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SUMMARY FOR WORK PERFORMED BY THE GERMAN ARMY ON FOAM
EXTINGUISHING AGENTS MANUFACTURED BY MULTIPLE COMPANIES

TEST SUBSTANCE

Identity: A mixture containing perfluorooctanesufonate, which may also
be referred to as PFOS, FC-95, or as a componentofFC-206.
(1-Octanesulfonic acid) (CAS # 2795-39-3).

Remarks: The test sample is FC-206. Current information indicates it is
a mixture of 0.67% PFOS, 17.5% diethylene glycol butyl ether, 78.91%
water, 1.33% Sultone foamer, 1% sodium octyl sulfate, 0.04% sodium
lauryl sulfate, 0.5% polyoxyethylene monooctylphenyl ether, and 0.05%
tolyltriazole.

The following summary applies to a study done by the German Army
for purposesofcomparing the environmental propertiesoffoam
extinguishing agents from multiple companies, including 3M’s FC-
206. Data may not accurately reflect theenvironmental properties of
the fluorochemical component in the test sample.

STUDIES SP
10, 20, and 30 minute ECso for Photobacterium phosphoreum
(Microtox™), 72-hour ECso for growth inhibition of Fresh Water Algae
(Scenedesmus subspicatus), 24-hour ECs, for Daphnia magna, 48-hour
LCs to zebra barbling (Brachydanio rerio), Chemical Oxygen Demand and
5-day Biochemical Oxygen Demand

METHODS:

Microbics Microtox® “BASIC” Procedure

Algae growth inhibition per EPA guidelines dated 05-06-1982

Daphnia toxicity according to DIN 38412, Part 11

Zebra barbling toxicity according to DIN 38412, Part 15

RESULTS

Report Date: 3/29/90

‘The ECzo for Photobacteriumphosporeumwas 15,000 ppm. tis not dear
ifthis is for the 10, 20, Or 30 minute exposure.
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The 72-hour ECso Growth Inhibition for Scenedesmus subspicatus was
160 ppm.

‘The 24-hour ECs for Daphnia magna was 2000 ppm.

The 48-hour LCs for Zebra barbling (Brachydanio rerio) was 4086 ppm.

The Chemical Oxygen Demand (COD) was 24,600 mg Oz / L

The 5-Day Biochemical Oxygen Demand (BODS) was 8700 mg Oz /L

DATA QUALITY

Reliability: Kiimisch ranking = 4. All study values come from a summary
list only. No raw data or method documentation was available.

TH cm——————————

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

Last changed: 6/26/00
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1. Introduction

OnApril 15, 1985, theFederalMinisterforInternalAffairs Introduced a revised andexpandedversion
ofthe

Index of Water Endangering Materials ¥)

‘Theindexliststhe mostimportant chemicalcompoundsavalabloon the marketand dividestheminto.
fourwater endangering categories (WEC) according to their water endangering potential

WEC3 very harmful materials

WEC2  hammtul materials
WEC mildly harmful materials _
WECO general harmless materials

All chemical materials not yet fisted in the catalogue, are considered water endangering unti the
authorized

‘Subcommit for“Storageand Transportation of
WaterEndangering Meteias”a theFederalMinistyforInternalAffairs

has decided about their classification.

In casa of midures of materials, the incorporation ino a water endangering category is decided
accordingtothedatameasuredonthemixture sat.

Atthefocusoftheevaluationof amaterialregardingits endangering potentialforthe organismsliving
inwater orusing it -e.g.as afood -is ts acute toxicity, especiallyforbacteria, algae,smallcrayfish,
fish and mammals.

Testsonaquaticorganisms (bioassays) are includedamongtheproceduresprescribedbythe
legislature for waterand waste water evaluation.

tis generally accepted:

1. Principally,bioassays cannotbe replacedby thechemicalanalysis.

2 Bioassays ontheonehandand chemicallphysicalprocedursson the other, complement
‘ach ther (see among others: German Unified Proceduresfor Water, Waste Water and
Sludge Examination, DIN 38412).

GHB eae A. 30No.1(1969,pages173-252
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Duringtheevaluation of the effectsof

~ chemical parameters, 9. toxic materials containedinwaterand

physical parameters, 0.9. supplyof energy,waterextraction

theattantion shouldbepaidtotheuseofprescribedtestorganismsandto theconformanceto
standardtest conditions. Thereproducibilityand statisticalvalidityofthe asusshouldbesecured. + *

“Thefollowingtypesof testorganismsshouldbeusedinstandardizedbioassaysinwaterandwaste
water:

~bacteriaas chemoheterotrophs _

alga asprimaryproducers

-protozoans assingleprimaryandsecondaryconsumers

small crayfishasmice! consumers

fish as muticsl consumers with acentral Nervoussystem. Atthesametime, theyarethefinal
members inthe aquatic food chainsand collect persistent chemicalsin ther tissues.

‘Addiionaly, certain saprobicsystemscan beused in biotestsasmodelsofcomplete ecosystems.
Particularly microcosmsand activated sludgesystemsconsistingofvariousbacteria, fungi, protozo-
ansand worms.

2. Problemdefinition

AccordingtothedsfinionsinwatersupplylawandwastewaterhandlinglawIncludingpertinent
Implementation procedures,theFederaldefensaforces aofrequertly quotedasthe causeofhamul
materials discharges towaters andcommunalwastewatertreatment plants.

Pariularlyduring, e.g.

- useofextinguishingfoams duringtrainingsandactions

-ransportationand storageoffoam agent concentrates

considerablehamcanbedonetosurfaceandground waters.
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Toevaluatethe dangerpotentialofthefoamconcentrates notyetclassifiedinthewaterendangering
catagories, their examination and miltary-intomal temporary classification into water endangering
classes is necessary. The Federal Office forDefense Technology and Acquisitionin Koblenz, has

‘authorizedthedefensascientifcService Officeofthe FederalAmytoconduct thenecessary research
and the subsequenttemporary Army-intemal WEG classification.

Th research, leading to establishing water endangering categories of foam extinguishing agent
concentrates, producesatthesametimevaluesofacuteorganismtoxicitiesofthe,mostly3%,
appication solutions.

3. Foamextinguishingagentsandtheirbioassays

3.1 Totalof 16foamextinguishingagentsrepresenting§ differentkindsoffoamagentswerecompara-

tively evaluated in bioassays (see 3.2) regarding acute toxicityoftheirapplicationsolutions to water
‘organisms and subdivided into waterendangering categories from the point of viewoftheirconcen-

rates.

In particular:

-5 multirange foam agents
-6fim-formingfoam agents
-3protein foam agents.
1 fim forming fuorine-protein foam agent
-1special foamagent for deep-rypanfires

‘The formulationsofthefoamextinguishingagentsareproprietary Information andunavailabletothe
public. Afterconsultationswithmanufacturers, thefollowingmaterialscanbelistedastoxiccompo-
nents:

- organic surfactants

glycols (e.g. ethylengycol, butydiglyco) ten
preservatives
organic solvents
organic acids
- inorganic satts
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Presented testresults arenewandnotyetrevealedtothe manufacturercompanies. Therefore,
productnamescannotbepublishedhere. Hence,the resuttableswillhavetheproductnames
substituted by class descriptions including running Rem number.

|

| 32 Listingofthe bioassay used (shortdescription of each testwiththefolowingresu table - see 4.5
through 4.5). .

32.1 Bioluminescence inhibitiontestwithPhiotobacteria Phosphoreum In microtox analyzer, model 2055.
(Beckman Co)

3.2.2 Algae growthinhibitiontestaccording tothetest guidelinesoffederal EPA dated 05-06-1962.

3.2.3 Daphnia shorttestaccording to DIN 38412, Part 11,

3.24 Fishtest according to DIN 38412, Part 15.

3.2.5 Determinationofthe biochemicaloxygendemandbytheapplicationsolutionsand theidilutions with
water during § consecutive days (BOD 5).

Apparatus: Sapromat B12, Voth Co.

Incomparisonto BOD 5,themeasurementincluded:

‘chemicaloxygendemandoftheapplicationsolutionsandtheidion (COD).

Apparatus: Or. Lange digital photometer LP 1W.

4. Resutts —

‘Theresiswill bedescribed inthefollowing (chapter4.1.t04.7) intheformof tableswithassociated
text.
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41 The bioluminescence ishibftion test with Photobacteria Phosphoreu in microtox analyzer, model
2055by BeckmanCo.

4.1.1 Short descriptionof thetest

Thetestorganism PhotobacteriaPhosphoreuris a marine bacteria.Thiskind ofbacteriaispresent
inimmensequantities inthesealayersclosetothesurfaceandcauses thesocalledmarine
‘phosphorescence.The underlyingchemicalprocessisalucterine-ucieraseprocess. Damagesto

thePhotobacteria, 6.9.duetointoxications, result inthe inhibitionofthe lucierine-lucieraseactivty.
‘The endeffectisthereductionofthelightemission.

“This, n efverysimple,principleisused inthe microtoxanalyzer:

Alightransparent glass cellisplacedin alight ightmeasurementhead.Theglasscell contains1 ml
of asuspensionwith Photobacteria.The lightemittedbythePhotobacterafalls on aphotoreceptor,
isconverted into elect energy, amplified, displayedandrecorded.

‘Thelight quantity emittedby aspecimen of untreatedbacteriaissetinthe display tothevalue of 90%.
“This quantityistantamountto: “natural, uninhibited fight emission”.

Specimenofequalquanti of bacteriaand equal bacteria qualty withtoxic substancesadded
respondwith a reductionofthe lightemission. Accordingly,the displayvalue liesbetween90%and
0%.The0%-valusindicates thatthephotobacteriaofthespecimen treatedinthiswayisnotcapable

ofightproductionanymore.

Fig. 1: Measurement mangementof microtoxanalyzer
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Microtox®- Analyzer: Measurement configuration
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4.1.2 TheresultsofthebioluminescenceinhibitiontestwithPhotobacteriaPhosphoreuareassembled in
Table1.

Inthefirstresultcolumnarstheeffectiveconcentrationsofthe 16testedfoamagentsin U1 ofwater
leading1o.a50% inhibitionofthe ight emissionbythe light bacteria (= EC50).

Inthesecondresultcolumn arelikewiseeffectiveconcentrationsleadingto a 10%inhibitionofthelight
emission(=EC10)andrepresenting theso called taxichy thresholdsofthefoamagentstothe
Photobacteria.

‘The negativedecimal logarithmsofindividual EG10 resultaftermutiplicationbythefactorof-1nso
called evaluationandendangering figuresoftheIndividualfoamextinguishingagentstoPhoto-
bacteria Phosphoreum(seeresultcolumns4and 5).

According to the evaluation scheme of the “Comission for Evaluation of Water Endangering
Materials", the determined evaluation and endangering figures (EE figures) indicate the following
toxihycategories:

EEfiguresof 60andhigher Highly toxic totest organisms

EEfigures 401059 +Toxictotestorganisms

EEfigures 201039 +Lowtoxicitytotestorganisms

EEfigures under 20 + Generally nontoxictotestorganisms
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The following evaluation of the bacteria toxicity of he foam extinguishing agents can be concluded
from these data:

Highly toxic to Photobacteria are the muttirange foam extinguishing agents No. 1 and 2.

‘Toxic to photobacteria are the mutirange foam extinguishing agents No. 3, 4 and 5,as wel asfim-
forming foam agents No. 2 and 6.

Lowtoxiciytophotobacteriarepresentthe fim-formingfoamagentsNo.1,3(FC-206,4(FC-203) and
5,thethreeproteinfoamagents, thefilm-forming flurine-proteinfoamagentsaswell as thespecial
foamagentfor deep-ypanfires. _

42 Algae muliplication inhibition test

42:1 Theinvestigationsofaigastoxiciywere conducted accordingtotheassayguideline “inhibitionofthe
‘ell multiplication of greenalgae Scenedesmus Subspicatus CHOD" of the (German) Federal EPA
dated 06.22.1962.

Scenedesmus subspicatus is a single-cell autotrophic organism wih vegetative multiplication.

‘Stockcutturesofalgaewere heldinnourishmentmediaaccordingtothetestguideline andtransferred
toatresh mediumonceawesk. Pre-cuturesweresetup 3daysbeforestartingeach assayto obtain
cells n the exponential growth phase.

‘The experiments wersconductedasstatictests,Le. thetestedsubstancewasaddedonceinthe
desiredconcentrationathebeginningoftheIncubation. Foreachconcentrationandcontrol2
Erlenmeyerflaskswith 50mi ofutrtonalsolution were satup. The intialcll danstywassettothe
value between 10,000 and 15,000 cells.

‘Thetest cutureswereshakenonce aday.Thecellconcentration wasdeterminedontheday0,3, 4
and7bymeansofanelectroniccellcountingdevice.Thecall numberswerusedtoplotthe growth
curves and to calculate the mutiplication inhibition which takes Into consideration days 0, 3 and &
‘according to the guideline. Day 7 was used for an after-observation.

From the concentration-effect curves, the values of EC10 and ECS0 were determined.
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4.2.2Theresultsofalgaegrowth inhibition assayusingScenedesmus Subspicatuswereputtogetherin
Table2.

“ThetableIsbultupaccording tothe sameschemeas table1.Thetoxitydetermination of individual
foamagents forScenedemus Subspicatuswasconductedinthesamewayas thatforphotobacteria.

Allfoamagents withtheexceptionoftwoproteinfoamagentsshouldbe designatedas toxicto
Scenedemus Subspicatus. Bothofthe mentionedproteinfoamagentshave onlyweak toxicty to
algae. Thespecialfoamageritsfor deep-ypan firescanbeconsidered abordercasebetweentoxic:
andweaklytoxicagents.

tisconspicuousthatoneproteinfoamagentwhichwasonlyweaklytoxic in elationtobacteria is In
theupperrangeoftoxic toalgas,whileonehighlytoxiotobacteriamuti-rangefoamagenthasbeen
foundinthemidrangeoftoxichyrelative toalgae.
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43 Results of the Daphniashort term assay

43.1 Testorganismsinthis casea 61024-hoursoidinstarof DaphniaMagnia.Thetoxiceffectofsubstances
‘contained in water onDaphnia Magnais measured asthesolution level or concentration (ppm, ppb)
ofthe tested substances in which,after testing, certain percentage of Daphnia became immobile
(effective concentrations for 10%and50%oftheanimals = EC10and ECS0).

Tost configuration _

Ina25mibeakerlask, 5miofstandard water (socalleddiationwater)werefiled. Then,2oidanimals
areputinlft tothemselvesfor24hourswithoutfood. Afterthattime,theold animalsareremoved.
The neonates releasedinthe meantime, werecounted and theevaporatedwater replenished. Now,
‘Simiofthe toxicantsolutionareadded intothebeakerglass.ThisrestsInthesolutionof 10 miand
thereforerepresentsthe first levelofdilationofthetested substance inwater. Furtherlevels are
obtained in the same way.

Toinhibitthenatural swimiingactivity oftheanimalsandto secure apossiblyequalsubstanceintake
in all larvae,thetest material islef indarknessforthenext24hours; thecountingofthestlmobile
instarsfollowsthereafter.”

Control breed

Inparallel to eachassayseries, adeterminationofthe EC10-valusisconducted withthe reference
substance potassiumdichromate. The quantities usedinthis case are 0.9 - 1.9 mg/lof stockwater.

Thetestresultisvalidwhen ess than 10% ofDaphnianeanatesbecameimmobie inthis controlassay.
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4.3.2 Theresultsof Daphniashort tem testarecollectedin Table3.

“Theconfigurationofthetableagainfollows theschemeusedinTable1.Alsothedeterminationofthe
toxicityofinddualfoamagentsto Daphniaisconducted ustiksInprevioustestswith Photobacteria
‘and green aigae.

Allmut rangefoamagents,fim-formingfoamagentsuptothe running No. 3 and thespecialfoam
‘agentfordesp-cypanies,aretoxicto Daphnia Magna.The remainingfoamagents, Le. thefim-
formingFA No. 3, thethreeproteinFAandthe im-formingflucrine-protein FA havelow toxic to
Daphnia.

‘Generally, themuthrangeandthefim-formingfoamagents arslesstoxi to Daphniathantothe
bacteria. -
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4.4 Resultsofthefishtoxicity test

4.41 The Investigationof th fish toxitty as wella fishholding and water quality were nagreement with
theOECD guidelines.The zebra barblings (Brachydanioferio) hadanaveragebody lengthof3.0=.
0.5 cm. Th mortalty during the ast twoweeksofthe stock holdingwas 0%.

The0 contentandpHofthetestsolutionswasdetermined att = Oh, t = 48hand =96h (endofthe
experiment).Duringtheexperiment, therewas nonoticeablechangeofthe Ozcontert. ThepHofthe

testsolutions was 7.8 + 0:2 atthebeginningofthe test.

Th food supplywassuspended24hoursbeforethestat ofthe test. The temperatureofthesolution
was23°C  0.5°C with constantlightaerationthrough a glasscapilaryand alight/darkcycleof16/8
hours.

Ineachconcentrationlevel, 10fishes wereputinthe 10 ter testsolution n a 15Iker ful glassbowl
understatic testconditionsandthe numberofdeaddeterminedafter24, 48,72and96hours.
Uncertaintiesduringtheexperimentwer recorded.

The LC, were calculatedwithacomputer program accordingtoLichtfield and Wilcoxon 1949; LG,
and LC,resulteddirectlyfrom thetest.

4.4.2 The resultsofthe fish toxicty test are compiledin Table4.

The result representationanddeterminationofthe toxicty ofindividualfoamagentsto fish again
followsthebacteriatest(see 4.1.2).

Clearly,toxic to fishareonlymuti-rangefoamagentsNo. 2 and 4. Theremaining muti-rangefoam
agents No. 1 and 3,aswell as thefim-forming foam agents No.1 and 2 canbeassignedtoatoxi/
weaklytoxictransitionrange.Weakly toxic to fishare thefim forming foam agentsNo.3 (FC-206,4
(FC-20), 5.and6,theprotein foamagents No. 2and3,as wlasthe specialfoamagentfordeapry
fires. Thefilm-formingfoam agent No. 1as well as the fim-forming fluorine-protein foamagentare
generaly non-toxictofish,

001550



Torttomonionsores Pago 120
Ties Acustiotes LCs LOI hour)occ el

ee aosSombrio in5 Eghrs ic)

aw Commie og Fa
ounsors4 FE fs rng esve in nn

Mango FA No @ = ss a0 “
Maange FA Koz 100 o © ast a
Matango FA Noa pe 100 100 om “0
FinfomingfA oz pa 100 107 asm “0
FinfomiogFA Not 01 100 10s ser “0

[ry ——— n I) To aso w
J 0 P ams az
J 1000 Py 20m a0

Speci FA 1080 1000 we 2041 28
FimfomiogFA NoaFz 4000 00 0 2m 27
Fmtomiat fos | 7s Eo) ez Pr) 20
FimtomingFA Nog | 2075 200 2100 26m 27
boop Nez [es un sam 22m 25

Fimfomingfoueproan [10000 | 10000 T0000 2 2
ProsnfA Not [doo [iow Too00 2 2

°
2 Sn Hopes crc 20% ot i
8 [RAE vorometosdificts oboe
aa



Investigationsoftoceffects... Inthewastewater Pago 12

45 Determinationofbiochemicaldegradabity

InTable 5, thefigures ofthechemicaloxygen demand(GOD)andthe biochamical oxygen demand
duringthe fiveconsecutive days(BOD5),expressedinmg O,per terof water, werecollectedfor 3%
‘applicationsolutionsofthefoamagents.

Thelevelofthebiochemicaldegradabilyofthetestedsubstancescanbesufficient accurately
datorminedromthe ratio of GODtoBOD. InandealcasetheGOD to BOD Swouidbe 1:1. Such

ratiowouddescrib annearly quantitative biodegradationof a tested substance. RatlosofCOD to
BOD 5of1:0.5signalaninsufficientbiochemicaldegradation.

ThevaluespresentedinTable 5pointtothe insufficientbiochemicaldegradationofthemutirange
foamagentsNo. 1and 4 aswel asthefim-formingagent No.3 (FC-206). Duringthecategorization
oftheconcentratesofthes foamagentsinto awaterendangering catagory, the characteristics of
insufficientbiochenical degradabifyfs considered as ogative ("Malus")andresultedinassignment
10thanext higherwaterendangeringcategory (5004.7).
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4.6 Determination of the water endangering figures and classification of the tested foam extinguishing
‘agent concentrates nto water endangering categories.

46:1 As already explained in the introduction, the “Commission for Evaluation of Water Endangering
Materials"considered theactatoxic toselectedtestorganismsas aprimarycriteriaforclassifica:
tionof asubstanceor a substance midureinto awater endangeringcategory. A furtherImportant
evaluation criteria was the biochemical degradabilty of the substance or substance mixture under
consideration.

Anerconsultationswithsomeofthe membersofthe “Commissionfor EvaluationofWater Endanger-
Ing Materials" regarding the classification of 16foam extinguishing agent concentrates, the determi-
nationof themammalstoxicity (LDSOora,hasbeen waived.Instead,Inaddition totheprescribed
consideration of the

- acute bacteria toxicty and the
- acute fish toxicity,

theacute toxicties to

~aigae and
-water flea

were taken into consideration during the classification of the tested foam extinguishing agent
‘concentrates ino water endangering categories.

46:2 InTable6, the evaluation figuresoftheacutetoxicsofthefoamextinguishingagentstothetest
organisms,arepresentedincolumns 2through 5. Accordingtothe methods employedbythe
“Commission for EvaluationofWater Endangering Materials", the arithmetic averages of the evalu-
ation figures: result n the so called water endangering number (WEN) of the material under
consideration (6th column). From thewaterendangering numbersdetermined inthis way,thewater
‘endangering categories (WEC) are derived according tothe following scheme:

WENGandhigher  -WEC3
WEN401059 -WEC2
WEN20tp39 -WEC1
WEN 1.9andlower  -WECO

‘The classificationof the tested foam extinguishingagentconcentrates Into the water endangering
catagories can be taken from the last column of Table 6,
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4.6.3 Underthapressureofthegeneralactiveenvironmentalconsciousness,thequestiondiscussedto-
datos:

‘Shouldclassificationofthesubstance concentrateinto awaterendangeringcategorybe
‘basedonacute toxicitytothe mostsensitive memberof afoodchain?

‘Shouldthisbethecase, hecategorizationofthe 16foamextinguishingagentconcentratespresented
inTable 7 intowaterendangeringcategorieswouldbetheresult.

47 Thebiochemical degradabiltyofthe

-muti-rangefoammaterialNo.1 and

-muirangefoamagentNo.4

1snotsufficient.

“Thisfactleadsto adowngradingoftheconcentratesfromthewater endangeringcategory 2(see
‘Table6)tothewaterendangeringcategory3.

Incaseoftheinsufficientlybiochemicallydegradablafim-formingfoamagent No.3,the downgrading
takesplacefrom the waterendangering category 1 (see Table6)tothe waterendangering
category2.
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5. Finalconsiderations

Presented

~dataofthe cutstoctyof theapplicationsolutions of foam extinguishing agentstowaterorganisms

-dataconceringbiochemicaldogradabtyoffoam extinguishing agents

-classification ofthetestedfoam extinguishing agentconcentratesinothewater endangering
categoriesbasedon

©arthmeticaveragesofthe evaluation figures of theacttoxicities

©evaluation figuresof theacutetoxitles to themstsensitiveorganism n cachcaso

have10bochackedbythe “Commission for Evaluation ofWaterEndangering Materials”.

TheCommissionwil evaluate thetoxicitydata establishedbythearmyandindicate ifit shouldbe
consideredcompletaori oadof further investigations.

“Theexaminationwilalso provide adetermination conceming theproceduresusedfortheclassifica-
tionof foam extinguishingagents ntothewater endangeringcatagories.

Especiallythelatterresultisofinterestitislikelytoseta precedencethatcouldaffectthecommercial
lawofthe European Community startingin 1992.
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