BIODEGRADATION (BOD/COD)

TEST SUBSTANCE

Identity: A mixture containing perfluorooctanesulfonate, which may also
be referred to as PFOS, FC-95, or as a component of FC-206C
and L-5439. (1-Octanesuifonic acid,
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-, potassium
salt, CAS # 2795-39-3)

Remarks: The 3M production lot number was 501. The test sample is
referred to as L-5439 and FC-206C. Current information indicates itis a
mixture of 0.73% PFOS, 76.09% water, 15% diethylene glycol butyl ether,
4% urea, 1.55% sodium octyl sulfate, 1.47% hydroxy foamer, 1.05%
polyoxyethylene monooctylphenyl ether, 0.06% sodium lauryl sulfate, and
0.05% benzotriazole.

The following is an abbreviated summary of multiple biodegradation
studies on FC-206C. These studies apply to the test sample as a
mixture with incompletely characterized concentration of impurities.
Data does not accurately reflect the biodegradation potential of the
fluorochemical component of the test sample..

METHOD:

Methods: Various methods. Most not specified.

Type: BOD (Carbonaceous and Total)

GLP: No

Year completed: 1981-1982

Contact time: 20 days

Inoculum: Stale sewage from 3M's Cottage Grove facility and seed
from various sources.

RESULTS

Chemical Oxygen Demand: 360,000 —- 450,000 mg/kg

Total Biochemical Oxygen Demand (BOD):
5-Day: 28,000 - 279,300 mg/kg
10-Day: 180,000 — 340,700 mg/kg
12-Day: 300,000 mg/kg
20-Day: 240,000 - 416,500 mg/kg



Carbonaceous-Biochemical Oxygen Demand (C-BOD):
5-Day: 120,000 —- 251,800 mg/kg
10-Day: 270,700 — 320,000 mg/kg
12-Day: 330,000 mg/kg
20-Day: 340,000 — 411,000 mg/kg

CONCLUSIONS

No reliable conclusions can be derived from this study. The indication is
that the majority of the product components are readily biodegradable.

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

DATA QUALITY

Reliability: Klimisch ranking 3. Study lacks description and records of the
method followed. The inoculum is not properly characterized. The testing
was conducted on a mixture with chemicals having varying degrees of
biodegradability, leading to potential misinterpretation of the results. The
studies lack information on the purity of the test substance and lack
analytical measurements of the concentration of fluorochemical
proportion.

REFERENCES

Test was conducted by mulitiple vendors at the request of the 3M
Company, 3M Environmental Lab, St. Paul, MN, Lab Request Numbers
6812S, 7625, 7736, 7737, 7738, and 7903.

OTHER

Last changed: 6/26/00
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Sample Descrlpt!on°

L-5439, Lot-501,

€C814-28

H A. Scheil

DAY!

6-22-81

SHEEY ‘00

—

ULTIMATE BOD RESULTS~
calculated by two method

BODS 4

80020

s ®
\ ? >
& S
Protocol reference: k° < gﬁﬁ
EAR 2/29/80 (4 (

' ;
2] Conc, of sample in BOD
3] Dilution bottles: ]
s 3.4y mg/L 79,600 |™3/%9),07 o I197kg 294000} m3/kg 319 5] mg/kg 334 000] M9/ ks ﬂooa’bwlﬁa
5 69 " &sol " |9%<o0] n 3010081 v 328 3208 v |3vBoc Vi 8
s /0 - 70200| *  |77400] n =ovao‘3 G BT I 39008] ot 136308
7 /4 " 749,500] n__|85000| 3q085] » 319000 n §7008] v 384o04
1 2 I /zgoob‘r n__ 12808 » 228005 . 33/ 3| -
E]
) Average valus - 120000{ © 130000] # 30000] »  [320900] 4 30004 v (360004
1 (Rounded to Z sig. figs. ”
2| D= VauES 1ILUDED 11] AJERAGE
3
4
3| Conc. of glucose = glu=
:| tamic acld reference
J] solution in BOD dilution
3| bottles: .
) 3.0 m17300 mI| 2 s/l | 208 by Lo 2/2 V-wa/pir20 -m,'/,( 22(, '»-q'/,z 250 m-,v,//
) 5.0 " 206 | “n Jzj0 [V% 221 ] Yv J225 170 238 | Vr 1282] Ju
4 7.0 zo3 | - lgog | 2221 » J225 ] 2361 » lay7] «
t2
i3 ~ Average value - 200 | » 2/0 " 220 v fz20l . 2301 v {zso] ~
4 (Rounded to 2 sig. figs.)
5
7 e
) NOTE: Formula #4 ¢orrects fod the 0 depletion]of the noniseeded dilulion whter bllanks) and ises a
) seed contro) dilution to cal ulate| the seed cirrectlon vajue, *-‘
J
L Formula #5 yses the seeded d{lutiop wate} blanks tolcalculate the seed corrpction and {o
al __ compensate or any DO deplet{on cajised by the dilutfon water,
1‘ __R_NITRIHDI;KIJ; . sIB]!o USE o
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Conc. of sample In BOD YT HE It/
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:: ‘1772100 " ?g‘/OO ] 32? " 3lio " 3 w% " 3{?’& ‘J:,a
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ENVIRONMENTAL LABORATORY 1
ARCHIVED FINAL REPORT

06/19/2000

LAB REQUEST NO. 7625
REQUESTOR NAME: EAR
DEPARTMENT: 0535

PROJECT NO: 9970012600
DATE RECEIVED: 01/13/1982
DESC: FC-203C & FC-206C

CONTRACT LAB(S):

EXP COMP DATE: 03/10/1982
DATE COMPLETED: 03/16/1982
PROJECT LEAD:

PHONE NO:

3M FAX NO: 651-778-6176

THESE ARE PROPOSED MIL-SPEC AFFF MATERIALS. PLEASE LET ME REVIEW COPIES OF
WORK SHEETS

SAMPLE DATE CODE DESCRIPTION RESULT MDL or (95% C.I.)
FC206C L-6518

BOD- 05 BOD-05 28000 MG/KG

BOD-10 BOD-10 180000 MG/KG

BOD-20 BOD-20 290000 MG/KG
COD-RFX COD (DICHROMATE REFLUX) 380000 MG/KG
FOAM-POT FOAMING POTENTIAL SEE ATTACHED REPORT

FC203C L-6519

BOD-05 BOD-05 56000 MG/KG

BOD-10 BOD-10 450000 MG/KG

BOD-20 BOD-20 580000 MG/KG
COD-RFX COD (DICHROMATE REFLUX) 730000 MG/KG
FOAM-POT FOAMING POTENTIAL SEE ATTACHED REPORT

DUP 1
C-BOD-05 BOD-05 (CARBONACEQUS) 25000 MG/KG
C-BOD-10 BOD-10 (CARBONACEOUS) 120000 MG/KG
C-BOD-20 BOD-20 (CARBONACEOUS) 290000 MG/KG
COD-RFX COD (DICHROMATE REFLUX) 360000 MG/KG
DUP 2

C-BOD-05 BOD-05 (CARBONACEOUS) 49000 MG/KG
C-BOD-10 BOD-10 (CARBONACEOUS) 300000 MG/KG
C-BOD-20 BOD-20 (CARBONACEOUS) 600000 MG/KG
COD-RFX COD (DICHROMATE REFLUX) 740000 MG/KG



5-04-82
. \

EQUESTER NAME: EAR’
EPT: 0535 ' ‘
ROJECT NO: 9970012600

ATE RECEIVED: 3-31-82

g LAB REQUEST NO. 7903,

$SC: FC 206C FC-203C MIL SPEC TESTING

dE PURPOSE OF THIS REQUEST IS

ALBRAITH LAB"S HIGH BOD 20/COP

’ aﬁvikuﬁnsnruL LABORATORY FINAL REPORT

CONTRACT LAB: GAL

CONTRACT LAB COST:

3M E-L HOURS: 0

EST CMPLT DATE:
DATE COMPLETED:

TO TEST OUR EXPECTATION THAT THE CAUSE OF
RESULTS IS NITRIFICATION CAUSED BY THEIR BOD

368

4-26-82
5-03-82

ZED
SAMPLE DATE CODE DESCRIPTION TEST RESULT
1 1-08-82 LT 501 FC~203C *BOD 05 519000MG/KG
- | *BOD 10 520700MG/KG
_ *BOD 20 615750MC/KG
*C-BOD 05 253700MG/KG
*C-BOD 10 557300MG/XG
*C-BOD 20 671000MG/XG
*COD-RFX 776450MG/KG
2. 1-08=-82 LT 502 FC-206C *BOD 05 279300MG/KG
) » ' *BOD 10 340700MG/KG
*BAD 20 4165004G/KG
*C-BOD 05 123700MG/KG
*C-BOD 10 270700MG/KG
*C-BOD 20 411000MG/XG
*COD~RF X 407250MG/KG
FC-123¢C
3 #1 KNOX SEED *BOD 05 512800MG/KG
*BOD 10 578300MG/XG -
*BOD 20 670000MG/KG
 *C-BOD 05 357600NG/KG
*C-BOD 10 523700NG/KG
*C-BOD 20 641000MG/KG
r c_.?. UZL . )
4 - #2 KNOX SEED *BOD 05 247700MG/KG
. *BOD 20 395500MG/KG
*C-BOD 05 251800M6/KG
*C-BOD 10 310500MG/XG
*C-BOD 20 374000MG/KC
*BOD 10 322500M4G/XC
* = CONTRACT LAB
APPROVED AND SUBMITTED BY %%%’M __patep __S Y782



Mr.»David Seel : :
- 3M Environmenta] Eng. & Po]]ut1on Control
~ Post ‘Office Box 33331 .

- .. StiPaiil M1nnesota ,‘_55101

Our# Ana1ys1s,:,
WC-5045 cob “

5 Day BOD
10 Day BOD
20 Day BOD
‘Carbonaceous BOD 5 '
Carbonaceous BOD: 10
Carbonace us BOD 20

Carbonaceous BOD 5. 7LD 357,600 .mgfk:
Carbonaceois-BOD 10 . .:.523, 700-mg;
Carbonaceous BOD 20 VA X -;641 000 m

WC-5046

20 Day. BOD'
' Carbonaceous oD




’Mr. Dav1d See]y
Page 2 .

Apr11 26 1982

Carbonaceous EOD 10
Carbonaceous BOD 20

247 700 mg/k
322, 500 mg/kg
395,500 mg/kg
251,800 mg/kg;;

310,500 mg/kg"
~374,000 mg/kg
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4-05-82

EQUESTER NAME: EAR
EPT: 0535 .
ROJECT NO: 9960012600
ATE RECEIVED: 2-16-82

! A

ESC: FC-206-C AND FC-203C MIL SPEC TESTING

EE ALSO LRS 7625 7736 7738

DESCRIPTION

SAMPLE DATE CODE
1 ' ‘ FC203C
2 ' FC206C
3 FC-780
4 - FC203C
5 FC206C

6 ' FC-780

* = CONTRACT LAB

APPROVED AND SUBMITTED BY JL{/

LOTSO01 L6519

LOT502 L6518

LOT 501

#1 INHIBITED

#2 INHIBITED

#3 INHIBITED

; 5 _
. ENVIRONMENTAL LABORATORY FINAL REPORT
LAB REQUEST NO. 7737

CONTRACT LAB: SERCO
CONTRACT LAB COST: 860
3M E-L HOURS: 0

L/

EST CMPLT DATE: 4-06-82

DATE COMPLETED: 4-01-82

TEST RESULT
*BOD 0S5 130000MG /1.
*BOD 10 370000MG /L
*BOD 20 440000MG6/L
*COD-RFX 737000M6/1L
*BOD 05 71000MG/L
*BOD 10 190000MG/L
*B0OD 20 240000MG/L
*COD-RFX 370000M6/L
*BOD 05 48000MG/L
*BOD 10 160000 MG/L
*BOD 20 210000MG/L
*COD~RFX 287000MG/L
*BOD 05 58000MG/L
*BOD 10 140000MG/L
*BOD 20 - 440000MG/L
*BOD 05 28000MG/L
*BOD 10 65000M6/L -

- *BOD 20 260000MG/L
*BOD 05 21000Mc/L
*BOD 10 51000NG/L
*BOD 20. 220000 MG/L
DATED 4/'& 'f?..



t-’sEREO o

1931 West County Road C2
Roseville, Minnesota 56113 (612) 636-7173

LABORATORY ANALYSIS REPORT NO: 263 PAGE 1
03/18/82
3M Company ‘ DATE COLLECTED:
Bldg. 2-3E-09 P.0. Box 3333{ , DATE RECEIVED: 02/16/82
St. Paul NN 55133 COLLECTED BY: CLIENT:
Mr. Keith Hoffmann . PICKED UP BY: CLIENT
Lab Coordinator SAMPLE TYPE: PRODUCT SAMPLE
.- "SERCO SAMPLE N0: - 749 750 751"

* *, SAMPLE DBSCRIPTION:'

_ - FC2C 20c 7“/g :
ANALYSIS: - « TI37-4 - TI37-2  7731-3

BOD, S5-day, mg/L 130000 71000 48000
BOD, 10-day, mg/L 370000 190000 160000
BOD, 20-day, mg/L .5 % 440000 .(4240000 73210000
BOD, carbonaceous, mg/L 58000 28000 21000
BOD, 10-day carbonaceous, mg/L , 140000 65000 51000
BOD, 20-day carbonaceous, mg/L -S'7 440000 7260000 72220000

COD, Chemical Oxygen Demand, mg/L 737000 370000 287000

All analyses weres perforned using EPA or other recognised methodologies.

Report submitted b

Richard R. Dahl
Project Manager

< means “not detected at this level®”

SANITARY. ENGINEERING LABORATORIES, INC.



4-26-82 :.ENVIRONHENTAL LABORATORY FINAL REPORT

CONTRACT LABS/CAPS
CONTRACT LAB : 450

3M E-L HOURS: 0

MR EET X VOV o ]

LAB REQUEST NO. 7738

GUESTER NAME: EAR
PT: 0535
OJECT NO: 9960012600

TE RECEIVED: 2-23-82 EST CMPLY DATE: 4-16-82
SC: FC-206C AND FC 203C MIL SPEC TESTING DATE COMPLETED: 4-23-82
E ALSO LRS 7625 7736 77317
SAMPLE DATE CDDE DESCRIPTION TEST RESULT
1 FC203C LOT501 L6519 *B0OD 05 140000MG/KG
*BOD 10 540000MG/KG
*BOD 20 570000MG/XG
*CUD-RF; 950000MG/KG
2 FC206C LOT502 L6518 *BOD 05 36000MG/KG
*B0OD 10 260000MG/KG
*B0OD 20 260000MG/KG
*COD-RFX 410000HG/KG
3 FC-780 LOT501 *B0OD 05 24000MG/KG
*BOD 10 220000MG/KG
*BOD 20 240000MG/KG
*COD-RFX 360000MG/KG
4 . FC203C §1 INHIBITED *BOD 05 63000MG/KG
‘ *BOD 10 480000MG/KG
*BOD 20 620000MNG/KG
5 FC206C #2 INHIBITED *BOD 05 32000MG/KG
*B0OD 10 260000MG/KG
*BOD 20 320000MG/KG
6 FC-780 #3 INHIBITED *BDD 05 20000MG/KG
*B0OD 10 210000MG/KG
*BOD 20 230000MG/KG
* = CONTRACT LAB
y-26-22

APPFUVED AND SUBMITTED BY

l/ﬁ"\" ___ DATED
U
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CAPRPSULE | .
LABDRATDRICS

ADVANCED TECHNOLOGY DlVISlON R S L .
A Division of Economics Laboratory. Inc. : ' L
605 West County Road E, St. Paul, MN 55112, (612) 482-8855

April:29, 1982

B

Mr. Dave Seel,p§ ‘ ‘- -
3M Environmental Lab '
935 Bush Ave.

Bldg. 2-3E

Sst. Paul, MN 55144

" Dear Dave,

Enclosed please find the results for COD on’ your sample #»7738-1. 'rh_e
test was rerun per your request. This time the test was performed ' o
« - using a larger amount of sample. The previous test may have been

7 biased due to the large dilution factor. : R, .

- OIf ‘you haire any other questions or problemsi, please Cal.l‘v;;“.‘_: o
= .léi’r‘xéereiy.

CAPSULE LABORATORIES



Description

720,000 mg/xg

7738-1 - .
{014 Capsule
‘Log #
12193). - .




Y | | ‘

TECHNICAL DATA

April 16, 1982

Samples Submitted by: Minnesota Mining & Manufacturing Company

Samples Received on: Pebruary'24, 1982

Capsule Log # 12193 12194 ' 12195

203C - 2occC 7600
Sample Description: 7738-1 7738-2 7738-3
. Wwe st T4 0% + 730603 Jof 34 urs Fpiers P
Sdreo 7-5' 5 7o P“‘ ;.rf ‘Ir'- w3’ I VL
. el Seres $ o 3}_, o8 2
coD : us oy 5+ PGeh 000 mg/kg TATd, 000 mo/kg 360,000 mg/kg
' g ‘vy,.k 3y
5 Day BOD : 140,000 mg/kg 36,000 mg/kg 24,000 mg/kg
Uninhibited ‘
5 Day BOD ‘ 63,000 mg/kg 32,000 mg/kg 20,000 mg/kg
Inhibited
10 Day BOD 540,000 mg/kg 260,000 mg/kg 220,000 mg/kg
Uninhibited
10 Day BOD Ry 480,000 mg/kg 260,000, mg/kg © 210, 000 mg/kg
iy Y S17e> oy By 7 G
Inhibited Seres Hl{,’ v ) ::: q".a., Seria 3;. vk 2A 0
T SRoor S 290 €72 gt ;.,5, S L your:
20 Day BOD - "~ T%570,000 mg/kg 260,000 mg/kg 240, ooo wg/Kg
Uninhibited R ”
20 Day BOD 620,000 mg/kg 320,000 mg/kg 230,000 mg/kg
Inhibited Pb“? . . .
2 ¢or,e30 290 ct v 9-50/,0«'«
Stved 4«(; 0 2¢ 01.0"“ 220 ¢ °
PLL< -

pl )y o 4
A3 )
3755‘ 259,



06/19/2000

LAB REQUEST NO. 7736
REQUESTOR NAME: EAR
DEPARTMENT: 0535

PROJECT NO: 9960012600
DATE RECEIVED: 02/16/1982
DESC: FC-206 C

ENVIRONMENTAL LABORATORY
ARCHIVED FINAL REPORT

CONTRACT LAB(S): PACE

EXP COMP DATE: 03/16/1982
DATE COMPLETED: 03/12/1982
PROJECT LEAD:

PHONE NO:

3M FAX NO: 651-778-6176

SEE ALSO LRS 7625 7737 7738

SAMPLE DATE CODE DESCRIPTION RESULT MDL or (95% C.I.)
1 FC203C LOT501 L6519

PACE BOD-05 *BOD-05 500000 MG/KG WET

PACE BOD-10 *BOD-10 620000 MG/KG WET

PACE BOD-20 *BOD-20 800000 MG/KG WET

PACE COD-RFX *COD (DICHROMATE REFLUX) 810000 MG/KG WET

2 FC206C LOT502 L6518
PACE BOD-05 *BOD- 05 250000 MG/KG WET
PACE BOD-10 *BOD-10 300000 MG/KG WET
PACE BOD-20 *BOD-20 350000 MG/KG WET
PACE COD-RFX *COD (DICHROMATE REFLUX) 450000 MG/KG WET
3 FC-780 LOT 501
PACE BOD-05 *BOD-05 190000 MG/KG WET
PACE BOD-10 *BOD-10 210000 MG/KG WET
PACE BOD-20 *BOD-20 250000 MG/KG WET

PACE COD-RFX *COD (DICHROMATE REFLUX) 350000 MG/KG WET

4 FC203C #1 INHIBITED
PACE BOD-05 *BOD-05 470000 MG/KG WET
PACE BOD-10 *BOD-10 580000 MG/KG WET
PACE BOD-20 *BOD-20 730000 MG/KG WET
5 FC206C #2 INHIBITED
PACE BOD-05 *BOD- 05 240000 MG/KG WET
PACE BOD-10 *BOD-10 300000 MG/KG WET
PACE BOD-20 *BOD-20 370000 MG/KG WET
6 FC-780 #3 INHIBITED
PACE BOD-05 *BOD-05 170000 MG/KG WET
PACE BOD-10 *BOD-10 210000 MG/KG WET
PACE BOD-20 *BOD-20 250000 MG/KG WET

* = CONTRACT LAB DATA



ﬁJ_----.-------------.I-I--
lgtemal Corrésbondence

cc: . R. Ricker - 53-4N
D. L. Bacon/R. L. Bohon - 21-2W-05

oo J+ A. PIGNATO - COMMERCIAL CHEMICALS LAB - 236-2A-01
fromm E+ A. REINER - ENVIRONMENTAL LABORATORY/EE § PC - 21-2W-5

Suject MIL-SPEC AFFF BOD AND COD TESTING

Dae: MAY 25, 1982

Attached is a Summary of the BOD, carbonaceous BOD, and
COD test results on FC-203cC, FC-206C, and FC-780B. This
testing was conducted at the 3M Environmental Laboratory
and four outside laboratories. The results were more
variable than I hag anticipated.

The Galbraith results on FC-206C were typical of their
result from past testing, i.e., they had a very high
BOD5»(/COD ratio. This occurred despite the fact that
some of this testing was done with a nitrification
inhibitor (the C-BOD results) and some of the tests were
done using a seed unlikely to contain a large population
of nitrifying organisms (seed from the Knoxville waste
treatment system). While I had Previously thought that
their results were due to nitrification, I must now say
that I do not know why Galbraith gets such atypically
high BOD results.

I plan to use the average data from all of these tests in
preparingisur Product Environmental Data Sheets and input
for our Maferial Safety Data Sheets. 1If you have any
questions . oncerning these data, please feel free to
contact me on 778-5079. '

N

W

EAR/mk

Attachment



BOD, CARBONACEQUS BOD, AND COD DATA ON MIL-SPEC AFFF PRODUCT

BOD3q C-BOD cop BOD32g C-BODy
Lab (mg/kg)  (mg/kg)  (mg/kg) cop Cop
FC-203C Lot 501
3M 580,000 600,000 730,000 .79 .81
740,000
Pace 800,000* 730,000* 810,000
730,000
Serco 440,000 440,000 737,000 .60 .60
Capsule 570,000 620,000 950,000 .6 .65
Galbraith 616,000 671,000 776,450 .79 .86
S & W Seed
Galbraith 670,000 641,000 776,450 .86 .82
Knoxville
Average 575,000 594,000 782,000 .73 +75
S. D. 85,000 90,000 80,000 .12 .12

* Calculated BOD's from different dilutions were very

inconsistent. Pace agreed to repeat this work but

inadvertently lost their repeated test results as well.
did not request a third testing nor did we include these
values in the averages.

FC-206C Lot 502

We

3M 290,000 290,000 380,000 0.78 0.78
360,000
Pace 350,000 370,000 450,000 0.78 0.82
Serco 240,000 260,000 370,000 0.65 0.70
Capsule 260,000 320,000 410,000 0.63 0.78
Galbraith 416,500 411,000 407,250 1.02 1.01
S & W Seed
Galbraith 395,500 374,000 407,250 .97 .92
. Knoxville .
s 3
- ]
Average "35,000 338,000 396,000 .81 .83
S. D. 73,000 57,00 33,000 .16 .11
FC-780B Lot 501
3M 240,000 230,000 320,000 .74 .71
330,000
Pace 250,000 250,000 350,000 .71 .71
Serco 210,000 220,000 287,000 .73 .77
Capsule 240,000 230,000 360,000 .67 .64
Average 235,000 232,000 329,000 .71 .71
. D. 17,000 13,000 28,000 .03 .05




