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INTRODUCTION

TCC®, 3,4,4'-crichlorocarbanilide, is widely used as am bacteriostatic
agent in bar soaps. The potential exists for TCC to be found in natural waters
as a vesult of disposal im domestic sewage. A number of similarities exiat in
physical and chemical properties of TCC and other chlorinsted hydrocarbons which
have been a source of environmental concern. Of serious coacern with this type
of compound is food chain biowagnification. Chemiecal residues can oecur in £ish
and bixds in excess of what can be tolerated by the organism or a consumer of the
oyganism. However, when a chemical is meeabolized and rapidly eliminated it
generally indicates a low potential for causing food chain bilomagnification
problems.

Realistic aquatic hazard assessment of TCC necessitates an extensive
data base because TCU possesses the types of chemical and physical properties
which have been associated with problem chemicals. In addirtion ko tradi-
tional acute toxieiry and chrowie toxicity data, coutemporayy hazapd
agsessment recognizes the need for metabolic studies which detevmine how
a chemical is metabolized, identify the wroducts of metabolism, and define
the routes and rates of chemical excretion. Such studies are becoming
increosingly important as toxicologlsts now attempt o understand
residue dyramies and metabolism. . The purpose of this study 1s to expand
the fish toxicological data base om TCC. One part verifies a suggested
bicaccumulation pattern and depuration pattern and compares the relation
between these patterns in large and gmall catfish (Igralurus punctatus).
Another aspect foguses on the routes of elimination of a TCC bhody burden
via urine, anal water, gill water, and solid anal exeretia. A third
facet of the study focuses on HPLC identification of the "¢ labeled
components in the various eweretion products. A fourth part uf the
study focuses on the identification of the *“C residues of TCC in various
fish tissues at equilfbrium and after 240 hours of clearance. Finally a
cowparison of fish wetabolism data with mammalian data is made to determine
whethery or not a common metaboli¢ pattemrm exists.

EXPERTMENTAL SUMMARY

CHANNEL CATFISH BIOCONCENTRATION STUDY #1

Forty small channel catfish (Ictalurus punctacus) were continuously
exposed to 23ug/f "¢ TCC for four daye im a 100 gallon aquarium. Fish .
were sacrificed at eight times during uptake and disgected into tissues which
were oven dried. Semples of each tissue were complerely oxidized to 1%¢o,
and counted in a scintillacion counter to determine *C~TCC uptake. The hand
plotted curves gave uptake at equilibyium and bleconcentration factors
for each tissue.
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CHANNEL CATFISH BIOCONCENTRATION STUDY #12A

One-hundred small chamnel catfish were continuously exposed to 14.8ug/%
lho moC for six days in a 100 gallon aquarium sud allowed to depuzate
for five days im dilurion water. Fish were sacpificed at ten {imes duiing
uptake and seven times during depurarion. Tisgues were dissected, dried
and weighed. Samples of all dried tissues were completely oxidized ro
1%co, and counted in a scintillation counter to determine 14 a-10C uptake
at equilibrium, bioconcentration factors for each tigsue, and clearance
rare,

CHANNEL CATFISH BIOCONCENTRATION STUDY #2B

Thireeen large chanmel catfish were also exposed to 190eTCC in study
#2A above. Right of these large fish were sacrificed atr iatervals during
uptake, dissected, and tissues oven dried. The remaining five fish weve
sacyificed during depuration, dissected, and tissues oven dried. Tissue
samples were completely oxidized to i%00, and counted in a scintillation
countar to determime }'C-TCC uptake at equilibrium, biocomeentration
factor for esdch tissue, and clearance rate.

CHANNEL CATPISH METABOLISM STUDY #3

Large channel catfish were continuously exposed to 35.4pgll PtC-TCC
in a 160 liter aquarivm. Afrer 24 hours exposure, two fish were gacrificed and
digsected, and tissues were freeze dried. The other four fish were
catheterized and trxansferred to metabolism chambers which separated the
excretion producrs into the anterior gill chamber, posterior anal chamber,
and urine collection vessel., Urine, amal water, glll water, and solid
anal excreria vere collected at various time intervals during depuracion
when the chapbers.were also cleaned and zefilled with fresh water. After
240 hours of cleavance, the three surviving fish were sacrificed and dissected,
and tiggues were freeze dried. All samples of tissue, urine, anal water,
2111 water, and snal excreria were amalyzed both by counting 14¢ activity
and by HPLC for the distribution of intset TCC and TCC metabolites.

MATERIALS AND METHODS

EXPERIMENTAL FACILITIES

All TCC fish bioconcenrration/metsbolism experiments were couducted’
in the agquatic toxicology laboratory of Envirommental Sciences in Tt
Building, Room 104. Bioconcentration aquaria and metabolism chambers
were held on shelves at room temperature of 22 % 2°C. Light was provided
by 3,48 inch fluorescent tubes, approximately three feet above the aquaria.
A 16 hour om, 8 hours off light Tegime was provided,
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WATER

the warar used for fish holding, biloconcentrarion, and metabolism
studies was from '"N" Building's dechlorinated city water system. The
acceptabilicy of the water Supply has been established in studies by
Adamg (1978a-b). The alkalindty, hardness, and pH ranged from 38-42 mg/f.
123-%42 ng/f, and 7.1 to 7.7, respectively.

FIsH

Small chammel catfish, Ictalurus punctatus, weighing 4.5 - 13 g,
and large channel carcfish, weighing 165 - 400 g, were obtained from
Osage Catfishevies, Inc., Osage Beach, Missouri, All fish were majntained
in flowing dechlorinated tap water im a 50 gallep or 100 gallem tank for
at least one week before use, Before placiag £ish in the holding tanks,
the tanks were scyrubbad with cleanser containing sodium hypoehlorite,
sterilized for 1 hour with 5.257 sodium hypochlorite (bleach), and ..
thoroughly zinsed. One day after arrival, €ish weve treated with 200
wg/t of 25% formalin and 0. mg/% of walachite green for 1 hour on 3
alternate days. Swmall fish were fed Trout Chow #3 (Ralston Purina);
howaver, they were not fed two days prior to experiments and were not
fed during 2 study. Large catfich did not feed in the laboratory.

TCC_STOCKS AND EXPOSURE o - .

The unlabelled TCC stock solution for all studies wps prepared by
adding 1 g of TCC (Lot #QM768) to 250 ml of triechylene glyecol (TEQ),
thus vielding a conceneration of 4 mg TCC/ml TEG. Thz “"L labslled TCC
was from Lot 103 of the Monsanto Company. Verifieagi~az o7 ity of this

sawple using HPLC agud liquid geiantillation coyntiang sh i 1 ho be
98.2% radio tagged puritity. The specific activity w1 alewl itad to be
31,935 dpm/yg TCC. Working stocks for each experie - we sgpared by

dlluting 1/10 tvcoree, from individual vials, and u/i: -7 120 from e
4 mg/ml TEG stock, to 1000 ml TEG {n 2 1 & volumerric £lask.

Working svock TCC solutions weve metered into the squaria for all
biogoncentration studies using a Manistzt pump. Prior to placing fish
in the aquaria, TCC was mznually spiked to the desired concentratiomn.
After fish ware in the aquaria rheve wag a rapid uptake of TCC during
the firsrt few hours of exposure necesaitaring spiking of additilormal TCC
in order to maintain the desired exposure concentrations. The dilution
water flow was controlled by a calibrated flow meter. The rate of flow
in all bioconcentrarion studies was 2 to & aquarium volume exchanges per
day.

CHANNEYL CATFISH BIOCONCENTRATION STUDY #1

Forty small canfish (2-4 inches long, 6~13 grams wetL waight) were
exposed to a pominal TCC concentration of 23 ug/fin a 338% aquarium with
the use of the flow through water/toxicant delivezy system. TCC from
the 72 ug/f TEG working srock was delivered at a rate of 0.1 ml/minuze
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and mixed with the 470 ml/minuce of dilution watexr. The #easured exposure
concenrrarion was based om 19 duplicated warer samples taken at intervals

" p11-/57

during the 154 hours of exposure. The average measurad exposure concentration

was 23 pg/%. Three catfish were removed at times 0, 1, 4, 7.5, 23.5, 53, 68,
a5l 92 bours during the uptake smd equilibrium phases. Datz on t4¢ concent
were obtazined for each fish separately. The DPM's were comvertad to ug

of TCC per kg of fish tissue and the data were hand plotted to obtain the
TCC concentration ar equilibrium and the bioconcentration factor by the
Platesu Mathod (ASTM, 1978). Notebock pages 1641311-1641335.

CHANNEL CATFISK BIOCONCENTRATION STUDY #2A

v

One hundred small channel catfish (2-4 inches long, 5-11 grams wet weight)

were gxposed to a nominal TCC concentration of 15 ugfé in a 338 2 aquarium
with the use of a continuous £low through water/toxicaat delivery system.

TCC from the 63 ug/ml working stock was delivered at a rate of 0.13 wl/minute
and gmized with 470 ml/minute of dilution water. The measured exposure
concentration was based on 16 duplicated water samples taken over the 145
hours of expesure, The caleuluted average was 14.8 pg/%. Three catfish
were removed at times 0, 1, &, 8, 24, 56, 72, 96, 119, and 145 hours during
the' uptake and equilibrium phases and at times 146, 149, 153, 169, 193, 220,
and 265 hours during the depuration phase. Data on *’C content were obtained
for each fish separztely. The DBM's were converted to Ug of TCC pexr kg of
fish tissue and the data were hand pletted to obtain the TCC concentration
at equilibrium and the bicconcentration factor by the Plateau Method.

The dats were also snalyzed by the computer pyogram BIOFAC (Blaw and Agim,
1978) to obtain the uptake raze (K;), the depuration vate (Kz), the bilo=
concentrarion factor (BCF = K3/K2), and the computer plotted bioeoncenization
curves. HNorebook pages 1641336-1641360.

CHANNEL CATFTSH BIOCONCENTRATION STUDY #2B

Thirteen large channel eatfish, weighing 165~410g, were exposed to TCC
in the same 338 & aquarium with the small catfish of Study #24. One fish
was sacrificed ar times 0, L, 4, 9, 24, 453, 56, and 96 hourc during the
uptake and equilibrium phasez of bioconcentration and at times 97, 100, 104,
120 and 144 hours during the depuration phase. The data wezre analyzed by
the Plateai Method and by BIOFAC. Notebook pages 1641361-1641387.

CHANNEL CATFISH METABOLISM STUDY 73

The methods of Schmidt md Kimerle, 1979, were used to study the
metabolism and elimination of TCC from chamel catfish. Six lawge fish,
weighing 300 to 350 grams,were exposed for 24 hours to 35.4 ug/h of TCC
in a 160 liter aquarium in a continuous flow through watey/toxicant delivery
system. TCC from the 51 g/t TEG working stock was delivered at a rate of
0.4 mi/minute and mixed with 450 wml/minute of dilution watex. The exposure
concentracion was mcasured to be 35.4 ug/%, using an average of 18 time-
weiphted counts of the **C activiry in the aquarium water taken at intervals
during the exposure period.
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After exposure for 24 hours, two fiur wers yemoved and tissues analyzed
for equilibrium concentrations of TCC. The remaining four figh were
anesthetized im MS-222 (tricaine methane sulfenate), catheterized, and
confined for 240 hours (10 days) in imdividual metabolism chambers partitiomed
{ntc an anterior gill compartment and a separate postevior anal compartment.
Each chamber was marked with a different color of tape and the fish in the
chamber was identified by this color; thus the "Blue Fis " pafarred to the
specinen in the chamber marked with blue tape.

Urine was collected in graduated cylindevs at about 12 hour intervals
for the first & days of depuratien (at 9, 24, 35, 47, 57, 72, 83, and
95 hours) and them at 24 hour intervals for the next 6 days (at 120, 144,
168, 192, 216, and 240 hours). Duplicate 0.5 m! samples were counted
tor 1"C acrivity to determine the TCC excreted in urime. At these times
anal chatibers were completely drained and gill chambers were drained about
one~third and duplicate 2 ml samples were counted for o getivity to
determine the TCC excreted in these waters. About 3.8 liters of anal watex
and 2.6 liters of gill water were collected and preserved for future
analysis in gallon glass jugs at all of the indicated cimes except 35 and
57 hourae. BEach time chambers were dralped and sampled for he activity
the chambers were alse cleaned. Anal chawbers which had been coumpletely
drained were refilled with fresh water which was then allowed to flow in
and out for 5 to 10 minutes. Gill chambers which could be drained ounly
about ome~third were f£illed with fresh water and drzined three t¢imes and
then fresh water was allowed fu circylate in and out for 5 to 10 minutes.
Several times after flushing, woter sawples counted for “C activity showed
a0 activity indicating that the chawber cleauling process had »een effective,

No urine was collected fxom ome £ish 1fo' - 35 hours in a ehamher.
This fish was terminated and eliminated from the data base. The remzining
three figh which coatributed excreticn samples during the 240 Hours of
depuration were then szerificed and prepared for analysis of TGC concentration.

Eight selected two ml samples of urine werse excracted with ethyl
acetate; siz selected 250 wl samples each of anal water and gill water weve
extyacted with tetzshydrofuran. One gram samples of 5 different tissues
from the twp fish sacrificed at equilibrium spd from the three fish held
in the mersbolisw chamhers were extracted wich taetrahydrofuras. Soldid anal
excretia. found at intervals inm anal chambers were air dried and five
selected ones were extracted with tetvghydwfuran.. Duplicate portions of -each
exvract were counted to obtain the percent efficlemey of the extraction.
Duplicate portions of each residue aftrer axgracticn were counted to obtain
a material balance. The extracts were apnalyzed by high pressure liquid
chromatography using a reversed phase colum for separation of imtact TICC
and TCC metabolites. Notebook pages 16261062-1626200 and 1861601~1861700.

SAMPLE PREPARATION

Figh Tisgue Samples All fish were sacrificed and diagsectad into gall
bladder, liver, viscera, muscle, and remains, In the bioconcentration
studies, small tissues were placed im paper comhusto-cones, large tissues
in appropriate size glsss jars for ovenm drying. The dried tissues ware
ground with 3 glass rod in the jars or were ground with a mortar and peetle.
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In the metabolism study, tissues were put in appropriate size glass beakers
for freezing in crushed dry ice. The beakszs were covered with several
layers of cheesecloth and frozen tisaues weke freeze dried in 2 Thermovact
Industyies Corp. Model FD-3-V=15 Freeze Drier. After freeze drying,

tissuag were ground in a Waring Commercial Blendor and stored at room
temperature in covered glass jare., Scme tissue samples were larer extracted
and their residues were alr dried and ground with z wortar and pestle.
¥illigram size samples of tissue Ffor buining were weighed on a Mettier

ME22 balance, used with a Mettler BE22 balance control and a Mazrley BAZS
readout unit. Larger ssmplee were wuighed on a Meetler Iype HS 160 gram
capacity analytical pan balance.

Fich Excretion Product Samples  Gill and anal water samples were
collecred ig gallon glass jugs and stored at room Lewperature. Urine
samples were collected and measured in 10 ml graduared cylinders and
eransferred vo appropriated size | screw cap vials and jars for storage
in a refrigerator. All water and urine samples were preserved with a 5%
water solution of mercuric chloride, using L ml selutlon for every liter
of sample.

RADIO-TRACER METHODOLOGY

ground samples of dried fish tissue weve completely oxidized to e,
in 2 Packard Tri-cardb Sample Oxidizer and the €Oz ¢ollected im a mixture
of 12 ml Carbo-gorb (Packard) and 13 ml Permafluor V (Packard). Sample
sizes for burning were mostly in the following ranges: muscle 120 ~ 300 mg,
remaing 175 = 323 mg, liver 20 -~ 125 wg, viscera 30 - 130 mg, gall bladdey
0.2 - 4 wg for small f£ish and not over 25 mg fox large fish. If this wmwuch
tigsue was not present, the whole orgau was used. The tizsue sample size
of gall bladder was most crltical; samples l1srger than the suggested maxima.:
somerimes resulted in sooty burns, Dried tissue Tesidues after extraction
conrained smmonium sulfate used in the extraction and the sample size was
reduced about one-third and an estimated equal smwownt of cellulose powder
(Packard) was mixed with the sample for burning. For scimgzillation couunting,
2 ml samples of aquarium water aad 0.5 ml samples of THF and ethyl acetate
extracts were added to Insta-gel (Packard) so that sample and Insta—gel
totaled sbout 18 ml., Two mi ssmples of extraction residues of urine, gill
water, anal water, and anal excretia were added te 10 wl of Insta-gel and
saveral ml of tap warer wcre added and hand shaken vigorously
watil a homogereous gel formed. Councing of radicactive samples was for
10 miructes by a Nuclear Chiecago Isocap/300 Liquid Scinclillation Systew for
Study #1, Study #24, Study #5B, and urine, gill water, and anal wacer counts
of Study #3. ALl other couts for Study #3 were made by a Searle Analyzic
81 Liquid Seintillatjon Cowmter, One set of samples counted in both gystems
showed no sigumificart difference in results.

N

SAMPLE EXTRACTIUN

Extraction From Urxine A two ml urine sample, measured in za 2 ml
piperte, was put in an 8 dram vial with 1 gram of sedium chlovide and
shakne uniil the sodium chloride was dissolved. Five ml of ethyld acetate
(distilled in glass, Burdiek zmd Jackson Laboratories), measured in a 5 ml
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pipette, were added ro the urine and shaken for a total of 5 minutes,

four minutes by hand and 1 minute on & Vortex-Genie Miweyr. After cent-
rifuging for 10 minukes, the ethyl acetate exrract on top was removed with
a pasteur pipette and put Into a separate 8 dram vial. The extraction was
repeatad on the urine pesicdiz with another. 5 ml of ethyl acetate usiug the
same procedurs, Both extracts wers combinied and stored in a zefrigeraror.
Duplicate 1 ml samples of urime, ethyl acetate extract, and uring residue
after exeraction were cowvnted to ealculate percent extraction and a material
balance. MNotebook page 1826135,

Extracition from Freeze Dried Fish Tissue One gram of dried ground
tissue was added to 5 ml of saturated ammonium sulfate soluwion (175 g
anmonium sulfate dissolved in 250 ml of Milli Q water) in an 8 dram vial
and shakeu for 2 minutes with a Mini~Shaker (Fisher). The resulting tissue
slurzy was hand shaken for 5 winutes with 10 ml THF. After centrifuging
for 15 minutes, the THF extract on top was removed with a pasteur pipette.
Several muscle and remains egtracts were slightly cloudy and filtered
through a 2 micron tip (Supeluo Iaec., Bellefonte, PA. 16823, Caralog Neo.
5~8473) or a pasteur pipette. Several scoops (about 3-5 grams) of sodium
sulfate were adde¢ to the extract, which was hand shaken for one minute
and passed through Whatman No. 1 filter paper, A second extraction with
10 ml THF was perforxmed on the tissue slurry in the same manner. Both TH¥
extracts were combined and stered in a refrigevawor., The remaining tissue
residue was air dried at room temperature with a stream of alr blowing
over the tigsue residue to speed drying. Dried vesldues were ground to
a powder in a morcaz and pestle. Samples of original ground freeze dried
tissue and of ground dried tissue residue afrer extracvion werve burned
and counted alopg with samples of each extract. These coupts were used to
calculate percent extyaction and 8 material balance, Notebook pages
1826189 and 1861677.

Extraction from Anal Warer and Gill Water Two~hundred fifvy willi-
ligeys (250 ml) of water taken from either the anterier gill compartment
or the posterilor anal compavtwent of the fish metabolisu chamber wers
placed in a 500 ml geparatory fumnel. One~hundred seventy-five grams
(175g) of zmmonium sulfate (granular, certified A.C.S8.) were dissolved
in the water to get a saturated solution. For the first extraction
fifry milliliters (50 ml) of tetrahydrofuram (THF, uv, disrilled in glass,
Buvdick and Jackson Laboratoxies) were added to the water solution in the
fuonel and hand shaken for five minutes. After one minute the lower water
layer was drained off and saved for vepeated extraction. The THF was
drained iatc a screw cap bottle and several scoops (about 6-8 grams) of
sodium sulfare (eahydrous, cartified A.C.S,) were added to the THF and
hand shaken for one minute to absorb any water. The THF was then passed
through Whatman No. 1 filter paper. A second, third, and fourth extractien
were made, each with 30 ml THF, and following the same proceduvre. The
extracea were combined and stored im a refrigerator. Sample counts of
original anal water and gill water, of extracts, and of residues afrer
extraction were used to caleulate percent extraction and to obtain 2
material balance. HNotebook pages 18261535 and 1826156.
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Extraction from Anal Excrefia Solid anal excretda collected fzom
the snal chambers were placed in papery combusgn~eones (Packard) and alr
dried. For extractiocn, a cone was cur into small pleces and placed in an
eight dram vial. PFive mililiterz (5.ml) of saturated smmonium sulfate
solution (175 grams of ammonium sulfate in 250 ml Milli Q watex) were
added and the vial contents werz shaken by hand for. one minute snd then
on a Mini-Shaker (Fisher) for one minute. The contenta ware then homogenized
with 10 ml of THF, using a Tekmar Tissuemizer (SDT 182) for 2 minutes,
centrifuged for 15 minutes, and the extract removed with a pasteur pipette.
Duplicate 0.5 ml extract samples were counted for 19c. The residue was
air drxled and ground with a mortar and pestle. The enrize puylverized
residue was divided into scveral smallex samples which were mixed with
an equal amount of eellulose powder (Packard), were oxidized to 1eeo,,
and cowmted, These counts wefe used to caleulate pereenmt extractlion and
a material balance. Notebook pages 1826193~1826195.

SAMPLE ANALYSIS

Tnscrumentation Extracts of urine, snal water, gill water, solid
anal excretia, tigsues from fish at equilibrism, and tissves from fish
after 240 hours of depuration were analyzed for TCC by reversed phase
chromatography (Taulli, 1977) on a Waters Associates High Fressure Liquid
Chromarograph to determine the presence zud distribution of imntaer TCC
and TCC metabolites. The analytical column was a 3.9 mm ID x 30 cm )
reversed phase columm packed with i Bondapak Cig. The gusrd column was 3.9
mm ID x 2.1 cm, packed with Bondapak Cis/Corasil. A Model 660 Waters
Associaves Solvent Programmer produced a linear solvent gradient, Initially
20% acetonitrile/80% water and changing to 90% acetonitrile/l0% water in
30 minutes. A conatant flow of 2.0 ml/min wes employed. One-hundved pl
samples were introduced onto the column via a Waters WISP 710B. Column
effluent was uwonitoved with a Waters 450 Wavelangth Detector at 263 am
at 0.1 ADFS for all samples except liver, viscera, muscle, and remadins
extracts from fish after 240 hours depuration. These oily, highly UV
shsorbing extrasts were monjtoved at 0.4 AUFS. The mopitored output was
charred on a Houston Instruments Model B5117-1 Omad Sevibe Recorxder at
2 chart speed of 0.5 cm/inch. However, the emergence of TCC and metabolires
was determined by counting the total HPLC effluent fractions. Thirey 2 ml
fractions were taken at one minute intervals in an Inscrument Specialities
Model 328 Fraction. Collecror. Fifteen ml of Packard Instagel were added
to the fracrinms, all of which were assayed for radioacrivity in a Seavle
Analyeic 8] Liquid Scintillation Counter.

Urine Samples The volume of ethyl acetate extract aliguot recommended
below was evaporated to dryness under a nitrogen purge in a Reacti-Vial
(Pierce Chemical) im 2 Thermolyne Dri~Bath wmaintained at 60°C. The dvy
sample was reconstituted by adding the appropriate THF volume, then shaken
on a Mini-Shaker for one minute, and centrifuged for 10 minutes. The
supernatant liquid was used for HPLC injection and 14¢ counting.
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'Ant:!.cipate.d Aliguot of Ethyl Reconstiturion Estimated DPM in
DEM/ml Urine Acetate Exrract Volume 100 uf Injected
1000 to 10,000 8 ml 0.2 ml 4,000 = 40,000
10,000 ro 50,000 4 ml 1.0 ml 4,000 - 20,000
>50,000 2 ml L.0 ml 10,000 minimun

BPLC injection volume was 100 W&, With a 0.2 ml reconstitutilon volume,

50 pf was available for coumting in the scintillation comter; with a

1.0 ml reconstitutiom, two 100 ul samples were covmied. These counts weve
used to determime the Tecovery of the HPLC. Notebook page 1861607.

Anal Water and Gill Watex Samples After four 50 ml THF extvactions
frow @ 250 mi anal or gill water sample, the combined extracts were trans-
ferred to a Kudernz-Danish Evaporative Coucenirator and reduced to 4 to $
ml using a hot water bath at 90 to 94°C. Afrer coeling, the concentrated
extract was transferred to a Reacti-Visl. The Kudernza-Damish Flask and
lowar tube were washed with THF and the washings added te the Reacti-Vial.
The extract was evaporated to dryness under a mitrogen purge in a Thermolyne~
Dri-Barh ar 60°¢. The dxy sample was reconstirueed by adding the THF
volume recommended below, then was mixed on a Mini~Shaker for ome minute,
and centrifuged for 10 minutes, T7The supernatant liquid was used for HPLC
injection and '“C coumting.

Anticipated Reconsziturtion Estimdted DPM
DEM/m] Wateyx Volume in 100 uf Injection
10 ro 50 0.2 ml 1,250 to 6,250
>50 1.0 ml 1,250 minimun

HPLC injection volume was always 100 uRk. With a 0.2 wl reconstitution
volume, 50 w2 was available for '*C counting; with a 1.0 ml reconstitution
volume rwo 100 uf samples were -counted. Notebook page 1861624,

Tisgue Samples From Fish Sacrificed at Equilibrium Sample aliquots
Erom THF tissue extracts were dried, reconstituted, and prepared for HPLC
injoczion in the same mabner as urine extracts. All extracts had high
DPM's ranging from about 9,000 to 30,000, so 4 ml aliquots, dried and
reconstituted to 1 ml with THF, were used. Notebook page 1861659,
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Tissue Samples From Fish After 240 Bours Depurarion  Initiazlly, oze
gram of tissue (or leas if one gram was not available) was used for extrac—
tion. Sample extract aliquots were dried, recomstituted, amd prepared
for injection in the same msnmer as urine extracts, Extract DPM's from
gallbladder, liver amd viscera were high, ranging from about 40,000 DPM/ml
to gbout 2,000,000 DEM/ml. Aliquot and reconstitution volumes wezre
caleulated from these axtract DPM's to deljver an aestimsred 3000 eo 30,000
PPM's im a 100 p% BPLC injection volume 23 shown in the table below. Liver
and viscera aliquots did port dry cowmpletely but remained as a very wviscous,
amber liquid of less than 0.1 ml. The THF reconstituted sampie, however,
vwas suitsble for HPLC injection, sinece the addition of THF gave rhe sample
a watery consiatesncy.

Extract Sample Roeconsetivution Estimaged
DPM/ml Aliquot Yolume Volume DPM 1n 100 Ul
Injection
>50,000 1wl 0.5 m1’ 10,000 winimpum
19,000 - 50,000 3 md 0.5 wml 6,000 - 30,000
4,000 - 10,000 6 ml 0.5 1 4,800 = 12,000
1.000 - 4,000 12 mi 0.4 ml 3,000 ~ 12,000
100 - 1,000 Entire Extract 0.2 ml 800 -~ 8,000

(Eerimated 16 ml)

Extrace DPM's from muscle aad remaing weze low (about 100 to 200 DPM/ml)
and THF extractions were tried on larger tissue samples ¢f 3 to 6 grams.
When concentrated, the eztracts did not dry completely but remained as a
very viscous amber liquid in amounts varying from 0.5 wmi to about 1 ml. The
THY meeded o reeonstitute these "dried” samples was so great that it diluséd
the sample and decreased again the DPM/mi. Tt is recommended, therefore,
that 1 gram of rissue be used for extcraction and the above table of aliquor
volumes and recomstitution volumes be followed, using a 200 UL injection
volume, WNotebook pages 1861677-1861685,

Ana) Excretia Samples The entire THF extract or an aliquot of it
was dried completely in a Reacti-Vial and recomstitiired with THBF according
to the schedule below. The same procedure used wirh nyine samples was
followed with these samples. Wotebook page 1861636,

DEM/ml Aliguot Recorstitution Estimated DPM

Extract Volume Velume in 100 uf
o . .- Thjeetion ] )
>10,000 2 ml T ml 2,000 minimum
2000 to 10,000 5 ml 0.5 ml 2000 to 10,000
300 to 2,000 Entire Extract 0.2 ml 1500 to 7,000

(usually 7 ml)
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DEFINITIONS

In parts of this report, the results of "PeC analyses” in water,
tissues, and excretion products are reported as 14corCC, This means the
lbe activity of the sample was counted and muleiplied by the specific
activity for TCC stocks of 31,935 DPM/L ug TCC, Therefore, A% C-TeC
results represent maximums. When metabolites were present they too ware
comnzed by **C and included as “ICC" in the total.

Tn the metabolism section of this report HPLC analyses enabled the
inract TCC to be quantitatively differentiated, and so designated, from

the metabolites., Specifity of TCC® and TCC-metabolites was based on retention
time agreement with svailable authentic gtandards.

RESULTS

BIOGONCENTRATION

Tn Table 1 the TCC biocomcentratiom at equilibrium and bioconeaentracion
facrors (BCF) are shown for gall bladder, liver, viscera, muscle, remains,
and whole fish., Three experiments are summarized: small catfish exposed
to 23 ug TC/%, small catfish exposed £o 14.8 ug/%, and large catfish exposed
to 14.8 pg/f. TFor swall catfish at 23 ng/? exposure, gall bladder shows
the highest bioceuncentration, 842,000 Mg/kg, while muscle shows the lowest
with 428 ng/kg. The other tissues vary from 1,240 pg/kg for vemains to
26,360 ug/kg for viscera. Similarly the BCF, calculated by the Plareau:
Merhod, is highest for gall hladder at 36,240 and lowest for muscle at 18
with other tissues ranging from 54 for remains to 1,133 for viscera. For
small catfish exposed to 14,8 ug/f, gall bdladder at 1,916,000 ng/kg and
nuscle at 1048 ug/f? are again the highest and lowest bioconcentrations,
with other tissuves ranging from 1,947 1g/kg for muscle to 34,811 vg/leg
for viscera. Likewise, the BCF, calculated by the Plateau Method, is
highest for gall bladder ar 127,700 and lowest for muscle at 70 wich a
range of 130 for rewmaing to 2321 for viscera. For large catfish exposed
vo 14.8 Mg/l the same pattern exists for bioconcentration with gall bladder
highest at 1,540,000 ng/kg, muscle lowest at 620 ug/kg, and ather tissues
ranging from 1,498 ug/kg for remains wo 48,727 for liver. The Plateau
Mathod BCF is highest for gall bladder st 102,700, lowest for msele at
41 and ranging from 100 for remains to 3248 for liver. BCF values calculated
by the computer program BIOFAC are very simila¥y to those caleculaced by the
Plateau Method. Gall bladder eonsistently had biocomcenrration and BCF
values that were two or three orders of magnitude higher than other tissues.
Muscle had the lowsst biocomcentration and BCF values, of the same order
0f magnitude ss vemains and one to two orders of magnitude lower than livexr
and viscera. Tiasuas are yanked by BCF and bieconcentrarien in this ordez:
gall bladder > viscers > liver > remains > muscle. Only. in lazge catfish
was there a deviation from this pattern with the ranking of viscera and
liver reversed. However, these data were not replicated as the small .
catfish studies which are considered more reliable with three replicates.

Table 2 shows the BIOFAC calculated uptake rate, depuration rate,
bioconcentration factor (BCF), and half 1ife of clearance for two studles,
one with small ecatfish and one with large catfish. Tissues for which the
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values were calculated are gall bladder, liveyr, viscera, muscle, and remains.
The uptake rate was the highest for gall bladder (3490) and lowest for the
remains and musele (6,18) in both large catfich and small catfish. Viscera
and liver ranged from 18 to 422 in large and small catfish, Pepuration rates
for muscle were highest in both large amd small catfish, 0,230 and 0.220
regpectively, These rates were lowest in viscera of large carfish (0.004)

and in gall bladder of small catfish {0.017). Bioconcentration factors
followed the same pattern in beth large and small catfish with gall bladder
showing the highest values, 102,700 and 201,104 respectively. These values
were 2 orders of magnitude highey than the values for the nexr highest tissues,
the viscera and liver, with BCF's from 1284 vo 4668 in bhoth large and small
catfish. Remains and muscle BCF value ranged from 50 to 162 for large and
small catfish, respectively, Tissues are ranked as follows for BCF values:
gall bladder > viscera > liver > remains > muscle. Half-lifa of clearance
was shortest in large and small catfish muscle., In large catfish, valuez were
greatest for viscera (182 houre), followed by remsins (14) aud then liver (N,
with no value calculated for gall bladder. In amall catfish, g£all bladders
had the longest half life of cle-vance (40 hours) followed by viscera (22),
then liver (14) and then remains (10).

The wptazke, equilibrium, and clearance data for *"C activity in the
organs and tissues are shown for experiment 2A in Figures 1 through 5. The
plot was accomplished by the BIOFAC prograw.

Tables 3A and 3B show the milligrams of TCC and the percents of the
total TCC bedy burden in large catfish organs atv equilibrium and after
240 hours of depuration, Gall bladder, liver, viscera, muscle and remains
were the body parts gsampled. Fish 1 and Fish 2 were exposed to 14.8 374
TCC/L of water for 24 hours and were sacrificed at equilibrium before
any depuration occurred. Remsins and muscle contained most of the 1CC body
burden with 48 and 26 percent, respectively. The liver eonrained 14%Z,
visceza 8% and the gall bladder contained the least percent of the total
body burdem, 4%. The order of ranking for percent of the hody burden in
the various tissuves was from highest to lowest was remains > muscle > liver >
viseera > gall bladder. '

Afrer 240 hours of depuration rhe TCC distributisn changed dramat—
ically (Table 3B). Tmn the three fich analyzed gall bladder contained
most of the total '*C body buvden, 60%, viscers contained 15%, .
remaing 9%, liver 5%, aud muscle 2%. The rank order of these tissues
from highest te lowest was:gall bladder > viscera > ypemains > liver >
muscle, almost dn reverse of the order during equilibrium.

Figures 6A and 6B show the mg quantities iu the tissues at equilibrium
and after depuration.

EXCRETION

Table 4 shows the distribution of '“¢-~TCC remaining in the tissue
of, and excreted from, three large catfish afrer 240 hours of depuration.
Approximately 20 percent (0.94 mwg) remained in the tissue after 240 hours
of depuration and 80 percent was excreted by the fish, Urine in the 3
fish contained a mean of 1.82 wg or 40% of the total body burden.
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An gdditional 33% (1.52 wg) was eliminated into rhe anal water. Seven
percent of the *“C-TCC (0.34 mg) was ewcreted via the gills. Solid anal
exeretia accounted for only 0,03 mg or abaut 1% of the total body burden,

Figure .6C graphically shows the discribution of the exereted 1°C~
TCC in urine, anal water, gill water, aud anal excretia.

Table 5 presents the amount of *C~TCC exereted by 3 fish in urine,
anal watey, and gill water for 14 time fIntervals gampled during 240 hours
of depuration. Largest amounts were excreted in urine. during the early
time intervals. From time O to 9 hours, 0.36 mg was excreted; from ‘i
9 te 24 hours, 0,58 mg was excreted; from time 24 hours to 35 hours, 0.41
mg was execreeted; and from time 35 to 47 hours, 0.25 mg was exereted. After
47 hours **C-TCC excreted in uripe was less than 0.1 mg in each
of the remaining l0 time intervals. The total amount im the urine at
the end of 240 hours was 1.82 mg, The pattern of TCC exeration into anal
water was the reverse of the urine exeretion pattern. In the early time
intervalg, very little '*C-TCC appeared in anal warer, with amounts
peasuring less than 0,01 mg. In the lawer time intervals when yellow
stringy anal excreria appeared in the anal chamhers, the “C-TCC amounts
in the water were much greater and showed much varisbility. From 120 to
144 hours 0.41 mg was excreted; from 144 to 168 hours, 0.20 BR Was excreved;
from time 168 te 192 hours, 0.1l mg was excrsted; from 192 to 216 hours
0.18 mg was excreted; snd from time 216 o 240 hours 0.18 ng was excreted.
The total amount exereted into snal water was 1.52 mg. Excretiom of 1%C-
TCC into gill water was quite low and velatively uniform in each time
interval during the 240 hours of depuratiom. Values in the {utervals
were woSt commonly fu the hundredths of mg., The total amownt of TCC
excrered into gill water after 240 hours was a 0.34 mg.

Figuve 7 presents the averape excretion of 1*¢-TCC via urine, anal
water, aand gill water.

Table 6 shows the accumulated excretion of '“G-TCC in urime, anal
water, and gill water during 240 hours of depuration by three large catfish,
the "blue" fish, the "yellow" fish and the "green” fish. The mean total
TCC gecumulation in each of 14 time intervals was used to arrive at each
individual {nterval's percent of the toral aceumulationm. TCC exereted
ip urine was very high in the first four time intervals. By the end of
47 hours (2 days) 88%Z... of the TCC excreted in urige had been given off
with enly 11X . excrefed in the remaining 193 houts. The TJC excrerion
in anal water was the reverse of the urine exeretion patrern. Only 2%
of anal water excretion occurred in the firstc 95 hours (3 days); the rest
was excreted later, closely linked to the excretiom of yellow, stringy
waterial in the snal chamber. Excretion inve gill water was always less
than exeretion via urine and amal water, mostly only hundreths of mg in
each time intarval., Gill warer excretion teuded to be somewhar higher
although fairly uniform in the early pare of depuration with 562 excreted
ip the first 72 hours (3 days). For the remaining 7 days the amowunts
excreted ware much less but szill were falrly evenly excrered,

Figure B praseats the pattern of accumulated excrecion of “c-TCC
via the routes of urine, anal water, and gill water over the 240 houvs of
sampla collection.
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METABOLISH

Table 7 summarizes the exgraction efficiency of samples of fish
excration products and of fish tissues prepared for HPLC analysis.
Urige, glll warer, anal water, and amal excretia were the excrevion
poducts extracted. The tigsues were taken from two fish sacrificed at
equilibrium after 24 hours of exposure ko 35.4 ha/l "TCC and from 3 fish
with the same exposure sacrificed after 240 hours of depuration,
Excretion products were extracted most uniformly, with 73-98% extracrion
from 8 urine samples, 75-102% from 6 gill water samples and 78-90% from
6 anal water samples. Mean values were 82% for urime, 867 for gill water,
and 847 for anal water. Anal excreria extractions showed more variation
ranging from 55--84%, with 2 wean of 71% extzacticn for 5 saumples. Tisaue
extractions showed the greatest varlation, reflecting the increase in
variahility between the different tissues; namely, gall bladder, liver,
viseeva, migscle, and remains., Extractions from the tissuves of two fish
sacrificed at equilibrium ranged from 47-1027 wirh a mean of 77% for
10 samples. 41l 5 tigsues of fish that undeywent depuratiom for 240 hours
were extracted with z range from 39-111% and with a mean of 71%Z for 10
samples. When only muscle and remains from these fish were extracted
a second time, the extractions ranged from 65~937% with a mean of 75%
for the 4 samples.

Table 8 shows the results of HPLC gnalysis for intact TCC and
three metabolites in the gall bladder, liver, viscera, muscle, and remains
from 2 fish which were sacrificed at equilibrium aftrer exposure to 35.4
ug/f TgC. Glucnronide conjugates of TCC, sulfate conjugates of TCC,
hydroxyl derivatives ¢f TCC, and intast TCC were separvated and evaluated
by HPLC. Gall bladder showed considerable glucuronides (mean value 49%)
and sulfatas (mesn value 32%), with some intact TCC (mean value 14%)
and very little hydroxy~TCC (mesm value 4%). .Liver contained almost
half intact TCC (mean value 48%), considerahle glucnronides (mean value
28%) and sulfates (mean value 22%), and very little hydroxy-TCC {(mean
value 3%.) Viscera contained even more intact TCC (mean value 663%),
some glucuronides {mean value 15%) and sulfates (wean value 14%) and also
very little hydroxy-TCC (mean value 2%). Musele was almost all intact
TCC (mean value 97%) and ouly about 1% each of gluecuronides, sulfates,
and hydroxy-TCC. Remaing were very similar to muscle with almost all
incact TCC {(mean value 93%Z) and very 1little gluctronides (mean value
2%Z), sulfates (mean valuve 47), and hydroxy=-TCC (sbout 1%). These
data are summarized in Flguve 9A. )

Table 9 shows the results of HPLC analysis for intact TCC and the
wmetabolites in the gall bladder, liver, viscera, muscle, and remains from
2 of the fish which were saecrifilced after 240 hours of depuration. Glu-
coronide conjugates of TCG, sulfate conjugates of TCC, hydroxyl derivatives
of TCC, and incact TCC were separated and evaluated by HPLC. €all bhladder
contained comsidershle glucuronides (mean value 40%) snd sulfates (mean
value 464%) with some hydroxy-TCC (mean value 16%), and almost no
intact TCC (mean value 0.2%). 1Lliver was almest all sulfates (mean value
80%) with Mrele gluecuronides and hydroxy-TICC (meaun valuesll? and 9%
respectively, and no intact TCC. Viscera paralleled liver with mostly
gsulfates (mean value 68%), sowe glucuronides and hydroxy-TCC (mean values
17% aad 16%), and only a trace of intact TCC (mem value 0.2%). Muscle
tas almost enrirely sulfates (mean value 96%Y a slight amowmt of intact
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TCC (mean value 2%), and ne glucuremides or hydroxy~TCC. Remains has
a distribution similar te muscle with mostly sulfates (mean value 79%),
lictle hydroxy-TCC mean value 15%, and almost mo glucuronides (mean
value 1¥) or intact TCC (mean value 5.5%Z). Figuze 98 summarizes these
data.

Table 10 presents the HPLC apalysis for intact TCC and wmetabolites
in selected samples of urine, anal water, and gill water, Urine samples
selected for snalysis were high in *"C counts in the first half of
depuration. The first part of the table shows the digtribution in 6 urine
gamples from one fish (vhe "Blue" fish) taken at 5 hours, 11.5 hours, and
then at about 12 hour intervals to 57 hours of depuration. Glucuronides
ware counsistently abuudant, ranging from 60% to 83%., There were lesser
amounta of sulfates, ranging from 7% to 21%, and & similar distriburion
of hydroxy-TCC, ranging from 7% to 22%. Very little intact TCC was
present, the amount usually 1% ox less except for 7% at 57 houvrs, The
urine daga for the blue, green, and yellow fish, hours 9=24, are presented
to demonstrate the variability which can exist in these types of data.
The 3 fish were very similar in TCC metabolites presemt, Glucuronides
were consistently hiph, 65Z, 83% snd B4%. Moderate amounts of aulfates,
18%, 10%, 8% and of hydzroxy-T(C, 16%, 4%, and 8Y were present. Very
little intacr TCC was found, 1%, 2%, and an amount too small to be detected,

Anal water samplag were selectad for snalysis on the basis of
high *C counrs, found only iIn samples from $5-240 houvrs of depuration.
Glucuronldes were promlnant, but tended to decrease with time, falling
from 49% at 120 hours to 28% at 240 hours. Sulfates were present in
appreciable but almost consistently sumaller amounws and also seemed o
decrease, going from 34% at 120 hours to 11% at 240 hours. Hydroxyls
seemed to be just the reverse, rising from 16% at 120 hours te 35% at
240 hours. Insact TCC was comnsgistently very lew, ranging from 0.3% at
120 hours to 4Z at 240 hours,

G411l water samples selected for analysis were some of the highest
in '*C counts; however, all wexe low rTelative te other excretion samples.
Glucuronides and hydroxyls were both fairly prominent bue quite varisble,
ranging from 13% to 522 for glucovonides and 20% o 52% for hydroxyls
and when ope was higher the other was lower. Sulfates were common and
did oot vary as widely, ranging from 15% teo 38%. Intact TCC was usually
low, 12-4%, although che green fish at 24 hours had 13%.

The diseyibution of TCC and TCC metabolites im § samples of amal
excretia is shown in Table 11. The excretia were yellow, stzingy, fragil
solids found in anal chambers in the second half of the 10 day depuration
period. The 5 samples selected for analysis weze high in '*C counta.
Glucuronides were present In sizeable amounts, ranging frem 20% in the "hlue™
figh at 216 hours to 57% in the "green" f£ish at 240 hours. Sulfates were
also promiment, ranging from 21% In the "greed'fish at 240 hours to 40%
in the 'grees’ fish at 216 hours, Hydroxy-TCC showed more varlability,
ranging from 9% in the 'preex’ fish at 216 hours £o 50% in the'blud’ fish
at 216 hours., Intacrt TCC was low, 07 in 2 samples and 7%, 9%, and 10%
in the other 3 ssmples.
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The summgiry of the distribution of TCC and its mertabolites in the
various excretion products is presented in Table 12 and Figure 10,

DISCUSSION

BIOCONCENTRATION

Bmoconcentratlon studies of *"C-TCC by small chammel catfish (Ictalurus

E ctatus confirmed che resulrs of a previous study (Schmidt, et al, 1980),
C activity from exposure to :"C~TCC concentrated in all tissues,

partlcularly the gall bladder, and was rapidly eliminated from the fish
during depuration. An sbbrevizted biocontentration study was also performed
on large catfish of the size that were later used in metabolism shamber
studies. These dats were needed to design the metabolism study. The
results of thig study indicated that uptake, bloconcentrating and depuration
in large catfish were zll very comparable with the values for small cacfish
as shown in Table 2.

Bioconcentration cuxrves for individual fish tissues sometimes showed
BCF values higher than equilibrium early in uptake fust before equilibrium
was achieved. These elevated BCF peaks were quickly followed by lower
values which remain relatively constant resulting in equilibrium. The
phenomenon was most readily observed in muscle and remains cuxrves in
Figures 1 and 2; the data feor liver, viscera and gall bladder were too
acatterad to detect the initial BCF peak. The elevated BCF peak values
followed by lower equilibrium values may result from an enzyme inducrion
mechanism triggered by TCC uptake in carfish., Zenobioties rhat enter . the
body can be inducers of the enzymes that merabolizs them, as Hodgson and
Guthrie (1980) point out. Perhaps the early elevated BCF values vesulted
from initial low amounts of c¢ertain enzymes essential for TCC metabolism.
When enough time had elapsed the TCC taken in induced greater production
of the TCC metsholigm enzymes.

The 1“Cb10conceutration data suggest a metabolic route. The TGC
enters the fish via the gills, is transported te wvarious tissues by the
blood and is merabolized by the liver. The metabolites are transported
by the blocd to the gall bladder for storage and eventual excretion with
bile into the amal water and to the kidney for excretiom in the uriae.

A small amount of the metabelires are removed from the blood as it passes
through the gills and these metabolites are excreted into the gill water.

Work dome with thesus monkeys (Biles, et al, 1978) showed that in
infant wmonkeys highest levels of accumulation of TCC were in liver, -all
bladder and in the intgestimal tract.  In adult moonkeys Hiles reporte 2
similar distribucfon partern. The 12 hour steady state plasma level in
monkeys was very ecloge to the 9-12 hour time to reach equilibriun in catfish
tissues.

A comparison of whole fish Bioeconcentration Factors at geveral exposure
eoncentrations and in large and small catfish showed no gignificant differences.
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Whole Fish

Catfish TCC Exposure BC¥
Size Concentration (Mg/lL) (Plateau Methogd)

Large 35,4 422 (56)*
Laxrge 35.4 401 (23)
Large 14.8 698 (414)
Small 23 214 (43)
Small 4.8 751 (236)
Small 0.33 2452

! standard deviation
2 Schmidt, er al (1980)

EXCRETION

Because TCC is quite lipophilic, the RCF valuves for muscle might
have been predicted to be higher rham they asctually were, with a longer
time eo reach equilibrium. Since gall bladdery had the highest BCF, however,
metabalism into polar conjugates and theiy rapid excrerion in bile and
urine seems likely. The BCF curves for muscle, liver, and remaing
(Figures 1, 3 and 5) show most clearly rapid excretion with a biphasic
regression during depurarion. The gall bladder and viscera curves
{Figures 2 and 4) suggest biphasic excretion but show it less clearly.
Hiles and Birch (1978a) showed that the removal of total **C=TCC from the
plasma of humang and its exceretion Iin urine occured in 2 biphasic wmanner.
The vemoval of '“C~TCC from rhesus monkey plasma (Hiles, et al 1978c) and
feom vat plasma ({Hiles and Birch 1978b) was- also biphasic.

The excretion dasa in Table & and Figures 7 and 8 indiecate thar thexe
are two major excretiou roureg, the urine and the bile. Table 4 shows that
these roures were almost equally effective with about 40% of the total bedy
burden excreted in bile (anal exeretion is probably due to biliary excretion)
and 32% of the rotal body burden excreted in urine, BExcretionr in urine was
very rapid initially as shown in Tables 5 and 6 and Figure 7, with 887 of the
urine—~axerated TCC loset in the flrst 47 hours of depuration and with enly smail
amounts in the urine thereaftexr. TGC excretion int> anal water was the opposite
of urinagy excretion. Almost 60% of amal excration occurzed in the last §
days of depuration, with TCC excrevion c¢losely corraelated with the appearance
of yellow, stxingy anal excretvia in the anal chambers. Excravion inte the gill
chambers was relatively constant and always low, accounting for ouly 7% of the
total body burden. Anal excretion wust be interpreted cautiously, however,
since the large catfish used Iin the study would not eat for the three weeks
they were held in the laboratory prior te the seart of the study and they were
not fed during the 1l days of the study., If the fish had earen, bilaxy excretion
night have been greater and more uniform.
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Bilary excretion was the major route of excretion in Phe adult and infanc
rhesus monkey, aeesunting for more than 80% of the I8¢ from IV desed TCC
eliminared (Hiles, et. al. 19878¢). Fecal elimination accounted for 70% of the
administered dose in humane and was complete 120 hours after dosing (Hiles
and Birech 1978a). 1Im rats, one study showed 86-89% of the radiocactivity was
contained in bile; another study found that 77-82% of the sbsorbed radicactivity
was in bile 72 houwvs after exposure (Hiles 1977). 4".1 of these studies showed
wrine to be of lesser importance, accounting for less than "0% of the excresgion
in monkeys, 27% of the dose in humans, and 4-6% and 13-16% of the excretion in
rats,

Figure 6 summarizes clearly the distribution of '"C~TCC in fish
tissue. At equilibrium most (74%) of the 3“C was held ir the muscle
tissue and remains which served as a vast reserveoir. Tissuea associated
with metabolism like liver and viscera accounted for 14% and 8% resp~
ectively of the 1“C materfals. Call bladder, the storage sive for meta~
belires, was low in 1"C, holding only 4%. After 10 days of depuratiom,
only 20% of the original '"C labeled compounds wexe still in the tissues,
0f thia 20%, 11% of the '"C body burden was in musecle and remains, liver
&nd viscera held 5% and 13% wespectively, and gall bladder contained che
overwhelming majority, 69%, of the 1%¢. The data support the idea of a
depletion of the muscle and vemalns reservior of intact TCC taken in
by the fish during uprake mnd equilibrium. During depuration wost of
the material is mertabolized by liver and storaed in the gall bladder.
Excrerion -accounted for 80% of the *“C. The majority of the axeretionm
products are eliminated almost equally by urine and anal exeretfion, with
cnly a small fraction excreted by gilis. The following material balance
based on Table 3 supports the validiey of the data. If the measured
mean total ‘®¢-PEC in the tissues at equilibrium is 4.56 wg and the.
measyred mean smovnt remaining after depuration is 0.94 mg, the predicted
excretion would be 3.62 wg. The measured excretion, 3.7l mg, was almost
identical to the predicted value. :

METABOLISM

HPLGC amalysis of excrerion products and of fish tisswes supplied
Qata on the fate of the *“C~TCC to which the large catfish were exposed
in Study #3. Table 7 shows that extraction efficiency was high in urine,
£1i1l water, and anal water (mean values 82%, 86% and 84% respectively)
and would probaebly. be raised in snal excreria (meap value 71Z) if more
than one extraction were performed on each sample. Tissue extraction was
slightly lower in fish tissuves (mean value of 77% from the fish sacrificed
at equilibrium, mean value of 71% from the fish that ‘wnderwent depuration),
and more extractions are recommended for all tissues to vaise the petcent
extraction. Ome gram of tissue seemed to be an optimum amount for extraction,
larger amounts proved to be difficuli to work with due to the oils in the
tissue. The high extractions suggest that the HPLC analysis is representative
of the selected tissues and excretion products. HPLC analysis of tissues
from fish at equilibrium, given in Table 3 and Figure 9, showed that musele
tisgue and remains had essentially intaet TCC, serving as a extensive
storage resexvoir. The lipophilic natuze of TCC probably accounts for its
entry int¢ these tissues whevre it binds to the membranes., Very few
metabolites were present in muscle and remains, suggesting thar few
enzymes are present for metsbolism. Liver and viscera have mostly intact
TCC (48% and 66% respectively) but the increased metabolic activity of
these tissues is reflected in the presence of metabolites, mostly TCC
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coajugated to glucuronides and TCC conjugated vo gulfates with very
licrle hydroxylated TCC. This distribution suggests that the firse

step in TCC metabelism is the hydroxylation of the molecule followed

by glucoyxonide and sulfate conjugation via.the hydroxide bridge. The
gall bladder has very little intact TCC ov hydraxyated TCC but has. 49%
glucuronids and 327 sulfates, which would be expected if ir 1s a storage
gite for metabolites, A sample of extraet from the gall bladder of Fish
1 was analyzed twice by HPLC; the results ¢f the two analyses varled by
only 1-27, indicating excellent reproducibllity.

The HPLC analyses of tissues from fish afcer 240 hours of depuration,
showm in Table 9 and Figure 9 gives a stuyikingly different distriburion
ef TCC and metabolites. Muscle and remains, initially the vast reservoir
of intect TCC, now contain: very lictle, supporting the idea of rapid
metabolism. If depuration continued even longey than 10 days, this
reservolr would probably disappear completely. The overvhelmingly large
percent is now TCC conjugated to sulfates with alwost no glucurenides.
This distribution supports the biphasic pattern of depuration by suggesting
that glucuronides, found im the eavliest rapld phase of depuratiom, have
now been removed, with only the sulfates produced in the later slew phase
of depuration remalning. The small mg amounts of sulfates remaining,
howevey, indicate that these metabolites have been mostly removed from
these storage vegegyvoirs., XLiver and viscera, high metabeolic sices,
alse contain an overwhelmingly large percent of sulfates, but now small
but significant amounts of glucursnides and hydroxyl TCC, This distzidburion
also supparte the ides thar sulfates are the primary metabolize in the
later slow phase of biphasic depuration althuwugh the small milligram
amounts indicace they are being removed. Other metabolites are still
present in thase wwo sites, due co thelr earlier formation and removal.
The absence of infact TCC is additional avidence of vapid metabolism.
Gall bladder, a final storage reservolr, still cenraine some glucoronides,
alightly more sulfates, a2 small amount of hydroxlated TCC, and no intactk
TCC, further indications of rapid TCC metabolism, The higher milligram
amounts of the three metabolites suggest that theilr excretion is still
occurring.

Table 10 summarizes HPLC analysis of the excretion products urine, anal
wateyr, and gill wdter, providiag additional support o the suggested patrearn
of catfish metabolism. Urine exeretion was high in " 'C-~TCC omly in the first
2% days of depuration as shown io Figure 7. During this interval HPLC analyses
showed that intact TCC was very low, indiesting again its vapid metabolism.
Glucuronide conjugates vere overwhelmingly the main metabelite, borh iu percent
and in wflligram amounts, suggasting again thar it was the product of the initial
rapid phase of biphasic depuration. The downward trend in glucuronide pevcent
and miiligrams would be expected as it is being excreted over a 57 hour imterval.
The analysis of urine samples from three fish taken in the same time interval
reveals a falrly uniform pattern of percent distribution of urine metabolites
with slightly more variation in mg amounts of the metabelites,

HPLC analysis of anal exeretia, showm in Table 11, was dome to
compare thelr distriburion of intact TCC and matabolites with the dist-
riburion in anal water shown in Table 10. The two sets of data vary
considerably aud suggest that excretion into anal water results from
more than the solid excreeia found in the chawbers at times of high
Lhe-TGC activity. :
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Table 12 and Figure 10 summarize the distribucion of ICC and merabolices
in the various execragion compartments. A fey conclusiomz aze obvious; (1)
very little imrset TCC 1o ewereted in any compartment, (2) anal water and

urine account for mest '“C excretiom, (3) glucuronides are the major metabolite

and (4) excrerion across the gills is a minor route of excretion.

MAMMALIAN METABOLISM OF TCC

Metabolite distribution durzing depurarion has been studied in several
mammals. In human plasma (Hiles and Birch 1978a) and in adult aund infant
rhesus monkey plasma (Hiles et al, 1978c) glucoronldes were the principal
petabolites in the early rapid phase of diphasic depuration aud sulfates
in the later slow phase. Analysis of rat plasma (Hiles and Birch 1978b)
showed sulfates as the principal merabelite of the rapid phase and
metabolites strongly bound to proteins in the slow phase, Studies of
human, vat, acd rabbir plaswma by Taulli (1876) identifed a sulfare conjugate
a5 the principal metabolite.

Bile was the major route of excretion in monkeys and rats. An
analysis of monkey bile (Hiles et al, 1978¢) and two studies of rat
bile (Hides. and Birch 1978b) (Jefficoat et al 1977) identified the
metabolires as wostly glucuronides with small amowmts of sulfates and
licele hydroxyls. The distribution of werabolites im catfish anal water
is somewhat similar. Anal excretion is assumed to be the vesult of
bilaxy action.

Human urinme (Hiles and Birch 1878a) contained glucuronides. as the
main wetabolite .in the rapid phase of biphasic depuration and 7 different.
compounds in the slow phase. Glucuronides were identified as che maim
netabolite in another study of humen urine and in the analysis of monkey
urine, with a complex metsgbolic mixrure im rat urine {Birch and Hiles
1978). The data in these studies agrees with the predominance of glucuronides
in catfigh urine.

DATE RELIABILITY -

Far the two small catfish bioconcentration studies the protocol
recommended by the American Society for Testing and Materials (ASTM 1978)
was followed when data were collected and when dara were aualyzed by the
Platean Method snd By BIOFAC. Replicate samples of 3 fish .were taken at
each time during uptake, equilibrium, and depuration snd caleulated means

_ _were used in snalysis. For the biocconcentratdon study with large catfish,

‘only ome fish was sampled at each time.due €6 the difficulty of msintaining
a sizeahle population of large fish in the lahoratoxry, Thus rthe.degree

of confidence inm.the dara in this large catfish study wonld be less than
for the small catfigh. study,

For the largé catfish metabolism study veplicate samples were used.
Two fish were sacrificed ac eguilibrium zmd the tissues from both fish
were analyzed for *“C content and by HPLC. T*C analysis was done using
duplicatee of each fish tissue, of uvine, smal water and gill water and
meang were used in data analysis, In a previous preliminary study 50%
of the fish were alive and cathererized for a 26 hour experiment (Schmidg
et.-al.1979), To be reasonably 2ure of getting replicate samples of
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excretion produets from 3 fish, a minimum of & fish in metabolism chambers
was planned for. Since the work invelved in getring samples and cleaning
chambers is too extensive for 6 fish set up simultaneously, it was plasued .
to colleet datz in two data rums., The first time 4 f£ish iu chambers

Wwere set up and 3 of the 4 fish survived and gave off excretion produces

80 8 second set up was ot needed,

Schmidt (1978) reported that in some tests he waintained fish {in an
apparently healthy physiclogical condition for 240 hours,. Th2 fish In this
meabolism study were in an apparently stable physiological stare based
on several observarions. They excreted almost uniform amounts of urine
during all 240 hours of depuration. Theilr skin coloring remaind normal,
they develeoped no serious exteraal gores, there were no signs of external
parasites, they appeared to be discase fres before the study began, and
the rate of operculim opening and closing stayed constant. After an
ipirial adjustment period of abeut 12 hours, there was ne hyperactivity
of the fish in the chambers when people passed by and when chambers were
drained to collect water samples and to elean the chambers.

Table 5 gives data from 3 figh, with wean values and standard deviacion
values for the mg of !'“C-TCC in the excretion products at 14 tige incervale.
Stundard deviations are high for the anal water samples. However, the
amount of TCC in the water sample is very c¢losely correlated wirh the
Presente or absence of anal excreria in the chamher. Collecting data on
more than 3 fish would lead to even wider variations in the data, so 3
fish seem to bte a desirable number of replicaces. G1ill water contained
so little '*C-TCC 4n the samples that there was conaiderable variation
in these low values, resulting in standard deviations equal to oy greater
than the mean values, Howaver, these samples are not biologically significant
for this catfish study due te theiy low content; glll water is really
mnecessary in this study to understand TGC excrerfon in cstfish. Standard
deviations weve low for the 14 urine samples with coeffiedents of variance
(standard deviacion expressed as a percent of the mean) ranging from 9%
to 617 for the first 5 gamples when most of the TCC wag excreted. Therefore
these yrine samples are the most pertinant data on excretion products,
suggesting that replicare samples on 3 f£ish are adequate,

Extraction from excretion products was repeated a second time on
several samples with. the resulrs shown hete, indicating excellent reptro-
ducibility of results.

Excretion Lapuration First Second

Fish Product Time (Houwrs) Extyaction " 'Extraction
Yellow Gill Water 120 78% 81%
Yellow Gill Water 72 93% 85%

Blue Anal Water 216 91z 867
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HPLC results were replicated in several ways. Tissue analysis was
done on sawples from 2 fish and the percents of metabolires were reported
a8 the wmeans shown in Tables 8 and 9. Samples of urine from 3 fish at
time interval 9-24 hours were analyzed and the resules in Table 10 are
quire similar. When a, gall bladder sample from Fish 1 was analyzed
twice separagely, the results were almost idenrieal.

A number of weaknesses can be foimd in this study. The fish thar were
held in the metabolism chamber were unfed whereas those in the uptake/
depuration study were fed. Fish that are actively ingesting and defecating
probably would metabolize and eliminate a chemical faster that unfed fieh.
This would especially be true when biliary excretion was knmown to be an
important route of elimination. Perhaps the delayed excretion in anal water
(Figure 7) observed in the unfed fish in the metabolism chamber would ngt
have been so late (houts 100-150 of depuration) had the fish been Ffed.

A need also exist to better undeystand the cause of the obvious biphagic
depuration pattern ohserved in the uptake/depyration study. Samples of £ish
tissues and excretion products need to be taken earlier during depurarion.

ENVIRONMENTAL SIGNIFICANCE OF METABOLISM

TCC has a number of properties that would suggest it could be a problem
chemical in the environment as a result of biseconcentraticn and food chain
biomagnification. However, analysis by BPLC of 1*C rasidues in organs and
tissues indicates the actual content of TCC to be lower than I%¢ analyses’
would indicate (Table 13). Table 14 and Figure 11 present a comparison of
dry and wet weight “C BCFs, with intact TCC dry and wet weighet BCFs. 4
whole fish BCF of 137 is not a comncern compared to the 1000 ro 5000 which
is usually the magnitude for raising & concern. These low bloconcentration
numbers, which wesult from metabolism and rapid elimination, reduce the
probabllity of TCC cauging any food chain biomagnification problems, However,
it should always be remewbered that residues in aquatdc organisms will be
influenced by the exposure concentration. TCC's aaticipated low exposure,
coupled with the laboratory warer to fish BCF data and rhe abiliey of fish
to metsbolize ICC, supggest TCC would mot be a problem. Aetual £ield data
would be needed to confirm this positicu.
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