
BIOACCUMULATION 

TEST SUBSTANCE 

Identity: N-Ethylperfluorooctanesulfonamide; may also be referred to as 
U1464, EtFOSA, EtPOSA, F-6309, or FX-12. (1- 
Octanesulfonamide, 1 ,I ,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8- 
heptadecafluoro-N-ethyl-, CAS # 41 51 -50-2) 

Remarks: Material is a white solid of uncharacterized purity. 

METHOD 

Methodlguideline 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 

GLP(Y/N): No 
Year: 1979 

fiuorochemical manufacturing facility. 

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 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 below the dam the fish 
were caught. 

A ten ppm standard of FM-3422 (N-EtFOSE alcohol) was prepared by 
diluting 1 ml of 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 part of the backbone, reproductive organs, part of the 
kidney, and rectum. 

The white crappie had a dinker die core sample taken behind the gill plate 
to create a 16.684 gram sample containing filet, vertebrae, skin and bile. 



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 

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 gillsample 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 
similar to EtFOSA. This peak area was less than the EtFOSA 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 fluorochemicals. 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 
1 B 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 sulfur mode. In fluorine 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 pp‘m. 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 1 B 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 natural sources, activities in the 
manufacturing facility prior to sampling, any applicable environmental 
conditions (e.9. 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. 
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3M REPORT: BIOACCUMULATION STUDIES March 4 1993 

'. 

6. Repopt No. 001 (5122/?9) 'Bioaccumulation of Fluorochemicnls in Tern Ever Fish" and Report No. 100 
(12j28I79) "FluorochemicaLs in Tennessee Rver Fish' 

This Air 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 
SampIing 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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Tean. River Fish/JSG -2 - 5/22 / 79 

BEST CO 
I t  is known t h a t  3"s M C a t U r ,  A l a b a m a  p l a n t  e f f l u e n t  has h i R h  
O r g m i C  f l u o r i d e  l o v e l a ,  10.9 ppm (1)(3), I t  huu u l s o  been vhown l l iu i  
f l u o r o c h e r i c a l a  can b i o . c c m u l a t e  i n  f1.h i n  a lrborrtory e n v i -  
ronment (3)(4). w i t h  these c o r b i n e d  factor., t h e  nex t  etep w a u  
t o  sea if f i s h  C 8 U g h t  in t h e  ~ e n n e s ~ e e  River near t h o  Dsca tu r  
p lan t  had detectable level. of f l u s ~ o c h e r i c a h .  

RESULTS ANS DISCUSSION 

Table 1 l i 8 t o  t h e  c o n c e n t r a t i o n ,  i n  ppm, in f i 8 h  of compounds 
which havo tho 8- r e t e n t i o n  time as t h e  t h r e e  f l u o r o c h o a i c a l s  
of i n t a r o a t  (Y-6309,  111-3925, s n d  W-3422). 

An8lysi8 of t h e  r e s u l t 8  $or t h e  d i u s c t e d  channe l  ca t f i8h .  
Sample 3A.  .bore t h a t  t h e  t l u o r o c h e m i c a l s  biocoacentrate t o  a 
greater - t en t  in t h e  g u t r o i n t e o t i a r l  t ract ,  r o p r o d u c t i v e  cys t em,  
a n d . f 8 t .  S t  c8a 8180 be soon t h a t  t he  muecle layer v8m found no t  
t o  b loaccumulr te  t h e  three t luo rochemica le  of i n t e r e s t .  These 
rer ru l to  y r e o  w i t h  errlier report8 ( 3 ) ( 4 ) .  

When coapuing the t o t a l  f luo rochemica l  c o n t e n t  (TPC) lo r  the 
t w o  whole f i s h  samplea, t h e  larger channe l  catfish c o o t i i n e d  more 
t h r a  trice t h e  f l U O r 0 ~ h ~ m i C 8 1  c o n t e n t ,  3.74 ppm v8. 1.13 ppa. 
S i n c e  both f i s h  were curgbt i n  the m 8 m e  area, 8 rc#sonable 
e x p l m a t i o a  for t h i 8  may be rel~ted to t h e  h i &  p a r t i t i o n  coei'ficionw ,, 
for channel  catfish.  F l u o r o c h e s i c a l s  bioaccumlate in f a t t y  t i a c u o ,  
ruld oinca mor0 f a t t y  t i v c u o  i u  p r a u o n l  in t h o  lorgor t i n h ,  IDorc' 
f luorochemicr lo  would be expect ed. 

M3Og is preseat a t  higher  c c n c s n t r r t i o n ~  in t h e  di88ected 
chaanol catfish, amplo 3 A ,  t h a n  other saapleu. Siaco biouccul~ulu-  
t i o n  ratear hovo aot buon dotorarlnod Lor P-6309 no oxplanot ionu  
for t h e  h i g h e r  concent  rat ions c8n be offered. 

The two f i 8 h  oamples which had core@ t a k e n  from them w i l l  n o t  bo 
r i g o r o u s l y  compared t o  whole f i a h  8.rsples. The rewon ior t h i s  is 
t h a t  t h e  core samplea may n o t  have  r e p r e s e n t a t i v e  comcant ra t ionu  
of f l u o r o c h e a i c a l s  (whole f i s h  v8lueo  amp be higher or lower). 
S i n c e  core uumplzs wuro tvlron rroQ t h o  upproximaLu v a ~ o  location, 
t h e  r e s u l t s  can be r i g o r o u s l y  cogpared. 

The w h i t e  bas8 from below Whee1.r Dam, 8Mple 18, had a whole 
rioh TPC of 0 .40  ppe, w h i l e  t h e  w h l t e  Cr8pp10 from above Wheeler 
Dam, uample 2 A ,  had Y whole f i u h  TFC of 0.004 ppm. With vuch 
small n t a t i a t i c a l  a m p l c m ,  it would be d l f f l c u l t  t o  a99 t h 8 t  tho 
larger TIT iu duo only t o  the w h i l e  b u u  liviny An Lbu provcncu 
of h i g h e r  f l u o r o c h e r i c a l  c o a c e a t r a t i o n ,  dornatr8am f r o m  t h e  pl8at .  
Ot!ier  po8o ib l0  e x p l . a a t i o n 8  for t h e  h i g h o r  TPC could  be t h e  
f o 11 owing : 
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Tenn. River Fish/JEG 0” - 5/22/79 

TADUS 1 

’i 3 A  - Liver 
i 
i‘ 3 A  - Yarto ( 7 )  
‘, 
; 3 A  - YUCle 

: 3 A  - P 8 t  ( 8 )  

Total Combincd 
311-3025 & PC la F i s h  
Tu-3423 (1) ) (2 )  L s L  

0.40 0.73 1.13 

0.82 3.31 0.40 (4) 

0.06 N.D.  (6 )  0.004 ( 4 )  

1.48 0 .a0 
2.17 0.38 

1.33 0 . 4 3  

W.D. N . D .  

13.85 6.12 

2.74 (9) 

3 A  - G a l l  bladder 1 . 5 7  . 0.74 

Water blank N.D. I1.L). 

E t h y l  acetate N . D .  N.D.  
i 

blank 
- 

*1 

Ywtnoteo to Tabla 1: 

(1)  PY-3925 and FM-3423 cmaot bo re8olved with GC prrrrters 
uoed; there fore ,  a corbinocc vrluo i8  ngortod. 

( 2 )  U v e d  on frozen weight of t b e  fi8h. 
( 3 )  Sample core, 3.61 an, id croatainod .kin, filot, nproduativr 

( 4 )  k s u m e  that  t h e  coocentnlioa8 Obt8la.d l a  t h e  cor0 are 

( 5 )  Slvnplc core ,  3.61 cm i d  corrtalaod filot, vcrtcbrae, Hkln. 

(6) N . D .  * N o t  dotcctcd. 
( 7 )  Convivted of mumcle, ukin ,  blood, bone, uad cart i lu8 .  
( 8 )  k a S i 8 t e d  Of # u t r o i o t a o t l a a 1  tXSCt,  r*ptobuctlVO 818t.r. 

(9 )  68a.d 00 the  actual weight of  8.a010 wad, 18.6% 108. t h m  

. 

0 ~ 8 ~ 1 8 ,  rat? p u t 8  O f  kidaOy, r O C t w ,  md  b 8 C l b o o O .  

repre8entative of tho mat of t h o  f i 8 h .  

and b i l e .  

m d  f a t .  

f l 0 - n  W O i d l t ,  and W e l @ t  & @ ? Q O n t  O$ 0-h Dart. 



Tenn.  River Fish/JEG -4 - 5 / 2 2 / 7 9  

1. Loager r i v e r  reuiwmco time, o-der C-uh. 
2 .  Longer loca t ion  re8idence time. 
3 Differoat apeciem 

8 )  Different feeding md l i r e  8 t y l e 8  

c )  brgmt f l W r 0 ~ h O m i C 8 1  p a r t i t i o n  coef f ic iea t~  

b) Coat8itl8 18-r W e i g h t  percen t  Of 0rg-S 
which tend to biovccumulate f l u o r o c h e r i c a h  

Xi t h e  c o n  o.ql.8 aro rcrpromontative of whole f l a b  c o n c e n t r a t i o n s ,  

f luorocbomicrla  t o  a greator e x t e n t  than  e i t h o r  whit. b u 8  or 
c trpp ie .  Beuon8 for  t h i 8  aro tho saae aa listed abovo. 

then it  ou) be mtu1.t.d t h 8 t  dimno1 c8tfi.h b iO8Ccuu l8 to  

Table 1 g i v  %be r e s u l t 8  of t h e  organic ( W )  .ad i n o t g s n i c  
fluorid. ( f ) corrcentrrt lon,  in p$m, io tho i i a h  8ulplom. 

TABLE 2 ( 5 )  

w - Sugl .  

1 A  9.7 31.8 , , 

2b 18.2 13.3 

1B 10.5 6.2 

Water N.1  . 0.01 



2 A  - White crappie (Ponotir  onnutorial, curqht above Wheolor 

3 A  - f*rrgo chunnol cutfinh ( I r r L ~ ~ l m r m i t  pue~c.br~Lncc). caulghL 

D m  i n  TOBB.8800 River .  

vbove Wheeler Lkrr io 'jeooeuueo IUvol .  

S t aadard. 

F-6309, vu-wns, vud YU-3r103. 

Ton ppm U t ~ t d r r d 8  ~i r43o9, 1m-3015, rad 111-3431 wofo proparod 
by d i l u t i n g  1 rl of a 100 p p ~  utrrrdard, i n  .thy1 aeotato, t o  l u r k  
r i t b  o t b t l  rcetato i n  oopat8to 10 rl  voltmotria i l u k o .  

2 .  Analvmim Inmtruuntm/Yatorr~lm 

Blondor: 

laria# --la1 bloador, Ikbal 101-)63, 6vail.ble I t -  
Warin# Product. Divimioa, Irauto 44 ,  I w  Wartford, CP M O W .  



f ol lowing : I 

Tenn. River Fish/  JEG - *.' 5 / 2 2 / 7 9  

Tioauemizer: 

Yodel #SDT, avai lab le  from Tekmrrr Company, P. 0 .  Box 

Dinkor D i e :  

3.81 CIP i d  AISI-03 high carbon ateel c u t t i n g  die made 
by J e r r y  G u t h r i e  l a  C.ntr.1 Reeerrch &ba, deac r ibed  
i n  3 Y  Technic81 Notebook #51!568-35. 

Mixer: 

Iadustrlem, I n c . ,  Bohemia, NY 11716. 

Centri f u r n  : 

D a w n - I E C  W e 1  #B-30A8 a V 8 i h b l e  f r a n  IkaPon-IBC 
Corpora t ion ,  Needham Heights, MA. 

Rot t la8 : 

Pour-ounce wldeeouthed clear g l u a  bottle sealed w i t h  
aluminum f o i l  and aluminum f o i l - l i n e d  c8pa .  

13S-ml linear p o l y e t h y l e n e  (LPB) p l u t i c  bottle wi th  

. 37203 , Clncinnat  i , otf 45222. 

"Vortex Genie" Model #K-5SO-G, a v v l l v b l o  from Yclent ITic 

pOlySO8l Capo 

Gaa Chrorartorr8r~h: 

Chraotoqraph - 1larlcl.tbPacl ard Modo1 5713 CC. 
I n t o g r u t o r  - tlewlett-Yuckwd Model 33UOA lntogrator- 

p r l n t o t .  

M t b  ol' tho PbovO tbvailablt: from Rtmlett-PaCk8td *., 
1% Ya(W M i l l  Wnd, Y V l o  cb 94304. 

C o l u a  - Six-foot, l / S  inch OD, otaiale8a mtoel, packed 
w i t h  10% CWOM on SO/SO Chroucrorb 8-AU. 

I Col- T. rp . r r tu re  - Isotbojjrrl 180° C. 
I n j e c t u r  - Orr-colunn a t  ZOO C. 
Detector - lil1ect;roa Cap tu re  at  300" C. 
Plow - -0 c c / r i n u t e  of Argoa:Ylsthrao (85/3). 

I 
g t h t l  Acetate: 



urd f 8 t . .  

frozen w e i g h t ,  and w e i g h t  percent OS ench p a r t .  
' (9 )  Based on t h e  ac tua l  w e i g h t  of sample u ~ e d ,  18.8'6 less t h a n  

Tenn  . R i v e r  Fish/ J E G  

3 .  

wafer: - 
Deionized water. 

Procedure (6) 

- *  - 5/22/79 

BEST C 
Procedure8 used below, except for ffiinor roodificatione, 
were o b t a i n e d  from earlier 3 Y  Techn ica l  Report summaries ( 7 ) .  

Suaples 1 A  throuqh 3 A  urd 118 were removed from t h e  freezer 
and plrced in l u g e  aluninum pus, in 8 fume hood, md 
81lowd t o  th8w. 

A whole ChMnel c & t f i s h ,  sample lA, w a s  c u t  i n t o  5 8 e c t i o n o  
and homogenized lo a blonder wi th  200 m l  rator.  

Sump10 1B had a dlnker d i e  core e8mple t e e n  jut off t h e  
1 8 t O r . l  l i n e  behind t h e  g i l l  plate. Content8  of t h e  
20.581 gram 8-10 were .kin, f i l e t ,  8-11 p u t  of backbone, 
r ep roduc t ive  organs ,  p u t  of kidney, md rectum. 

Sample 2 A  h8d a dinker d i e  core sample t a k e n  behind t h e  
g i l l  p la te .  The 16.884 grm v u r p l e  contained $ i l e a ,  
ver t eb rae ,  akin ,  8nd bi le .  S8aple8 1B urd ZA were 
homogenized w i t h  10 m l  of wator i n  8 " t i 8 8 U ~ i Z . r . "  

Sllaplo 3A wlio dis8ec ted ,and  t h e  vk r iou8  i n d i v i d u a l  prrte 
were h m g e n i z e d  w i t h  water. Individual par t8  weighin(t  
more thaa 25.0 gramu were Romogeaizmd in a b l e n d e r ,  w h i l e  
thome of lesmer w e i g h t  were h m g e n l t e d  i n  8 " t i ~ 8 u ~ i z o r . * ~  
Table 3 lists t h e  srmple, suple w e i g h t ,  rad u a r n t  of 
water added for hoeog0oizir.g 08ch 88aple. 

A l l  of t h o  above mmples, &iter h o r o g o n i s r t i o o ,  ware 
dividod i n t o  f i v e  a l i q u o t 8  and placed in precleoo.6 bottles, 
(dichraurte/acld, water rilc#wO, dry ,  tC)lWnO, d r y ) .  
Three 8 l i q u o t u  war@ pluced Au LYY DOLLLUY, whrlrt the 
other two wore placed inoglua bottle.. 9 q l e o  wore otored 
in 8 r e f r i g e r a t o r  at  4.5 C. u n t i l  needed. 

Suqlem malyrod for Pd309, PY-3935, and FU-3432 w e r c  
p r o p u d  &cording t o  tho f o l l a i o g  procedure. 3- Tab10 4 
for woigbt of *amplo 8ad mill i l i ters of e t h y l  acetate wed 
for . r trrctioas.  

A p n v l o w l y  homogooilsod m.rple, 8tored l a  a g lum bottlo, 
w a a  weighed (ao lu#ot thrrr 4.00  8 )  .ad added to a 30-1 
precleured glu .  coatr l fuga tub . .  A velure of  ethyl 
u c o t a t e  (188 d d o d  a t  tho rat. of 1.0 a1 .thy1 rcultato pur 
gram of boclo#oaato. 
rh.4 for  1 . 8  aiouto. la  a airor a t  a mpeod oettlm# ot 3,  
Tbe rup1.o we?. rworod and oootrifu(~.d at  1800 rpr at 

The o t b y l  .cetato/flmb b m @ m 8 a t e  m r m  

. .. -.- c . . .  .- _... . . .... '_  - 
-~ ~ 



. 

21' C. for 10 minutoo. Aftor contrlfugln(, tho ethyl 
rcotate layor 888 oopar8t8dD by Wo of pipot, w d  
pl8c.d in a vial. Fivo p l  of olarplo (8tradsrd) w 8 a  
injocted for g u  chromatographic m a l y ~ i 8 .  

8.a0loo lA, OA, rad 1B homogmaatooD plurr a rator b lmk,  
in 191 bottloo, wore .oat to Joa Boliolo of tho Contra1 
Beoearch L8borator) ior organic and iaotgrnic f luoride 
-8lt8i# 

(1) 3Y Technical lkport Q u m u y D  Augu8t 30, 1978, Arthur mode1 
t o  E. L. m a ,  "?8t8 O f  n U O r O C b . r f u l 8  -0J8Ct - P?0#-88 
&port. 

1978, Jon Bellolo. 
(3)  Centrrl Bsoo8rch L~boratory &port Number 6902, Mri l  20, 

(3) "I3ioooucontratioa of lry-3422 i n  Dluaqill Sunflrrh and i n  
Cbann.1 Catfi8b,*' Y. T. B l o r b ~ ~ ~  to b. N. Ioltor, 
May 17, 1977. 

**Btnluatioa of t h o  Biocoacrntratioa Potential of 111-3422." 

br Joa B.11810, May 7, 1979. 

oi tbo Sariroawatal Laboratory (m I, PC), rho pori- 
tho diuactlono rad horogonisatioam. 
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