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INTRODUCTION

Living organisms possess the ability to concentrate and

accumulate high concentrations of lipophilic organic compounds

esther directly from their environent or from their food source,

«pheaonesoswhich is well docuseated (Burpstt, 1971; Gustafson,
1870). This ability to bioconcentrate seemingly non-toxic sub-

stances might well pose & hazard for the ultimate predator species.
This fovestigation was conducted to determine whether a

fluorochestcal, FU322, does bloconcentrate in organisms and if

50, does the material depurate rapidly. Selective organ systems

were analyzed for the subject fluorochemical as potential uptake

ates.
Since the aquatic environment serves ss a primary mode of

entry for FNI422 into the enviroment, this stidy ves conducted
using the channel catfish lotalams punctatus) 4 the test species.

The subject fluorochemical, F¥3422 is a wnite granular mater-

ial, molecular weignt-S7), possessing physico-chemical properties

which suggest that this material may bioconcentrate. Thus, the

material was found to be relatively water insoluble and possessed
a high distribution coefficient, data which is indicative of a
highly lipophilic molecule. This profile is generally accepted
as that of a substance which will tend to bioconcentrate

METHODS

The hydrophobicity of F322 precluded a sinplistic determin-
ation of its water solubility. Use of the Veith-Comstock technique
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INTRODUCTIOR 

LivlnK orcanfsms possess the ability to concentrate and 

accumulate high concentrations of lipophilic o~gantc compounds 

either directly ~rom their environment or fro~ their food source° 

apheno~enonwhich is well documented (~urnett, 1971; Gustafson, 

1970). This ability to h~oconcentrate seemingly non-toxic s~h- 

stances might well pose a hazard for the ultimate predator species. 

Th~s investiga~ion was conducted to deter~ine whether a 

fluoroche~lcal, F~3422~ does bloconcentrate in organisms an~ if 

so, does the mater~al depurate rapidly. Selective organ 

were analyzed for the subject fluorochemtcai a~ poten~la~ uptake 

sites. 

S~e the aquatic environment serves as a primary mode of 

entry for FW34~ into the environment,’this study was conducted 

using the channel catfish ~!¢~a~s pur~ta~.~) as13~etest species. 

The subject fluorochemical, FM3422 is a w~ite granular mater- 

±aZ, molecular ~e£ght-57~, possessing physlco-c~emlcal properties 

which suggest that this material may b£oconcentrateo Thus, the 

material was found to be relatively water insoluble and possessed 

a high d~stribu~£on coefficient, data which is £ndicative of a 

highly l±pophilic molecule. This profile ~s generally accepted 

as tha~ of a substance which w£~1 tend to bioconcentrate. 
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The hydrophobicity of F~3422 precluded a simplistic determin- 

of its waler ~olubill~y. Use o~ the Velth-Comstock technique 
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(1075) wherein water in a constant-level reservoir was continu-

ously saturated with TU3422 by circulating the water through
a bed of inert substrate impregnated with TM3A22. Samples for

analytical ssalysis were obtained vis a sampling port. Replicate
studies vere perforaed.

The distribution coefficient of FM322 1a n-octanol/water was

deternined using the methods described hy Chiou et. al. (1977) and

Pujite et. al. (1964)
Channel catfish (Ietalarus punceatus) were acclimated to

the following test conditions for a minimus of 14 days:
temperature, 211°C, 16-hour Light and 8-hour dark photoperiod with
a 30 minute transition period and were fed daily (Tetra Min).

Fu3422, previously impregnated on 3.5 ma Class beads was
Placed in & 114 1 aquarius, forming a layer approximstely 2 cm
above the gravel filter which was then covered by sand. The
test tank was then filled with carbon-filtered well vater. This
systen under continuous aerobic conditions generated a saturated
water solution of FM3i22, having a final loading ratio of 0.55/¢

Based on a previous study (1977) which indicated rapid uptake
and depuration rates for T3422 in this species, the bioconcentration
test was modified so that the uptake and clearance periods were
seven und five days respectively

Following the introduction of the channel catfish into the
experimental and control aquaria samples of 4 channel catfish and
three water samples. top, middle and bottom layer. for PA322
uptake analysis were obtained at the following time periods: control
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(1975) wherein water in a constant-level reservoir was continu- 

ously saturated with F~3422 by circulating the water through 

a bed of Inert substrate impregnated with FM3422. Samples for 

analytical analysis were obtained via a sampling port. Replicate 

slu~ies were performed. 

~e distr~butlom coefficiemt of FM3422 in m-ocZanol/~ater was 

determlmed usinE the ~tho~ deserlbed by Chiou et. al. (1977) 

Fu~ita et. al. 

Channel catfish (Ic~aZarus punc~a~us) were acclimated to 

the followinE test conditions for a minimum of 14 days: 

temperature, 21~I°C, 16-hour light and 8-hour dark phoSoperiod with 

a 30 minute translt~on period a~d were fed daily (Tetra MID). 

FM3422, previo~ly i~regnated on 3.5 ~ gl~s beads w~ 

placed ~n a 114 I Rquarlum, ~orm~ng a layer approximately 2 cm 

above the gravel filter ~hich was then covered b~ sand. The 

test r~nk was t~en filled with carbon-filtere~ well wa~er. This 

system u~der continuous aerobic conditions generated a saturated 

water solution of FM3422, havlng a final ]oading ratio of 0.5g/~. 

Based on a previous study (1977) which indicated rapid uptake 

and depura~lon rates ~or FM3422 in this species, the bioconcentration 

tesl was modified so that th~ upt~e and clearance periods were 

seven and five days respectively. 

Following the introduction o[ the channel catfish into the 

ex~eri~ntal and control aquaria samples of 4 channel catfish and 

t~ree water samples, lop, middle and bottom layer, for FM342~ 

uptake analysis were obzained a~ the ~ollowing time period~: control. 
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prior to introduction, 18 simites, one hour, tw hours. four hues.
etgat hours, twelve hours, sixteen hours, twenty hours. twenty-
four hours, and at twenty-four hour intervels for a period of
sven days. The chanel catrieh were then removed to clearance
Canks for two hours sad finally transferred to & flow-through system
waving flow rates through the test chamcers of four water volumes
per 2¢ hours. A sampling resinen identical to that of the uptake
Phase of this study was Snsediately faicisted aad terminated ater
five anys.

Individual (whole fish, 5-2) and pooled tissue samples
(ae) were weighed, tissuenized, refrigerated snd stored in ethyl
acetate prior to the analytical determination for FIZZ. ole
ian wore blotced before the weighing procedure. The pooled
Samples consisted of the following tissue: bran, gills, Liver.
fal bladder, Kidney, pistrotntestinsl tract, skin. suscle aad
axoreren

Tiosue and water samples vere analyzed fer TX3A22 using 3
Hoviotc-Packard model S713 gas chromatograph equipped with 1a
electron capture detector (i%7). Specifications and operating

conditions were as follons: stainless sree columelength-s fost
x U/8", column packing snd suppors-10% Carbonsx 20 Kon Chromosors-
¥ acid washed 60/80 mesh: operating teaperature-isothermal 180°C,

detector-300°C; carrier gas-5% methane in argon. Recovery rate

was above 50%
Statistical treatment of the dats utilized the OM Trac system,

MINITAR 11 progran. Bioconcentration factors and uptake rate cons
stants were calculated based on formulse proposed by an ASTK conmit-
tee developing a standard method for conductingbiosoncentration
studies wich fish 1877)
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prior to introduction, 15 minutes, one hour. two hours, four ht~ur-~, 

eight hours, twelve hours, sixteen hours, twenty hours, twenty- 

four hours. ~nd at twenty-four hour intervals for ¯ period of 

seven days. ~e chine1 catfish were then removed to clearance 

¢~ks for two hours ~d finally transferred to a flow-through system 

having ~1~ ra~es through ~he ~est cha~ers o~ four water volumes 

per 24 hours. A s~p~ing region ~den~ical to t~a~ of ~e up~e 

ph~e of th~s s~udy wgs i~ed~tely i~itia~ed ~d te~£nated after 

f£ve days. 

Indlvldual (whole fish, n~) and pooled tissue samples 

(n=2) were wei~ed, t~ssuemized, refrigerated aod stored in ethyl 

fish were blotted before the weiKhin~ procedure. The pooled 

samples consisted of ~bu followinE tissue: brain, Eills, liver, 

Ea]l bladder, k~dney, E~rolnZest~nal tract, skin, muscle and 

see lemon. 

Tissue ~nd water s~l~s ~ere analyzed for FM342~ us~n~ 

Hewlett-Pack~rd ~del 5713 K~ ~romato~r~ph e~uipped with an 

electron capture detector (5’i~3). Specifications ~nd 

conditions vere as ~ollows: stainless s~eel colu~-lenE1h-6 

x I/8"~ col~n packinK and suppor~-lO~ Carbowa~ 20 Mort Chromosorb- 

W acid w~hed 60/80 ~sh’. opera~inE temperature-isothermal 180°C, 

de~ec~or-300°C; carrier ~-5~ ~ane i~ ar~o~. Recovery rate 

was above 90%. 

S~a%~s~Ical ~reatment of the da~a utilized the 3M Trac system, 

MINITAB II program. Bioconcentration factors and uptake rate con- 

s~an~s were calculated b~sed on fo~ul~e proposed by 

tee developin£ s s%andar~ method for conductin£ bioconcen~ration 

studies wi~h fish 
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RESULTS

The water solubility of Fi3422 was 50 ppb (Veith-Comstoc
k

technique) coupled with the added observation tnat this chemical

was slightly volatile (Mendel, 1077).

Using the method described by Chiou, et. al. (1977) the

aistribution coefficient for FM3422 was determined to be in excess

of 10%, in an n-octanol/vate
r system. Values of this order of

magnitude are indicative of the highly lipophilic mature of the

test substance

In consideration of the slightly volatile nature of FH3422,

the test organises vere introduced into the newly filled experinen-

tal aquarium and sampling of both channel catfish and exposure

water began fifteen minutes later.

Table 1a illustrates the mean concentrations of FM3422 in

Various layers of the exposure water. The test substance was quite

evenly distributed throughout the aquarium as indicated by concen-

trations of 0.49, 0.54. and 0.52ut/1 of FHA22 in the top, middle

ang lower water layer of the squarium. Since FM342Z was present

as a suspension. excitability of the test organisms resulting in

unusual @isturbance of the bottom sand/FN3122 layer would contribute

to the variability of mean concentration values as indicated by the
magnitude of the standard error (Table 1a)

Upon analysis of the exposure water samples for FMD4Z2

evidence was obtained that this material was being rapidly released

into solution (Table 1b). These data suggest that concentrations

approaching equilibriun values were attained within 3 hour of
exposure

3MA100666
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RESULTS 

The water solubility of FM342~ was 50 ppb (Veith-Com~to~k 

technique) coupled with the added observation t~a~ this chemical 

was slightly volalile (Mendel, 1977). 

Using the mthod described by C~iou, et. al. (1977) the 

distribution c~fficient for FM34~2 w~ determined ~o be in excess 

o~ 105 In ~ n-oc~anol/wa~er system. Values of ~hls order of 

~gnitude are indicative of the highly lipophl]ic nature of the 

zeal substance. 

In consideration of the sli£hzly volatile nature of FM3422, 

the Zes% organis~ were i~roduced into the newly filled experimen- 

tal aquarium and s~pli~g of both channel catfish and exposure 

waEer beECh ~ifteen minutes later. 

Table la illustrates the mean concentrations o~ FM3422 in 

various layers of the exposure water. The test substance w~ quite 

evenly distributed ~hroughout the aquarium ss lndie~ted by eoneen- 

traZions of 0.49, 0.54. and 0.52u£/£ of FM3422 in the top, middle 

and lower wa~er layer of the £Guarium. Since ~34~2 was Dresen~ 

as a susDension, eac~tabil~ty of the ~est organisms resultin~ 

~nusual disturbance of the bo~o~ ssnd/FM34~2 layer would 

to ~he variability ol ~an concentration value~ as indicated by the 

magnllude of ~he sIKndarO error (Table la). 

Upon analysis of the exposure water samples for FM~422, 

evidence was obtained tha~ this m~lerial w~ b£in~ rspld]y rele~se~ 

inlo soluYion (Table ]b). These data surreal tha~ concentr£tions 

sDpro~chinK equilibrium values were a~laine$ w~hin ] hour 

exposure. 
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Table 1a -- Mean Concentration of FNM22 Exposure Water: Experimental
Perios

suapiing Site . concentration®ui/t
Top ayer 15 492.08
usdare Taver 1 542.08
Lover ayer 1 522.00

“Mean concentration of exposure period + 5.E.

Table 1b = Concentration (ppm) during Initial 4 Hours of test’

Sampling Site 15 win 3 hour 2 hour 4 hour
Top ayer a9 as a 5
uiddle Tayer = 1s a a2
Lover layer 2 54 a 55

PExpressed as s1/t

WHOLE FISH UPTAKE AYD CLEARANCE
Uptake of the fluorochemical TH3Z2 by channel catfish has

been tabulated (Table 2) and illustrated (Figs. 1. 2). During
the first 23 our exposure period, both Fish A and Fish 8 showed
4 rapid uptake of the test substance. This initial wptske rate
may be attributable to movement of F34Z2 across the integument withcr
subsequent binding to lipophilic tissues. A slower rate of FAMZ2
uptake was noted for both organisms which was possibly accounted for
by a decressed water/organism concentration gradient. No uptake
Plateau indicative of a steads-state as obtained following cnalysis

3MA10066624
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Table la -- Mean Concentration of FM342~. Exposure Water: 
Period 

Sampling Site n concentratlonS~/t 

Top layer 15 .49+_.06 

~lddle layer 15 .54+_.06 

Lower layer 15 .52+_.04 

aMean concentration of exposure period ~ S.E. 

Table ib -- Concentration (ppm) during Initial 4 Hours of testa 

Sampling Site 15 rain. 1 hour 2 hour 4 hour 

Top layer .19 .45 .43 .35 

Middle layer .31 .49 .47 .42 

Dower layer .23 .54 .47 ,55 

WHOLE FISH UPTAKE AND CLEARANCE 

Uptake of the fluorochemical FM3422 by channel catfish has 

been tabulated (Table 2) and illustrated (Figs. 2, 2). During 

the first 24 hour exposure period, both Fish A and Flsh B showed 

a r~pid uptake of the test substance. This initial uptake rate 

may be attributable to movement of FM3422 seross the inlegumen~ with 

subsequent btndin~ to lipophilic tissues. A slower rate of FM34~2 

uptake was noted for bo%h or~nism,~ which wa.% possibly accounted for 

by a decreased water/organism concenlration ~rsd~ent. No uptake 

p]ate~.u indicative of a steady-state was obtained followin~ analysis 
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Table 2 - FN3422 Uptake by Chanae) Catfish (lotalcma putas!
rime Fie A rien

28 min. 1 1hour : :2 nowrs 2 ©
4 hours 1. Ed
8 hours se 2

12 nours & ©
16 nours 5 se
20 hours a n
24 hours 104 110
48 nours 13: 213
Bre 222 150
96 hours 180 257
120 hours a1 201
144 hours 320 219
168 hours. sz 138

* Expressed 1s vals.

of FM 3422 content of those fish comprising the composite organism
A (Figure 1). The 168-nour value for the test fluorochemical may
be a outlier us these values encompessiag the period from 72 =
120 hours suggest a plateau (steady state) at TY 3422 concentra-
tions of ~200 ug/g. A plutesu effect was observed to occur with
sample B, having an uptake value of approximately 220 ug/g PH 3422
(Figure 2). Concentrations of PU 3422 biosccumlated by these test
organises were observed to vary Independent of whole fish weight.

Clearance of FiM 3422 by the chaane) catfish required in excess
of 5 days (Table 3)

3MA10066625
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Table 2 -’ FM3422 Uptske by Ch&nne~ Cstfish (Ie~ pu~e£atus) 

Time 

1 hour 4 4 

2 hours 9 10 

4 hours 16 ~-9 

8 hours 58 

12 hours 62 60 

16 hours 
20 hours 61 74 

24 hours i04 110 

48 hours 132 213 

72 hou~ 
96 hours 190 257 
120 hours 211 201 

144 hours 320 279 

168 ho~rs 552 158 

a Expressed as 

of F~ 3422 content of those fish comprising the composite organism 

A (Figure 1), The 16S-hour value for the test fluoroc~emical may 

be an outlier a~ these values encompassing the period from 72 - 

120 hours suggest a plateau (steady state) at FM 3422 concentra- 

tions o~ ~200 ~g/g. A plateau e~ect was observed to occur with 

sample B, having an uptake value of approximately 220 ~g/~ FM 3422 

(Figure 2). Concentrations of FM 3422 bioaccumulated by these test 

orEanJsms were observed to vary independent of whole fish weight. 

Clearance o~ FM 3422 by the channel catfish required in excess 

of 5 days (Table 3). 
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Table 3 — PU3422 Clearance of Tetalarus punciatas®

Time ole Fish A Woe Fish B

15 min. 308 29
1 nour 269 216
2 hours 252 309
4 nours 280 242
8 nours 260 242

12 nours 53 208
16 hours 23 177
20 Bours 38. 255
24 hours 237, 2010
48 nours - 190
72 hours 200 227
6 hours 13% 226
120 hours 108 75

® Expressed as vg/g-
® sample lost

TISSUE ANALYSIS: MUSCLE
Of the tissue analyzed for FN3422, the muscle layer of the

channel catfish vas found to possess the least propensity to
bioaccumulate this fluorochemtcal (Table 4, Figure 3). A
Platesu effect was observed To OCCU in the concentration range
of 100-200 vg/g (Table 4). Tissue weight was an independent variable,
not affecting the bioaccumulation level of FH3422.

Depuration of the subject fluorochemical, FU3AZ2, was delayed,
approximately 50% of the material having cleared within four davs
(Figure 3 Table 3)
TISSUE ANALYSIS - BRAIN. GASTROINTESTINAL TRACT

Uptake of FM3422 by brain and the gastrointestinal tract vas
elevated due to the 13pid nature of these materials (Table 6)
Brain uptake of FN3422 Continued TRTOUENOLT the experiment (Figure 4)

3MA10066626
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Time ~hole Fish A Whole Fish B 

15 mtn. 306 319 
I hour 269 216 
2 hours 252 309 
4 hours 260 242 
8 hours 260 242 

12 hours 255 Z06 
16 hours ~35 177 
20 hours 238 255 
24 hours 237b 201 
48 hours - 190 
72 hours 200 227 
96 hour~ 136 226 
120 hours 106 78 

a Expressed as ~g/g. 

b Sgmple lost 

TISSUE ANALYSIS: YUSCLE 

Of the tissue analyzed for FM3422, the muscle layer of the 

channel catfish was found to possess the least propensity to 

bioaccumulate this fluorochemical (Table 4, Figure 3). A 

plateau effect was observed to occur in the concentration range 

of 100-200 ~g/g (Table 4). Tissue weight was an independent variable, 

not ~ffec~inE the bioaccumulation level of FM3422. 

Depur~tlcn of the subject fluorochemical, FM3422. was delayed, 

&pproximate]y 50% of the materia~ h&vtnE cleared w~thin four days 

(Fi~ure 3 Table 5). 

TISSUE A~ALYSIS - BRAI~0 GASTROI~rE~TI~AL TRACT 

Uptake o~ FM3422 by brai~ and the ~stro±ntes1~n=l ~r~c~ was 

elevated due to the 1~pid nature of these materials ~Table G). 

Br~in uptake of FM3422 continued throughout the expe?±ment (Figure 4) 
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Table 4 -- FU3422 Uptake by
Iotalarus Purctatus Muscle

Time Muscle
Control 0.1

13 min. ©'1
1 hour 3
2 hours. 5
4 hours 10
8 hours 22

12 hours a
16 hours 38
20 hours a9
24 hours 61
48 hours 118
72 hours 127
95 hours 135
120 nours. 153
144 hours. 197
168 hours 47

* Expressed as uals.

Table 5 -- FU3422 Clearance of Iotolarus puntatus muscle"
Time Muscle
15 min. 1s
1 nour 127
2 hours 108
4 hours 128
8 hours 147

12 hours 148
16 hours 1m
20 nours uz?
24 nours 5
48 hours 102
72 hours 77
36 hours 6

120 hours 72

? Expressed as ug/c.

3MA10066627
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Table 4 -- FM342~- Uptake by 
Icta~a~ Pu~nrat~s ~cle 

Ti~e ~uscle 
Control <0.1 
15 mln, <0.1 
1 hour 3 

2 hours 5 

4 hours 10 
8 hours 22 

12 hours 31 

16 hours 38 

20 hours 49 
24 hours 61 
48 hours 118 
72 hours 127 

95 hours 135 
120 ~ours 153 

144 hours 197 
168 hours 147 

Expressed ~s ~g/g. 

Table 5 -- FM3422 Clearance of Ie~ola~ua pum¢atus musclea 

Time Muscle 

15 min. 118 
1 hour 127 
~ hours I08 
4 hours 128 
8 hours 147 

12 hours 148 
16 hours 181 
20 hours I17 
24 hours 75 
48 hours 102 
72 hours 77 
96 hours 69 
120 hours 72 

a Expressed as ~g/g. 
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Table 6 -- FU422 Uptake by Totalams punctatus brain tissue sad
{he Bastrointostinal tract of Tosalmue punctatus

Time Brain Gastrotatestinal Trace
Control <u wafit 3 81

1 nour 5 3
2 hours 2 32 hours 0 i& hours 130 5

12 hours 11s 1016 hours 1s =
20 hours 24 ie
24 hours 228 20148 hours 352 2%73 nours 328 si38 hours a6 =

120 hours So6 =
134 nour 95 as. 168 hours 505 53
2 Exprassed as vis

Table 7 -- FU3422 Clearance ofBrain and the Gastrointnstinal Tractof Tetatanis punstat
Tee Brain Gastrointestinal Tract
15 min. 182 2011 hours 61 5302 hours m2 5252 hours G02 5078 hours si 30212 hours S82 263

16 nours si 120520 hours 359 50524 nours 52 5418 nours 35 20472 hours 350 5339 hours iz 390120 hours i nz
® Expressed as w/e

3MA10066628
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Table 6 -- FM342~- Uptake by Io~a~ pun~a~-~ brain tissue ~nd 

Time Brain Gastrointestinal Tract 
Cent tel <0.1- <0.1 
15 sin. 2 <0, l 
I hour 8 6 
2 hours 28 12 
4 hours 50 41 
8 hours 100 54 

12 hours 115 110 
16 hours 149 119 
20 hours 240 206 
24 hours 225 201 
48 hours 352 230 
72 hours 328 510 
96 hours 606 533 

120 hours 588 504 
144 hours 695 688 
168 hours 905 533 

Expressed as 

Table 7 -- FM3422 Clearance of Brain and the Gastrointestinal Tract 
of I~a~azu8 pun~z~z’#u~a 

Br~n Gastrointestinal TrRct 

15 min. 1152 281 
1 hours 761 $30 
2 hours 712 325 
4 hours 602 507 
8 hours 511 302 

12 hours 582 263 

i~ hours ~18 1205 
20 hours 559 805 

24 hours 523 5~4 
48 hours 586 254 
72 hours 450 353 

96 hours 423 390 
120 hours 417 712 

a Expressed as ug/g. 
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Table 8 -- Fu 3422 Uptuke by Liver, Kidaey, and Gall Bladder of
the Channel Catfish

Time Liver Kidaey Gall Bladder
15 min. 0.1 0.1 <0.1
1 hour 1 ©1 01
2 hours 1 «©'1 pet
4 hours 31 EA wl
8 hours &1 FE] ol

12 hours 3 77 158
16 hours 9 93 245
20 hours 161 140 211
24 nours 149 9 242
33 nours 323 189 1383
3 nours 261 200 1585
96 hours st ase 1573
120 hours 469 313 2873
144 nours 380 340 3261
168 hours. 561 152 13808

® Expressed as ug/.

Table 8 -- TH 3422 Clearance by Liver, Kidasy, and Gall Bladder
of Tetatarus punctatus

Time Laver Kidney Gall Blaader
15 nin 504 21 1543
1 hour 650 561 3908
2 nours 758 439 1286
3 hours 79 37 5038
§ hours 507 390 3710

12 hours 446 559 321
16 nours 728 sis 247
20 nours 420 363 2495
24 hours a3 259 3912
38 hours 575 381 810
72 nours 316 203 1221
96 hours 76 182 1411
120 hours 07 285 s497

® Expressed 1s ug/8.

3MA10066629
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Table 8 -- F~ 3422 Uptake by L~ver, Kidney, ~nd Gall Bladder 
the Channel Cgtfish 

Time Liver Kidney Gall Bladder 

15 min. <0.i <0.I <0,I 
1 hour 1Z <0,I <0.I 
2 hours II <0,I <0.1 
4 hours 31 37 <0.I 
8 hours 67 59 <0.i 

12 hours 89 77 158 
16 hours 99 93 245 
20 hours 161 149 271 
24 hours 149 99 242 
48 hours 329 189 1383 

72 hours 261 200 1585 

96 hours 481 359 1573 
120 hours 469 315 2875 
144 hours 384 349 3261 
168 hours 561 452 13805 

a Expressed as ~g/g. 

Table 9 -- FM 3422 Clearamce b}, L~ver, Klchuey, and Gall Bladder 

Time Liver Kidney Gall Bladder 

15 min. 504 274 1543 

1 hour 650 567 4908 

2 hours 758 439 1286 

4 hours 779 447 5058 
8 hours 507 390 3710 

12 hours 448 559 4321 
16 hours 728 515 4247 
20 hours 420 365 2495 
24 hours 443 259 3912 
48 hours 575 351 2810 
72 hours 316 203 1221 

96 hours 76 182 1411 
120 hours 507 285 6497 

Expressed as ug/g. 
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With no apparent plateau effect. At 198 h the concentration of
M3422 1n this organ was equivalent to 905ug/g tissue. The brain
tissue levels of FN3422 remained elevated upon completion of the
Clearance phase of this test; 417ug/g (Table 7, Figure 4)

The gastrointestinal tract uptake of FM3422 identified three
phases: rapid and alow uptake components with a demonstrable platesu
(Table 6, Pigure 5). The first two phases persisted for 24 and
48 nours respectively while the platesu effect was minimally of 96
houréduration. As may be noted (Table 7 and Figure 5). this organ
444 not clear FUS422 readily, rather an inexplicable rise in
organ content of M3422 Occurred duringthe latter stages of de-
puration.

TISSUE ANALYSIS - Gallbladder
This organ demonstrated a delayed "uptake" of Fi3422, detectable

levels being initially noted at 12 hours exposure (Table 8). The
“uptake” pattern differed from those of other organ systems being
analyzed in that the concentration of fluorochemical increased
throughout the exposure period. This organ showed anerratic clear-
ance pattern, an initial depuration followed by increased lovels of
fluorochemical, a pnenomencn which vas observed throughout the
remainder of the experiment (Table 9 Figure 6)

The remaining tissues tested exhibited similar levels of
FH3422 uptake. In all cases a steady-state concentration could
be calculated using the plateau method. Depuraiion data did not
establish definitive evidence for the clearance of FM3422 by these
tissues: gills, skeleton and skin. The liver did exhibit pronounced
depuration of the test chemical followed by rapid uptake. a phen-
omenon associated with depuration data obtained for the gastro
BLEstinal tract and the gal) Miadder

3MA10066630
1185.0012
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with no apparent plateau effect, At 16g h the concentration of 
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Te 10 on Factars uring Erpov
ureto FisazzliS

Sample rege sioconcentracio
n

Whole Tish 01 10.8245 575
mote Flan #2 11.5024 06

Skeleton 1.82.3 so
Sen 2.909 53
Gis s12.2 saz
Liver Ev an
Kidney ES 700
Gustrosstestioa

l 1.42.4 1080
Gal Bladder 031.02 26508%
Brain 191.03 1044
Muscle 7.082.0 m1

S3CF- calculated using plateau method
“average water concentration of F322. C.52 ppm
“hata expressed ss mewn = 3.0.
“seven day BCF value. sbaense of plateau effect.

3MA10066631
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TAble I0 -- Comp~latlon of Whole Fish an� Organ System 
centra~ion Factors Durin¢ Exposure to FM3422 

Sample yetgbtc 8ioccncentr.~ion 
g Factor 

Whole Tlsh #1 lO.S+_~.5 575 

Whole Fish #2 11.5~2.4 406 

Skeleton 11.8+2.3 501 

Skin ~.9~.9 534 

Gills .64+.2 542 

Liver .51+. 1 474 

Kidney .36!.i 709 

Gastrointestinal 1.4+.4 1064 

Gall Bladder ,03+ .02 26548d 

Brzin .19+ .03 1344 

Muscle 7.0+~.0 ~81 

aBCF - calculated using plateau method 
bAver~g, water concentration of FM3422, ~.52 ppm 
CData expressed as mean ! S.D. 
Seven day BCF value, absense of piateau effect. 

1185.0013 
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Table 11 -- Uptake Rate Constant of FX32: ia fotalams punotati:
(Channel Cactisn)

sampie Uptake rate Rapid Phase Slow Phase
constant composite

wile Fish A 3.2003 5.7 2.7

mole Fish B 6.43.0 5.6 3.9

Brain 7.702.4 9.3 5.1

Gne 5.403.3 7.3 2.7

Gastrointesti
nal  6.0:2.4 7.3 1.4

“Tract

Liver 4502.3 6.3 36

Gall Bladder 82a? - -

Kidney 4.00.8 5.4 3.0

Muscle 1.8:0.6° - -

skin 6.73.2 5.9 36

Skeleton 3.2010 3s 2.4

2 Uptake rate constant at 168 hours
® Values similar at all tise periods

3MA1006
6632
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Sample Uptake rate R~pid Phase 
constant composite 

Slow Phase 

~hole Fish A 3.2+1.3 

~hole Fish B 6.4+3.1 

Brain 7.7+2.4 

Gills 5.4+3.3 

Gastrointestinal 6.0+2.4 
Tract 

5 .? 2.7 

8.6 3.9 

9.3 5,1 

7.3 2.7 

7.3 4.4 

Liver 4.5+2.3 6.3 3.6 

Gall Bladder 82.1a - - 

Kidney 4.0~1.4 5.4 3.0 

Muscle 1.8+0.6b - - 

Skin 6.7+3.2 8.9 3.6 

Skeleton 3.1+1.0 3.5 2.4 

a Uptake rate constant at 168 hours 

b Values simS, far a~ all time periods 

1185.0014 
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tabulation of the bioconcentration factors (ECF) determined
at an approximate steady state, using the platesu method provided

evidence demonstrating the lipophilicity of FM3422 (Table 10)
Although the gall bladder possessed the highest BCP for comparative
purposes these data can be ignored for ressous to be discussed. Of
the remaining organ systems the propensity to bioaccumulate FM3422
was mast prominent in the braln and gastrointestinal tract. The edible
portion, muscle, minimally bioconcentrated F3422

A tabulation of uptake rate constants for whole fish and
organ systens provides further evidence that the lipophilic nature of
Fu3422 does influence uptake rate (Table 11). Both brain and the
gastrointestinal tract had high uptake rate constants. A second
premise may be established that being the greater the surface ares
exposed to the material the greater the uptake rate, hence elevated
uptake rate constants for both skin and ¢ills. The former instance
provides a physiological basis for uptake while in the latter case
both mechanical and physiological mechanisms were operative

Clearance rate constants could not be calculated due to data
variability
prscussion

In these studies the principal mechanises for initial uptake of
FU3422 were the gills and integument. Substantisting evidence consist
ing of uptake rate constants which exceeded all cther organ systems ex-
copting brain. gastrointestinal tract and the gall bladder. The gl) eir-
culation functions as a transport system dispersing the fluorochemical
to various sites in the bods. The importance of this system in terms
of both uptake and transport of foreign chemicals has been the

3MA10066633

1185.0015
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DISCUSSION 
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subject of recent papers by Granmo and Kolberg (1975) and Bass
and Heath (1977).

Movement of PU3422 across the integument also contributes to
the body burden of FHIAZ2 based on Uptake Tate constants. Definition

of the extent of this contribution cannot be determined as the exact

transport pathway has not been established

Our previous study (1977) did demonstrate the existence of a
highly 1'psd layer underlying the Skin Which theoretically based on

the lipophilicity of FY3422 should serve as a storage (binding) site

for this chemical. Vascular perfusion of this area could serve to
transport the fluorochemical to other sites in the body, hovever,

the magnitude of perfusion is an usknown. Similarly. if one views

the 1ipid layer as & binding site for FU322, the nature of the
binding becones of relevance in determining the eae with which material

may be cransported elsewhere

It was demonstrated previously in our latoratory that the
more highly lipid-containi

ng
organs tended to bioconcentrate the

subject fluorachemical more readily. This finding has been
substantiated by the present study. Transport of FM3E22 to the brain
and gastrointestin

al
tract by the circulatory system of the fish seems

self-evident as these organs are highly vascular. Evidence obtained in
this study suggests that the subject chemical is hound tightly as it
oes not depurate apprecianly. By implication a timilar situation may
exist at the oil layer/integue

nt
interface, thereny reducing the

overall contribution of the integument as a source of fluorochemical for
other organs in the body

Organs contributing to the digestive process of lstalsme runstatus

3MA10066
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subject of recent papers by Granmo and Kollberg (:97q) and Bass 
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transport pathway has not been 
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presented an interesting profile. The gall bladde-, serving as a
reservoir for bile minufactured by the liver, possessed the greatest

concentration of fluorochemical observed in these studies. When

Samples were obtained for FN3422 analysis, distention of the gall

bladder was observed, indicating that at our sampling time we were

in reality analyzing a concentrated sample of bile. It is also

probable that this organ participates in the excresion of FM3422 from

the body. The composition of bile is such that given the lipophilicity

of FU 3422, binding sites, complexation and/or conjugation of this
fluorochemical to biliary components is a distinct possibility. Con-
traction of the gall bladder with the rosultant emptying of its
contents into the gastrointestinal tract may account for the sporadic

nature of the clearance curve for this organ.

One may view the sequence of events occuring in the depuration

phase of this study ss it relates to the digestive system in the
following manner: FH3422 is cleared at a measurabe rate by
Various organs, being transported to the liver by ‘he circulatory

system. Io the liver. F322 either binds, complexes and/or becomes

a conjugate of newly manufactured bile. The bile -& then stored in
the gall bladder being expressed into the duodenal area of the
intestine. This material may-then be either excreted within fecal matter

and/or some FM3422 may undergo re-uptake for bodilr distribution

Excretion of FM3422 1s not Solely via feca matter as a
similar scenario can be described for renal clearance wherein elevated

levels of FN3422 are maintained through the first “2 hours of depur-
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The edible portion of the channel catf.sh, the muscle fillet,

41d not bioaccumulate FN3422 to an appreciable extent substantiati
ng

our previous observation for this tissue.

In general, no adverse signs were observed during the duration

of the experiment attesting to the non-toxic nature of this chemical

under the conditions employed in this test.

concLUSIONS

This study of the ability of the chanawl catfish (foalarus

punctatus)to bioconcontra
te

the fluorochemica
l

FU3422 has led to tho

following conclusions:

1. Both lipophilic organs and organs possessing a large

surface area at the water/organ interface possess the highest uptake

rate constants.

2. Tne brain and gastrointesti
nal

tract have BCF's in excess

of 10% due to the lipophilic nature of the subject fluorochemica
l

3. The gall bladder duo to its storagn function shoved the

highest concentration of FN3422 on a ug/g bass.

4. Whole fish or organ weight was an .ndependent variable,

not a determinant in the bioconcentra
tion

of 322.

5. Excretion of FM3422 consists of both urinary and fecal

pathways

6. Clearance of FM3422 by components of the digestive system

contributes to the erratic nature of the depuration curves

7. Fu3422 at the exposure concentratinn did not elicit signs

of toxicity. therefore, under the conditions of this experiment, this

fluorochemica
l

can be considered non-toxic.

A ier
AN feo
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