BIOCONCENTRATION
TEST SUBSTANCE

Identity: N-ethylperfluorooctane sulfonamidoethanol; may also be referred to as
N-EtFOSE Alcohol or FM-3422. (1-Octanesulfonamide, N-ethyl-
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-N-(2-hydroxyethyl)-,
CAS # 1691-99-2)

Remarks: Material is an off-white, waxy solid of uncharacterized purity'.

METHOD:

Method/guideline followed: 3M derived method outlined in the test procedure
for determining the aquatic Bioconcentration Factor of N-EtFOSE alcohol.
Type: Static exposure with a flow-through clearance phase.
GLP (Y/N): No
Year: 1978
‘Species:  Channel catfish (/ctalurus punctatus)
Supplier:  Not noted in the report.
Analytical monitoring: Concentration of N-EtFOSE alcohol in water and fish by
GC with electron capture; temperature
Length and weight: Not noted in the report.
Exposure period: 7 days
Clearance period: 5 days
Statistical methods: 3M Trac system, MINITAB |l program
Test fish age: Not noted in report.
Loading: Not noted in report.
Pretreatment: Not noted.
Test conditions: :
Dilution water: Carbon-filtered well water
Dilution water chemistry: Not included in report.
Stock and test solution preparation: The primary stock solution was
prepared by dissolving 57 grams of N-EtFOSE alcohol in 50 mi of
acetone, applying the solution to 10 pounds of 3.5 mm glass beads,
evaporating off the acetone, and circulating carbon filtered well water
through the glass beads. The system was designed to result in a final
loading ratio of 0.5 grams per liter. Aerobic conditions were maintained
throughout and the system was assumed to go to saturation. Length of
time allowed to circulate was not noted.
Exposure vessels: 114 liter aquarium. Volume utilized was not noted.
Number of replicates: Two
Number of fish per replicate: Not noted in the report.
Number of concentrations: One plus negative control
Water chemistry during the study:
Dissolved oxygen: Not noted in the report.



Test temperature: 21+1°C

pH: Not noted in the report.
Photoperiod: 16 hours light and 8 hours dark with a 30 minute transition
period.

Remarks field: 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 N-EtFOSE alcohol uptake analysis
were obtained at the following time periods: Control, prior to introduction, 15
minutes, one hour, two hours, four hours, eight hours, twelve hours, sixteen
hours, twenty hours, twenty-four hours, and at twenty-four hour intervals for a
period of 7 days. The channel catfish were then removed to clearance tanks for
two hours and finally transferred to a flow-through system having flow rates
through the test chambers of four water volumes per 24 hours. A sampling
regimen identical to that of the uptake phase of the study was immediately
initiated and terminated after five days.

RESULTS

N-EtFOSE Alcohol Uptake by Channel Catfish (/ctalarus punctatus) — Whole fish samples

Time Fish Group A Fish Group B
(ug/g) (uglg)

15 min. 1 1

1 hour 4 4

2 hours 9 10
4 hours 16 29
8 hours 58 42
12 hours 62 60
16 hours 51 56
20 hours . 61 74
24 hours 104 110
48 hours 132 213
72 hours 222 159
96 hours 190 257
120 hours 211 201
144 hours 320 279
168 hours 552 158




N-EtFOSE Alcohol Clearance of Channel Catfish (/ctalarus punctatus) — Whole fish samples

Time Fish Group A ~Fish Group B
(ug/g) (uglg)
15 min. 306 319
1 hour 269 216
2 hours 252 309
4 hours 260 242
8 hours 260 242
12 hours 253 206
16 hours 235 177
20 hours 238 255
24 hours 237 201
48 hours - - 190
72 hours 200 227
96 hours 136 226
120 hours 106 78
Y Sample lost.

'N-EtFOSE Alcohol Uptake of Channel Catfish (Ictalarus punctatus) Muscle

Time Muscle Concentration
(uglg)
Control <0.1
15 min. <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 i . 61
48 hours 118
72 hours 127
96 hours 135
120 hours 1563
144 hours 197
168 hours 147




N-EtFOSE Alcohol Clearance of Channel Caffish (/ctalarus punctatus) Muscle

Time Muscle Concentration
(ug/g)
15 min. 118
1 hour 127
2 hours 108
4 hours 128
8 hours 147
12 hours 148
16 hours 181
20 hours 117
24 hours 75
48 hours 102
72 hours 77
96 hours 69
120 hours 72

N-EtFOSE Alcohol Uptake by Brain Tissue and Gastrointestinal Tract of Channel Catfish
- (Ictalarus punctatus)

Time Brain Concentration Gastrointestinal Tract
(ug/g) Concentration
(ug/g)
Control <0.1 <0.1
15 min. 2 <0.1
1 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




N-EtFOSE Alcohol Clearance of Brain Tissue and Gastrointestinal Tract of Channel Catfish

(Ictalarus punctatus)
Time Brain Concentration Gastrointestinal Tract
(ug/g) Concentration
(ug/g)
15 min. 1152 281
1 hour 761 630
2 hours 712 325
4 hours 602 507
8 hours 511 302
12 hours 582 263
16 hours 618 1205
20 hours 559 805
24 hours 523 564
48 hours 586 264
72 hours 450 353
96 hours 423 390
120 hours 417 712
N-EtFOSE Alcohol Uptake by Liver, Kidney, and Gall Bladder of Channel Catfish (/cfalarus
punctatus)
Time LiverConcentration Kidney Concentration Gall Bladder
(ug/g) (ug/g) Concentration
(ug/g)
15 min. <0.1 <0.1 <0.1
1 hour 1 <0.1 <0.1
2 hours 11 <0.1 <0.1
4 hours 31 37 <0.1
8 hours 67 59 <0.1
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 15673
120 hours 469 315 2875
144 hours 384 349 3261
168 hours 561 152 13805




N-EtFOSE Alcohol Clearance of Liver, Kidney, and Gall Bladder of Channel Catfish (/ctalarus

punctatus)
Time LiverConcentration Kidney Concentration Gall Bladder
(ug/g) (ug/g) Concentration
(ug/g)
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 446 559 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
CONCLUSIONS

No reliable conclusions can be derived from this study. General observations

can be made.

N-EtFOSE alcohol concentrations increased in the fish tissues over the course of
exposure.

Lipophilic organs and organs possessing a large surface area at the water/organ
interface possess the highest uptake rate constants.

The brain and gastromtestlnal tract have potentially high bioconcentration factors
due to the lipophilic nature of N-EtFOSE alcohol.

The muscle fillet appeared to exhibit the least potential to bioaccumulate N-
EtFOSE alcohol.

The gall bladder showed the highest concentration of N-EtFOSE alcohol

There is a potential for excretion of N-EtFOSE alcohol through both urinary and
fecal pathways.

No signs of toxicity were apparent at the exposure concentration.
While concentration decreased in the whole fish samples at the end of the

clearance phase, the time required for complete removal is longer than the 5
days used in the test. :



Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St. Paul,
Minnesota, 55133

DATA QUALITY

Reliability: Klimisch ranking 3. There is a lack of description for the study’s
methodology and characterization of the test organisms. There is no attempt at
correlating, nor is there any record of, the size, age, and body fat content of the
fish as it relates to the concentration of N-EtFOSE alcohol found in the various
samples. This is especially important due to the fact that older, larger fish are
ikely to have more fat content than younger, smaller ones. The vigorous method
used to solubilize the test substance appears to have resulted in a
supersaturated solution. The solubility is characterized as being 50 ppb, but the
concentration in the aquarium was given to be 500 ppb, and it was noted that the
N-EtFOSE alcohol was present as a suspension. Moreover, it was also noted
that excitability of the test organisms would cause disturbance of the bottom layer
and re-suspension of N-EtFOSE alcohol into the water. Test substance purity
was not characterized.

Third party review by Dr. James W. Gillett of Cornell University (observations
included with report) also indicate a lack of reliability.
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¥

)

0 .
. Report No. 2 (8/16/78) "Evaluation of the Bioconcentration Potential of FM 3422.°

This report covers new experiments based on the study in §1 (above), but using a shorter (!) exposure
(to a sat’d. solution and under the same circumstances) and more frequent measurements only with channel
catfish. However, the methods indicated for measurement of solubility and K, are fairly good and the basis
for state-of-the-art protocols. Hence, I accept the value of solubility = 50 ppb and log K, = 5. Further,
with this very low solubility, even with the low measured v.p., one would expect a moderate Henry’s Law con-
stant leading to volatility from water or a wetted surface.” On the other hand, the MW is 571, which puts it
toward the upper part of the range of molecular sizes for which expected behavior is linear with respect to K.
That is, the molecular configuration may present some problems in crossing through the pores- of the lipid
bilayer of the several membranes. » ’

a. The report is very confusing when it expresses test agent conc. in "ul1* and residues in *ug/g." The system
was loaded at a rate of 0.5 g/L (500,000 ug/L)[end of para. 4, pg- 3] when the solubility is 50 ug/L. (50 ppb),
whereas you state that "0.5 ul/l = 500 pPpb.” .

b. The data in Tables 2 & 3 are shown for "Fish A" and *Fish B,* as if these were sequential analyses of the
same individuals. The text notes that four fish were removed at each time [para. 6, pg. 3]. Apparently,

-~-the-sample was divided to provide 2 fish.for whole body and 2 for tissues via being “tissuemized® (whatever

-~ that is). {It is interesting in this regard to note the problem in not having a protocol for dissection other

-than some QA/SOP in a book somewhere. For a number of years there were frequently significant differ-
ences between PCB residues in lake trout measured by Canadian scientists in comparison to those by
NYS DEC scientists, although they both thought that they agreed on the same protocol. It turns out that
there were two errors or differences. The Canadians only used the portion of the fillet above the median
line for PCBs, whereas the U.S. group used the entire fillet minus the mid-line. Second, the Canadians
removed material (fins, mid-line) by a rigid protocol, ie., cutting a 6-mm notch to remove the mid-line and
taking off the top 25 mm to remove the dorsal fin and associated fat. The DEC lab varied the fat removal
SO as to take off all fat by cutting in 1-5 mm more or less. These differences are very small, but reflect

2
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the advisories given the public by separate agencies. Anyway, the U.S. values are much lower than those
of the Canadians, even though the fish come from the same water.}

¢. The reporting and plotting of arbitrarily designated data ("Fish A" - Fig. 1 and "Fish B" - Fig. 2) is not
very scientific. At least they should be on the same plot, as a range or recalculated as an average at time
t. As an average value, the whole body residues were still climbing when the investigators terminated
exposure. The avg. values for the times from 24 hrs on are 107, 172.5, 190.5, 223.5, 206, 299.5, and 355,
implying a rate of "equilibrium" -- approaching +20%/day! That is far from equilibrium. Further, although
the general protocol resembles state-of-the-art, the small number of test organisms per time interval (should
‘be >6) means that what the investigators see as an "outlier” may really be a typical point from a wide range
of responses. Curiously, although the authors were concerned about the increasing uptake with weight in
Report No. 1, they do not report body weight, lipid composition, or length (determinant of gill size) for
the test subjects. The rate constants should be calculated and divided (k/k, = BCF), but the loss rate
appears to accelerate with time. This may be a feature of the incomplete equilibrium, tissue distribution,
or enterohepatic cycling via bile. -

d. By the time one gets around to the specific tissue distributions (which are expressed as up to S significant
digits!), the authors are confusing individual and temporal variation with *plateaus® and "erratic” patterns.
It is unlikely that 2 specimens at each time can yield comparable data unless there are criteria for age and

size class. Reporting BCF by specific tissue, without attention to, tissue lipid level is disingenuous or at
least misleading. :

e. It is not clear how the authors have documented excretion via urine per se, since urine concentrations,
conjugates, etc., were never measured. Presence of material in kidney merely reflects vascular perfusion.
On the other hand, the tentative view of the importance of biliary excretion (already well established for
lipophiles) is not understandable, Indeed, one might note that gall bladder distention could mean positive
acceleration of biliary excretion (influenced by hepatic levels). '

f. The belief that the absence of toxic symptoms for the exposure regime used constitutes definition of this
fluorocarbon as "non-toxic” is an abuse of the term, since (as Paracelsus said) ‘all things are toxic and it
is only a matter of dose which determines whether a chemical is a poison.’ If the investigators were able

to determine the N-Et FOSE alcohol as such, then it was not conjugated (statements about. this route not
withstanding). L
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INTRODUCTION

Living organiSms possess the ability to concentrate and
accumulate high concentrations of lipophilic organic compounds
either directly from their environment or from their food source,

a phenomenon which is well documented (Burnett, 1971; Gustafson,
1970). This ability to bioconcentrate seemingly non-toxic sub-
stances might well pose a hazard for the ultimate predator species.

This investigation was conducted to determine whether a
fluorochemical, FM3422, does bioconcentrate in organisms and if

so, does the material depurate rapidly. Selective organ systems

~were analyzed for the subject fluorochemical as potential uptake

sites.
Since the aquatic environment serves as a primary mode of
entry for FM3422 into the environment,”this study was conducted

using the channel catfish (Ictalaméy-punctatus) as the test species.

\\

The subject fluorochemical, FM3422 is a white granular mater- ;
ial, molecular weight-571, 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 FM3422 precluded a simplistic determin-

ation of its water solubility. Use of the Veith-Comstock technique



(1975) wherein water in a constant-level reservoir was continu-
ously saturated with FM3422 by circulating the water through

a bed of inert substrate impregnated with FM3422. Samples for
analytical analysis were obtained via a sampling port. Replicate
studies were performed.

The distribution coefficient of FM3422 in n-octanol/water was
determined using the methods described by4Chiou et. al. (1977) and
Fujita et. al. (1964).

Channel catfish (Ietalarus punctatus) were acclimated to
the following test conditions for a minimum of 14 days:
temperature, Zli}OC, 16-hour light’and 8-hour dark photoperiod with
a 30 minute transition period and were fed daily (Tetra Min).

FM3422, previously impregnated on 3.5 mm glass beads was
placed in a 114 % aquarium, forming a layer appréximately 2 cm
aboverthe gravel filter which was then covered by sand. The
test tank was then filled with carbon-filtered well water. This .
sy;tem under continuous aerobic conditions generated a éﬁturated
water solution of FM3422, having a final loading ratio of 0.5g/%.

Based on a previous study (1977) which indicated rapid uptake
and depuration rates for FM3422 in this species, the bioconcentration
test was modified so that the uptake and clearance periods were
seven and 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 FM3422

uptake analysis were obtained at the following time periods: control,



-4-
prior to introduction, 15 minutes, one hour, two hours, four hours,

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

four hours, and at twenty-four hour intervals for a périod of

seven days. The channel catfish were then removed to clearance
tanks for two hours‘and finally transferred to a flow-through system
having flow rates through the test chambers of four water volumes
per 24 hours. A sampling regimen identical to that of the uptake
phase of this study was immediately initiated and terminated after

‘five days.
Individual (whole fish, n=2) and pooled tissue samples

(n=2) were weighed, tissuemized, refrigerated and stored in ethyl
acetate prior to the analytical determination for FM3422. Whole
fish were blotted before the weighing procedure. The pooled
samples consisted of the following tissué: brain, gills, 1liver,
gall bladder, kidney, gastrointestinal tract, skin, muscle and
skeleton.

Tissue and water samples were analyzed for FM3422 using a
Hewlett-Packard model 5713 gas chromatograph equipped with an

A
electron capture detector (Ni’s

). Specifications and gperating v
conditions were as follows: stainless steel column—lengih—6 feet.
x 1/8"; column packing and support-10% Carbowax 20 Mon Chromosorb-
W acid washed 60/80 mesh; operating temperature-isothermal 180°C,
detector-BOOOC; carrier g#é—S% methane in argon. Recovery rate
was above 90%.

Statistical treatment of the data utilized the 3M Trac system,
MINITAR II program. PBioconcentration factors and uptake rate con-
stants were calculated hased on formulae proposed by an ASTM commit-

tee developing a standard method for conducting bioconcentration

studies with fish (1977).



RESULTS

i

The water solubility of FM3422 was 50 ppb (Veith-Comstock
technique) coupled with the added observation that this chemical
was slightly volatile (Mendel, 1977). ,

Using the method described by Chiou, et. al. (1977) the
‘distribution coefficient for FM3422 was determined to be in excess
of 105, in an n-octanol/water system. Values of this order of
magnitude are indicative of the highly lipophilic nature of the
test substance.

In consideration of the slightly volatile nature of FM3422,
the test organisms were introduced into ihe newly filled experimen-
tal aquarium and sampling of both channel catfish and exposure
water began fifteen minutes later.

Table la illustrates the mean concentrations of FM3422 in
various layers of the exposure water. The test substance was quite
evenly distributed throughout the aQuarium as indicatedyby concen-
trations of 0.49, 0.54, and 0.52u%/% of FM3422 in the féb, middle L
and lower water layer of the aqu;rium. Since FM3422 was present
as a suspension, excitability of the test oyganisms resulting in
unusual disturbance of thé-bottom sand/FM3422 layer would contribfte
to the variability of mean concentration values as indicated by ﬁhe
magnitude of the standard error (Table 1la).

Upon analysis of the exposure water samples for FM3422,
evidence was obtained that this material was being rapidly released

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

approaching equilibrium values were attained within 1 hour of

exposure.



Tablé la -- Mean Concentration of FM3422 Exposure Water: Experimental

Period
Sampling Site n concentrationauz/z
Top layer 15 .49+.06
Middle layer 15 .54+.06
Lower layer 15 .52+.04

%Mean concentration of exposure period + S.E.

Table 1b -- Concentration (ppm) during Initial 4 Hours of test?
Sampling Site 15 min. 1 hour 2 hour 4 hour
Top layer .19 .45 .43 .35
Middle layer ‘ .31 .49 .47 .42
Lower layer .23 .54 .47 .55

aExpressed as ut/t

WHOLE FISH UPTAKE AND CLEARANCE

Uptake of the fluorochemical FM3422 by Ehannel catfish has
been tabulated (Table 2) and illustrated (Figs. 1, 2). During
the first 24 hour exposure period, both Fish A and Fish B showed

a rapid uptake of the test substance. This initial uptake rate

———

may be attributable to movement of FM3422 across the {integument with
subsequent binding to lipophilic tissues. A slower rate of FM3;22
uptake was noted for both organisms which was possibly accounted for
by a decreased water/organism concentration gradient. No uptake

plateau indicative of a steady-state was obtained following analysis



a
Table 2 -- FM3422 Uptake by Channel Catfish (Ietalarus punctatus)

Time Fish A Fish B
15 min. 1 1
1 hour 4 4
2 hours 9 10
4 hours 16 29
8 hours 58 42
12 hours 62 60
16 hours 2i gi
20 hours
24 hours 104 110
48 hours 132 . 213
72 hours 222 159
96 hours 190 257
120 hours 211 : - 201
144 hours 320 279
168 hours 552 158

% Expressed as ug/g.

of FM 3422 content of those fish comprising the composite organism
_ .

A (Figure 1), The 168-hour value qu ;he test fluorochéhical may
be an outlier as these values encompassing the period from 72 - '
120 hours suggest a plateau (steady state) at FM 3422 concentra-
tions of v200 ug/g. A plateau effect was observed to occur with
sample B, having an uptake value of approximately 220 ug/g FM 3422
(Figure 2). Concentrations of FM 3422 bioaccumulated by these test
organisms were observed to vary independent of whole fish weight.

Clearance of FM 3422 by the channel catfish required in excess

of 5 days (Table 3).



Table 3 -- FM3422 Clearance of Ictalarus punctatusa
Time Whole Fish A Whole Fish B
15 min. 306 319
1 hour 269 216
2 hours 252 309
4 hours 250 242
8 hours 260 242

12 hours 253 _ 206
16 hours 235 177
20 hours 238 255
24 hours 237b 201
48 hours - 190
72 hours 200 227
96 hours 136 226
120 hours 106 78

a Expressed

as ug/g.

b Sample lost

TISSUE ANALYSIS:

MUSCLE

'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 v

plateau effect was observed to occur in the concentration range

of 100-200 ug/g (Table 4).

not affecting the bioaccumulation level of FM3422.

Depuration of the subject fluorochemical, FM3422, was delayed,

approximately 50% of the material having cleared within four days

(Figure 3 Table
TISSUE ANALYSIS

Uptake of
elevated due to

Brain uptake of

5).

- BRAIN, GASTROINTESTINAL TRACT

FM3422 by brain and the gastrointestinal tract was
the lipid nature of these materials (Table 6).

FM3422 continued throughout the experiment (Figure 4)

3

Tissue weight was an independent variable,



Table 4 -- FM3422 Uptake by
Ietalarus Punctatus Muscle

Time Muscle
Control <0.1
15 min. <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 hours : 153
144 hours 197
168 hours 147

a Expressed as ug/g.

Table 5 ~- FM3422 Clearance of Ictalarus puntatus muscle?
Time Muscle
15 min. 118
1 hour 127
2 hours 108
4 hours 128
8 hours 147
12 hours 148
16 hours 181
20 hours 117
24 hours 75
48 hours . 102 ~
72 hours 77
96 hours 69
120 hours 72

a Expressed as ug/g.
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Table 6 -- FM3422 Uptake by Ictalarus punctatus brain tissue and
the gastrointestinal tract of Ictalrus punctatus?

Time
Control

1

1

2

4

8
12
16
20
24
48
72
96
120
144
168

S min.
hour
hours
hours
hours
hours
hours
hours
hours
hours
hours
hours
hours
hours
hours

Brain

<0.1
2
8
28
50
100
115
149
240
225
352
328
606
588
695
905

a Expressed as ug/g.

Table 7 -- FM3422 Clearance of Brain and the Gastrointestinal Tract
of Iectalarus punctatusa

Time

15

min.
hours
hours
hours
hours
hours
hours
hours
hours
hours
hours
hours
hours

Brain
1152
761
712
602
511
- 582
518
559
523
586
450
423
417

a Expressed as ug/g.

Gastrointestinal Tract

<0.1

<0.1
6
12
41
54
110
119
206
201
230
510
533
504
688
533

Gastrointestinal Tract

281
639
325
507
302
b 263
1205
805
554
264
353
390
712
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Table 8 -- FM 3422 Uptake by Lgver, Kidney, and Gall Bladder of
the Channel Catfish

Time Liver Kidney Gall Bladder

15 min. <0.,1 <0.1 <0.1

1 hour 11 <0.1 <0.1

2 hours 11 <0.1 <0.1

4 hours 31 37 <0.1

- 8 hours 67 59 <0.1
i12 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 ug/g.

Table 9 -- FM 3422 Clearance by L%ver, Kidney, and Gall Bladder
of Ictalarus punctatus :

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 N 3710
12 hours 446 539 - 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

a Expressed as ug/g.
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with no apparent plateau effect. At 158 h the concentration of
FM3422 in this organ was equivalent to 905ug/g tissue. The brain
tissue levels of FM3422 remained elevated upon completion of the
clearance phase of fhis test; 417ug/g (Table 7, Figure 4).

The gastrointestinal tract uptake of FM3422 identified three
phases: rapid and slow uptake components with a demonstrable plateau
- (Table 6, Figure 5). The first two phases persisted for 24 and
48 hours respectively while the plateau effect was minimally of 96
hourSduration. As may be noted (Table 7 and Figure 5), this organ
did not clear FM3422 readily, rather an inexplicable rise in
organ content of FM3422 occurred duringthe latter stages of de-

puration.

TISSUE ANALYSIS - Gallbladder

This organ demonstrated a delayed "uptake" of FM3422, 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 cléar-
ance pattern, an initial depuration followed by increased levels of
fluorochemical, a phenomenon which was observed throughout the
remainder of the experiment (Table 9 Figure 6).

The remaining tissues tested exhibited similar levels of
FM$422 uptake. In all cases a steady-state concentration could
be calculated using the plateau method. .Depuration. 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 depﬁration data obtained for the gastro-

intestinal tract and the gall bladder,
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Table 10 -- Compilation of Whole Fish and Organ Systéﬁ B%ogon—
centration Factors During Exposure to FM3422%:

Sample | Weightc Bioconcentration
' g Factor
Whole Fish #1 10.8+4.5 575
Whole Fish #2 11.5+2.4 406
Skeleton 11.8+2.3 501
Skin 2.9+.9 534
Gills - .64%.2 542
Liver .91+.1 _ 474
_Kidney .36+.1 709
Gastrointestinal  1.4+.4 1064
Gall Bladder .03+.02 265489
Brain .19+.03 1344

Muscle 7.0+2.0 ' 281

2BCF - calculated using plateau method

bAverage water concentration of FM3422, 0.52 ppm Qé‘
®Data expressed as mean + S.D.

dSeven day BCF.value, absense of plateau effect.
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Table 11: -- Uptake Rate Constant of FM322 in Ictalarus punctatus
(Channel Catfish)

Sample

Whole Fish A
Whole Fish B
Brain
Gills

Gastrointestinal
Tract

Liver

Gall Bladder
Kidney
Muscle

Skin

Skeleton

Uptake rate
constant composite

3.2+1.3
6.4+3.1
7.7+2 .4
5.4+3.3

6.0+2.4

4.5+2.3
82.1%
4.0+1.4
1.8+0.6°
6.7+3.2

3.1+1.0

a Uptake rate constant at 168 hours

Values similar at all time periods

Rapid Phase

5.7
8.6
9.3
7.3
7.3

8.9
3.5

Slow Phase
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A tabulation of the bioconcentration factors (BCF) determined
at an approximate steady state, using the plateau method, provided
evidence demonstrating the lipophilicity of FM3422 (Table 10).

Although the gall bladder,possessed the highest BCF for comparative
purposes these data can be ignored for reasons to be discussed. Of

the remaining organ systems the propensity to bioaccumulate FM3422

was most prominent in the brain and gastrointestinal tract. The edible
portion, muscle, minimally bioconcentrated FM3422.

A tabulation of uptake rate constants for whole fish and
organ systems provides further evidence that the lipophilic nature of
FM3422 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 area
exposed to the material the greater the uptake rate, hence elevated
uptake rate constants for both skin and gills. The former instance
provides a physiological basis for uptake While in the latter case
both mechanical and physiological mechénisms were operativg.

Clearance rate constants could not be calculated due to data =
variability.

DISCUSSION -

In these studies the principal mechanisms for initial uptake of
FM3422 were the gills and integument. Substantiating evidence consist-
ing of uptake rate constants which exceeded all other organ systems ex-
cepting brain, gastrointestinal tract and the gall bladder. The gill ci:
culation functions as a transport system dispersing the fluorochemical
to various sites in the body. The importance of this system in terms

of both uptake and transport of foreign chemicals has been the
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subject of recent papers by Granmo and Kollberg (1974) and Bass
and Heath (1977).

Movement of FM3422 across the integument also contributes to
the body burden of FM3422 based on uptake rate 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 1lipid layer underlying the skin which theoretically based on
the lipophilicity of FM3422 should serve as a storage (binding) sité
for this chemical. Vascular perfusion of this area could serve to
transport the fluorochemical to other sites in the body, however,
the magnitude of perfusion is an.unknown. Similarly, if one views
the lipid layer as a binding site for FM3422, the nature of the
binding becomes of relevance in determining the ease with which material
may be transported elsewhere.

It was demonstrated previously in our laboratory that the
more highly lipid-containing organs tended to bioconcentrg}e the v
subject fluorochemical more readily. This finding has beeh‘ . N
substantiated by the present study. Transport of FM3422 to the brain
and gastrointestinal tract by the circulatory §ystem of the fish seems
self-evident as these organsA;re highly vascular. Evidence obtained in
this study suggests that the subject chemical is bound tightly as it
does not depurate appreciably. By implication a similar situation may
exist at the oil layer/integument intefface, thereby 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 Ictalarus punctat:
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presented an interesting profile. The gall bladder, serving as a
reservoir for bile manufac;ured by the liver, possessed the greatest
concentration of fluorochemical observed in these studies. When
samples were obtained for FM3422 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 excretion of FM3422 from
the body. The composition of bile is such that given the lipophilicity
of FM 3422, binding sites, complexatioﬁ and/or conjugation of this
fluorochemical to biliary components is a distinct possibility. Con-
traction of the gall bladder with the resultant 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 as it relates to the digestive system in the
following manner: FM3422 is cleared at a measurable rate by
various organs, being transported to the liver by the cirqglatory v
system. In the liver, FM3422 either binds, complexes and/éf becomes x
a conjugate of newly manufactured bile. The bile is 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 bodily distribution.

Excretion of FM3422 is not solely via fecal matter as a
similar scenario can be described for renal clearance wherein elevated

levels of FM3422 are maintained through the first 72 hours of depur-

ation.
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The edible portion of the channel catfish, the. muscle fillet,
did not bioaccumulate FM3422 to an appreciable extent substantiating
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 channel catfish (Ictalarus
punctatus) to bioconcéntrate the fluorochemical FM3422 has led to the
following conclusions:

1. Both lipophilic organs and organs possessing a large
surface area at the water/orgén interface possess the highest uptake

rate constants.

2. The brain and gastrointestinal tract have BCF's in excess

3

of 10" due to the lipophilic nature of the subject rluorochemical.

3. The gall bladder due to its'storage function shpwed the
highest concentration of FM3422 on a ué/g basis.

4. VWhole fish or organ weight was an independent variable,
not a determinant in the bioconcentration of FM3422.

S. Excrétion 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. FM3422 at the exposure concentration did not elicit signs
of toxicity, therefore, under the conditions of this experiment, this

fluorochemical can be considered non-toxic.

/‘/ y A 6.\. L,(‘(L‘J
ANW/vmp



10.

11,

-19-

BIBLIOGRAPHY

Bass, Michael L. and Alan G. Heath. Water Research 11:
497-502, 1977.

Burnett, R. Science 174:606, 1971.

Chiou, C. T., Freed, V, H., Schmedding, D. W., and
Kohnert, R. L. Env. Sci. Tech. 11:475, 1977,

Eaton, John - Chairman, ASTM Draft Guidelines, 1977,
Elnabarawy, M. T. Technical Report, 1977.

Fujita, T., Iwasa, J., Hansch, C. J. Am. Chem. Soc. 86:5175,
1964. ‘ : “

Granmo, A. and S. Kollberg. Water Research 10:189, 1976.
Gustafson, C. G. Env. Sci, Tech. 4:814, 1970.
Mendel, A. Technical Report, 1977.

Véith, G. D. and Comstock, V, M, J. Fish Res. Board Can.
32:1849, 1975.

Welter, A. N. Technical Report, 1977.



o .
SR TP U E

-+ v

26

120

T H M H L i M
i -1 heees - i _ j
[ . b .a m "
.- .- m B - B T | N

[ P < i .
: - Y |
[ S R . H
bewe o ot -} : . u
I -t b - |- 4 C
4 FTTO TR B -t : o
' i " H .

+ g q R 1 !
- ) PN DU J.TT .._.... H ‘_
4 tenpfmesm i . - . |
. IR A . . e [

- sl 3

YL ¥l FOLUNDIY TR
i Y PN

72

48

168 24
hours

144

120

96

S DN 3 B . L
T .
R ;
i 1 .-
.ﬁw.m* . i
. AP PP
cobes o o S
i - S
Uy O A TON O m
N : i
l.—l —_—
- ™ .. - lo -
N R DR g S
mn - - . - _.
T 10 0 B 000t ROt
- SR -1 o R
i . L
.ml... - - - P, _ .
e cly- H#.u. m .
du : o
IO B 0 1 S
.ol n oy
L%} :
O " T
g=)a i BN

72

4

8/9n

‘ec® "N Nt 30YH

‘2ere W4

NOWUVYNOd¥0D NIBZAIIQ

093765...4. [ N
4

aor o 0 ¢

JO T9A9T V USTJ STOYM

HONI ¥33d SNOISIAIQ 01 X S310A0 §

L}

JIWHLINYOOD -1 W3S

M 83dve Havee N39Zi'Q

Tisn-Ieg

ON

Time,

w)

Slope Intercept y equals 1.5117°

concentration of FM 3422 in water (C

equals 0.52 ppm.

Figure 1 - Composite of designated Whole Fish A, one organism per
data point,



e e -
~l

1000

v’

ot S

L] o roor o0 ¢

S T —
& e imnd s e
A 1 i
IO o o L
_ S
1“ . b g - : |
AR 5 A R [T
e pee - N P
0 S O W O
boeeioo QD - H
i ) I “ (2]
i} & . : i ~
N IS~ 1 ) !
e oo . § - e
—— “ Y S - %
R ) N o T e
S S W Jondo b .
_" N N . . 1
4 i s
SN R N [a)]
S S
. v . - ! [+ 0]
-4 ©
B B I ; ~
) I _ <t
<
L L) - -t
AN N T
I O o
! 4N
) - RN P
- wf
L N o‘-
i ©
.. - (0]
e et
o“ . ., m
b |aam S
e o i _ . . b~

3/3d ‘zgve WA FO TonoaT g Ystd arToym

‘VSHh NI JOVYR
NCILYHN AN NIe v~

-

HONI ¥3d SNOISIAIQ O1 X S313A3 §
JIWHLINY SO -in3S

oo~ O 0 9 0

Time, hours

one organism per

Slope Intercept y equals

= 0.52 ppm.

w

data point,

Figure 2 - Composite of designated Whole Fish B,
C
1.699.



- bomee e e ey
—t . Sy o
-t . 1
o .
e Q 1
——r 3 : ;-
| o -t
e .. a b
Lo . ¥ ce
\,4...,: ot ——— ..E..A
e | 1w RN EREY S
e I & ) = _
T g4 f o
- N {
. L..—.. l*..: - m . che
1 S R H i
- i 1 e H
[ 71 | [V SO
R S : t i -1
Py I
o i
N

4

S

WA A

.

SORRA RAN

120

g e e

S
ceee e H R *
e @ ' !
. K H
N
. m..t
N FUUUR S N ;
.- -U, B m
N
I PO _M
. . a4
. B ‘_
- 1
NN O 1 O O A O LT PO -
e . _
. ' _ |
- ; - . T Y [ [ ]
. I I 757 O e R N X N O : - | i " i w..
~achoOon % /] o oo~ o n ¢ fn N rto@pr O 0 ¢ 4]
A/31 zZzpe KA T2A9T OnsSS1] STOSNK
=ION! ¥3d SNOIBIAIQ OL X S21DAT S
‘v 8N N1 3ovYN T op JINKHLINYI0T-1NIS
‘ MAHIVHAAMOATY NIAOTPLIIN0 MIAVA HATNS NIOZIIIA T2 Tem o

168 24 48 72 96 120

hours

144

72 96

48

24

Time,

Slope Intercept y = 1.225,

= 0.52 ppm.

w

Figure 3 - Muscle Composite Data - 2 tissue analyses per point.
C



f.’n .

IR AU

-

]
C [a)V]

S

. T e
¢ H
) ;
- [ S I

e ren e d

T T
i
Fns Sa 0

Cigan

11

YT "_’- _'— ."1["!"‘."

P iy

A S e -

120 144

-

b I

48

168 24

96

3/3n ‘gzzpe WA ‘T9A9T onssy] urvdg

WEA mi JQVYS
MFITIWRMM LYY s Y 3

HIONI ¥3d SNOISIAIQ Ot X S9242

TNkl YT WIS

vevorm

~aah™ 0 n <«

3‘

hours

Time,

Slope Intercept y = 2.357.

= 0,52 ppm.

C
w

int.

Figure 4 - Composite Data of Brain Tissue - 2 tissue analyses per
poin



DIETZIGEN CORPORATION
MAOE 1N U.B.A.

D el lS)L DIETZGEN GRASH PAFRLK
SEMI-LOGARITHMIC
S5 CYZSLES X 10 DIVISIONS PER INCH

Gall Bladder Level of FM w»wmﬁ g/ g
[ (o}

A

‘jutod xad sasAieue

"E€G1°C =
oNSST1 g - 30BJIL [BUIISOIUTOI}ISBY JO eleQ o3 1sodwo)

M
J

‘wdd 260 =

3dsdoasjuy adorg

- G 8andtg

‘awty

sanoy

N W b B O NDO . N W b 0o NBO N [ > U 6 NBO N W b

I_‘l ———— e
w. . . . - ' & .. XTI T od-
! ; ; DR .
wm : o RN
m : . ] UG DO
R o § I
(L% ! .
SO B e ~Soll 0%
s N S RN
- i ] e
x.vn‘._lai .....
L ... . AR
. . I B I 0% O S DS
© . ] B S
o —1 ,
Sl L N S DO S
ﬂ.r S o - ..
S P 11 . o R DO
. B . ! cegeee o .. FERY [N B e -fm-
- . .‘. . » PRNIOE SOURNY TR TUUNN M oA [T ATY S SO (U A5 U SRR S B
a1 1 W : S
o - o SR
0 ] 10 -
8 EER I l.d.. R .|”| .A.
_ : .
b .m;. L RS S
w» _ . o J e
- N - o
o
" ..... .L o —
o R i bl
V) _ " "
| y N &
1 '.L& PISRS S §
.% cRues N .
- ] 58
(X) =
S i . b
EERRR FREe . TR
T e B P
DY IS I
- - B R
. P ...m
o i




T ,..—jTA.__—._..‘_.:._ -

="

T TR YT T T T T
]

1y
g
| E
0 N0 1. W ‘A DY O IR I O 5 Y 0 SO0 DU OO USROS I I Uy O O A 00 FOUY UM I O 0 OOt ok
! N
e =
.y
i . . .
o —— 1..!@0P.I.Lm
. - - a- .“Q e .A.... . .
, . ofe ot
f= 1 N i 00
: ok RO
CEL o i o
, - . He ; ..r
T " I N R R MO - |
S . M I !
= © - o N ”
I e L " ] ::--h.f IBE aww.;__ i
OOV v ¢ N aOn~OC B < n L ] ~2DN~ 0 N ¢ ] N ‘-

8/3d ‘ZZbE WA JO ToAaT 30maY

KA RLECTIE T 1 1
NOILYHOdNOD NIOZAIIO

~=INE

TBUT}IS33UTOI}SBY

H3d SNO'SIAIG Ot X 331242 §

Tl HeTST w35
= et NAOZL -

Slope Intercept y = 1.364.

0.52 ppm.

CW

Figure 6 - Composite Data of two gall bladder analyses per point.



