17-DAY
(DEFINITIVE) CONTINUQUS EXPOSURE OF BLUEGILLS TO A MNOMINAL CONCEN-

TRATION OF 2.32 pg/l

Day Sample #
0 Sefore fish 1
Z
0 After {ish 1
were added 2
0 Adjusted Ha 1
Flaw Z
0.5 b
i
T T
2
2 1
g
4 {0} 1
2
7 {3 ]
2
11 (7] 1
z
14 (10) 1
K
16 (12) 1
2
153 (14) 1
Z
21 (17) 1
2

The values for the days in parentheses were used to caleu

mean is caleulated for those days only.

Expgsure Concentration ug/)

Resulit

5.481
6.87

6.06
5.80

.13
.86

5.77
5,61

6,14
5.%5

7.07
7.46

G.73
a.78

4,06
4.19

2.52
2,72

2.5%
R

2.30
2.67

3.7
2,90

2.54
.92

F
5

Mean

6.34
5.93
6.00
.69
6.0k
7.27
0.72
4.13
2,82
2.59
2.49
3.04

2.88

Tate the BCF. The

.
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TABLE 5. HERSURED 1“L-RESIDUES A% 3-160 TH BLUEGILL GURTNG & 17-DAY DEFINITIVE
COMTINUOUS EXPDSYRE OF 2.22 pa/1 (ORYS 0.5-21Y AND CURING SLIMCHATION
(DEYS 22-42).
Mhniefizh Mean Husele Meean k3 1Ty Mean
0.5 53504 5E5.89 71.57 64.498 TE19.54 £400, 65
531.68 g1.03 £512,.81
450,55 72,33 13335.21
1 765.07 .B5g .82 82,55 §1.53 117473 10788.37
B0%.58 94,47 *
007,54 97,78 10309, 40
2 1193.5%7 1191.04 Tes.54 280,77 11026,45  11257.04
1008, 25 262,14 *
1365.59 2ET.53 1146563
4 (0} 41.14 61.7 14,35 17.70 2R3 239,21
35,68 10,77 1531.22
1053 27.55 Ald. e
7 4E0. 248 853,15 g5.43  121.85 1883, 38 5670,37
40424 17%.32 714507
487.87 100,22 7497466
14 {11} &0d.ed 501,29 g3, 60 f5.%2 262 . BF 7165.97
BE1.84 51.44 530078
558,36 a £3547.07
16 {12} 538,55 53,34 153,48 01.99 4o, &1 3957, 5%
%2029 &0, 21 47273
528,38 728 §993.70
i {713} A54.67 550.50 73.28 .50 3137.39 3699.5%
572,38 50.14 1687 .78
584,46 SE.08 4151.%1
% {1F) 587.21 £3B.25 65.18 78.85 To0.98 540,52
G454 42,97 -
652.53 ¥3,92 £330, 76
22 {18] 131.57 186,34 25,45 26.51 750.85 Brs.03
355,73 A4, 2T SEB, 12
58,32 41,05 131812
3 09 39.04 BT.46 14.092 21,86 §8.57 203.76
43,40 25,42 154,52
- 44,42 18,58 £23.1
2% (21) 4563 54,10 25.53 24,21 54,86 54,45
0.1 31.99 66,19
84,491 16.C0 .
28 (24) 36,95 35,82 .75 18.25 a3,06 81,16
40,98 16.08 40, 3] :
3952 17.5% a5, 07
35 (31 £7.06 29,37 14.29 t7.02 * 29,56
12,97 21.39 2e.58
45.7¢ 14,85 24 £8
39 {25) L 24,80 - to.5g 1.0 16.83
25.% .9 22.55
.z 12,38 *
a3 {38 9.13 25.59 .42 .75 " 33.98
24,72 15.37 *
R £.48 33.96
*No Sanbls

Valugs for days 1n parentheses were osed t4 caleulate the BSF,

¥ XY

1 ki

=
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THBLE 5. MWEMSURED “C-RESIDUEES AS S-180 10 BLUEEILL OURINE & 17-0AY DEFINITIVE
CANTIMEOUS EXFOSUAE OF 2.22 ugs7 [OAYS 0.5-21} AND DURING EL IMIJATION

[DAYS 22-32],

Qay Wholafish M=an Huscle Mean ¥scare Hean
0.5 535.04 &05.89 11.57 4.9 7519.04 5484.53
531.68 §1.03 §412.41
$50.95 wn T2830.23
1 TEE.07 .B58.82 82.53 81.59 1114T.32 19728.37

802,24 84,47 _ »
1007 .54 i 10308.40
2 143.97 1707,04 Te6.84  220.77 11028.45  T1247.4%
1008, 26 268.14 -
1369.20 287.83 TT46E.43
£ {Q) 40.14 §1.70 14,35 7.7 27e.45 239,27
35,66 10.27 13,22
102,31 Zi.o4 14,35
7D 480.36 453,14 B5.43  121.EG 1988.38  EE70.%7
d09,24 179.33 T148.47
497.57 100,23 774,56
IERAL 503.58 €01.249 69,60 £5.52 926256 189,57
1 El.44 4900.14
§33.36 o S347.07
16 {12) 525.25 §58.34 143,48 £1.90 3093 54 30B7.55
520.39 B0.21 247213
52B.38 TE.28 §3931.70
| {74} 454 .67 §50,50 73,28 £d.51 313%.:38 2659.69
87Z.28 B4 JER7.73
524.46 58.08 4187.51
21 119 &47,2] £38.25 £9.74 T8.65 7590.98 &894g.62
e, 02 32.87 -
ale.51 75.92 EEJD. 26
22 {18} 131.97 196,34 25.46 25,33 750,85 875.03
I5B.73 44 27 566,73
48,32 41,115 1315,12
23 19} 33.26 59.46 14,52 21.06 Bd.27 209.20
23,490 20.43 134,52
. 44 .42 18.82 923,11
28 {21 46,63 §¢,10 25.43 24,21 64,86 54.48
.z 31.99 65,149
4.9 15.00 3.3
e {24) 35.58 35,92 20.75 18.26 34.06 41.15
A.96 16.05 40.3%
33.52 17.594 #5.497
15 {31) 27.086 29.9% 14.240 11.02 * 28,58
13.97 21.93 23.58
48,70 14,85 4,54
38 {35 * 29,3 * t0.58 11.04 15.43
29,56 §.91 22,85
a0, 12.35 *
4z (3m) 29.13 25,59 B.d2 9,75 * 1398
M. 72 14,37 *
22,393 g.4d& 33,96

*Ha Sample

Yaluga far days 1n parentheses ware uged to caleulat= the BCF.

PR S T =iy

P i e pr———— =




E5-79-55-19
Page 14

|
|

TABLE 6. MEASURED Y“C-RESIDUES GALCULATED AS 5-160 IN WATER OURING A 7-DAY
{KINETIC 1) CONTINGQUS EXPDSURE OF BLUEGILLS TO A NOMIMAL CONCEN-
TRATION OF 22.2 wg/l.

Exposure Concentration ug/]

|
? Day Semple # Aesult Mean
3 0 Before fish 1 30.0 29.2
f 2 28.4

§ 0 After fish ] 3.3 34.6
! were added 2 4.0

g 2 i 3.2 3.7
! &.2

13 2,33 1 23.0 23.4
! 2 23,8

3 4 1 16.3 : 15.2
2 14.0 :

; 7 ] 32.1 32,6
3 2 330

; T = 2301

i 5 = 11.30

Eg
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TABLE 7. WEASURED 4C-RESIDUES CALCULATED AS S-160 IN BLUEGILL DURING A 7-DAY

(KIMETIC 1) CONTINUQUS EXPOSURE OF 22,
{pAYS 8-21]

¢ pg/1 AND PURIHNG.ELIMINATION

11

14

21

Wholefish

2043.15
1733.44
2438.25

1641.37
1670.€8
1785.8¢

1627.64
3694.81
1527.28

789.64
394.82
268.74

534 .64
139,32
106.14

95,36
103,98
186,53

39,149
132.43
51.8¢2
172,41
63.65
h3. 43

Mean

2097 .61

1695.29

2283.20

484,40

260.03

12912

g}.16

R LA
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TABLE 7. MEASURED 40-RESIDUES CALCULATED AS S-160 IN BLUESILL DURING A 7-DAY
1 CONTINUGUS EXPOSURE OF 22.2 ug/1 AND OURIMG ELIMINATION

EKINETIﬂ 1
DAYS 8-21

ES-70-55-19

Page 15

Day
1

11
14

23

Whpiefish

2043.15
1733.44
2498.25

1641 .,37
1670.68
1785.582

1627.54
36594.87
1527.28

789,84
394,82
268,74

534.64
139,32
106.14

96,86
103.98
186,53

39.19
132.43
61.82
172,41
§3.65
83.43

Mean

2091 .61

1699,29

2283 .21

384.40

£260.03

12%.12

87.16
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TABLE 8. MEASURED *C-RESIDUES CALCULATED AS 5-160 IN WATER DURING A 7-DAY

(KINETIC 2) CONTINUOUS EXPOSURE OF BLUEGILLS TG A NOMINAL CONCEN-
TRATION OF 222 ue/1.

Exposure Concentration ua/1
Day sample # gsult Mean

:.___._.._..‘___.__'..:,,5.....-
T El_‘,.rf"n ey

-'Ei:"? FEPRRET R s
i Filg

0 Before fish 1 265 248
. 2 271
1
3 0 After Fish 1 278 272
3 2 | 255
: 2 i 26 29
E 2 37
2.33 1 172 174
3 2 175
e 4 t 248 246
i 2 245
7 1 267 262
) g 256
¥ = 208.08
S = 90.86
i
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TABLE 2. MERSURED 1%C-RESIDUES CALCULATED AS $-160 IN BLUESILL TISSUES DURING
A 7-DAY {KINETIC 2) CONTINUOUS EXPOSURE OF 222 wg/) AND DURING
ELIMENATEON (DAYS 8-21).

- .
L L —— A S

g basa e . R -

e pesi G s SRS SR bR

Day Whalefish ' Maan
1

N

14

21

19075
18023
25383

20843

20925,

15651

18081

19428,

17791

1840,

4239
6065

954
53]
236

61¢
720
3N

224
384
1528
257

.4
R
.05

32
a8
.81

65
&4
A5

37
24
12

.74
2
.03

.37
.03
.13

.42
.80

.92
.18

20817 ,17

19153.43

18439.25

4054.9

627.16

570,18

998,87
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TABLE @, MERSURED M“C-RESIDUES CALCULATED AS 5-160 IN BLUEGILL TISSUES OURING
A 7-DAY [KIMETIC 2) CONTINUQUS EXPOSURE OF 222 wg/1 AND DURING

ELIMINATION (DAYS 2-21).

11

T4

21

Wholefish

184075,
18023,

25353,

20843,
20925,
15697

18091 .

19428,
Ti791,

j240.
4283,
6065,

354,
530.
g6,

619
720,
371

224,
384,
1528,
257,

4]
06
05

iz
45

JBi

74
72
03

.37

03

13

42
ap
949
18

Mean

2081717

19153.43

18439.25

4064.97

g27.16

570.18

5%8.87
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TABLE 10. COMCENTRATIONS OF %-1&0 DETEEMIMED FOR THE EXPOSURE WATER OF THREE
BLUEGILL BIOCOMCEMTRATION STUDIES OM DAY 7. AHALYSES WERE PERFORMED
BY GAS CHROMATOGRAPHY AND BETA SPECTROSCOPRY,
Exposure Loncentration pg/fl
Nominal Stugy Measured Hadinanalysis
2,22 17-Day Dafinitive 2.29 4.06
1.75 4.14
22.7 7-pay Kinetic i 14.9 32.1
14.9 33.0
ce2 7-Day Rinetic 2 as.4 267
92.7 286

e T T i B 1 N -
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& 1. BIOFAC COMPUTER PROGRAM GRAPH OF 17-DAY DEFINITIVE
FIGURE HHOLEFISH BIOCONCENTRATION
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1 1
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Each X represents the observed value \

The 1ine iz the calculated best fit
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FIGURE 2. BIOFAL COMPUTER PROGRAM GRAPH OF 17-DAY DEFINITIVE :
MUSCLE BIOCOMCEMTRATEQN STUDY ‘
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: FIGURE 3. BIOFAC COMPUTER PROGRAM GRAPH OF 17-0AY DEFINITIVE VISCERA
| BIOCONCENTRATION STUDY
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FIGURE 3. BIOFAC COMPUTER PROGRAM GRAPH OF 17-DAY DEFINITIVE VISCERA

BIOCOWCENTRATION STURY
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4 FIGURE 4. BIOFAC COMPUTER PROGRAM GRAPH OF 7-DAY PRELIMINARY
;? : WHOLEF1SH B8IOCONCENTRATION STUDY.
? oy, S1680 BHOACCUMULATION PREL IMINARY ..
L *
. Each X represents the obsarved value
. The 1ine is the calculated best fit

g 1ine for the data
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FIGURE 5. BIOFAC COMPUTER PROGRAM GRAPH OF 7-DAY KINETIC 1
WHOLEFISH DIQCONCENTRATION STUDY,
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FIGURE 5. BIOFAC COMPUTER PROGRAM GRAPH OF 7-DAY KIMETIC 1
WHOLEFISH BIQCOMCENTRATION STUDY.
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