BIODEGRADATION (BOD/COD)

TEST SUBSTANCE

Identity: A mixture containing perfluorooctanesuifonate, which may also
be referred to as PFOS, FC-95, or as a component of FC-600.
(1-Octanesulfonic 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 not noted. The test
sample is FC-600. Current information indicates it is a mixture of 1.0%
PFOS, 81.20% water, 12.00% diethylene glycol butyl ether, 1.00% sodium
octyl sulfate, 2.00% propane Sultone foamer, 1.00% sodium decyl sulifate,
0.85% xanthan gum, 0.1% N-(3-chloroallyl) hexaminium chloride, 0.80%
starch, and 0.05 % tolyltriazole.

The following is an abbreviated summary of multiple biodegradation
studies on FC-600. These studies apply to a mixture with
incompletely characterized concentration of impurities. Data does
not accurately reflect degradation potential of the fluorochemical
component of the test sample.

METHOD:

Methods: OECD 301E and BOD/COD/TOC (summary listing only)
Type: Aerobic

GLP: No

Year completed: 1975, 1983, 1984, 1988

Contact time: 20 days (BOD) and 28 days (OECD 301E)

Inoculum: 1984 study used a 50/50 mixture of soil extract and
secondary effluent. Sandy loam soils obtained from Ramsey and
Washington counties in Minnesota. The secondary effluent sample was
supernatant of activated sludge mixed liquor taken from the Metro
Wastewater Treatment Plant, St. Paul, MN. Inoculum for the other studies
was not noted.

RESULTS

Chemical Oxygen Demand: 467,000 mg/L*
Biochemical Oxygen Demand (BOD):
5-Day: 50,000 mg/L*
11-Day: 255,000 mg/L*
14-Day: 240,000 mg/L*
20-Day: 237,000 mg/L*

* Data was available as a summary list only.
Total Organic Carbon (calculated for the product): 0.097 g/g



Total Organic Carbon Removal: 90 - 91% in 28 days

Dissolved Organic Carbon Removal: 79.9 — 94% in 28 days™*
** Range over 3 separate OECD 301E studies

Remarks: Testing was conducted on the mixture as described in the Test
Substance Remarks field. The value reported applies to that mixture and
not the fluorochemical proportion alone.

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, Environmenta! Laboratory, P.O. Box 33331,
St. Paul, Minnesota, 55133

DATA QUALITY

Reliability: Klimisch ranking 3. The inoculum is not properly
characterized in most studies. The testing was conducted on a mixture
with chemicals having varying degrees of biodegradability, leading to
potential misinterpretation of the results. The sample purity was not
properly characterized and the study lacks analytical confirmation of the
amount of fluorochemical proportion in the solutions.

REFERENCES

Testing was conducted by the 3M Company, 3M Environmental Lab, St.
Paul, MN, Lab Request Numbers 2874 and 8483.

3M Environment Assessment inquiry #82326, E. A. Reiner, 3M
Environmental Laboratory, St. Paul, MN, April 21, 1983

3M Technical Report “OECD Biodegradation Testing on FC-600 and FC-
203." E. A. Reiner, Project 9972410100, 3M Germany, Report Number
001, April 18, 1983

3M Technical Report “Modified OECD Screening Test on FC-203, FC-
203A, and FC-600.” E. A. Reiner, Project 9970010100, International,
Report Number 003, July 9, 1984.

OTHER

Last changed: 6/28/00



Form 10820-5-PWO
c: LAB REQUEST BOOK —~ 42-5W

Rel. ENVIR. ASSESS. INO. #

PRODUCT ECOLOGICAL ASSESSMENT
REQUEST FOR LABORATORY WORK

DIVISION

PRODUCT:

(

m::-rmn..

LAB REQUEST NO. 281 4

REQUESTFR

LABORATORY ARD Y

Name: L' eds Ba o

Request Date: 8/ /S 15

PhoneNo. __ 3 9§ 3

Project No. 2552 § €

Code No : 33 D

Prob. No.

I

Sample Date: —
Description:

Date Needed:

Date Compieted:

Hours Spent:
Y

Purpose ot Tests

5_Z] ¢ _ZHIBeAasa,

Please Call Requester if Delays Are Encountered.

PHYSICAL & CHEMICAL PROPERTIES
Heatof Combustion Cal/G (BTU/Lb.)

F¢ oo

Density

Ash

Other

WATER POLLUTION
pH

[ee]5]

497 000 N

. 8005

»iX

S0 poo

80D, Utumate

25% NO0

TOC

30 006

GC .

{i
My

237 0d0 }

Oxygen Uptake

Dehyds ngenise Activity (TTC)

Other ~

BIOASSAY

Specify Drganism and Methad:

Blow i1, S lie

-

et heag Sie T

LEACHATE FROM LEACHING TEST
pH

coD

BO 05

BOD, L'timate

TOC

Se_.

Bioa;wv

Other

OTHER

Bioaccumulation

“« B Persistence

“uly Degradanion Products

White - Asturn to Requester

Canary - Environmenta! Engrg. Office File E'_"_'.‘ - Enviconmental

Ervgre. Leb  Goldenrod - Aeturn 1o Requester

1o rd vrEIwan popaey. =




R
File: Page No. 8’%?3

FORM {0820-0-PWO

ENVIRONMENTAL ENGR. LAB — WORK SHEET

SAMPLE DESCRIPTION Date: Zj ;) 7;: 52
— — Analyst: - . Cam
OECD SCREEMNG TEST i ks

Wa&&%@i@ (C'zﬂ_\ MQO ) FW“/Q“///

oL < . )

Fha b, JM%A—L Wﬂ/r\*«/ﬂ — (.07 283798

30.3mg ColsMaOr oot D2y 10 wnzd et 7

THEORET /CAC

AM\{—VV /Doc = ZOMJZL)

L ‘ML&QT;W&Lf)

527 my FE-600 bt Tp 2.0¢ st NuToiord aclZind

£C- ;o3 (Auma«f)

Reviewed by:




FORM 10620-0-PWO LR H—

File: Page No. 8 ‘{83

ENVIRONMENTAL ENGR. LAB ~ WORK SHEET

SAMPLE DESCRIFTION OECD MODIFIED SereeN: Ne Date: 5‘/0(/8’3
TEST- Analyst: LW, &. M
Hrs.:

[DOC LOSS From STERICE ComTROLS

DO  CopCepDTRATION (W\J/LI) '

TEST SoLuTjoN INITIAL DAY 2% To KE MAINING
Fl- 203 _ 22.0/24,4 23.9/13.) 92.1 7,

(vue, DAL _AwALYSIC) Lo

EC~ 600 22 [23.9 233 fra. 100.% %
(pup. ooe Awavyss) -

hodld  (detiully h_ senples

Reviewed by:

'-“W'f!w#xﬂ!{if?m’??%?“‘?u-éf. .



( v i mon el - rue g ¥ eygs (
3/‘7/5»4 o 554‘ sec. b, Q. S Ban'D

OE/C,D 'y'nz:. ool — STAR] DATE ————D | oA /D-27~§2  sHeeT no.

ANALYSIS FORM 10384

¢

| 469”\\/ (d'\\,

g,

' N r\? '

il matayy K e
S AL YL o .
Al Dauw © v 2.7 -8 191]119.9 ] 2.¢ ;

z - J L 0.2 w0 | 20.0]20.0 | 22.¢

3 1Y
.

S

[}

11 Day 87 0.5 | 11 oo |19 | &5 [ 47 |54 | 35 |

e (J 0.3 10.3 |0./! |0.5|47 |44 |5¢ | 2.7 : ’

9

10

1

12 N AN

3l “Daw 28 -0t 05 oy -0/ | $19779\ ¢ |ag 203 |20

14 d ~ok o6y |02 los |63 (29 /4y | 17

15 ' 0. WA S

16

1 / . \

0| TOC _ANALYSES USING| 7 [AWALY2eln A/r/p3  THEY 3 429/p% A

v [T MODE L TH NITROGEN ¢ | 4). G, e knr 4 4

0 |SPARGE OF ACIDIFIED \
2 [SAMMPLES., J

22

2| Snilid¥ . Dang- 0 [of | L3 |20.3 /7 1225 | 23.0/23.8 |24, 23,0} 22.( UALUESY USED
24 U1 Cauy) (09 10.8 1211 [20)6 (22,223,324, |23 244 123.9 7 _FOR REPORTIN
25 Lao-7 7 163 o | /Y 2.3 [/9.1 |75.8 18-S [Ja.¢ /

26 g (dp) 1.7 17.8 2.2 2.0 |14.0 [R-8 1/3.0 [13./ ) -
27 Dae ~1Y " 0.8 {o4 [LY 107 B 9.5 |8.¢C 7.9 WJars,
28 Zaz (47,) 0.4 10.) (14 Uy 90 /3 12,0 |78 7./
20 D, ~2 1 0.7 0./ |1.s |04 [6.8 | 8.6]6-2 |4b UAMLE
) I (dup, )03 0.6 2.0 [0-6 |7.C |73 4/” 5.3

3 Dac-27 " " To/ o7 1o [ty (8.7 |94 |43 [3.3

3 d (A.’,‘LO. o.81// los]sc.3 S8 2.9

33 0444’;11 - 0[ /40 /aé. /",/ .50.2 ! ‘/'9 .?v‘f 23114 23,?

4 d (l?,) 0./ 108 | 45 | /S 58] l/s¢)s3 |2,y 23.)23.¢

35 i P P N~ 4




—

P
55 4 e il
— 0ECD SCUEE (AE TE ST ne LK F¥483
SM EMIRSUMENT AL Lﬁ/’sb@/}fmﬁ)’ e S AL gva—p
Snne /9~27. B2 sueer ’
SN
ANALYS|S FORM
. /s 0/%
/ M
YAVAYA: v
A [ 3 K L
' -JO‘MM‘?_L (Ca) 179¢.9 715,57 X5
2 [2-27-82 ~
3
. 4/44‘711 Y2 Sornplry 6189 ooy LB 683 (697,005 [674.9]672, k7009 6309
3 - .
; :
7 : L
o | A = f 1A 85,4 148, 7[00 3K67.T 1602 B 1479 [ 45,000k, | os
S —
10 I
11 .
12 S 6T 1416 | 6¢C7 163831417, 0 6217 (¢40.L1632,5T
13
14 . ’
's | LS by ; e (o032 S77.3|H8.8 697 Liv, T8 T 514 5955 (6120616t 7,
16 ¥ VL 4 )
17 ¢ A
(i e
19 | 4 . < 2 AT N
2 I 2 Y G
21 (/2 ;L@f gL 2 J
22 [ 4
23 / ' '
2 Fael) LI 63 68 12,0176 [6.31¢. 116969 |54 | vl
25 -
2% -
27
28
29 i
0
31
k¥
33
34
35 .
36
37
38
»
~ %0
41
43 o
44
as T




"Ready Blodegradability:
Modified OECD Screening Test®

5. ANNEX

SAMPLE FORM SHEET FOR YHE MODIFIED OECD SCREENING TEST

Exp. no.:

Date of start of test:
Teat - Standard meterial:

A: Cong;g;iz

|(1000 .g{é dilution

Theoretiral ¢235¢ ¢one.: - i wn DOC /1
Inoculum:
Carbon snslyser:
TOCe : DoCe+ |
|
=g/l |
) i
| |
] I

.7100C #1 of nutrient solutxon)

|

:
|gf35:-;31uthn of the test materlal

|

8: Carbon dete!!lﬂ!ﬁlﬂﬂi

Refonee

[Flask] Anfalyses TTheor.

DOC - concentrstlons after x

1 I |
| Culture -edimi lno. | leone. | mg [
: f : Imgs1 O (Co):ru’7= AJl‘}ngl ~/271 28 :
|MTneral nutrlent] s 7 T T T |
Isorl.':g;onnSI:.h’ : 1 I' 2 v ’d’-’ 0.0 0.4 :
t terial
lonst paperial | | °2 20.0 0.1] 0.3,
A R
a)] + 82 .
| | |*1 = . q.5¢7 I I | gag |
! } Hey) l S [ I D.os ) :
I I T ) 7 1 |
! ! i ! 19.% i L9 po.1 |
2 | 5 7 T -

i | ! 2 | 20,0 | | | 0.5 [ 0.5 |
i I | T T T i
; i ;.2 by « be| U | |

i St i P i[9 | I
‘| : :‘Ct) { 19.9 | | L2 | p,2 {
IMIneral nutrlent] | c) 7 |
{solution vlthoutlallnkl | I
|test materlia | | c2 1 |
ibut with I { | I | i
sl R YO [ N

€] + €2 /

I | {#3 = I | [ b |
| i i (Cp1) | 1082 | psSrold |
i L i ] i [ [ I

* Disagreement between DOC
of the test material.

## All DOC values determined after membrans filtration.

*

and TOC values polﬁts towards insufficient solubility

Strrhismn Bangsate -

Cyw ¢
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C: Evaiugtion of rew gata: : | (?.‘,(,.,VM C,»vfnmp

! Flask] I% 0JC Temoval after x Oays |

,l 'lno I! : 71 IA: 21: 27|I 28 :
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minus :

Iblanks D U | my, -~ my [ | | | 1 9%.1)

I I 10 .[1 - —#——‘_J 100 | | | I | 7 !

1 | mom L ger) !

| ] T ml 1T

2 r "2 - m3, -

| | o =hy . 10 | i I I I

: T s ey

| | T - T T | T | 1
] IR,
| - W v———— . -

! ' I ] 2 b | ljool 9g 1 '
i | | ! for day x | | | | | |
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S ANNEX
SAMPLE FOKM SHEET FOR 1HE MODIFIED QECD SCREENING TEST

Exp. no.:
Date of start of test:
Teat - Stgndard matarial: em

Theoratisre) t25¢ conc.: - an DOC/]
Inoculum:
Carbon analywer:

A: Controls: ; TOCe Il DOCe+ |
|
| T/l |
IStock solution of the test materlal | I |
1 {1000 mg/l, dilution | | i
loe..71000 m) of nutrient $olution) | | |
B: Carbon delerminations: . |
-—-—\_—,
FC-203
| [Flask] Analyses I'Theor. T DOC - concentrations after x days|
~ I Culture medium |ng. _| icone. | ag |
: : 'l :-qll 'IO (Co)ll.-../?: ~14}~21{u27| 28 ll
IMIneral nutrient] T 8 | DA T ! I IS (¥ i
Isolution with 1 ! | 2.6 | 55 (-2- I
Itest materIal | 1 T ap 7 | ol |
iand with o | 2.5~ 1£7) 6.1
IinocuTum | | T T I |
; " : l"' ' v az| I [ ] N B
1. i o7 | i i g ]
| | o) | h2 S’: ! SZb,S-?K!
! | ] b / 24, 1 7. |
| | da_y o
2 /
1 | [ 2 | 26 | {1491 24 |
I | { T T 7 T ! |
| T N e A R T N A
2 - 2 ] ] ) I |
: : “Ct) : 122, : “‘rtléfj
INIneral nutrlent] ] c 7 ] 3
'Isolution vlthout}Bhnk} ! | | I| S“' Fc-p00
test materla [ 7 ]
Ibut with [ 2 | i 1 | | Aota pbaeC
Ilnocqun | | I 1 T ] 1 I
| T R | A S N R A N -
— | | (*3 = ——p— l0.g21 | L ool [
| A S et O O A

¢ Disagreement between 00C and TOC valuss poinfs tovards ifnsufficient solubility
of the test material. :

®* All DOC values determined after aeabrane filtration.
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SAMPLE FORM SHEET FOR JHE MODIFIED QECD SCREENING TEST

Exp. no.:

Date of «tart of test:

Teat - Standerd matarial: -
Theorattinel) tz5¢t :onc.: h wmn DOC/]
lnoculum:
Carbon analyyer:
A: Controls: | TOC* | DOCee |
| | |
| Zy/l |
I5tock solution of the test materIal | ]
(1000 mg/l, dilution | | |
l__...71000 ml of nutrient solution} | ] l
B: Carbon determinations:
, FC-(Lo0
I'Theor. T

lflnsk1 Analyses

00C -~ concentrations after x days|
1

|
| Culture medium Ino. conc. | ng
: ! ‘I Ilng/l 'IO (c°)||~7; ~1a=~21|'u27| 28' Il
IMIneral notrient] ] 8 7 1 I T T ] |
Isolution witn I ! ! | 22.2 } }59 4.9 !
test materlal a | A
fand with i | 2 | 2l.0 | 1$6 57
l{noculum | | T T T | |
j e PN
l. L4
| | o) ! ¢ | i IS 5.2:
] 1 T b . | > i
| Il | ! 317 | 3.8 —7-$'=
] 2 5 ]
| | | 2 | (207 L1271 1.7
I I I I ] T | ] T ] |
| [ S I N A R I
28 | | | P ! |
|' : =(ct) ,22.:3} ! i 3.;. 2.1 :
|Mlneral nutrient] 1 c 7 4 | T 0.5 -0.6l
:solution vithout{&lankie’““ ! . 0.7 D-‘L: ! //3 _0.6:
test materlal . c 2.3 /1, R 0.5/ 6.0
Ibut with [ [Bx-177 | VA At A
1inocUlum | | | | T ] | |
| I O WL | 2 A R I B I SN
| | |?3 = —— [ Lo [ oS i
| | |(Cp1) | 08T b
i L | ] | I I | i |Knee)|

¢ Oisagreement between D

of the test matsrisl.
¢¢ All DOC values determinsd after membrens filtration.

OC and TOC values poiﬁt towards insufficient solubility
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REPORT ABSTRACT: This abstract information is distributed by the Technical Communications Center to alert 3M'ers to

This study used the Modified OECD Screening Test with
dissolved organic carbon (DOC) analysis to measure the
biodegradability of "Light Water" Brand AFFF products:
FC-203 and FC-600. In 28 days, the DOC levels of FC-600
degraded by 80% and 92% for an average of 86% in two
parallel tests. In 27 days the DOC of FC-203 degraded by
77% and 81% for an average of 79%, The FC-203 result
differed from a similar test done in 1980 in which 93% DOC
degradation occurred within 21 days. In the present study
parallel sterile controls proved that the DOC loss was not
due to chemical or physical processes such as adsorption,
volatilization, or precipitation of the organic compounds.
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Introduction

The 3M Environmental Laboratory undertook this study of the
biodegradability of "Light Water" products, FC-600 and ¥C-203, bucause
of concern expressed by 3M Gerimany aboul inconsistencies in past
biodegradation test results.

Modified OECD Screening Tests conducted in 1980 by the 3M
Environmental Laboratory showed that three "Light Water" products were
highly biodegradable. FC-203A, FC-206, and FC-3017 (FC-206 ) all
were shown to have 90% of their dissolved organic carbon removed in
the OECD Screening Test,. These results, however, contradict those of
H. Hellmann and D. Muller(l) using a similar yet not identical Lest
method, the TOC Degradation Test(2), In their study FC-206 and
FC-3017 were found to have total organic carbon reductions of only 6%
and 8%, respectively, in 21 days. These low biodegradation results of
Hellmann, however, were also contradicted by his own work. His
BODg/COD ratios for FC-3017 and FC-206 were 0.5 and 0.4, respectively.
This showed that 50% and 40% cof the theoretical oxygen demand was
expressed within only 5 days. These levels of biodegradation are much
greater than the 8% and 6% TOC removals which he observed in the even
longer (21 day) TOC degradation test. This is clearly an inexplicable
discrepancy in his work.

Hellmann's TOC degradation results are also contradicted by BODp(p/COD
measurements made by the 3M Environmental Laboratory and other
independent laboratories on 3M AFFF products. Such results typically
show BODjg values to range between 60 and 90% of the COD. For
exampie, a collection of such dazta on 3 U.,S. military specification
AFFF products made by 3M is shown in Table 1.
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TABLE 1
BOD, CARBONACLEQOUS BOD, AND CODL DATA ON MIL-SPEC APl rRODUCY
BOD2( C-BOD coD BOD2g C-BODj
Lah (mg/kq) {ma/kqg) (mg/kqg) COD con
PC-203C Lot 501
3M 580,000 600,000 730,000 .79 .01
740,000
Pace -800,000* 730,000* 810,000
' 730,000
Serco 440,000 440,000 737,000 .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 .02
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. We
did not request a third testing nor did we include these
values in the averages.

FC-206C Lot 502

3M 290,000 290,000 380,000 0.78 0.78
360,000

Pace 350,000 370,000 450,000 0.78 0.682

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

Average 325,000 338,000 396,000 .81 .83

5. 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 e 77

Capsule 240,000 230,000 360,000 67 .64

Average 235,000 232,000 329,000 .71 .71

8. D. 17,000 13,000 28,000 .03 .05
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Methods and Materials

1.

Procedure

Teslting was perlormed in accordance with the OBECD Guideline lLor
testing of chemicals adopted May 12, 1981,

Chemicals

The reference material used was laboratory grade sodium henzoate
(C7HgNa0Oy) F.W. = 144,11, A 30.3 mg sample of this compound was
diluted to 1.0 liters with the nutrient solution described hy the
method to yield a theoretical DOC of 20 mg/l. The "Light Water"
samples used were supplied by G. Piessens, E.T.S.L. and consisted
of FC-203 and FC-600. Lot numbers were not provided. Nutrient
solutions of the "Light Water" products with DOC's of
approximately 20 mg/l (based on calculations from the formulation)
were prepared hy bringing bhoth 527 mg of FC-600 and 153 mg of
FC-203 to 2.0 liters with nutrient solution.

Inoculum

The inoculum was a 50/50 mixture of the soil and secondary
effluent inocula each prepared in accordance with the OECD
procedure. The soil used was fresh loamy sand garden soil
obtained from White Bear Lake, Minnesota, and the water for the
soil extraction was chlorine~free well water. The secondary
effluent sample was the supernatant from an activated sludge
aeration basin at the St. Paul Metro Wastewater Treatment Plant.
The combined inoculum was passed through Whatman® 54 filter paper

prior to usage.

Sterile Controls

Replicate vessels containing 400 mg/l1 HgCl, served as sterile
controls for both test materials and the reference compound. The
sterile controls were handled in the same way as the viable

cultures.

Instrument

The organic carbon analyzer used was a Dohrmann DC-52A. Its
sensitivity limit is approximately 2 mg of carbon per liter.

Sample Handling and Storage

The sample preservation method used was that prescribed by the TOC
manufacturer. The method involved adding 1 drop of concentrated
HCl1 per 10 ml of filtered sample. This brought the samples to
less than pH 2. The samples were then stored under refrigeration
in vials with aluminum foil-lined caps. Dohrmann literature
indicates that the method can stabilize potassium hydrogen
phthalate, a readily biodegradable material, for several months.
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Due to problems with the sensitivity of the TOC analyzer, only
half of the samples were analyzed within a month after sampling.,
Following 4-5 months of storage, all of the samples were
reanalyzed. Comparison of the TOC analyses done within 1 month
with those done after 4-5 months of storage showed that in only
one stored sample had the TOC changed significantly. This sample
was discarded.

Results and Discussion

Table 2 summarizes the results of this study. Appendices 1 and 2
contain the actual data sheets and plots of the degradation as a
function of time. Table 2 shows that the sodium benzoate reference
compound was nearly completely degraded within 14 days. Degradation
of both FC-600 and FC-203 continued throughout the course of the
28-day test period without platcauing. At 28 days the average 'T'OC
removal for FC-600 was 86% and at 27 days the average TOC removal for
FC-203 was 79%. The test procedure recommends that chemicals giving a
result greater than 70% loss of DOC (within 28 days) should be
regarded as readily biodegradable. These 3M formulated AFFF products
are thus even more completely degraded than is necessary for a
chemical to be considered readily biodegradable.

TABLE 2

Biodegradation (% DOC removal) of Sodium Benzoate,
FC-203 and FC-206

% Degradation at Day:

Product 7 14 21 27 28
Sodium Benzoate 94,4 94,7 93.2 93.5 94,5
Sodium Benzoate Duplicate 92.3 96.3 99.6 97.7 100.0
FC-203 37.4 59.2 68.4 76.7 78.0
FC-203 Duplicate 43,0 54.6 66.0 81,3 *
FC-600 46 63.5 73.5 82.1 79.9
FC-600 Duplicate 47.2 67.1 80.2 88.7 92,1

*Sample discarded due to probable contamination.

The sterile contrel data in Table 3 provide further substantial
evidence that soluble TOC loss from the test samples is not due to
physical modes such as adsorption, volatilization, or precipitation.
These samples were handled identically to the test vessels, except
that they contained HgClj; to prevent microbial growth, At the end of
28-day test period, these controls contained all of the initial DOC.
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TABLE 3

Percent of Initial DOC in Sterile Controls at 28 days

Product $ DOC Remaining
FC-203 98.1
1'C-600 101.3

Conclusion

The present study demonstrates that Light Water products FC-203 and
FC-600 are "readily biodegradable" according to the recommended 70%
DOC removal criteria of the Modified OECD Screening Test. FC-203 and
FC-206 had average losses of DOC of 79% and B6%, respectively.
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2

MODIFIED OECD SCREENING TEST ON FC-203, FC-203A, AND FC-600

INTRODUCTION

This study was undertaken to demonstrate the biodegradability of two
Light Water (L/W) products, FC-600 and FC-203, using th?l)
internationally recognzied Modified OECD Screening Test .  This
testing was requested by 3M Germany because of inconsistency in the
results of past biodegradation tests done on these products.

Modified OECD Screening Tests conducted in 1980 by the 3M Environme?ﬁ?l
Laboratory showed that three L/W products were highly biodegradable .
The products tested were FC-203A (previously identified as FC-203 NFP),
FC-206, and FC-3017 (FC-206 freeze protected). Greater than 90% of the
dissolved organic carbon (DOC) of these 3 products was removed during
the 1980 testing. See Table 1 for a summary of these results.

Table 1
Results of 1980 Testing on Light Water Products

% Degradation at Day:

Product 7 13 21 77 7
FC-203 NFP! 13 85 93 91 93
FC-206 23 90 94 93 92
FC=3017 37 94 96 96 95
Hydrogquinone 89 92 97 94 93

Footnotes:

1 FC-203 NFP is nonfreeze protected FC-203 and is equivalent to

FC-203A.
FC-3017 is freeze protected FC-206.
Hydroquinone was the reference product.

2
3

These 1980 results contradict those of H. Hellmann a?g)D. Muller(3) who
used a similar test method, the TOC Degradation Test . Hellmann's
TOC (total organic carbon) test results, however, are an exception from
normally obtained results. His finding of 8% TOC removal for FC-3017
and 6% TOC removal for FC-206 in the 2l1-day long TOC Degradation Test
contradict his own BOD_/COD data. His 5-day biochemical oxygen demand
(BOD) results were 50%”and 40% of the chemical oxygen demand (COD) of
FC-3017 and FC-206, respectively. This is a significant level of
degradation for a 5-day BOD test. These opposite results within his
own paper clearly are an inexplicable discrepancy.

Hellmann's TOC Degradation Test results are also inconsistent with
BOD,,/COD measurements made by the 3M Environmental Laboratory and by
othgg independent laboratories on 3M AFFF products. Such results
typically show BOD values to range between 60% and 90% of the COD.
For example, a colfgction of such data on 3 U.S. military specification
AFFF products manufactured by 3M is shown in Table 2.
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BOD, Carbonaceous BOD,

Table 2

and COD Data on Mil-Spec AFFF Product

BOD C-BOD CoD BOD C-BOD
Lab (mg/%g) (mg/k%? (mg/kg) —5650 COD20
FC-203 C 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
inoculum #1
Galbraith 670,000 641,000 776,450 .86 .82
inoculum #2
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.

FC-206C Lot 502

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
inoculum #1
Galbraith 395,500 374,000 407,250 .97 .92
inoculum #2
Average 325,000 338,000 396,000 .81 .83
S. D. 73,000 57,000 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
S. D. 17,000 13,000 28,000 .03 .05
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METHODS AND MATERIALS

1. Procedure

Testing was performed in accordance with t?e OECD Guidelines for
testing of chemicals adopted May 12, 1981.

2. Chemicals

The reference materials used were laboratory grade sodium benzoate,
(C,H.NaoO F.W. = 144.11 and linear alkylbenzene sulfonate (LAS).
ThZ EAS golutlon used was a 5.68% active solution supplied by the
U.S.Environmental Protection Agency as a reference material for
biodegradation testing. The Light Water (L/W) test mateials used
were U.S, FC-203 Lot 3072 provided in 1983 by the Commercial
Chemicals Division, FC-203 and FC-600 samples provided by E.T.S.L.
Antwerp in 9/82 and FC-203 NFP provided by E.T.S.L. in 1980.
Antwerp provided no lot numbers with their samples. FC-203 NFP
(nonfreeze protected) is equivalent to FC-203A.

Prior to testing, the L/W and reference materials were dissolved in
the OECD nutrient solution and brought to the following initial

DOC concentrations: sodium benzoate 20 mg/l, LAS approximately 15
mg/1l, and L/W products approximately 40 mg/l. The L/W TOC was
higher than that used in previous testing (20 mg/l) because our
experience has shown that L/W at 40 mg/l is not toxic. Also higher
concentrations improve the accuracy of the TOC analysis.

For this study, nutrient solutions were prepared using both vitamin
sources allowed by the OECD Screening Test, yeast extract and
synthetic vitamin solution. This was done to determine if the
vitamin source affected the extent of L/W degradation.

INOCULUM

The inoculum was a 50/50 mixture of soil extract and secondary effluent
prepared in accordance with OECD procedures. The soil, which was
extracted, was a mixture of fresh, sandy loam garden soils obtained
from Ramsey and Washington Counties in Minnesota. The secondary
effluent sample was the supernatant of an activated sludge mixed liquor
sample taken from an aeration basin at the St. Paul Metro Wastewater
Treatment Plant. The combined inoculum was passed through Whatman 54
filter paper prior to usage.

INSTRUMENT

The organic carbon analyzer used was a Dorhman DC-52A. Its sensitivity
limit is approximately 2 mg of carbon per liter.
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SAMPLE HANDLING AND STORAGE

The sample preservation method used was that(ggescribed by the
manufacturer of the organic carbon analzyer. The method involves
adding 1 drop of concentrated HCl per 10 ml of filtered sample. This
brings the samples to less than pH 2. The samples were stored under
refrigeration in vials with aluminum foil lined caps. Our experience
is that this storage method can preserve L/W containing samples for
several months without affecting the DOC. All DOC analyses on samples
from this study were done within one week of its completion.

RESULTS AND DISCUSSION

Table 3 summarizes the results of this study. This table shows that
sodium benzoate, the reference compound, was nearly completely degraded
(95%) within 7 days. Every replicate of all of the L/W products showed
greater than 80% TOC removal within the 28-day test period. Seven of
the ten test flasks containing the various L/W products showed greater
than 90% TOC removal. The average DOC removal for all four L/W product
was greater than 90%.

The results of this testing are shown graphically in Figures 1 and 2.
These results are averaged, and because of this, do not show the actual
pattern of degradation in the individual cultures. Figure 3 is an
example graph of 2 cultures degrading the same product, FC-203 NFP. It
shows that once degradation of this product began that it was very
rapid, but that the lag prior to the onset of degradation was variable.
The reason for this variability between the duplicate cultures was not
known nor was it expected. It may have been due to the fact that the
cultures received different levels of viable microorganisms capable of
degrading the major components of the Light Water products. Thus, the
population of bacteria with these capabilities had to build up in the
cultures prior to the onset of rapid (exponential) degradation.

Review of the data in Table 3 indicates that results of replicate
testing of the other L/W products also varied considerably at days 7,
14, and 21. Again, this variation appears to be due primarily to the
length of the lag phase prior to the onset of biodegradation. However,
due to the small number of samples taken, one frequently could not tell
how long biodegradation of individual L/W containing cultures took
following the initial lag.
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Table 3
Biodegradation of LIGHT WATER Products and Refernce Materials

Product/Vitamin Source $ DOC Removal After X Days
1z 17 21 27 28

|3

Sodium Benzoate/Yeast-l(l) 98.
Sodium Benzoate/Yeast—?z) 99.

OV b OY OO

Sodium Benzoate/Vit.-1 94,
Sodium Benzoate/Vit.-2 88.
Mean 95
rc-203¢3) /yeast-1 11.7  30.5 --(4) 28,4 g9.8 95.3
FC-203/Yeast—2 29.5 29.1  -- 27.0 91.0 92.1
FC-203/Vit.-1 29.4  32.6  -- 27.7 80.5 83.6
FC-203/Vit.-2 24.8 88.6 —- 90.2 95.6 95.2
Mean 92
U.S. FC-203/Yeast-1 26.9  25.1  -- 79.2  95.5  96.5
U.S. FC-203/Yeast-2 64.3 90.8  -- 90.7 96.0 97.5
Mean 97
Fc-203a¢%) /yeast-1 12.6 8.5 - 11.0 86.4 87.2
FC-203A/Yeast-2 13.2  89.1  -- 85.1 92.5 96.0
Mean 92
FC-600°/veast-1 6.6 75.5 - --(6) 89.3 94.2
FC-600/Yeast~2 7.7 10.5  —- 76.3 87.0 88.8°
Mean 91
LAS/Yeast-1 22.8 7.8 25.1 30,8, 49.1 52.1
LAS/Yeast—2 5.9 8.8 20.4  —- 29.7  33.4
Mean 43

Used yeast extract as vitamin source.

Used OECD synthetic vitamin solution as vitamin source.
From Antwerp 1982,

17-day samples were only taken for LAS.

From Antwerp 1980. Originally labelled FC-203 NFP.
Sample contaminated, not used.

Footnotes:

Oy U b N
e i S e
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Figure 1

READY BIODEGRADABILITY: Modified Screening Test
OECD 301E -- Adopted 12 May 81
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Figure 2

READY BIODEGRADABILITY: Modiftied Screening Test
OECD 301E -- RAdopted 12 May 81
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Figure 3

READY BIODEGRADABILITY: Modified Screening Test
OECD 301E -- Adopted 12 May 81
Environmental Lab Request No. 9611
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READY BIODEGRADABILITY: ModifiLed Screening Test

;

Figure 4

OECD 301E -- Adopted 12 May 81

Environmental Lab
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equest No. 9611
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THE LAS REFERENCE WAS DILUTED
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The modified OECD Screening Test is intended for use on single chemical
substances. L/W products, on the other hand, are agueous solutions
containing a mixture of chemicals. Pure chemicals, which have greater
than 70% loss of DOC within 28 days, are regarded by the OECD
guidelines as being readily biodegradable. Also, this result has to be
reached within 10 days of the DOC removal first exceeding 10%. Only
one of the replicates of each of the four L/W products tested met this
second OECD requirement of 70% degradation within 10 days of first
reaching 10% degradation. This reguirement, however, is not
realistically applicable to L/W or other formulated products
(mixtures). The chemicals within mixtures will frequently have
differing susceptibilities to biodegradation. Readily degradable
chemical components of such products may start to degrade immediately,
while the onset of degradation of other chemicals in these products may
be delayed. Thus, disregarding this second criteria, which is not
reasonable for mixtures of chemicals, the results show that the mixture
of chemical components in each of these products is readily
biodegradable.

Cultures tested with the synthetic vitamin solution showed, on average,
a slightly lower level of DOC removed than cultures using yeast extract
as the vitamin source. Future OECD screening tests should thus use
yeast extract since the synthetic vitamin solution is more difficult to
prepare and does not give improved degradation.

LAS, which is a readily biodegradable and commonly used surfactant in
detergents, did not degrade fully under these test conditions. This
occurred in spite of the fact that its concentration was only 15 mg/1
of DOC compared to the 40 mg/l of DOC used for the Light Water
products. The reason for the slow rate of LAS biodegradation appears
to be that LA%e}nhibited microbial degradation at the test
concentration . To check this hypothesis, at the end of the 28-day
test period, the remaining LAS containing test cultures were split and
half were diluted to twice their volume with fresh inoculated nutrient
media. At this point, the rate of degradation in the diluted cultures
increased substantially. Seventy percent of the DOC remaining at the
time of dilution was removed within 15 days. Results of this work on
LAS are shown graphically in Figure 4. Another researcher, has
similarly reported a low level of biodegradation of LAS in the modified
OECD screening test. D. Liu found thaF7¥arlon A (dodecylbenzene
sulfonate) had a half life of 39 days.

CONCLUSIONS

The present studies repeated the findings of previous OECD Screening
Tests on Light Water products done by the 3M Environmental Laboratory.
Both sets of tests showed that L/W products are "readily
biodegradable." 1In all cases, the average DOC removal for L/W products
was greater than 90% after 28 days. L/W products were much more
degradable than the very commonly used and "readily biodegradable"
surfactant, LAS.
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L/¥ TOC of FC-600

®in Prod Components
2 Sultone foamer
1 Filmer (FC-95)
1 Naoctyl sulfate
1 Na decyl sulfate
0.1 Dowicide A
0.05 Benzotriazol
0.8 Kelco Keltrol
0.8 Stanley H-277 Starch
12 Butyl Carbitol
81.25 DI Water

Emperical Formula

(IR R W)

MY Mvof C TOC

C16 H23F135206 N2

C8F1?503K
COH1704S Na
C10H2104S Na
C1Z2H1705Na
C6 HS N3
assume C6 H10 04
assume C6 H10 04
C8H1803

H20

650 192 0.0059
522 128 0.0025
232 96 0.0041
260 120 0.0046
264 144 0.000S
119 72 0.0003
146 72 0.0039
146 72 0.003%9
162 96 0.0711

18 ] 0
Product TOC=  0.097 ¢/g
‘/ % C
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