
BIOACCUMULATION

TEST SUBSTANCE

Identity: N-ethylperfluorooctane sulfonamidoethanol; may also be referred to as
N-EtFOSE Alcohol or FM-3422. (1-Octanesulfonamide, N-ethyl-

1.1,2,2.3.3,4,4,5,5,6,6,1.7,8,8,8-heptadecafluoro-N-(2-hydroxyethyl)-,
CAS # 1691-09-2)

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

METHOD:

Methodiguideline followed: None given for sampling of the organisms.
Extraction and analysis procedures were devised by 3M.
Type: Analysis of tissue for fluorochemical from indigenous fish caught in the

Tennessee River above and below the Wheeler Dar.
GLP (YN): 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 utiized as samples; Two channel catfish 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 beldw. the dam the fish were caught.

Aten ppm standard of FM-3422 (N-EtFOSE alcohol) was prepared by diluting 1
mlof a 100 ppm standard (in ethyl acetate)to mark with ethyl acetate in a 10 ml
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 20.591 g sample containing skin, filet, small

wr part of the backbone, reproductive organs, partof the kidney, and rectum.

© © The white crappie had a dinker die core sample taken behind the gil plate to
YT createa 16.684 gram sample containing ft, vertebrae, sin and bi.

IA <3 All samples were homogenized in known volumes of DI water and divided into

five aliquots each.
3
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Samples were centrifuged, extracted with ethyl acetate, and analyzed by GC for
organic and inorganic fluoride.

It was noted that FM-3925 (N-MeFOSE alcohol) and FM-3422 (N-EtFOSE
alcohol) could not be distinguished with GC with electron captureparameters.
The results are therefore a combined value.

RESULTS

N-MeFOSE alcohol/ N-EtFOSE alcohol Concentration
In Tennessee River Fish by GC

N.EFOSE alcohol
ppm)

RS——i—TT—— —
[WitBasscoresample{351Er——TE ——TY——TT I —Lo Le — —TY— —

Upon completion of GC analysis, there was concern that the values were not
definitive. Additional analysisof ethyl acetate homogenate extract was then
done using Capillary Gas Chromatography with Electron Capture and GC using a
Microwave Sustained Helium Plasma Detector.

Qualitative analysis of the fish extracts using Capillary Gas Chromatography with
electron capture failed to identify the presence of N-EtFOSE alcohol. This was
further supported by analysis by a Microwave Sustained Helium Plasma Detector
where again, no evidenceof any fluorochemicals were detected andspecifically
no N-EtFOSE alcohol and no N-EtFOSA (F-6309) were detected. The results
obtained by the microwave plasma detector on spiked samples indicated that N-
EtFOSE alcohol, if present, could have been detected from its fluorine content at
0.1 ppm in the ethyl acetate extracts. No reference was made to N-MeFOSE
alcohol except for the general statement made “No fluorocarbon peaks were
observed in the actual samples.”

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
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identity and it was found to be N-EtFOSA (F-6309). The attached report (‘ARNo. 7238 — Determination of Fluorinated Alcohols in Fish Extracts”, 10/23/79) stilrefers to FM-3923 when in fact the sample labeled as FM-3923 is F-6309. Thisreport also has inconsistencies. The last paragraph indicates the abilty to detect
fluorine content at 0.1 ppm level. However, a review of the procedure usedindicates a detection limit of 0.5 ppm.

The first report (5122/79) describes analysis of ethyl acetate extracts of fishhomogenate by gas chromatography (GC) with electron capture detection. Theanalysis shows the presence of materials in fish tissue extracts that have GCretention times identical to both N-MeFOSE alcohol and N-EtFOSE alcohol andto N-EtFOSA. The GC retention times of N-MeFOSE alcohol and N-E{FOSE
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 fishextracts, but electron capture detection is not specificforfluorochemicals. 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. In the 1B row, 0.40 should be changed to 4.13, and in the 2A row, 0.004should be changed to 0.06.)

The second report (12/28/79) shows a misinterpretation in the first report, It
includes a descriptionof GC analyses of ethyl acetate extractsoftwoof the
samples described in report 1 samples 1B and 3A. The work described inreport
2 used electron capture detection and references a report using microwavesustained helium plasma detection (MSHPD) in the fluorine and sulfur mode. Influorine mode, MSHPD method is specific forfluorine. The MSHPD results show
no fluorochemicals in the ethyl acetate extracts. The results are interpreted asindicating that F-6300 and N-EtFOSE alcohol (FM-3422) are present in the ethylacetate extracts at less than 0.1 ppm. In the first report, N-EtFOSA (F-6309) andN-MeFOSE alcohol (FM-3925) / N-EtFOSE alcohol (FM-3422) had appeared tobe present respectively at 0.82 and 3.31 ppm in sample 1B and at 1.48 and 0.80ppm in sample 3A. Thus, the GC-able compounds seen in the first report appearnot to have been fluorochemicals and thus could not have been N-MeFOSEalcohol, 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: 3V Company, Environmental Laboratory, P.O. Box 33331, St. Paul,
Minnesota, 55133
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DATA QUALITY

Reliability: Kiimisch ranking 3. Without an understanding of the samplingdesign in relation to the outfall and sampling points, verifiable data on the actual‘concentrationsoffluorochemicals in the river from both the manufacturing facilityand from natural sources, activities in the manufacturing facility prior to sampling,any applicable environmental conditions (e.g. rain evens), and a clear
understanding of how long the sampled fish were in the sampling area, there islitle to be concluded. Additionally, the analytical data confiicts. It cannot bedefinitively concluded which analytical data set is correct. Extraction and
analytical methodology were not validated. State units of results is ppm. Itis not
correlated to mg analyte per kg body weight. Identity and purity of reference
compounds was not established therefore stated analyte concentrations have nobasis in fact.

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 “AR No. 7238 ~ Determinationof Fluorinated Alcohols in
Fish Extracts.” D. F. Hagen, Project A000007, Environmental Engineering andPollution Control, Report Number238, October 23, 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 Gillet,
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© Teas. River Fish/JEG Pr. 5/22/79

INTRODUCTION
It ia know that 34's Decatur, Alabama plaat effluent has highSitanic, fluoride levels, 10.5 ppa (1)(3). It hus also been shown thatfluorochemicals can bioiccusulate in fish in a laboratory eavieIonmest (3)(4). With these combined factors, the next step wasI0,898 Lf fish caught in the Tennessee River ness the DecaturPlast had detectable levels of flucrochemicals.
RESULTS AND prscusstonBESULTSaDDiscussion
Table 1 lists the concentration, in ppm, in fish of compoundshich have the same retention time as the three fluorochomicalsof interest (P4303, FN-3933, and Fu-3433).
Aaalyeis of the results for the dissected chasse catfish,Sample 34, shows that the fluorochemicals bicconcestiars to agreater extent in the gastrointestinal tract, reproductive syetem,and fat. It can aleo De seen that the muscle layer wes Feuss sorto bioaccumilate the three fluorocheaicals of interest, Teiceresults agree with earlier reports (34).
¥hen coaparing the total fluorochemical content (TFC) for the£40 whole fish samples, the larger channel catfish consoiac morethan twice the fluorocheaical content, 3.74 ppm ve. b 13 po.Since both fish wore caught in the same Ares’ s vessonibil)$3planation for this aay'be related to the high partition coefficientfor channel catfish. Pluorocheaicals bioaccumulate is fatty s)ecic23d ince moro futty tiveuo iu prowont in iho larger ian: lorsfluorochemicals would be expect ed.
14309 is present at higher ccncentrations in the dissectedchannol catfish, samplo 3A, thn other samples. Since piceacumila-tion ratow hav'not buon dotorained for Fudd me euphioosiomsfor the higher concentrations can be offered.
The two fish sumples which had cores taken from them will mot borigorously compared to whole fish samples. The resson for thin isthat the core samples miy not have repressntative eoncontratiamuof fluorocheaicals (vhole fish values may be highes oc sireci”Since core Vamplay wore (ukon Irom tho spproxiaste vem’ eenlion,the results cas be rigorously compared.
The white bass from below Wheeler Dam, sample 1B, had a wholeTiuh TFC of 0.40 ppm. whilo the white crappie from shove FhselerDam. wasple 24, hid 4 whole fixh TFC of 0.004 ppm: "With anosmail watintical uamplon, Lt would be difficuit in may thos thelarger TIC iu duo only Lo’ the white baus Living In the penecacyof higher fluorochemical concentration, downatiean from the picat.Other possible explanations for the higher TPC could ve tofollowing:
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EXPERIMENTAL
1. sample materiale

Ha
34 = Small ghunged satin (Fotaturs pusssetusl, omghtprot re a eee ed
1B - White bass (Rooous chiysops), caught below WheelerMertmre haar? ’
25 - White crappie Pomosis aneularis), caught shove WheelerRR
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P6309, YM-UULS, und PM-U1ZZ.

Ton ppm standards of F-6309, FN-3925, and FN-3422 woro propared

By diet ihe  al of o 100 ppm Ltaadard, ia ethyl aceite. to markLe tteTae il Satan 10" Vorumetris thane.
3. Analysts Instrussntejuaterials

Blonder:
¥artag Commeraisi blender, Wodel 1-363, available fromTEINS rome Biote ete of ew Hartera, Coast.
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and fat. .
(9) Based on the actual weight of sample used, 18.8% loss thun

frozen weight, and weight percent of euch part.

Tenn. River Fish/JEG = 5122/79 .

Hater:
Deloaized water.

3. Procedure (6)
Procedures used below, except for minor wodifications,
were obtained from earlier SM Technical Report summaries (7).
Samples 14 through 3A and 1B were removed from the freezer
and placed in large alumious pass, in & fuse hood, aad
allowed to thaw.
A whole chasnel catfish, sample 1A, was cut iato 5 sections
22d homogenized in a blender with 300 Bl water.
Sample 1B had a dinker die core sample taken just off the
lateral line behind the gill plate. Coatents of the
30.501 gram sample were skin, filet, small part of backbone,Feproductive organs, part of kidney, and rectum.
Sample 3A bad a dinker die core sample taken behind the
gill plate. The 16.634 gras sample contuined Iilet,Vertebrae, skin, and bile. Samples 18 and 24 were
homogenized with 10 ml of water ia & “tissuemizer."
Sample 34 was dissected, and the verious individual parts
wore homogenized with water. Individual parts weighingmore tha 35.0 grams were hosogenized in a blender, while 2those of lesser weight were homogenized in a "tiseuemizer.'
Table 3 lists the sample, sample weight, and amount of
water added for homogeniziig each sample.
A11 of the above samples. wfter homogenization, were
divided into five aliquots and placed in precleased bottlcs,
(dichromate/acid, water rinse, dry, toluono, dry).
Three 1iquotw wory piuced ia LPK ovivw, While ile
other two were placed iaglass bottles. Samples were stored
in a refrigerator at 4.5% C. until needed.
Susples analyzod for P6309, FH-3935, and FH-422 wero
prepared sccording to the following procedurs. See Table 4
for ‘weight of sample and milliliters of ethyl acetate used
for extractions.
A previously homogenized sample, stored ia a glass bottle,was weighed (mo larger than 4.00 g) aad added to & 30-ml
precleased glass ceatrifuge tube. A volume of ethyl
acetate vas added at the rate of 1.0 ml ethyl scetate pur
gram of homogenate. The ethyl acetate/fish homogenate were
mixed for 1.8 mioutes ia a mixer at a speed setting of 3.
The samples ‘were removed and centrifuged at 1500 rpm at
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Lean. River Pisn/smG -10- 5/22/19

TABLE 4

PISH WEIGHTS AND ETHYL ACETATE VOLUMESSED YOR EXTRACTIONS

ActunyWeignt of Pish % ¥ater Fish Ne.sume ‘Homosentte i Extracted mlDescription Ckotma)~ Homogenste (mp). Eton
3% - all Bladder 1.20 s1.0 us2 12
an = Laver 2.20 62.7 s0.6 2.2
34 - uuscle 2.40 as ames 24
3h - rat 2.40 es. 20.2 24
31 - parts 3.00 4.3 asso 3.0
an - ais 3.00 s.8 ae.0 2.0
Water Bleak 2.40 100.0 - 2.4
1A 2.40 57.8 1012.8 2.4 Y

1B 2.40 32.7 1615.2 2.4

xn 2.00 ars 1s00.0 2.4

: ==&
-
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S
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=
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Introduction:
Previous work! indicated a need for more definitive answers tothe presence of volatile fluorochemicals. Capillary gas chroma-tography with an electron cajture detector (CGCEC) and microwavesustained heliun plasma dete>tor (MSHPD) were used to analyseethyl acetate extracts of fish taken from the Tennessee River,near 3's Decatur, Alabama plant. A Minngsota brown bullheadsample, extracted as previously describedl, was also analyzed asa background check.
Results:
1. Capillary Gas Chromatography with Electron Capture

No compounds were detected in the Minnesota brown bullhead(sample 1M) having retention times close to the fluoro-chemical standards (Table 1). Except for a peak at 6.14minutes, and solvent pesks, the chromatogram was very clean.In comparison, samples 1B and 3A (bass and catfish frombelow and above Wheeler Dam, respectively) showed more than25 peaks. A peak with retention time similar to F-6309 wasdetected in samples 1B and 3A (Table 1).

TABLE1
QUALITATIVE ANALYSIS OF FISH EXTRACTS FOR FLUOROCHEMICALS

Retention Time (Minutessample gpepgion-Time(igen)
1B - N.D.wm N.D. ND.3a * N.D!Fu-3422 Std. N.D. hrF-6309 Std. ie N.D.
N.D. = Not detected
*" = Very small amount*#+ = Peak Area less than standard, but greater than **#+ = 10 ppm standard

2. Microwave Sustained Helium Plasma Detector: (MSHPD)
The above samples were also analyzed by MSHPD in the fluorineand sulfur detection modes. The results obtained by themicrowave plasma detector on spiked samples show that FM-3422and F-6309, if present, could have been detected from theirfluorine content at the 0.1 ppm level in the ethyl acetateextracts, No fluorocarbon peaks were observed in the actualSamples.2
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Discussion:

The above results indicate that no volatile fluorocar]
©FeSent in samples. The laree apounts of organic fluorine
mentioned in the original report: are due to the presence ofnonvolatile fluorochemicals (NVFC). Thin-layer chromatography
for NVFC's (e.g., FC-95) was hindered by an overabundance of
interferring compounds.

Integrity of the Standards:
After the initial report’, it was brought up that F-3923;and
FN-3422 are both the same compound (N-ethyl FOSE alcohol)d.
The compound used for our FU-3923 standard had given a different
retention time, by gas chromatography, than Fi-3422, Samples of
FM-3923 (a new sample), FM-3923 (the old "standard"), FM-3422, andFM-3925 were sent to Commercial Chemicals Analytical Lab forverification. 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-ethylperfluorooctanesulfonamide:
CF,,S0,NHEL) .
As of 27 August 1979, the new FM-3923, Lot 518, will be used forpreparation of standards (identification verified”) and the oldFM-3923 has been properly labeled as F-6309.
References:

“Gagnon, James E., 34 Technical Report Summary "Bioaccumulation
of Fluorochemicais in Tennessee River Fish," 22 May 1979.

2Hagen, D. F., 3M Technical Report Summary "AR No. 7238 —
Determination of Fluorinated Alcohols in Fish Extracts,"
23 October 1979.
personal Communication with A. Mendel.
Winter, L. D., Commercial Chemicals Analytical Lab RequestNo. 14598, 24 August 1979.
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3M REPORT: BIOACCUMULATION STUDIES March 8, 1993

© Bepors No, 001 (512179) “Bioaccumulation of Fluorochemicals in Tenn. River Fish and Report No. 100(12128179) “Fluorochemicals in Tennessee River Fish.*
os Bair of papers is quite confusing, largely because of incorrect stands, confused identity of Labels and.Jerity of contents, and the difficulty of actual determinations. When these are combined wih 3 Jack. of rien:raion design in elation to outall and sampling points, the result add litle to our understanding of dheproblem. These papers make an excellent example of how a little knowledge can be dangerous.

6
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CENTRAL ANALYTICAL LABORATORY

— TCOPY AVAILABIDate. ___.__Octaher. 23, A979... BES

Subject: Determination of Fluorinated Alcohols in Fish Extracts
Requestor: . J. E: Cagnon___ Dept. Name .BES?C_______ Proj. No, 1300600

Request No. .AZ313________ Dated .August8, 1979

Report:
Incroduceion
The microvave sustained heliun plasma detector (MPD-B50)-chromatographic systems
and capillary column chromatography with electron capture detection vere utilized
to examine fish extract samples for the presence of fluorocarbon alcohols F¥-3923,
F4-3925, and F-34022.

Discussion and Results
The heliun plasma detector yields atomic line spectra for the elements present in
the chromatographic peak as it elutes from the column. One can therefore monitor
specifically for fluorine and sulfur to allow for the detection of pacific compounds
such as che fluorocarbon alcohols. Detection levels are intermediate between FID
and EC detectors. In this type of sample, the lower detection Linit Ls somevhat
dictated by the sample matrix. If large non-fluorine containing peaks ate 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
Interference peaks are adequately separated from the Fluorine containing peak of
{ncorest. The lover level of the fluorocarbon alcohols detectable in these ethyl
acetate fish extracts ls about 5 nanograns/L0N1 injection.
Additonal sensicivity vas obtained by concentrating 10041 of the solution as received
to 20u1 and Injecting 1041 of this concentrate for analysis. Operating conditions
for the HPD-850 ace lisced below.
Column Svsten A - 6', 6% CH-20H-TPA on 80/100 mesh Chrom G. H.P. programed from
100 co 200°C ac 1s"C/atn. Heliun carrier ac 25ce/min. with purge rate to ¥PD of 50
ce/min. Forty percent of the colum effluent is spilt to the FID on the HP-7620 gas
chromatograph and 60% ts transferred to the MPD-850 plasma cavity via a heated 1/16"
capillary Line ac 180°C. The cavity hoad temperature is held at 200°C and the plasma
i sustaloud by a 100 uice microuave pouer supply operating at 2.50 gigaheres,
The eatssion Lines used for fluorine and sulfur vere 6856.0 and 5453.9 A respectively.
Approximately 0.5 nl/ain. of oxygen Ls used as the scavenger fas to prevent carbon
buildup on the quartz plasna reactor tubes.
The above samples vere also examined on a capillary column system with electron
capture detection in an attempt to lover the sensitivity levels for the compounds
of Ineresc. Operating conditions for the capillary system are listed below.
Column Systen 8 - 30 meter glass capillary column wall coated wich CH-20N. Initial
Coluan temperature vas 60°C and ic was programmed ac 10°C/ain. to 240°C. Split mode
of injectton was ucilized with 99% of the injected sample (ul) being vented to the
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(ethyl acetate extract of a channel catfish above Wheeler Dam). At those points

ethyl acetate extract of sample 1-B (bass below Wheeler Dam).
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P-3422 species. These latter tuo samples do have a peak at the retention cineof MI-3923 major isomer but the isomer distribution fs not evident in the samplechromatogram. Lover levels of detection via electron capture would require additionalsample cleanup prior to chroaacography.
The resulcs obained by the microvave plasma detector on spiked samples show chatthese alcohols LE present could have heen detected froa their luorine content atthe 0.1 ppm level in the echyl acetate extracts. No fluorocarhon neaks were ohservedIn ehe actual samples.
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