
AR 226 - 0900

BIODEGRADATION (MANOMETRIC RESPIROMETRY — ANAEROBIC)

TESTSuBsTAN
CE

Identity: A mixture containing perfiuorooctanesulfoniate;, which may also be
referred to as PFOS, FC-95, or as a component of FC-3041. (1-
Octanesulfonic acid) (CAS # 2795-39-3).

Remarks: The 3M production lot number was not noted. The test sample is
FC-3041. Current information indicates itis a mixtureof 6% PFOS, 36%
diethylene glycol butyl ether, 36.05% water, 12% Sultone foamer, 9% sodium
octyl sulfate, 0.56% sodium lauryl sulfate, and 0.4% tolyltiazole.

The following summary applies to a mixture with incompletely
characterized concentrationsof impurities. Datarmay not accurately reflect
the biodegradability of the fluorochemical componentof the test sample.

METHOD

Method: Manometric Respirometry Test
Test type: Anaerobic biodegradability
GLP: No
Year Completed: 1993

Analytical monitoring: Determinationofthe mixture ratio of methane and
carbon dioxide released in the gas phase by gas chromatography, dissolved
organic carbon (DOC), and the release of fluoride by fluoride selective electrode
and pH values.
Statistical methods: Results were determined by calculation of the percentage
biodegradation.

Inoculum source: Anaerobic sludge collected from a community sewage
treatment plant (Lennestadt-Maumke, Germany) that was fed almost exclusively
with residential wastewater.

Test condition:
Dilution water: Not noted.

MineralNutrientMedium: Mineral Basal Medium.
Stock and test solution preparation: Solutionsofthe test and reference
materials were prepared at 100 mg C/L and 50 mg CIL, respectively, with
mineral basal medium.

Test vessels: 118 mL serum flasks which contained a liquid phase
volume of 40 mL, closed with butyl septa and the gas phase purged with
nitrogen.
Incubator Conditions: In the dark.

Temperature: 37 £2 °C
Agitation: None

Number of concentrations: Test sample, test sample inibited, sodium
benzoate (reference substance) and blank inoculum, all in triplicate.
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Inoculum condition on test initiation: 0.79 g/L dry weight present in
test samples.
Element Basis: Biological mineralization by meansofthe release of
methane and carbon dioxide.
Test substance flask conditions:

pH: Not noted in the report.

RESULTS

Nominal concentrations: Blank control, test material at 100 mg C/L and
sodium benzoate (reference substance) at 50 mg CL.

Element values: 60-day % Degradation by Mineralization (methane and
carbon dioxide) in test vessels 7, 8°, and 9 were 78.5, 20.7
and 91 respectively.
60-day % Degradation by Determination of DOC in test
vessels 7, 8°, and 9were 81.5, 25.2 and 90.5 respectively.
Fluoride release, by selective fluoride electrode, was not
detected in anyofthe test samples (detection mit2 pig F/L).
“Could not confirm what caused the low% degradation in
this test vessel.

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

CONCLUSIONS

Thetest substance under anaerobic conditions was categorized as biologically
degradable.

The reference substance obtained 89.5% degradation during the incubation
periodof 60 days as determined by mineralization (108% by DOC), thus the
validation criteriaofthe test was fulfilled (>60% degradation in sodium benzoate
in 60 days).

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

DATA QUALITY

Reliability: Kiimisch ranking 3. Lacks specific methodology used and
documentation. Sample purity was not properly characterized and the study -
lacks analytical confirmationofthe amount of fluorochemical proportion in the.
solution.
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ANAEROBICDEGRADATION

Thedeterminationofthebiologicaldegradabilityof BaseFC-3041underanaerobic
‘conditionswasdoneinthemanometric-respirometrytest(9).

MATERIALANDMETHODS

‘Testsubstance:

Base FC-3041 (combinationoffluoro-surfactantsinaqueoussolution;
‘Manufacturer: 3M Company Germany, Neuss).

‘Testcriterion:

Measurementofthebiological mineralization bymeansofthereleaseofmethaneand
carbondioxide.

‘Testmethod:

A defined volume (40ml) of an inoculated mineral medium with a known
concentrationofthetestsubstance (100mg/L)isincubatedinthedarkin a closed
serumflask (volume of 118 ml)at aconstant temperature (37°C+2).Duringthe

incubationperiodof60daysthereleaseofmethaneandcarbondioxideisdetermined
bygaschromatographybyextractingregularly 0.5 - 1mlsamplesfromthegasphase
ofthe testrun. -

Test procedure:

15test vessels (serum flaskswith avolumeof 118ml,ofwhich40mlliquid phase)
werepreparedfor theperformanceofthetest:

Vessel1,2and3: mineralbasalmedium +inoculum
Vessel 4,5and 6: mineralbasalmedium +reference substance

(sodiumbenzoate50mgC/L) +inoculum -

Vessel7,8and9: mineralbasalmedium +testsubstance (100mgC/L)
+inoculum(30mgsolidmatter/L)

“Translator: Andrea-Ingrid Schneider, 715-549-5734 (German #1453/1995)
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Vessel10,11and12: mineralbasalmedium +testsubstance (100mgC/L)
+ inoculum +mercurychloride solution (0.001% final
concentration)

Theserumflaskswereclosedwithbutylseptaandthegas phasepurgedwithnitrogen.

Thenthedeterminationofthemethaneandcarbondioxidecontentinthegasphase

occurred. During the incubation period of60days at 372°C gas samples of

0.5- 1mlweretakenoutatregularintervalsandthemixtureratioofmethaneand

carbondioxideinthegas phasewasdetermined. Thetotal amountofthegases

released (CCH, and CCO,) was determined through the addition of the

concentrationsofthe gasesinthegasphaseandthecalculatedconcentrationofthe

gasesdissolvedinthe liquidphase (10).
Thetotalamountofthe mineralized carbon(Cia)at 8certaintime ofmeasurement

(t=n) iscalculatedfromthesum ofthereleaseofmethane (CCH)andcarbondioxide

(CCO;)inthedurationofincubationof60 days, following the equation (a).

2) Caio= [(Cartelien - Cazaadena] + (Cooma - (Cool

Thebio-degradation wasdeterminedaccording to the following equation (b):

b Peeragetioegradaion= x100

Cun =Totalamountofthemineralized carbonin mg C
Crs =Totalamountofthetestsubstanceusedinmg C

Additionally, at the start and end of the experiments the pH-value, the dissolved

organiccarbonandthefluoride concentrationintheaqueous phaseofthetest runs
‘were determined.

Inoculum:

An anaerobic sludge from a community sewage treatment plant (Leanestadt-

'Maumke) whichwasfedalmostexclusivelywith residential waste water, wasused as

inoculum, The sludge was thermostated during the transport. 4ml sludge were

pipetted intothe test samples, suchthat a dry weight of 0.79 g/L waspreseatinthe

test samples. The sample collection occurred on 9/28/1993.

Transistor: Andres IngridSchneider, 715-549-5734 (German 14531995)
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Analysis:

* Thedeterminationofthemixtureratioofmethane andcarbondioxideinthegas
phasewasdonein a Shimadzu8Agas chromatograph with athermalconductivity
detectorover a Porapak-N analyticalseparationcolumn.Theanalysisofthe dissolved
organic carbon was done in aTOC (Total Organic Carbon Analysis) 500ofthe
‘Shimadzu Company. The fluoride was determined by meansof a fluoride selective.
electrode (Orion 69-90).

Referencesubstance:sodiumbenzoate(Merck,reageatgrade)

Testperiod: 9/30/1993 - 11/29/1993 -

RESULTS

Duringtheincubation periodof60days, 89.5%ofthereference substance sodium
benzoate was degraded (Tab. g1, Fig. g1). With that, the validity criterionofthe test,
adegradationofsodium benzoate>60%in60days,wasfulfilled.

The degradationof BASEFC-3041wasvery differentinthethreetest samples started
in parallel to each other (Tab g1, Fig. g2). According to the methane and carbon

dioxiderelease, 4days after startingthetest a degradationof10- 13%couldbe
observed in all three vessels. In vessel 9, the test substance BASE FC-3041 was.
degradedat aconstantrateofdegradation. After 33days, 91%ofthetestsubstance
wasmineralized.
Inthetestvessel 7thetetsubstance BASEFC-3041didat first notfurtherdegrade.
from day 4today25.Onlyafer33dayscould asignificantdegradationbe observed
again.Afteranincubationperiodof60days, a degradationof 78.5%wasachieved.
‘Paralleltovessel7,thetestsubstance BASEFC-3041 in vessel8 didatfirstnot
further degradefromday 4today 25.Here 00, arestartindegradationcouldbe
observedafter 33 days, however,with a substantiallylowerrateofdegradationin
comparisontovessel 84.After60days,only20.7%ofthe testsubstancehaddegraded
inthistestsample. —

sic. Mustbe 7. ’

“Translator: Andrea-IngridSchneider, 715-549-5734(German #1453/1995)
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“The causefor this degradative behaviorinthetestvessels 7and 8isnotknown.The
‘possibility exists that during the sample collection or during incubation oxygen
diffused in various amounts into the test samples, through which the anaerobic
‘mineralizationwasinhibitedtodifferentdegrees. Aconfirmatorytestforoxygenin
thevessels 7and 8with suitablecolor indicator (resazurin) wasnotpossibledue ©
thedarkblackcolorationofthetest samples.However,thedifferentdegradationof
BASEFC-3041 observed in thetestsamples may also be traced to the inoculum.
Sludgerepresentsaverycomplexinoculumwith a large diversity. Not allorganisms
are capable of degrading the test substance to the same extent. Therefore, the
possibilityexiststhata differentdistribution of variousorganismsinthetestvessels
occurredduringtheadditionoftheinoculum,whichledtothedifferencein
degradation ofthe testsubstance observed. . -

Tab. g2 shows the results of the determination of the anaerobic degradation of
BASEFC-3041 by meansofthe mineralization to methane and carbon dioxide in
comparisontothe determinationofthedecreaseofdissolvedorganiccarbon. Avery
goodagreementbetweenthetwo methods was foundinalltestsamplesforthe test
‘substanceaswellasfor thereferencesubstance.

A releaseof fluoridebymeansof aselectivefluorideclectrode (detection limit 2jg
fluoride) wasnotdetectableinanyof thetestsamples.Duringthemineralizationof
fluorinatedcompounds, fluorinecaninprinciplebereleasedonlyasfluorideion. A
volatilizationof fluoride,whichisobservedforlow pH-values,canbeexcludedunder
the given slightly alkaline conditions, measured at the start and the end of the
experiment. The possibility exists that released fluoride was bonded to the glass
vesselsor 10 the organisms.

EVALUATION :

Based on the present test results, the test substance BASE FC-3041 may be
categorized as biologically degradable under ‘anaerobic conditions.

Translator: Andrea-Ingrid Schneider,715-549-5734 (German #1453/1995)
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Tab. g1: Mineralizationof BASEFC-3041under anaerobicconditions
-—

Day Inoculum Referencesubstance Base FC-3041 + HgCly
cmin 1) Cain 2) Xdegradation Cmin 1)

ng © ng © ng C
—_—

0 ° 0 ° °

4 0,219 ° ° nb

n 0,703 ° ° nb

25 1,208 0,4 20 ab

33 1,343 1,337 66,8 © 0,08

6 1,302 1,789 29,8 0,08

_

_

nd aF BeTEI 8 Vesser 9
Cain 3) degradation Cain 3) degradation Cain 3) x ii

og C =g C ng © geaxidac
-

0 0 0 ° 0 0 0
'

4 0,428 10,7 0,534 13,3 0,481 12,0

1 0,394 9.8 0,533 13,3 1,887 at

23 0,442 11,1 0,407 © 10,2 3,42 85,:

33 1,013 47,9 0,612 15,3 3,841 a

60 3,141 18,8 0,831 20,7

—

1)Averagevaluefrom 3 experimental runs
2 venga rom perimentalras minsCinoftheinoculum control -
3)Cainofthe ‘unsminusCinoftheinoculumcontrol
nb =notdetermined

“Translator: Andrea-Ingrid Schneider, 715-549-5734(German #1453/1995)
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Tab. g2: Determinationoftheanaerobicdegradationof BASEFC-3041andsodium
benzoate bymeansofmineralization and measurementofthedissolved
organiccarbon(DOC)

—Wmalmim  DeemmSeoleDOC
% degradation %degradation

Ha - benzoate 1) 89,5 108

BASE FC-3041

Vessel 7 8,5 81,5

Vessel 8 20,7 25,2

Vessel 9 1 90,5

.

1)Averagevaluefrom 3 parallel [runs]

“Translator: Andrea-Ingrid Schneider, 715-549-5734(German #1453/1995)
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Fig. 1:Anaerobic degradationofsodiumbenzoate (averagevaluefrom 3parallel [runs])
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Fig. g2:Anaerobic degradationofBASEFC-3041in 3parallelsamples
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