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

TEST SUBSTANCE

Identity:A mixturecontainingperfluorooctanesulfbnate,which may also
be referredtoas PFOS, FC-95, oras a component ofFC-203.
(1-Octanesulfonicac7id)(CAS # 2795-39-3).

Remarks: The testsample isFC-203. Currentinformationindicatesit
isa mixtureof1.34% PFOS, 35% diethyleneglycolbutylether,37.85%
water,20% ethyleneglycol,2.66 % Sultonefoamer,3% sodium oetyl
sulfate,0.1% sodium laurylsulfate,and 0.05% tolyltriazole.

The followingsummary appliestoa swdy done by the Gennan Anny
forpurposes ofcomparing the environmental propertiesof fbam
exdnguishing agents from muidpis companies, including3M's FC-
203. Data may not accuratelyretlectthe environmental propertiesof
the the fluorochemicalcomponent Inthe testsample.

STUDIES

10,20, and 30 minute EC5o forPhotobacteriumphosphoreum
(MicrotoxTm), 72-hourEC50 forgrowthinhibitonofFreshWater Algae
(Scenedesmus subspicatus),24-hourECro forDaphnia magna, 48-hour
LC5o tozebra barbling(Brachydanior*erio),Chemical Oxygen Demand and
5-day BiochemicalOxygen Demand

METHODS:

MicrobicsMicrotox@"BASIC" Procedure

Algae growthinhibitionper EPA guidelinesdated05-06-1982

Daphnia toxic7ityaccordingtoDIN 38412, Part11

Zebra barblingtoxicityaccordingtoDIN 38412, Part15

RESULTS

Report Date: 3129190

The EC5o forPhotobacteriumphosporeum was 2500 ppm. Itisnotclearif
thisisforthe10,20,or30 minuteexposure.



The 72-hour EC5o Growth InhibitionforScenedesmus subspicatuswas
160 ppm.

The 24-hour EC5o forDaphnia magna was 430 ppm.

The 48-hour LCso forZebra barbling(Brachydaniorerio)was 1634 ppm.

The Chemical Oxygen Demand (COD) was 41,200 Mg 02 / L

The 5-Day Biochemical Oxygen Demand (BOD5) was 21,500 mg 02 / L

DATA QUALITY

Reliability:Klimischranking= 4. Allstudyvalues come from a summary
listonly. No raw data ormethod documentation was available.

OTHER

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

Last changed: 6/26/00
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1. lrffoduction

On April15,1985,theFederalMinisterforInternalAffairsintroduceda revisedand expanded version

ofthe

Index ofWater Endangering Materials

The indexliststhemost importantchemicalcompounds availableon the market and dividesthem into

fourwater endangering categories(WEC) accordingtotheirwater endangering potential:

WEC 3 veryharmfulmaterials

WEC 2 harmfulmaterials

WEC I mildlyharmfulmaterials

WEC 0 generallyharmless materials

Allchemical materialsnot yet listedinthe catalogue,are considered water endangering untilthe

authorized

Subcommittee for"Storageand Transportsdonof

WaterEndangering Materials"attheFederalMinist[yforlntematAflWrs

has decided about theirclassification.

Incase ofmixturesofmaterials,the incorporationintoa water endangering category isdecided

accordingtothe data measured on the mixtureitself.

Atthefocusoftheevaluationofa materialregardingitsendangering potentialfortheorganisms living

inwateror usingit-e.g.as a food -isitsacutetoxicity,especiallyforbacteria,algae,smallcrayfish,

fishand mammals.

Tests on aquaticorganisms (bioassays)are includedamong the procedures prescribedby the

legislatureforwater and waste waterevaluation.

Itisgenerallyaccepted:

1 . Principally,bioassays cannot be replacedby the chemical analysis.

2. Bioassays on the one hand and chemical/physicalprocedures on the other,complement

each other(seeamong others:German UnifiedProcedures forWater,Waste Water and

Sludge Examination,DIN 38412).

GMBI, IssueA.36 No. 11 (1985),pages 173 -252
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Duringtheevaluationoftheeffectsof

-chemicalparameters,e.g.toxicmaterialscontainedinwaterand

-physicalparameters,e.g.supplyofenergy,waterextraction

the attentionshould be paidtothe use ofprescribedtestorganismsand tothe conformance to

standardtestconditions.The reproducibilityand statisticalvalidityoftheresultsshould be secured.

The followingtypesoftestorganisms shouldbe used instandardizedbioassaysinwaterand waste

water:

-bacteriaas chemoheterotrophs

-algaeas primaryproducers

-protozoansas singleprimaryand secondaryconsumers

-smallcrayfishas mufticellconsumers

-fishas mufticellconsumers witha centralnervous system. At thesame time,they arethe final

members intheaquaticfood chainsand collectpersistentchemicalsintheirtissues.

Additionally,certainsaprobicsystems can be used inbiotestsas models ofcomplete ecosystems.

Particularlymicrocosms and activatedsludgesystemsconsistingofvariousbacteria,fungi,protozo-

ans and worms.

2. Problem definifion

According tothe definitionsinwatersupply law and waste waterhandlinglaw includingpertinent

implementationprocedures,thefederaldefenseforcesarefrequentlyquoted asthecause ofharmful

materialsdischargestowatersand communal waste watertreatmentplants.

Particularlyduring,e.g.

-use ofextinguishingfoams duringtrainingsand actions

-transportationand storageoffoam agent concentrates

considerableharm can be done tosurfaceand ground waters.
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Toevaluatethedangerpotentialofthefoamconcentratesnotv classifiedinthewaterendangering

categories,theirexaminationand military-intemaltemporaryclassificationintowater endangering

classesisnecessary.The FederalOfficeforDefense Technology and AcquisitioninKoblenz,has

authorizedthedefensescientificServiceOfficeoftheFederalArmy toconductthenecessaryresearch

and the subsequent temporaryArmy-intemalWEC classification.

The research,leadingto establishingwaterendangering categoriesoffoam extinguishingagent

concentrates,produces atthe same timevaluesof acuteorganism toxicftiesofthe,mostly3%,

applicationsolutions.

3. Foam extinguishingacientsand theirUiog@,@

3.1 Totalof16foam extinguishingagents representing5 differentkindsoffoam agents were compara-

tivelyevaluatedinbioassays(see3.2)regardingacutetoxicityoftheirapplicationsolutionstowater

organisms and subdividedintowaterendangering categoriesfrom thepointofview oftheirconcen-

trates.

Inparticular:

-5 mufti-rangefoam agents

-6 film-formingfoam agents

-3 proteinfoam agents

-1 film-formingfuorine-proteinfoam agent

-Ispecialfoam agentfordeep-frypan fires

The formulationsofthefoam extinguishingagentsareproprietaryinformationand unavailabletothe

public.Afterconsultationswithmanufacturers,thefollowingmaterialscan be listedas toxiccompo-

nents:

-organicsurfactants

-glycols(e.g.ethylenglycol,butyidigtycoq

- preservatives

-organicsolvents

-organicacids

-inorganicsafts
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Presentedtestresultsarenew andnotyetrevealedtothemanufacturercompanies.Therefore,

product names cannot be publishedhere. Hence,theresulttableswillhave theproductnames

substitutedby classdescriptionsincludingrunningftemnumber.

3.2 Ustingofthe bioassayused (shortdescriptionofeach testwiththefollowingresulttable-see 4.5

through4.5).

3.2.1BioluminescenceinhibitiontestwithPhotobacteriaPhosphoreum inmicrotoxanalyzer,model 2055

(Beckman Co.)

3.2.2Algae growth inhibitiontestaccordingtothetestguidelinesoffederalEPA dated 05-06-1982.

3.2.3Daphnia shorttestaccordingtoDIN 38412,Part11.

3.2.4FishtestaccordingtoDIN 38412,Pan 15.

3.2.5Determinationofthebiochemicaloxygen demand bytheapplicationsolutionsand theirdilutionswith

waterduring5 consecutivedays (BOD 5).

Apparatus:Sapromat B12,VoithCo.

Incomparison toBOD 5,the measurement included:

chemicaloxygen demand oftheapplicationsolutionsand theirdilutions(COD).

Apparatus:Dr.Lange digitalphotometerLP 1 W.

4. Results

The resultswillbe describedinthefollom(ing(chapter4.l.to4.7)intheform oftableswithassociated

text.



lnvestigatfonsoftoxiceffects......inthewastewater Page6

4.1 ThebioluminescenceinhibitiontestwithPhotobacteriaPhosphoreuminmicrotoxanalyzer,model

2055 by Beckman Co.

4.1.1Shortdescriptionofthetest

The testorganism PhotobacteriaPhosphoreum isa marinebacteria.Thiskindofbacteriaispresent

in immense quantitiesinthe sea layerscloseto the surfaceand causes the so calledmarine

phosphorescence.The underlyingchemicalprocessisa luciferine-lucfferaseprocess.Damages to

thePhotobacteria,e.g.due tointoxications,resultintheinhibitionofthelucife(ine-luciferaseactivity.

The end effectisthereductionofthelightemission.

This,initselfverysimple,principleisused inthemicrotoxanalyzer:

A light-transparentglasscellisplacedina light-tightmeasurement head. The glasscellcontains1 mi

ofa suspensionwithPhotobacteria.The lightemittedbythePhotobacteriafallson a photoreceptor,

isconvertedintoelectricenergy,amplified,displayedand recorded.

The lightquantityemittedby a specimen ofuntreatedbacteriaissetinthedisplaytothevalueof90%.

Thisquantityistantamountto:"natural,uninhibitedlightemission".

Specimen of equalquantityof bacteriaand equalbacteriaqualitywithtoxicsubstancesadded

respondwitha reductionofthelightemission.Accordingly,thedisplayvalueliesbetween 90% and

0%. The 0%-valueindicatesthatthephotobacteriaofthespecimen treatedinthisway isnotcapable

oflightproductionany more.

Fig.1: Measurement arrangementofmicratoxanalyzer



MicrotoxO-Analyzer:Measurement configuration

Light-tightmeasurement head

Glasscellwithspecimen
Di

Photoreceptor

LUght

Tempering

Amplifier

Pr
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4.1.2TheresultsofthebioluminescenceinhibitiontestwithPhotobacteriaPhosphoreumareassembledin

Table 1.

Inthefirstresultcolumn aretheeffectiveconcentrationsofthe16 testedfoam agents inuviofwater

leadingtoa 50% inhibitionofthelightemissionby thelightbacteria(= EC50).

Inthesecond resultcolumn arelikewiseeffectiveconcentrationsleadingtoa 10% inhibitionofthelight

emission(= EC10) and representingtheso calledtoxicitythresholdsofthe foam agentstothe

Photobacteria.

The negativedecimallogarithmsofindividualEC1 0 resultaftermultiplicationby thefactorof-1inso

calledevaluationand endangering figuresofthe individualfoam extinguishingagents to Photo-

bacteriaPhosphoreum (seeresultcolumns 4 and 5).

Accordingto the evaluationscheme of the "Commission forEvaluationof Water Endangering

Materials",the determinedevaluationand endangeringfigures(EE figures)indicatethefollowing

toxicitycategories:

EE figuresof6.0and higher Highlytoxictotestorganisms

EE figures4.0to5.9 Toxictotestorganisms

EE figures2.0to3.9 Low toxicitytotestorganisms

EE figuresunder 2.0 Generallynon-toxictotestorganisms



Toxicityoffoam extinguishingagents

Table 1: Acute toxicitiesas EC50* and ECI 0** tophotbacteriumphosphoreum (Photolumineseentbacteria).
Criteria:Inhibitionofthe lightpower within10 20 /30 minutes (Classificationofthefoam agents accordingto d

EC50 in ECI 0 inpVl and negative

Foam agents (FA) pVlofwater mg/kg ofwater decimal

Toxicitythresiold logarithm

pi/I mg/kg ofthe ECIO

MultirangeFA No.2 6 0.6 0.61 -6.215

MultirangeFA No.1 7.5 0.9 0.92 -6.031

MultirangeFA No.4 15 1.7 1.79 -5.747

MultirangeFA No.5 25 1.7 1.75 -5.757

MultirangeFA No.3 25 6 6.0 -5.222

FilmformingFA No.2 2000 85 91 -4.041

FilmformingFA No.6 300 30 32 -4.495

FilmformingFA No.1 460 120 129 -3.889

SpecialFA 3000 150 216 -3.666

FilmformingFA No.5 2000 460 479 -3.320

FC-203 No.4 2500 600 632 -3.199

FC-20X(o No.3 15000 2000 2040 -2.690

ProteinFA No.3 5000 2000 2330 -2.633

ProteinFA No.1 30000 4000 4570 -2.340

Filmformingfluorineprotein 30000 7500 8590 -2.066

ProteinFA No.2 30000 7500 9000 -2.046

EC50 = Effectiveconcentrationofthefoam extinguishingagent loweringthelightpoweroftheph
ECI 0 = Effectiveconcentrationofthefoam extinguishingagent loweringthelightpoweroftheph
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Thefollowingevaluationofthebacteriatoxicityofthefoamextinguishingagentscanbeconcluded

from thesedata:

HighlytoxictoPhotobacteriaarethe muftirangefoam extinguishingagents No. 1 and 2.

Toxictophotobacteriaarethe muftirangefoam extinguishingagents No. 3,4 and 5,aswellas film-

formingfoam agentsNo. 2 and 6.

Lowtoxicitytophotobacteriarepresenttheflim-formingfoam agentsNo. 1,3 (FC-206,4(FC-203)and

5,thethreeproteinfoam agents,thefilm-formingfluorine-proteinfoam agentsas wellas thespecial

foam agentfordeep-frypan fires.

4.2 Algae multiplicationinhibitiontest

4.2.1 The investigationsofalgaetoxicitywere conducted accordingtotheassay guideline"Inhibitionofthe

cellmultiplicationofgreen algaeScenedesmus SubspicatusCHOD" ofthe (German) FederalEPA

dated 06.22.1982.

Scenedesmus subspicatusisa single-cellautotrophicorganismwithvegetativemultiplication.

Stockcufturesofalgaewereheldinnourishmentmedia accordingtothetestguidelineandtransferred

toa freshmedium once a week. Pre-cuftureswere setup 3 days beforestartingeach assaytoobtain

cellsintheexponentialgrowth phase.

The experimentswere conducted as statictests,i.e.thetestedsubstancewas added once inthe

desiredconcentrationatthe beginningofthe incubation.For each concentrationand control2

Erienmeyerflaskswith50 mi ofnutritionalsolutionwere setup. The initialcelldensitywas settothe

valuebetween 10,000and 15,000cells.

The testcultureswere shaken once a day. The cellconcentrationwas determinedon theday 0,3.4

and 7 by means ofan electroniccellcountingdevice.The cellnumbers were used toplotthegrowth

curvesand tocalculatethemultiplicationinhibitionwhich takes intoconsiderationdays 0,3 and 4

accordingtotheguideline.Day 7 was used foran after-observation.

From theconcentration-effectcurves,the valuesofECI 0 and EC50 were determined.



Investigatfonsoftoxiceffects......inthewastewater Page 9

4.2.2The resultsofalgaegrowthinhibitionassayusingScenedesmus Subspicatuswere puttogetherin

Table 2.

The tableisbuiltup accordingtothe same scheme as table1.The toxicitydeterminationofindividual

foam agentsforScenedemus Subspicatuswas conducted inthesame way as thalforphotobacteria.

Allfoam agents withthe exceptionoftwo proteinfoam agents should be designated as toxicto

Scenedemus Subspicatus. Both ofthe mentioned proteinfoam agents have only weak toxicityto

algae.The specialfoam agentsfordeep-frypan firescan be considered a border case between toxic

and weakly toxicagents.

Itisconspicuous thatone proteinfoam agentwhich was onlyweakly toxicinrelationtobacteriaisin

theupper range oftoxicitytoalgae,whileone highlytoxictobacteriamufti-rangefoam agent has been

found inthe mid-range oftoxicityrelativeto algae.



Toxicityoffoam extinguishingagents

Table 2: Acute toxicitiesas EC50* and EC1 0** to scenedesmus subspicatus(Freshwateralgae).
Criteria:Inhibitionofgrowth within72 hours (Classificationofthefoam agents accordingto decreasingtoxicity)

EC50 in EC 10 iniii/iand negative

Foam agents (FA) pVlofwater mg/kg ofwater decimal
Toxicitythreshold logarithm

PVI mg/kg ofthe EC10

Multirange FA No.3 30 8 8.0 -5.097

Film forming FA No.6 230 8 8.4 -5.076

Multirange FA No.1 32 9 9.2 -5.036

Multirange FA No.4 24 9 9.5 -5.022

Film forming FA No.2 37 9 9.7 -5.013

ProteinFA No.2 225 10 12.0 -4.921

Film forming FA No.3 FC-206 160 16 16.3 -4.788

Film forming FA No.4 FC-203 160 16 16.9 -4.772

Filmforming FA No.5 105 22 23 -4.638

Film forming FA No.1 355 36 39 -4.409

Muftirange FA No.2 68 38 39 -4.409

Film forming fluorineprotein 80 35 40 -4.398

Specialfoaming agent 105 56 81 -4.042

ProteinFA No.3 435 202 235 -3.629

ProteinFA No.1 6200 509 581 -3.236

EC50 = Concentrationinhibitingthegrowth by 50% after72 hours
EC1 0 = Concentrationinhibitingthe growth by 10% after72 hours
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4.3 Resuftsofthe Daphnia shon-termassay

4.3.1Testorganisms inthiscase a 6to 24-hoursoldinstarofDaphnia Magna. The toxiceffectofsubstances

containedinwateron Daphnia Magna ismeasured as thesolutionlevelorconcentration(ppm,ppb)

ofthetestedsubstancesinwhich,aftertesting,certainpercentageofDaphnia became immobile

(effectiveconcentrationsfor10% and 50% oftheanimals= EC1 0 and EC50).

Testconfiguration

In.a 25 mi beakerflask,5 miofstandardwater (socalleddilationwater)were filled.Then,2 oldanimals

areput inlefttothemselvesfor24 hourswithoutfood. Afterthattime,theoldanimalsare removed.

The neonatesreleasedinthemeantime,were counted and theevaporatedwaterreplenished.Now,

5 ml ofthetoxicantsolutionareadded intothebeaker glass.Thisresultsinthesolutionof10 ml and

thereforerepresentsthefirstlevelofdilationofthetestedsubstance inwater. Furtherlevelsare

obtainedinthe same way.

To inhibitthenaturalswimming activityoftheanimalsand tosecurea possiblyequalsubstanceintake

inalllarvae,thetestmaterialisleftindarknessforthe next24 hours;the countingofthestillmobile

instarsfollowsthereafter.

Controlbreed

Inparalleltoeach assay series,a determinationofthe EC1 0-valueisconducted withthe reference

substance potassiumdichromate.The quantitiesused inthiscase are0.9-1.9mg/iofstockwater.

Thetestresultisvalidwhenlessthan10% ofDaphnia neonates became immobileinthiscontrolassay.
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4.3.2The resultsofDaphnia short-termtestarecollectedinTable3.

The configurationofthetableagainfollowsthescheme used inTable 1.Alsothedeterminationofthe

toxicityofindividualfoam agentstoDaphnia isconductedjustlikeinprevioustestswithPhatobacteria

and green algae.

Allmulti-rangefoam agents,film-formingfoam agentsup totherunningNo.3 and thespecialfoam

agentfordeep-drypan fires,aretoxictoDaphnia Magna The remainingfoam agents,i.e.thefilm-

formingFA No. 3,thethreeproteinFA and the film-formingfluorine-proteinFA have low toxicityto

Daphnia.

Generally,the mufti-rangeand the film-formingfoam agentsare lesstoxicto Daphnia than tothe

bacteria.



ToxicitVoffoam extinguishingagents

Table 3: Acute toxicitiesas LC50* and LCl0** to Daphnia Magna (Waterflea);
Criteria:Loss ofabilityto swim within24 hours (Classificationofthefoam agents accordingto decreasingtoxic

LC50 in LC 10 inpVl and negative
.Foam agents (FA) pVlofwater mg/kg ofwater decimal

Toxicitythres,old logarithm

PI/I mg/kg ofthe LCLO

Multirange FA No.3 75 12 12.0 -4.921

Multirange FA No.4 58 13 13.7 -4.863

Multirange FA No.2 75 20 20.4 -4.690

Film forming FA No.1 600 20 21.6 -4.666

Multirange FA No.1 120 30 30.5 -4.516

Film forming FA No.2 200 30 32.2 -4.492

Film forming FA No.4 FC-203 430 30 31.6 -4.500

Film forming FA No.6 1500 45 47.3 -4.325

Specialfoam agent 75 45 65.0 -4.188

Multirange FA* No.5 250 75 77.4 -4.111

Film forming FA No.5 3000 85 88.5 -4.053

ProteinFA No.3 600 200 233 -3.633

Film forming FA No.3 FC-206 2000 300 305 -3.516

ProteinFA No.1 7500 1900 2170 -2.664

ProteinFA No.2 7500 3700 4440 -2.353

Filmforming fluorineprotein 7500 3700 4240 -2.373

L(jSo= Concentrationcausing 50% immobilityoftheanimalswithinthetestperiod
LC 10 = Concentrationcausing 10% immobilityofthe animalswithinthetestperiod
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4.4 Resufts ofthefishtoxicitytest

4.4.1 The investigationofthefishtoxicityas wellas fishholding and water qualitywere inagreement with

the OECD guidelines.The zebra barblings(Brachydanio$,erio)had an average body length of3.0

0.5cm. The mortalityduring the lasttwo weeks ofthe stock holding was 0%.

The 02 content and pH ofthetestsolutionswas determined att= Oh.t= 48h and t= 96h (end ofthe

experiment).During theexperiment,therewas no noticeablechange ofthe 02 content. The pH ofthe

testsolutionswas 7.8± 0.2atthe beginning ofthe test.

The food supply was suspended 24 hours beforethe startofthetest.The temperature ofthesolution

was 237C ± 0.!5@Cwith constant lightaerationthrough a glass capillaryand a light/darkcycle of16/8

hours.

Ineach concentrationlevel,10 fisheswere put inthe 10 litertestsolutionina 15 lfterfullglass bowl

under statictestconditionsand the number of dead determined after24, 48, 72 and 96 hours.

Uncertaintiesduring theexperiment were recorded.

The LC50 were calculatedwith a computer program according to Lichffieldand Wilcoxon 1949; LCO

and LCloo resulteddirectlyfrom the test.

4.4.2 The resultsofthe fishtoxicit@testare compiled inTable 4.

The resultrepresentafionand determinationof the toxicityof individualfoam agents to fishagain

followsthe bacteriatest(see4.1.2).

Clearly,toxictofishareonly mufti-rangefoam agents No. 2 and 4. The rema7iningmufti-rangefoam

agents No. 1 and 3,as wellas the film-fonningfoam agents No. I and 2 can be assigned to a toxic/

weakly toxictransitionrange. Weakly toxictofisharethe film-formingfoam agents No. 3 (FC-206,4

(FC-203),5 and 6,the proteinfoam agents No. 2 and 3,as wellas the specialfoam agent fordeep-fry

fires.The film-formingfoam agent No. I as wellas the film-formingfluorine-proteinfoam agent are

generallynon-toxictofish



Toxicityoffoam extinguishingagents

Table 4: Acute toxicitiesas LCSO* and LCO** (48hours)toBrachydanio rerio(zebrabarbling);
Criteria:Mortalityofthetestanimalswithin48 hours (Classificationofthefoam agents accordingtodecreasing

LCSO in LC 0 inpilland negative

Foam agents(FA) pillofwater mg/kg ofwater decimal
Toxicitythres,old logarithm

Multirange FA No.4 68 52 55 -4.260

Multirange FA No.2 109 87 89 -4.051

Multirange FA No.3 131 100 100 -4.000

Film forming FA No.2 141 100 107 -3.971

Film forming FA No.1 161 100 108 -3.967

Multirange FA No.1 173 100 102 -3.991

ProteinFA No.3 1369 500 582 -3.235

Film forming FA No.4 FC-203 1634 1000 1053 -2.978

Special FA 1880 1000 1442 -2.841

Filmforming FA No.3 FC-206 4086 2000 2036 -2.691

Film forming FA No.5 3075 2000 2082 -2.682

Film forming FA No.6 3075 2000 2100 -2.678

ProteinFA No.2 6524 4472 5370 -2.270

Filmforming flourineprotein 10000 10000 10000 -2

ProteinFA No.1 1000 10000 10000 -2

LC50 = Highesttestedconcentrationinmg/kg, atwhich 50 % ofthetestanimalsdied
LC 0 = Highesttestedconcentrationinmg/kg, atwhich no testanimalsdied
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4.5 Determinationofbiochemicaldegradability

InTable 5,thefiguresofthe chemicaloxygen demand (COD) and thebiochemicaloxygen demand

duringthe fiveconsecutivedays (BOD 5),expressed inmg 02 per lfterofwater,were collectedfor3%

applicationsolutionsofthefoam agents.

The levelofthe biochemicaldegradabilityofthetestedsubstances can be sufficientlyaccurately

determined from the ratioofCOD toBOD S. Inan idealcase the COD toBOD 5 would be 1,:1. Such

ratiowould describean nearlyquantitativebiodegradationofa testedsubstance. RatiosofCOD to

BOD 5 of 1 :0.5signalan insufficientbiochemicaldegradation.

The values presented inTable 5 pointto theinsufficientbiochemicaldegradationofthe mufti-range

foam agents No. 1 and 4 as wellas thefilm-formingagent No.3 (FC-206).Duringthecategorization

ofthe concentratesofthese foam agents intoa waterendangering category,the characteristicsof

insufficientbiochemicaldearadabilityisconsideredas negativeC'Malus")and resultedinassignment

tothe nexthigherwater endangering category(see4.7).



Table 5: COD and BOD 5 offoam extinguishingagents

COD ofthe 3% BOD5 ofthe 3% Ratio Evaluationol

Foam extinguishingagent solutionin solutionin COD:BOD5 degradabilk

mg of02/1 ofwater mg of02/1 ofwater

Multirangefoam
agent

No.1 43700 17500 1 0.40 insufficient

No.2 47400 25900 1 0.55 probably insuffi

No.3 40300 30500 1 0.76 sufficient

No.4 52800 15200 1 0.29 insufficient

No.5 30100 25800 1 0.86 sufficient

Film-forming
Toam agen

No.1 21000 15700 1 0.75 sufficient

No.2 34300 23200 1 0.68 sufficient

No.3 FC-206 24600 8700 1 0.35 insufficient

No.4 FC-203 41200 21500 1 0.52 probably insuffi

No.5 29700 21100 1 0.71 sifficient

No.6 21900

Film-formingfluor-prot.FA 19600 12300 1 0.6 sufficient

Proteinfoam agent

No.1 15000 13300 1 0.89 sufficient

No.2 14100 8700 1 0.62 sufficient

No.3 17100 14500 1 0.85 sufficient

Specialfoam agent 4600 no biochem. degr. N/A N/A

not measured
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4.6 Determinationofthe water endangering figuresand classificationofthe testedfoam extinguishing

agent concentratesintowater endangering categories.

4.6.1 As alreadyexplainedinthe introduction,the "Commission forEvaluationofWater Endangering

Materials"considered theactaetoxicityto selectedtestorganisms as a primarycriteriaforclassifica-

tionofa substance ora substance mixtureintoa water endangering category.A furtherimportant

evaluationcriteriawas thebiochemicaldegradabilkyofthe substance orsubstance mixtureunder

consideration.

Afterconsuftationswithsome ofthe members ofthe "Commission forEvaluationofWater Endanger-

ingMate(ials"regardingtheclassificationof16 foam extinguishingagent concentrates,the determi-

nationofthemammals toxicity(LD50 oraq,has been waived. Instead,inadditiontothe prescribed

considerationofthe

-acute bacteriatoxicityand the

-acutefishtoxicity,

the acutetoxicitiesto

-algae and

-waterflea

were taken intoconsiderationduringthe classificationof the testedfoam extinguishingagent

concentratesintowaterendangering categories.

4.6.2 InTable 6,the evaluationfl4uresoftheacute toxicftiesofthefoam extinguishingagents tothe test

organisms,are presentedincolumns 2 through 5. According tothe methods employed by the

"Commission forEvaluationofWater Endangering Materials",thearithmeticaverages ofthe evalu-

ationfiguresresultinthe so calledwater endangering number (WEN) of the materialunder

consideration(6thcolumn). From thewaterendangering numbers determined inthisway, thewater

endangering categories(WEC) arederivedaccordingtothefollowingscheme:

WEN 6 and higher -WEC 3

WEN 4.0 to 5.9 -WEC 2

WEN 2.0tp 3.9 -WECI

WEN 1.9and lower -WECO

The classificationofthetestedfoam extinguishingagent concentratesintothewater endangering

categoriescan be takenfrom the lastcolumn ofTable 6.



Table 6: 1)Determinationofwaterendangering figures(WEF) as an arithmeticaverage oftheevaluationfigures
forthe acutetoxicityagainstbacteria,algae,waterfleaand fish.

2)The resultingclassificationintowaterendangerin-qcate-gories(WEC

Evaluationfiguresforthe acutetoxicityagainst Water
Foam extinguishingagent

PA-Ph4,41
endangering

Bacteria Algae 9m6gtmyfisb- Fish figure(WEF)

Multirange FA No. 4 5.7 5.0 4.9 4.3 5.0

Multirange FA No. 5 5.8 N/A 4.1 N/A 5.2

Multirange FA No. 2 6.2 4.4 4.7 4.1 4.9

Multirange FA No.1 6.0 5.0 4.5 4.0 4.9

Multirange FA No. 3 5.2 5.1 4.9 4.0 4.8

Film-forming FA No. 2 4.0 5.0 4.5 4.0
1

4.4

Film-forming FA No. 1 3.9 4.4 4.7 4.0 4.3

Film-forming FA No. 6 4.5 5.1 4.3 2.7 4.2

Film-forming FA No. 4 FC-203 3.2 4.8 4.5 3.0 3.9

Film-forming FA No. 5 3.2 4.6 4.1 2.9 3.7

Special FA 3.7 4.0 4.1 2.8 3.7

Film-forming FA No. 3 FC-206 2.9 4.8 3.5 2.7 3.5

ProteinFA No. 3 2.6 3.6 3.6 3.2 3.3

ProteinFA No. 2 2.0 4.9, 2.4 2.3. 3.0

Film-formingfluorine-protein 2.1 4.4 2.4 2.0 2.7

ProteinFA No. 1 2.3 3.2 2.7 2.0 2.6'
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4.6.3Underthepressureofthegeneralactiveenvironmentalconsciousness,thequestiondiscussedto-

date is:

Should classificationofthesubstance concentrateintoa water endangering categorybe

based on acutetoxicitytothe most sensitivemember ofa food chain?

Should thisbe thecase,thecategorizationofthe16foam extinguishingagent concentratespresented

inTable 7 intowater endangering categorieswould be the result.

4.7 The biochemicaldegradabilityofthe

-mutti-rangefoam materialNo. 1 and

- multi-rangefoam agent No. 4

isnot sufficient.

This factleadstoa downgrading oftheconcentratesfrom thewater endangering category2 (see

Table 6)tothewaterendangering category3.

Incase ofthe insufficientlybiochemicallydegradablefilm-formingfoam agent No.3, thedowngrading

takes place from the water endangering category1 (see Table 6) to the water endangering

category2.



Table 7: 1)Determinationofwaterendangering figures(WEF) based on theevaluationfiguresforthemost sensitive
group oftestorganisms.

2)The resultingclassificationintowaterendangering categories(WEC)

Evaluationfiguresfortheacute toxicityagainst Water

Foam extinguishingagent endangering

Bacteria Algae Sm"al?cotirsh Fish figure(WEF

Multirange FA No. 2 6.2 4.4 4.7 4.1 6.2

Multirange FA No. 1 6.0 5.0 4.5 4.0 6.0

Multirange FA No. 5 5.8 N/A 4.1 N/A 5.8

Multirange FA No. 4 5.7 5.0 4.9 4.3 5.7

Multirange FA No. 3 5.2 5.1 4.9 4.0 5.2

Film-formingFA No. 6 4.5 5.1 4.3 2.7 5.1

Film-formingFA No. 2 4.0 5.0 4.5 4.0 5.0

Protein FA No. 2 2.0 4.9 2.4 2.3 4.9

Film-f6rming FA No. 4 FC-203 3.2 4.8 4.5 3.0 4.8

Film-forming FA No. 3 FC-206 2.9 4.8 3.5 2.7 4.8

Film-forming FA No. 1 3.9 4.4 4.7 4.0 4.7

Film-forming FA, No. 5 3.2 4.6 4.1 2.9 4.6

Film-form.fluorine-protein 2.1 4.41 2.4 2.0 4.4

Special FA 3.7 4.0 4.1 2./8 4.1

ProteinFA No. 3 2.6 3.6 3.6 3.2 3.6

ProteinFA No. 1 2.3 3.2 2.7 2.0 3.2
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5. Finalconsiderations

Presented

-dataoftheacldetoxicityoftheapplicationsolutionsoffoam extinguishingagerttstowaterorganisms

-dataconcerningbiochemicaldegradabilityoffoam extinguishingagents

-classificationof.thetestedfoam extinguishingagent concentratesintothe water endangering

categoriesbased on

o arithmeticaveragesoftheevaluationfiguresoftheacLAetoxicities

o evaluationfiguresoftheactaetoxicitiestothe most sensitiveorganism ineach case

have tobe checked bythe "Commission forEvaluationofWater Endangering Materials".

The Commission willevaluatethetoxicitydataestablishedby the army and indicateffitshouldbe

consideredcompleteorinneed offurtherinvestigations.

The examinationwillalsoprovidea determinationconcerningtheproceduresused fortheclassifica-

tionoffoam extinguishingagents intothewaterendangeringcategories.

Especiallythelatterresultisofinterestitislikelytoseta precedence thatcouldaffectthecommercial
lawoftheEuropean Community startingin1992.


