3M REPORT: BIOACCUMULATION STUDIES March 8, 1993

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

This pair 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 combined 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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Tenn. River Fish/JEG -- 5/22/179

INTRODUCTION

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

organic fluoride levels, 10.9 ppm (1)(2). It hus ulso been shown Lhut
fluorochemicals can bioaccumulate in fish in a laboratory envi-
ronment (3)(4). VWith these combined factors, the mext step was

to see if fish caught in the Tennessee River nesr the Decatur

plant had detectable levels of flucrochemicals. :

RESULTS ANC DISCUSSION

Table 1 lists the concentration, in ppm, in fish of compounds
which have the same retention time as the three fluorochemicals
of interest (F-6309, TM-3923, and FN-34232).

Analysis of the results for the dissected channel catfish,

Sample 3A, shows that the fluorochemicals bioconcentrate to a
greater extent in the gastrointestinal tract, reproductive system,
and fat. It can also be seen that the muscle layer was found not
to biloaccumulate the three fluorochemicals of jipterest. These
results agree with earlier reports (3)(4).

When coaparing the total fluorochemical content (TFC) for the

two whole fish samples, the larger channel catfish cont.ined more

than twice the fluorochemical content, 2.74 ppm vs. 1.13 ppm.

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

explanation for this may be related to the high partition coellicicatls |
for channel catfish. Pluorocheasicals bioaccumulate in fatty tissue,

und since morc fatty tissue is prescnt in the lurgor [ixh, morc
fluorochemicals would be expecied.

F-6309 is present at higher ccncentrations in the dissected
channol catfish, sample 3A, thun other samplex. Sinco bicuccumula-~
tion rates have not buen dotermined for P -6309 no c¢xplanationxs
for the higher concentrations can be offered.

The two fish samples which had cores taken from them will not be
rigorously compared to whole fish samples. The reason for this is
that the core samples may not have representative concentrations
of fluorochemicals (whole fish values may be higher or lower).
Since core sumplis werce tuken from the upproximate same locution,
the resulta can be rigorously compared.

The white bass from below Wheeler Dam, sample 1B, had a whole

fish TPC of 0.40 ppm, while the white crappie from ahove Wheeler
Dam, wample 24, had & whole fish TFC of 0.004 ppm. ¥ith such
small statistical samples, it would be difficult to say that the
larger TPC iw due¢ oaly Lo the white basw living in the promenceo
of higher fluorochemical concentration, downstream from the plant,
Other possible explanations for the higher TFC could be the
following:
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River Fish/JEG -L- 5/22/79

TABLE 1

FLUOROCHEMICAL CONCENTRATION (ppm)
IN TENNESSEE RIVER PISH

Total Combincd

FN-3925 & FC im Fish
Sample F-6309 rM-3432 (1) (ppm) (2)
“"1A - Whole fish 0.40 0.73 1.13
1 1B - Core (3) 0.82 3.31 0.40 (%)
2A - Core (5) 0.08 N.D. (8) 0.004 (4)
34 - Gills 1.48 0.80
" 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 6.132
3A - Gall bladder 1.57 0.74
Water bLlank N.D. N.D.
Ethyl acetate N.D. N.D. '

blank )

Footnotes to Table 1:

(1) FM-3935 and FN-3422 cannot be resoclved with GC paramesters
used; therefore, a combineu value is reported.

(2) Bused on frozen weight of the fish.

(3) Sample core, 3.61 ca, id contained skin, filet, reproductive
organs, anc¢ parts of kidney, rectum, and backboae.

(4) Assumes that the coacentralions obtained in the core are
representative of the rest of the fish.

(5) Sumplc core, 3.81 cm 1id containod filet, verichbrae, skin,
and bile.

(G) N.D. = Not dotcctoed.

(7) Couansisted of muscle, skin, blood, bone, uand cartilage.

(8) Cogs}stod of gastrointestinal tract, reproductive system,
an at,

(9) Based on the actual weight of sanple used, 18.8% less than
frozen weight, and weight percent of each part.
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l. Longer river rewidence time, older [ish.
2. Loager location residence time.
3. Different species

A) Different feeding and life styles

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

¢) Larger fluorochemical partition coefficients

[f the core samples are representative of whole fish concentrations,
then it can be postulated that channel catfish bioaccumulate
fluorochemicals to a greater extent than either white bass or
crappie. Roasons for this arc the same as listed above.

Table 2 givgs *u

a results of the organic (RF) and inorganic
fluoride

(F") conceatration, in ppm, ian the fish samples.

TABLE 2 (5)

ORGANIC (RF) AND INORGANIC (F%)
FLUORIDE CONCENTRATIONS (ppa)

Sample R2Z '0

1A 9.7 24.6 ) v
24 18.2 13.3 R
iB 10.5 6.2

Water N.I. 0.01

Jon Bolisle points out that the high inorganic fluoride values

suom ruther surpriwing. Uis only oxplanatiun waw that fish llour
previously analyzed, for a difterent requestor, was showa to have
inorganic fluoride values highur than organic fluoride. Joa alamo

states that high inorganic fluoride values would make it difficult
to calculate low levels of orgaaic fluoride.

Comparison of the organic aad inorganic fluoride coateat

shows
thut sumpluw [rum ubovo Wheelur Dum have Just an high, £ not
higher, values than for the sample from below the dam. There arse

BO clear cut explanations for this observatioa. Aa earlier
analysis cf Tensnessee River water showed high organic tluoride
concentrations upstream from the plaat. At that time, it was
thought the saagles may have dDeen misladeled. With theee results,
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Tenn. River Fish/JEG - 5/22/79

it would seem to indicate that the concentration of fluorochemicals

may actually be lees below Wheeler Dam. This may be caused by

volatilization of the fluorochemical when going over the dam (1),

settlling of fluorochemicals before the dam.

Comparison of orgaanic fluoride values from Tables 1 and 2 show

no correlation. For example, the highest organic fluoride value,

16.2 ppm for sample 24, had the lowest TFC, 0.004 ppm, for the
fluorochemicals analyzed. A possible explanation is that there
are organic fluorides present in very high concentrations which
were not analyzed for individually. The species which had the
higheat fat content, channel catfish, had the lowest organic
fluoride concentrations.

¥With linited sample population (2 fiab of one species and one
of each of two other species), it is difficult to draw any
meaningful conclusions. The only definite conclusion is that
the fluorochemicals studied do appear to bioaccumulute in river
fish under natural conditioas.

EXPERI MENTAL

1. Sample materials

Fisb

1A - Small chunnel catfish (fotalurus punctatus), caught
above Wheeler Dam in Tennessee River.

1B - White bass (Rooccus ch.ysopa), caught below Vheeler
Dam 1n Tennessee River. )

2A - Yhite crappie (Pomozis annularisl, caught sbove Wheeler
Dam in Tennessec River.

A - largo channel catlish (Fetalurun puuclatue), canght
above Wheeler Dum in ‘jennessee River.

Standards

F=6309, rM-UU2S, uud PM-UaZd.

Ton ppm standards of P 6309, FH-3935, and PN-3422 worce prepared
by diluting 1 ml of a 100 ppm standard, in ethyl acetate, to mark

with ethyl acetate in separate 10 ml volumetric flasks.
2. Analysis Instruments/Materisls

Blender:

Waring Commsercial blender, Model #91-263, availadle froa
¥aring Products Division, lioute 44, New Hartford, CT OR0ST.

2596.0006
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following:

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

Tissuemizer:

Model #3DT, available from Tekmar Company, P. O. Box
. 37202, Cincinnati, OH 45222.

Dinker Die:

3.81 cm id AISI-02 high carbon steel cutting die made
by Jerry Guthrie in Central Research Labs, described
in 3M Technical Notebook #51568-35.

Mixer:

"Yortex Genie" Model ¥#¥X-550-G, availablo [rom Scientific
Industries, Inc., Bohemia, NY 11716.

Centrifuge:

Damon-1EC Model #B-20A, available from Damon-IEC
Corporation, Needham Heights, MA.

Dottlem:

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

125-m1 linear polyethylene (LPE) plastic bottle with
polyseal caps.

Gas Chromato‘rnph:

Chrosatograph = llewietePaciard Modol 5713 GC.
Intogrutor - Hewletti-Puckaid Model J380A intogrator-
prianter.

Noth of the abovc availabla from Hewlett-Packard On.,
150 Page Mill Road, Pulo Aito, CA 94304.

Column - Six-foot, 1/8 inch OD, stainless steel, packed
with 10% CW20M on 60/80 Chromasorb W-AW.

Column Temperature - Isothosnul 180° c.
Injector - On-column at 200" C.

Detector - Electron Capture at 300° c.
Flow - ~40 cc/minute of Argon:Methane (935/3).

Ethyl Acetate:

“Li Chrosolv" chromatography solvent available from
NC/B Manufacturing Chemists, 2909 Highland Avenue,
Nuorwood, OH 45212, au Catslog #600306838M.
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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 euch part.

Tenn

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

Water:
Delonized water.

Procedure (8)

Procedures used below, except for minor wmodificatioams,

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 whole channel catfish, sample 1A, was cut into 5 sections
and homogenized in a blender with 200 m1 water.

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

20.591 gram sample were skin, filet, small part of backbone,
reproductive organs, part of kidney, and rectum.

Sample 2A had a dinker die core sample taken behind the
gill plate. The 18,884 gram sample contained [ilet,
vertebrae, skin, and bile. Samples 1B and 24 were
homogenized with 10 ml of water 1n a “"tissuemizer.”

Sample 3A was dissected, and the various individusl parts
were homogenized with water. Individual parts weighing
more than 25.0 grams were homogenized in a blender, while
those of lessar weight were homogenized in a "tissuemizer.®
Table 3 lists thLe sample, sample weight, and amount of
water added for homogeniziig each sample.

All of the above samples, sfter homogenization, warre

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

Three aliquots wurv placed ia LPE pollles, whiie the

other two were placed in_glass bottles. Samples were stored
in a refrigerator at 4.5 C. until needed.

Samples analyzed f[or F-6309, FM-3932S5, and FM-3432 werc
prepared .ccording to the followiag procedure. See Table 4
for weight of sample and milliliters of ethyl acetate used
for extractions.

A previously homogenized sample, stored in a glass bottloe,
was weighed (no larger than 4.00 g) and added to & 30-al
precleaned glasa centrifuge tube. A volume of ethyl
acetate was added at the rate of 1.0 ml ethyl mcetate peur
gram of homogenate. The ethyl acetate/fish homogenate were
mixed for 1.5 miputes in a mixer at a speed settiag of 3J.
The samples were removed aad centrifuged at 1500 rpm at

2596.0008
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Tenn. River Fish/JEG - . 5/22/79

21° C. for 10 minutes. After centrifuging, the othyl
acetate layer was separated, by use of a pipet, and
placed in a vial. Five ul of sample (standard) was
injected for gas chromatographic analysis.

Sanples 1A, 24, and 1B homogenates, plus & water blank,
in LPE bottles, were sent to Jom Belisle of the Central
Research Laboratory for organic sad inorganic fluoride
analysis.

RE FERENCE3

(1) 34 Technical Report Summary, August 30, 1978, Arthur MWendel
to R. L. Bobon, "Tate of Fluorochemicals Project - Progress
Report."

(2) Central Ressarch Laboratory Report Number 6902, April 20,
1978, Jon Belisle.

(3) "nioccoucantration of PM=-34332 in Bluagill Sunfish and in
Channel Catfish,” M. T. Elaadbarawy to A. N. Yelter,
May 17, 19877. ’

(4) 3 TRS, August 16, 1978, A N. VWelter to D. L. Dacoa,
vEvaluation of the Bioconcintration Potential of FM-34332." ,

(5) Ceatral Research Laboratary Report on Request FA72199 ) -
by Joa Belisle, Nay 7, 1979. "

(8) Experimental work done in cooperation with A. N. Velter
of the Bavironmantal Laboratory (KR & PC), who performed
the dissections and homogeaisatioss.

(7) IM Technical Roport Summury, Movomber 10, 1977, A. Wowmded
to D. L. Bacoa, "Aaalytical Methodology oa Yu-3433.%
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Tenn. River Fish/JEG -9- 5/22/79

TABLE 3
FISH WEIGHTS AND WATER VOLUMES USED FOR HOMOGENIZATION

Sample Initial Whole Actual Sample ml Water
Description Frozen Veight Yeight Used Used
1A 146.0 g Yhole fish (1)(2) 200
2A 266.5 g 16.684 g (3) 10
1B 210.0 g 20.591 g (3) 10
3A - Musc}e 752.0 g 209.93 g 200
3A - Gall bladder 752.0 g 1.378 g 10
3A - Liver 752.0 g 5.949 ¢ 10
3A - Fat 752.0 g 052.250 g 100
3A - Parts 752.0 g 321.57 g 300
3A - Gills 752.0 g 19.38 g 100
Footnotes:

(1) A tish hook, with no apparcat rust or linc, was found in
fish and was remuved belore homogenizualion.

(2) The fish appeared to be slightly dehydrated (possibly duc
to constant air flow over surface of fish) so the actual
weight of fish used may have been less than frozen weight.

(3) Sample core 3.61 cm id. -

3M_MNO01639846
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Tenn.

Sample

Descriztion

3A -
3A -
3A -
3A -
3A -

3A -

Water Blank

1A
1B

2A

River Fish/JEG -10- 5/22/79
TABLE 4
FISH WEIGHTS AND ETHYL ACETATE VOLUMES )
USED FOR EXTRACTIONS
Actual
Weight of Fish % Water Pish Wt.
Homogenate in Extracted ml
__{grams) Homogenate (mg) EtOAC
Gall Bladder 1,20 87.9 145.2 1.2
Liver 2.20 62.7 820.6 2.2
Muscle 2.40 48.8 1228.8 2.4 I
Fat 2.40 65.7 823.2 2.4
Parts 3.00 48 .3 1551.0 3.0
Gills 3.00 83.8 486.0 3.0
2.40 100.0 -— 2.4
2.40 57.8 1012.8 2.4 "
2.40 32.7 1615.2 2.4
2.40 37.5 1500.0 2.4
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Intreduction:

Previous workl indicated a need for more definitive answers to
the presence of volatile fluorochemicals. Capillary gas chroma-
tography with an electron' capture detector (CGCEC) and microwave
sustained helium plasma detector (MSHPD) were used to analyze
ethyl acetate extracts of fish taken from the Tennessee River,
near 3M's Decatur, Alabama plant. A Minnesota brown bullhead
sample, extracted as previously described?, was also analyzed as
a background check, ’

Results:
1. Capillary Gas Chromatography with Electron Capture

No compounds were detected in the Minnesota brown bullhead
(sample 1M) having retention times ¢losé To the fluoro-
chemical standards (Table 1). Except for a peak at 6.14
minutes, and solvent peaks, the chromatogram was very clean.
In comparison, samples 1B and 3A (bass and catfish from
bglow and above Wheeler Dam, respectiIvely) showed more than
2g‘5EEE§T‘—1r1ﬁﬁnE1ETEE‘?EEE?EIGEE€EEE??;nn11ar to F-6309 was

detected in samples 1B and 3A (Table 1).

TABLE 1
QUALITATIVE ANALYSIS OF FISH EXTRACTS FOR FLUOROCHEMICALS

Retention Time (Minutes)

Sample 10.84 12.68 *

1B ** N.D. : Z
iM N.D. N.D.

3A * N.D.

FM-3422 Std. N.D. ¥k

F-6309 Std. *xx N.D.

N.D. Not detected

*»
* %
* %%

Very small amount
Peak Area less than standard, but greater than *
10 ppm standard

ft 8 U 4

2. Microwave Sustained Helium Plasma Detector: (MSHPD)

The above samples were also analyzed by MSHPD in the fluorine
and sulfur detection modes. The results obtained by the .
microwave plasma detector on spiked samples show that FM-3422
and F-6309, if present, could have been detected from their
fluorine content at the 0.1 ppm level in the ethyl acetate
extracts, No fluorocarbon pesks were observed in the actual
samples.

3M_MNO01639849
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Discussion:

The above results indicate that no volatile fluorocarbons were
present in samples. The large aTounts of organic fluorine
mentioned in the original report~ are due to the presence of
nonvolatile fluorochemlcals (NVFC). Thin-layer chromatography
for NVPC's (e.g., FC-95) was hindered by an overabundance of
interferring compounds. :

Integrity of the Standards:

After the initial reportl, it was brought up that FH-39233and
FM-3422 are both the same compound (N-ethyl FOSE alcohol)™,

The compound used for our FM-3923 standard had given a different
retention time, by gas chromatography, than FM-3422. Samples of
FM-3923 (a new sample), FM-3923 (the old 'standard"), FM-3422, and
FM-3925 were sent to Commercial Chemicals Analytical Lab for
verification. It was determined that the old FM-3923 standard
had been improperly labeled before being sent to us. In reality,
the sample was F-6309 (N-ethylperfluorcoctanesulfonamide:
C8F17802NHEt).

As of 27 August 1979, the new FM-3923, Lot 518, wjll be used for
preparation’of standards (identification verified™) and the old
FM-3923 has been properly labeled as F-6309,

i
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Report:
Intrgduction

The microwave sustained helium plasma detector (MPD-850)-chromatographic systems
and capillary column chromatography with electron capture detection were utilized

to examine fish extract samples for the preSence of Fluorocarbon alcohols FM-3923,
FM-3925, and FM-3422.

Discussion and Results

The helium plasma detector yields atomic line spectra for the elements present in
the chromatographic peak as 1t elutes from the column. One can therefore monitor
specifically for fluorine and sulfur to allow for the detection of specific compounds
such as the fluorocarbon alcohols. Detection levels are intermediate between FID
and EC detectors. In this type of sample, the lower detection limit is somewhat
dictated by the sample matrix. TIf large non-fluorine contalning peaks are present
they will overload the plasma activating a "bypass mode" to prevent carbon buildup
or the quartz cavity tube. This presents little difficulty if the non-fluorine
interfervnce peaks are adequately separated from the fluorine containing peak of
interest. The lower level of the fluorocarbon alcohols detectable in these ethyl
acetate fish extracts ls about 5 nanograms/10ul injection.

Additional sensitivity was obtained by concentrating 100ul of the solution as received
to 20ul and injecting 10pl of this concentrate for analysis.
for the MPD-850 are listed below.

Operating conditions
Column Svstem A - 67, 6% CW-20M-TPA on 80/100 mesh Chrom G, H.P. programmed from

100 to 200°C at 15°C/min. Helium carrier at 25cc/min. with purge rate to MPD of 50
ce/min. Forty percent of the column effluent is split to the FID on the HP-7620 gas
chromatograph and 60% is transferred to the MPD-850 plasma cavity via a heated 1/16"
capillary line ac 180°C. The cavity head temperature {s held at 200°C and the plasma
is sustained by a 100 watt microwave power supply operating at 2.450 giiahertz.

The emission lines used for fluorine and sulfur were 6856.0 and 5453.9 respectively.

Approximately 0.5 ml/min. of oxygen is used as the scavenger gas to prevent carbon
buildup on the quartz plasma reactor tubes.

The above samples were also examined on a capillary column system with electron
capture detection in an attempt to lower the sensitivity levels for the compounds
of interest. Operating conditions for the capillary system are listed below.

Column System B - 30 meter glass capillary column wall coated with CW-20M., 1Initial
column temperature was 60°C and it was programmed at 10°C/min. to 240°C. Split mode
of injection was utilized with 99X of the injected sample (lul) being vented to the

3M_MNO01639852
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AR No. 7238
October 23, 1979
Page 2

atmosphere. Column flow was approximately 1 cc He/min. and an auxillary flow of
41 cc/min. of 95-5 Argon-methane was utilized to purge the electron capture detector.
This purge flow is added at the exit of .he column system on the HP-5840.

System A - Chromatogram 10-10-79-1 1llustrates the [luorine and sulfur responses
for a 10ul injection of a 10 ppm solution of FM-3923 or CaF;3S0,N(CH3) C2H.OR.
Notz that three fluorine peaks are observed with the major at 6.5 min. The sulfur
response lags the fluorine response by 0.5 min. to prevent pen overlap.

Chromatogram 10-10-79-2 results from a 10ul injection of sample 1-} (ethyl acetate

extract of a brown bullhead from Minnesota. Note the absence of fluorine containing
peaxs.

Chromatogram 10-10-79-3A illustrates the results for a 10ul injection of sample 3-A
{ethyl acetate extract of a channel catfish above Wheeler Dam). At those points
where an overload is shown, the effluent peak which is non-fluorinated is bypassed

around the plasma cavity tube. Clear areas do exist however where the fluorocarbon
alcohols elute and they appear to be absent.

Chromatogram 10-10-79-4 shows the response obtained for a 10ul injection of the
ethyl acetate extract of sample 1-B (bass below Wheeler Dam).

Chromatogram 10-10-79-5 illustrates the response obtained for a 5 fold cuncentrate
of sample 1-B.

Chromatogram 10-10-79-6 shows the response for a 10ul injection of a 5 fold conceatrate
of sample 3A.

Chromatograms 10-10-79-7 and 10-10-79-8 illustrate the responses chtained for the
injection of 1yl of 10 ppm solutions of FM-3923 and FM-3925 respectively. Note

the FM-3925 C4F,750,N (C,Hs) C;H,OH elutes approximately 2 minutes after the n-methvl
homolog.

These levels correspond to 10 nanograms injected and 1 expect one could detect a
S nanogram level.

Chromatogram 10-10-79-9 illustrates the sample of IM which has been splked with
known levels of these homologs. In this case 20 ng of each species was added to

100ul of sample 1-A and this was concentrated via evaporation to 20ul. 1Qul were
then injected for the analysis.

System B - Chromatograms 10-12-79-1, 10-12-79-2, and 10-12-79-3 1llustrate the clectron
capture response for samples 3-A, 1-M, and 1-B respcctively. Note the large numter

of capture sensitive peaks. These are not necesiarily halogenated specles In that

a number of compound classes give a degree of EC reponse. The arrows polnt cut

those areas where the alcchol homologs will elute as illustrated In chromatogcams
10-12-79-4 and 10-12-79-5. '

The capillary column-electron capture results indicate that sample - would have
to contain less than 0.05 ppm based on the attenuations for the sample va. reforemce
solutions. Samples 3-A and 1-B would also contain very little of the P-3925 or
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FM-3422 species. These latter two samples do have a peak at the retention time
of F¥-3923 major isomer but the isomer distribution is not evident in the sazple

chromatogram. Lower levels of detection via electron capture would require additional
sample cleanup prior to chromatography.

The results obtained by the microwave plasma detector on spiked samples show that
these alcchols if present could have been detected from their fluorine content at

the 0.1 ppm level in the ethvl acetate extracts. WNo fluorocarbon peaks were observed
In the actual samples.

O3 Nene

D. F. Hagen ’
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