AR22E-03H3

BIOACCUMULATION

TEST SUBSTANCE

Identity: N-Ethylperfluorooctanesulfonamide; may also be referred to as
U1484, EtFOSA, EtPOSA, F-6309, or FX-12. (1-
Octanesulfonamide, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-
heptadecafluoro-N-ethyl-, CAS # 4151-50-2)

Remarks: Material is a white solid of uncharacterized purity.

METHOD

Method/guideline followed: None given for sampling of the organisms.

Extraction and analysis procedures were devised by 3M.

Type: Environmental sampling of indigenous fish around a 3M
fluorochemical manufacturing facility.

GLP (Y/N): No

Year: 1979

Remarks field: There is no information on sampling procedures of the
organisms from the Tennessee River near the manufacturing facility.

Four fish were caught and utilized as samples; Two channel caifish caught
above Wheeler Dam, one white bass caught below and one white crappie
caught above Wheeler Dam. Wheeler Dam is approximately 26 nautical
miles downstream from the 3M Decatur Plant effluent discharge. It was
not noted in the report how many miles above and below the dam the fish
were caught.

A ten ppm standard of FM-3422 (N-EtFOSE alcohol) was prepared by
diluting 1 mi of a 100 ppm standard (in ethyl acetate} to mark with ethy!
acetate in a 10 mi volumetric flask.

One whole channel catfish was homogenized to create one sample. The
other channel catfish was dissected and the various individual parts were
homogenized to create individual samples.

The white bass had a 6.3 cm i.d. dinker die core sample taken just off the
lateral line behind the gill plate making up a 20.581 g sample containing
skin, filet, small part of the backbone, reproductive organs, part of the
kidney, and rectum.

The white crappie had a dinker die core sample taken behind the gil! plate
to create a 16.684 gram sample containing filet, vertebrae, skin and bile.
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All samples were homogenized in known volumes of DI water and divided
into five aliquots each.

Samples were centrifuged, extracted with ethyl acetate, and analyzed by
GC for organic and inorganic fluoride.

RESULTS
EtFOSA Concentration

In Tennessee River Fish by GC

EtFOSA

Sample {ppm)
Water blank N.D.
Ethyl Acetate blank N.D.
Whole Channel Catfish .40
White Bass core sample 0.82
White Crappie core sample 0.06
Channel Catfish Gills 1.48
Channel Catfish Liver 217
Channel Catfish Parts™ 1.33
Channel Catfish Muscle N.D.
Channel Catfish Fat ** 13.85
Channel Catfish Gall Bladder 1.57

* Consisted of muscle, skin, blood, bone, and cartilage.
** Consisted of gastrointestinal tract, reproductive system, and fat.

Upon completion of GC analysis, there was concern that the values were
not definitive. Additional analysis was then done using Capillary Gas
Chromatography with Electron Capture and a Microwave Sustained
Helium Plasma Detector. Results from only the white bass core sample
and the catfish gill'sample were described in this report.

Qualitative analysis of the fish extracts using Capillary Gas
Chromatography with electron capture failed to quantitate EtFOSA.
However, the white bass core sample showed a peak with a retention time
simitar to EtFOSA. This peak area was less than the EIFOSA standard,
but greater than that seen in the channel catfish gills, which was described
as a "very small amount”. Analysis by a Microwave Sustained Helium
Plasma Detector found no fluorocarbon peaks. The results obtained by
the microwave plasma detector on spiked samples indicated that N-
EtFOSA, if present, could have been detected from its fluorine content at
0.1 ppm in the ethyl acetate extracts.

Remarks: The original report (5/22/79) referenced a sample for FM-3923.
It was brought up after the report was generated that FM-3923 and FM-
3422 are both the same coumpound (N-EtFOSE alcohol). Analytical was
conducted to verify its identity and it was found to be N-EtFOSA (F-6309).
The attached report (AR No. 7238 ~ Determination of Fluorinated
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Alcohols in Fish Extracts”, 10/23/79) still refers to FM-3923 when in fact
the sample labeled as FM-3923 is F-6309. This report also has
inconsistencies. The last paragraph indicates the ability to detect fluorine
content at 0.1 ppm level. However, a review of the procedure used
indicates a detection limit of 0.5 ppm.

The first report (5/22/79) describes analysis of ethyl acetate extracts of
fish homogenate by gas chromatography (GC) with electron capture
detection. The analysis shows the presence of materials in fish tissue
extracts that have GC retention times identical to both N-MeFOSE alcohol
and N-EtFOSE alcohol and to N-EtFOSA. The GC retention times of N-
MeFOSE alcohol and N-EtFOSE alcohol standards were the same (not
resolved) by the method used in the first report. The first report indicates
the presence of fluorochemicals in the fish extracts, but electron capture
detection is not specific for flucrochemicals. Thus the results reported in
the first report were not a specific identification of fluorochemicals
detectable by GC. (Report 1 also has errors in column 4 of Table 1. (n the
1B row, 0.40 should be changed to 4.13, and in the 2A row, 0.004 should
be changed to 0.06.)

The second report (12/28/79) shows a misinterpretation in the first report.
It includes a description of GC analyses of ethyl acetate extracts of two of
the samples described in report 1 samples 1B and 3A. The work
described in report 2 used electron capture detection and references a
report using microwave sustained helium plasma detection (MSHPD) in
the fluorine and sutfur mode. In flucrine mode, MSHPD method is specific
for fluorine. The MSHPD results show no fluorochemicals in the ethyl
acetate extracts. The results are interpreted as indicating that F-6309
and N-EtFOSE alcohol (FM-3422) are present in the ethyl acetate extracts
at less than 0.1 ppm. In the first report, N-EtFOSA (F-6309) and N-
MeFOSE alcohol (FM-3925) / N-EtFOSE alcohol (FM-3422) had appeared
to be present respectively at 0.82 and 3.31 ppm in sample 1B and at 1.48
and 0.80 ppm in sample 3A. Thus, the GC-able compounds seen in the
first report appear not to have been fluorochemicals and thus could not
have been N-MeFOSE alcohol, N-EtFOSE alcohol or N-EtFOSA.

The first report shows the presence of unidentified organic fluorine and of
inorganic fluorine in the fish tissue. This was not re-evaluated in the
second report.

CONCLUSIONS

No reliable conclusions can be derived from this study.

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

Reliability: Klimisch ranking 3. Without an understanding of the
sampling design in relation to the outfall and sampling points, verifiable
data on the actual concentrations of fluorochemicals in the river from both
the manufacturing facility and from natura! sources, activities in the '
manufacturing facility prior to sampling, any applicable environmental
conditions (e.g. rain events), and a clear understanding of how long the
sampled fish were in the sampling area, there is little to be concluded.
Additionally, the analytical data conflicts. It cannot be definitively
concluded which analytical data set is correct.

REFERENCES

3M Technical Report “Bioaccumulation of Fluorochemicals in Tenn. River
Fish.” James E. Gagnon, Project 78-2740, Decatur, Alabama —
Tennessee River Fish, Report Number 001, May 22, 1979

3M Technical Report “Fluorochemicals in Tennessee River Fish.” James
E. Gagnon, Project 78-2740, Decatur, Alabama — Tennessee River Fish,
Report Number 100, December 28, 1979

3M requested expert overview, “Bioaccumulation Studies”, Dr. James
Gillett, Cornell University, March 8, 1993
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3M REPORT: BIOACCUMULATION STUDIES March 8, 1993

6. Report No. 001 (5/22/79) “Bivaccumulation of Fluorochemicals in Tenn. River Fish® and Report No. 100
(12/28/79) "Fluorochemicals in Tennessee River Fish."

This ipair of papers is quite confusing, largely because of incorrect standards, confused identity of labels and
verity of contents, and the difficulty of actual determinations. When these are cornbined with a lack of clear

- sampling design in relation to outfall and sampling points, the result add little to our understanding of the

problem. These papers make an excellent example of how a little knowledge can be dangerous.
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NTRODUCTION BEST COPY AVAILABLE

It is known that 3M's Decatur, Alabama plant effluent haa high

organic fluoride levels, 10. 9’ ppm (1)(2). It has ulsv been shown Lhui
fluorochemicals can biocaccumulate in fish in a laboratory envi-
roament (3)(4). ¥With these combined factors, the next step was

to see 1f figh caught in the Tennesaee River near the Decatur

plant had detectable levels of flucrochemicals.

RESULTS AND DI3CUSSION

Table 1 liats the conceatration, in ppm, in fish of compounds
which have the same retention time as the three fluorochemicals
of interest (¥-6309, FN-3923, and FM-3422).

Analysis of the rTesults for the dissected channel catfish,

Sample 3A, shows that the fluorochemicals bioconcentrate to a
greater axtent in the gastrointeatinal tract, reproductive system,
and fat. It can also be seen that the muscle layer was found not
to biocaccumulats the three fluorochemicals of intsrest. These
resulta agree with earlier reports (3)(4).

¥hen coaparing the total)l fluorochsmical conteant (TFC) for the

two whola fish samples, the larger channel catfish contiined more

than twice the fluorochemical content, 3.74 ppm vs. 1.13 ppm.

Since both fish were caught in the same area, a reasonable

explanation for this may be relatad to the high partition coelficicals
for channel catfish. Fluorocheaicals bioaccumulate in fatty tissue,
and since more fatty tissue lw prosont in Ltho largor [iwmh, more
fluorochemicalas would be expecied.

6309 is preseat at higher cocncentyations in the dissected
channol catfish, sample 3A, thun other samples. Sineo bioaccumulu-
tion rates have not been determined for F.6309 RO oxplanations
for the higher concentrations can be offered. ,

The two fish samples which had cores taken from them will not bo
rigorously compared tc whole fiah samples., The reason for this is
that the core samples may not have representative concentrations
of fluorochemicals (wholsa fish values may be higher or lower).
Since core samplis woere taken from tho upproximatc samo loculion,
the results can be rigorously compared.

The white bass from below Wheelsr Dam, sample 1B, had s whole

fish TPC of 0.40 ppm, while the white crappie {rom above Wheeler
Dam, wample 24, had & whole fixh TFC of 0.004 ppm. %With wmuch
small statintical samples, it would be difficult to aay that the
larger TFC is due only Lo the white baws living in the prosuvacoe
of higher fluorochamical concentration, downatream from the plant.
Other possible explanations for the higher TFC could be the
following:

006092 -



sean


sean



Tenn. River Fish/JEG -- 5/22/79

s BEST COPY AVAILAR:E

FLUOROCHEMICAL CONCENTRATION (ppm)
IN TENNRSSEE RIVER FISH

Total Combined

) FH-I025 & PC in Fish
Sample F=6309 yu-3423 (1) (ppm) (2)
(14 - Whole fish  0.40 0.73 1.13
| 1B - Core (3) 0.83 | 3.31 0.40 (4)
; 3 - Core (5) 0.08 N.D. (6) " 0.004 (4)
(34 - Gills 1.48 ' 0.80
i 3A - Liver 2.17 0.38
3A - Parts (7) 1,33 0.43
' 2.74 (9)
3A - Muscle N.D. _ N.D.
3A - Fat (8) 13.85 6.12
© 3A - Gall bladder 1.57 © 0.74
Water blank . N.D. 3 N.D.
I.\
Ethyl acetate N.D. N.D. R
blank ) . =
Footnotes to Table 1: _
(1) Fu-39325 and FM-3422 cannot be rescolved with GC parameters
used; therefore, a combineg value is reported.
(2) Dused on [rozen weight of the fish,.
(3) Sample core, 3.61 cm, id coatained skia, filet, reproductive
organs, and parts of kidney, rectum, and backboae.
(4) Assumes that rhe concentratioas obtained ia the core are
representative of the rest of the fiah.
(5) Samplc core, 3.681 cm id contained filet, vertcbrae, xkin,
sund blle.
(G) N.D. = Not dotcctod.
(7) Conuisted of muscle, skin, blood, bone, and cartilage.
(8) cossé.t.d of gastrointestinsl tract, reproductive aysties,
an at.
(9) Based on the actual weight of sample ussd, 15.8% lesa than

frozen weight, and weight percent of such part.
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1. longer river residence time, older [ish,
2. Longer location residence time,
3, Different species

) Different feeding and life styles

b) Contains larger weight percent of organs
which tead to bioaccumulate fluorochemicals

¢) Larger flucrochemical partition coefficienta

If the core samples are representative of whole fish concentrations,
then it can be postulated that channel catfish bicaccumulate '
fluorochemicals to a greater extent than either white bass or
crappie. Roasons for this aro the same us listed abovo.

Table 2 givge “ue resulta of the organic (RF) and inorganic
fluoride (F') concentration, in ppm, ia the fish samples.

TABLE 3 (5)

ORGANIC (RF) AND INORGANIC (¥)
FLUORIDE CONCENTRATIONS (ppm)

Sasple R2 xr

1A .7 24.6 R

24 16.2 133 S
1B 10.5 8.2

VWater N.l. 0.01

-

Jon Bolisle pointa out that the high inorganic fluoride valuos
suom rather surprising. lis only explanation wus Lhal fiwh {lour
previously analyzed, for a differeat requestor, was showa to have
inorganic fluoride values higher than orgamic fluoride. Joa slac
states that high inorganic fluuride values would make it difficult
to calculate low lesvels of organic fluoride.

Comparison of the organic aad inorganic fluoride coatasat shows
thalt wumplos [rom uwbovo Wheelor Dam have jJuwt ax high, 4L not
bigher, values than for the sample from bLbelow the dam. There are
no clear cut explanations for this observation. Am earlier
aaslysis of Tennessse River water showed high orgamic fluoride
concentrations upstream from the plaat. At that time, it was
thought the sasples may have basa mislabeled. With these results,
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it would seem to indicate that the concentration of fluorochemicals
may actuslly be less below Wheeler Dam. This may be caused by
volatilization of the fluorochemical when going over the dam (1),
settling of fluorochemicals before the dam.

Comparison of organic fluoride values from Tables 1 and 2 show
no correlation. For example, the highest organic fluoride value,
16.2 ppm for sample 2A, had the loweat TFC, 0.004 ppm, for the
fluorochemicala analyzed. A possible explanation is that there
are organic fluorides present in very high coancentrations which
were not analyzed for individually. The species which had the
higheat fat content, channel catfish, had the lowest organic
fluoride concentrations.

¥ith limited sample population (23 fish of one speclies and one
of each of two other species), it is difficult to draw any
meaningful comclusions. The only definite conclusion 1s that
the flucrochemicals studied do appear to bioaccumulate in river
fish under natural conditions.

EXPERI MENTAL
1. Sgggle materials
Fish

14 - Small chunnel catfish (fotalwurus punctaius), caught
above Yheeler Dam in Tennessee River.

1B - White bass (Roooxs chiysops), caught below Wheeler
Dam in Tennesses River. -

3A ~ White crappie (Pomozis annularis), caught above Wheeler
Dam in Tennessco River.

A - largo channel cutlfisnh (Felalurun punclalesl}, caught
sbove Wheeler Dum in ‘jennvssee Rivor.

Standards
F=5309, FM~UUZS, wud FH-3123.
Ton ppm standards of F <6309, FN-3925, and Pi-3422 woro prepared
by diluting 1 ml of a 100 ppm standard, in ethyl acetats, to mark
with ethyl acetate in separats 10 al volumetric flasks.
2. Analysis Instruments ter)
Blender:

Waring Commercial bleader, lNodel #91-263, available from
Waring Products Division, Loute 44, New Hartford, CT 0OAODST.
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Tisauemizer:

Model #SDT, avallable from Tekmar Company, P. O. Box
. 37202, Cinciannati, OH 45223.

Dinker Die:

3.61 cm id AISI-02 high carbon steel cutting die made
by Jerry Guthrie in Central Research Labs, described
in 3JM Technical Notebook #51588-335.

Mixer: .
"Vortex Genie" Model #XK-550-G, avallublo from 3cientific
Industries, Inc., Bohemia, NY 11718.

Centrifuge:

Damon-IEC Model #B-20A, avallable from Damon-IEC
Corporation, Needham Heightm, MA.

Dottlos:

Four-ounce widemouthed clear glass bottle sealed with
aluminum foil and mluminum foil-lined caps.

135-ml linear polyethylene (LPB) plastic bottle with
polyseal caps. '

Gas Chromatograph: -

Chrosatograph - lewlote-Paclard Modol 5713 6C.
Integrutor -~ Hewlett-Pucksid Model 3J80A intogrator-
prianter.

Both of the above availabla from Howlatt-Packard Co,,
150 Pago Mill Road, Pulu Aito, CA 94304.

Column -~ Six-foot, 1/8 jinch OD, stainless steel, packed
with 10% C¥20M on 80/80 Chromasorb W-AY, '

. Column Temperature - Isothegmal 180° c,
Injector - Om—column at 200" C. o
Detector - RElectron Capture at 300" C.
Flow - 40 cc/ainute of Argon:Methane (93/5).

lthzl Acetate:

"Li Chrosolv" chromatography solvent available [rom
MC/B Manufacturing Chemiats, 1909 Highland Avenus,
Norwood, OH 45212, ws Catulog #6008088M.
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and fat..
(9) Based on the actual weight of sample used, 18.8% less than

frozen weight, and weight percent of each part.

‘Tenn. River Fish/JEG A ] S5/22/79

Water:

Deloaized water. BEST COPY AVAILABLE

3. Procedure (8)

Procedures used below, except for minor wodifications,
were obtained from earlier 3M Technical Report summaries (7).

Samples 1A through 3A and 1B were removed from the freezer
and placed in large aluminum pans, in a fume hood, and
allowed to thaw,

A whols channel catfish, sample 1A, was cut into 5 sections
and homogenized in a blender with 200 ml water.

Sample 1B had a dinker die core sample taken just off the
lateral line behind the gill plate. Contents of the

20.581 gram sample weres skin, filet, small part of backbone,
reproductive organs, part of kidney, and rectum,.

Sample 2A had a dinker die core mample taken behind the
gill plate. The 165.684 gram sample contained riletr,
vertebrae, skin, and bile. Samples 1B and 24 were
homogenized with 10 ml of water in a “tissuemizer.”

Sample 3iA wis dissected, and the various individual parts
were homogenized with water. Individual parts weighing
more than 25.0 grams were homogenized in a blender, while
those ol lesser weight were homogenized in a "tissuemizer."
Table 3 lists tie sample, sample weight, and amount of
water added for homogeniziig each sample.

LA

All of the above samples, uiter homogenization, ware

divided into five aliquots and placed in precleaned bottlos,
(dichromate/acid, water rinse, dry, toluono, dry).

Three aligquots wure pisced 1y LFK pDoLLiesw, whiie the

other two were placed in _glass baottles. Samples were stored
in a refrigerator at 4.5 C, until needed.

Sumples analyxzod for F-6309, FN-3925, und FR-I422 werc
prapared .ccording to the following procedurs. %See Table 4
for weight of sanmple and milliliters of ethyl acetate used
for sxtractions.

-A previously homogenized sample, stored in a glass bottle,
was weighed (20 larger than 4.00 g) and added to a J0-al
precleaned glass centrifuge tube. A vaolume of ethyl
acetate wan added at the rate of 1.0 ml ethyl acetate per
gras of homogenate. The ethyl acetate/fish homogemate were
mixsd for 1.5 misutes in s mixer at a speed settiang of 1.
The samples wore resmoved and centrifuged at 1500 rpm at
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219 C. for 10 minutes. After centrifuging, the ethyl
acetate layer was separated, by use of o pipet, and
placed in a vial. PFive yl of sample (standard) was
injected for gas chromatographic analysis.

Samples 14, 24, and 1P homogenates, plus a water blank,
in LPE bottles, were sent to Jon Belisle of the Central
Research lLaboratory for organic and inorganic fluoride
analysis.
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