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‘SUMMARY FORWORK PERFORMED BY THE GERMAN ARMY ON FOAM
EXTINGUISHING AGENTS MANUFACTURED BY MULTIPLE COMPANIES

EST SUBSTANCE

Identity: A mixture containing perfluorooctanesulfonate, which may also
be referred to as PFOS, FC-95,oras a componentofFC-203.
(1-Octanesulfonic acid) (CAS # 2795-39-3).

Remarks: Thetest sample is FC-203. Current information indicates it
is a mixture of 1.34% PFOS, 35% diethylene glycol butyl ether, 37.85%
water, 20% ethylene glycol, 2.66 % Sultone foamer, 3% sodium octyl
sulfate, 0.1% sodium lauryl sulfate, and 0.05% tolyltriazole.

The following summary applies to a study done by the German Army
forpurposesofcomparing theenvironmentalpropertiesoffoam
extinguishingagents frommultiplecompanies, including 3M’s FC-
203. Data may not accurately reflect theenvironmental properties of
the the fluorochemical component in the test sample.

STUDIES

10, 20, and 30 minute ECs for Photobacterium phosphoreum
(Microtox™), 72-hour ECso for growth inhibition of Fresh Water Algae
(Scenedesmus subspicatus), 24-hour ECso 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 ECs for Photobacteriumphosporeumwas 2500 ppm. Itis not clear if. —
this 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 ECso for Daphnia magnawas 430 ppm.

The 48-hour LCs for Zebra barbling (Brachydanio rerio) was 1634 ppm.

‘The Chemical Oxygen Demand (COD) was 41,200 mg Oz/ L

‘The 5-Day Biochemical Oxygen Demand (BODS) was 21,500 mg O; /L

DATA QUALITY

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

On April 15, 1985, the FederalMinister for Intornal Afairs introduced a revised andexpanded version
ofthe

IndexofWater Endangering Materials *)

‘Theindexliststhemostimportantchemicalcompoundsavailableonthemarketanddivides theminto
four water endangering categories (WEC) according 1o thelr water endangering potential

WECS very hamnful materials
WEC2  harmiul materials
WEG mildly harmiul materials _
WECO generally harmless materials

All chemical materials not yet listed in the catalogue, are considered water endangering until the
authorized

Subcomitee for “Storage and Transporation of
WaterEndangeringMaterials”attheFederalMinistryforInternalAftirs

has decided about their classification.

In case of mixtures of materials, the incorporation into a water endangering category is decided
according to the data measured on the miu se.

Atthefocusof theevaluationof amaterialregardingitsendangering potentialfortheorganisms living
Inwateror using it - e.g. as a food- sitsacutetoxicty, especialy for bacteria, algae, small crayfish,
fish and mammals.

Tests on aquatic organisms (bioassays) are included among the procedures prescribed by the
legisiature for waterandwaste water evaluation.

tis generally accepted:

1. Principal, bioassayscannotbereplacedbythe chemical analysis.

2 Bioassays on the one hand and chemical/physical procedures on the other, complement
each other (see among others: German Unified ProceduresforWater, WasteWaterand
Sludge Examination, DIN 38412).

GHB. aeA,58Ne 11 (1969,pages 173-252
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During the evaluation ofthe effects of

- chemical parameters, e.g. toxic materials contained in water and

~ physical parameters, &.. supply of energy, water extraction

the attention shoud be paid to the use of prescribed test organisms and to the conformance to
standardtest conditions. The reproducibly and statistical validity of the results shouldbesecured.

“The following types of test organisms should be used in standardized bioassays in water and waste
water:

~bacteria as chemoheterotrophs

-alga as primary producers

-protozoans as single primary and secondary consumers

~ small crayfish as mulicell consumers

fish as muticell consumers with a central nervous system. At the same time, they are the final
members in the aquatic food chains and collect persistent chemicals in thei tissues.

‘Addiionaly, certain saprobicsystemscan be used in biotests as modelsof complete ecosystems,
Particularly microcosmsand activated sludge systems consistingofvariousbacteria, fungi, protozo-
ans and worms.

2. Problem definition

According to the definitions in water supply law and waste water handing law Including pertinent
implementation procedures,theFederaldefenseforcesarefrequently quotedasthecauseofharmful
materials discharges to waters and communal waste water treatment plants.

Particularly during, eg.

-use of extinguishing foams during trainings and actions

transportation and storage of foam agent concentrates.

considerable harm can be done to surtace and ground waters.
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Toevaluate thedanger potential o thefoamconcentratesnotytclassified in thewaterendangering
categories, their examination andmiltary-internal temporary classification into water endangering
classes is necessary. The FederalOfficefor Defense Technology and Acquisition in Koblenz, has
authorizedithedefensescientiic Service Officeofthe FederalArmytoconductthenecessaryresearch
and the subsequent temporary Amy-intemal WEC classification.

The research, leading to establishing water endangering categories of foam extinguishing agent
‘concentrates, produces at the same time values of acute organism toxicties of the, mostly 3%,
application solutions.

3. tinguishing agents and their

3:1 Total of 16 foam extinguishing agents representing 5 diferent kindsoffoam agents wera compara-
tively evaluated in bioassays (see 3.2) regarding acute toxictyof their application solutionsto water
organisms and subdidedintowater endangering categoriesfrom the pointof view oftheir concen-
trates.

In particular:

-5 muti-angs foam agents
-6 fim-forming foam agents
-3 protein foam agents
-1fimforming fuorine-protein foam agent
1special foamagentfor deep-fypan fires

‘Theformulations of the foam extinguishingagentsareproprietary Information and unavailable tothe
public. After consutationswith manufacturers, the following materials can be listed as toxic compo-
nents:

- organic surfactants
glycols (e.g. ethylenglycol, butyidighyco) =
- preservatives
organic solvents
organic acids
inorganic salts,
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Presented test results ara new and not yet revealed to the manufacturer companies. Therefore,
product names cannot be published here. Hence, the result tables will have the product names
substituted by class descriptions including runring tem number.

32 Listingofthebioassayused (shortdescriptionof cachtestwiththefolowingresulttable-see4.5
through 45). .

3:21 Bioluminescence inhibkiontest with Photobacteria Phosphoreu In microtox analyzer, model 2055
(Beckman Co)

322 Algae growth nhibiiontest according to the test guidelines of federal EPA dated 05-06-1982.

3.23 Daphnia short test according to DIN'38412, Part 11.

324 Fish test accordingto DIN 38412, Pat 15.

32:5 Determinationofthebiochemical axygen demandbythe applicationsolutionsandthelrditionswith
Water during 5 conseciive days (BOD 5).

Apparatus: Sapromat B12, Voith Co.

In comparison to BOD , the measurement included:

chemical oxygen demand of the application solutions and thelr dilutions (COD).

Apparatus: Dr.Lange dighalphotometerLP 1 W.

4. Results -

Theresultswilbedescribedinthe folowing (chapter4.1104.7)intheform oftableswithassociated
ton.
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4:1 The bioluminescence inhibition test with Photobacteria Phosphoreu in microtox analyzer, model
2055 by Beckman Co.

4.1.1 Shortdescription ofthe test

Thetest organism Photobacteria Phosphoreum isamarine bacteria. This kind of bacteria is present
in immenso quantities inthesealayers closetothe surfaceandcausesthesocalledmarine
‘phosphorescence. The underlying chemical processisalucerine-lucierase process. Damagesto
the Photobactera, e.g. due to intoxications, result inthe inhibition ofthe ucierine-lucerase activy.
“The end effect s the reduction of the light emission.

“This, in self very simple, principle sused n the microtox analyzer:

Alight transparentglasscalls placed nalight tightmeasurementhead. Theglasscell contains 1 ml
of asuspension with Photobacteria. The ight emitted by the Photobactariafalson a photoreceptor,
is converted into electric energy, ampified, displayed and recorded.

‘Thelight quanti emitted byaspecimen of untreatedbacteriaissetinthe splayto the value of 90%.
“This quantity is tantamount o: “natural, uninhibited light emission’.

Specimenofequal quantityofbacteriaandequalbacteriaqualtyWithtoxicsubstancesadded
respond witha reductionofthe light emission. Accordingly, the display value lies between 90% and
0%.TheO%-value indicatesthat thephotobacteriaofthe specimen treated in thisway is not capable
of fight production any more.

Fig. 1: Measurement arrangementof microtox analyzer
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4.1.2 Theresultsofthe bioluminescence inhibition test with Photobacteria Phosphoreu aroassembled in
Table 1.

nthefirstresult columnare the effective concentrationsof the 16tested foamagents ina ofwater
leadingto a50% inhibitionof the ight emissionbythe ight bacteria (= ECS).

Inthesecondresult column are ikewiseeffective concentrationsleadingtoa 10% inhibitionofthe ight
emission (= EG10) and representingthesocalledtoxicity thresholdsofthe foam agentstothe
Photobacteria.

‘The negative decimal logarithmsofindividual EC10result ater multiplicationbythefactorof -1 in so
called evaluation and endangering figures of the Individual foam extinguishing agents to Photo-
bacteria Phosphoreu (see result columns 4and 5).

According to the evaluation scheme of the “Commission for Evaluation of Water Endangering
Materials”, the determined evaluation and endangering figures (EE figures) indicate the following
toxicity categories:

EE figuresof60and higher : Highly toxicto testorganisms.

EE figures 4.01059 +Todototest organisms

EE figures 201039 +Low toxicitytotest organisms

EE figuresunder 20 + Generally non-toxic totestorganisms
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“The folowing evaluation of the bacteria toxity ofthe foam extinguishing agents can be concluded
from these data:

Hight taxi to Photobacteria are the multirange foam extinguishing agents No. 1 and 2.

Toxic to photobacteria are the multirange foam extinguishing agents No. 3,4 and 5, as well as fim-
forming foam agents No. 2.and 6.

Lowtoriciyto photobacteriarepresent thofim-formingfoamagents No. 1,3(FC-206,4(FC-203) and
5,the three protein foam agents, the im-forming fluorine-proteinfoam agents as well as the special
foam agent for doepfy pan fires. ~

42 Algae mutiplcation intibition tost

42.1 Theinvestigationsofalgaetoxicity wereconductedaccording tothe assay guideline “Inhibition ofthe
cell mutipicationofgreen algae Scenedesmus Subspicatus CHOD"of the (German) Federal EPA
dated 06.22.1982.

Scenedesmus subspicatus s a single-cell autotrophic organism with vegetative multiplication.

Stockculturesofaigaewereheld innourishmentmedia accordingtothetestguideline andtransferred
10:afreshmediumonceawsek. Pre-cuturesweresetup 3daysbeforestarting eachassaytoobiain
Gels in the exponential growth phase.

Thexperimentswersconductedasstati test, Le.thetostadsubstancewasaddedonce inthe
desired concentration at the beginning of the Incubation. For each concentration and control 2
Erlonmoyorflaskswith 50 mi of nutional solution were sot up. The nial cel density was set to the
valus between 10,000 and 15,000 cel.

Thetest cultures were shaken once a day. The cell concentration was determined onthe day 0,3, 4
and 7by meansofan lectronic calcountingdevice.Thecell numbersworeused to lothgrowth
curves and to calouiate the mutipicatin inhibition which takes into consideration days 0, 3 ands —
according tothe guideline. Day 7was used for an afer-cbservation.

From the concentation-effect curves, the values of EC10 and ECS0 were determined.
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4222 The resultsofalgae growth nhibilon assayusing Scenedesmus Subspicatus wereputtogether in
Tavle2.

“Thetable sbu upaccording tothesamescheme astable1. The toxictydeterminationofindividual
foamagentsfor Scenedermus Subspicatuswasconducted in thesamewayas thatforphotobacteria.

All foam agents with the exception of two protein foam agents should be designated s toxic to
Scenedemus Subspicatus. Bothofthe mentioned protein foam agents have onlyweaktoriciy to
algae.Thespecial foamagentsfor deep-ypanfirescanbeconsidered abordercasebetween toxic:
‘andweaklytoxicagents.

tisconspicuous thatoneproteinfoamagentwhichwasonly weakly toxic in relationtobacteriaisin
theupperrangeoftoxicitytoalgae,while onehighlytoxictobacteriamultrangefoamagent hasbeen
foundinthe mid-rangeoftoxicyrelativetoalgae.
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43 Resultsof the Daphniashortterm assay

4.3.1 Testorganismsinthiscase a6t024-hours oidinstar of Daphnia Magna. Thetoriceffect ofsubstances
contained in wateron Daphnia Magnais measured as thesolutionlevelor concentration (ppm, pp)
of the tested substances in which, afer testing, certain percentage of Daphnia became immobile
eftectiveconcentrations for 10%and 50%oftheanimals = EG10andECS0).

Test configuration _

Ina25mibeakerflask, Smifstandardwater(so calod dilationwater) wera filed, Then, 20d animals
are putin leftto themselves for 24 hours without food. After that time, the old animals are removed.
‘The neonates releasedinthe meantime,werecountedand theevaporated water replenished. Now,
miof the toxicantsolutionareaddedintothebeakerglass.This resultsinthesolutionof 10 mland
therefore represents the frst level of lation of the tested substance in water. Further levels are
obtained n the same way.

‘Toinhibitthenatural swimming activyofthe animalsandto secure apossibly equal substanceintake
in all larvae, the test material is lft In darknessforthe next 24 hours; the counting of the stil mobile
Instars folows thereafter.

Control breed

In parallelto each assay series, a determinationof the EC10-valueIsconducted with the reference
substance potassiumdichromate. The quaniiies used inthis case are 0.9 - 1.9 mg/l of stock water.
‘Thetestresuisvalidwhen lessthan 10%ofDaphnianeonatesbecameimmobileinthiscontrolassay.
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4.3.2TheresultsofDaphniashort-termtestarecollectedinTable3.

Theconfiguration of he tableaganolws th schemeusedinTable 1. Alioth determinationof the
toxchyofindicuatfoamagents to Daphias conductedutiko inprovous testswihPhtobactaria
and green algae.

All multi-rangefoamagents, film-formingfoamagentsuptotherunningNo. 3andthe specialfoam
agent for deop-dry pan res, ar oxic to Daphnia Magna. The remaining foam agers Le. th im.
forming FA No.3, the thoo protein FA an the fim-orming fluorine.proton FA have low txity to
Daphnia.

Generally, the multi-rangeandthe film-formingfoamagentsarelesstoxic to Daphniathantothe
bacteria
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44 Resultsofthefish toxcytest

4.4.1 The investigationofthe ihtoichyaswall sfish hokingandwaterqualtywero iagreementwith
the OECD guidelines. The zebra barblings (Brachydanioeric)hadan average body lengthof3.0 +0.5 cm. The mortalty curing the ast two wosks of the stock holding was 0%.

The O;contentandpHofhotestsolutionswas determined att =Oh =48hand =96h (end oftheexperiment). Duringtheexperiment therewasnonoiceablochange ofthe Ogcontent, The pH ofthetest solutions was 7.6 0.2a the beginningofthe test.

Thefoodsupplywassuspended24hours beforethastart of th tas.Thatemperatureofthesolution
‘was23'C  0.5°C with constant lightaerationthrough aglass capillary and a light/dark cycleof 16/8hours.

In each concentration level, 10fishes werapunthe 10 iortest solution ina 15 teul glassbow!under static test conditions and the number of dead determined tte 24, 48, 72 and 96 hours.Uncertainies during the experiment were recorded.

Tho LCs wero calculated with a computer program according to Lchtfeld and Wikoson 1949; LG,00 LG, resulted iret fromthe ost.

4.4.2 The results of the fish toxicity test are compiled in Table 4.

The res representation and determinationofthe toxichy of individual foam agers to fish againfollows the bacteria tes (600 4.1.2).

leary,toetofishareonly muiangfoamagents No. 2and 4. The remaining mulrangefoamagents No. 1and,aswel as th fim.formingfoamagents Nos 1and 2canbeassigned10.8oxiweakly toxictransiion ange. Weakly toxioto fish aro the fim forming foam agonts No. 3 (FC-206, 4(FC-209), Sand, theprotoin foam agentsNo. 2and3,aswellas thespecial foamagentordeep-fyfires. The fim-forming foam agent No. 1 as well a the fim-forming luorine-protein foam agent are
‘generally nontoxicto fish
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45 Determination of biochemical degradabily

In Table , the figures of the chemical oxygen demand (COD) and the biochemical xygen demand
duringthe fiveconsecutivedays(BOD5),expressed inmg O,per trof water, werecollectedfor3%
application solutions ofthefoam agents.

“The levelofthe biochemical degradabilty of the tested substances can be sufficiently accurately
Geterminedromth ratioofCODtoBOD 5. Inanidealcase theCOD toBOD Swouldbe 1:1, Such

ratiowoulddescribe annearly quantiativebiodegradationof a testedsubstance. RatiosofCOD to
BOD 5 of 1: 0.5 signal an Insufficent biochemical degradation.

‘Th values presented in Table 5 point o the insufficient biochemical degradation of the mutirange
foamagentsNo. 1and 4aswellasthefim-formingagentNo.3(FC-206). Duringthecategorization
of theconcentratesofthesefoamagents into awaterendangeringcategory,thecharacteristicsof

insufficientbiochemicaldegradabiltyis considered asnegative 'Malus") andresuedinassignment
tothe next higher water endangering category (soe 47).
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4 Determination of the water endangering figures and classification of the tested foam extinguishing
agent concentratesntowater endangering categories.

4.6.1 As already explained in tho introduction, the “Commission for Evaluation of Water Endangering
Materia”considared theacutetoxicty to selocted test organismsas aprimary criteriaforclassifica:
tionof asubstanceor a substance mixture nto awatorendangeringcategory. Afurther important
evaluationcriteria was the biochemical degradabilty of the substance o substance mixture under
consideration.

Aerconscitationswithsomeofthemembersofthe “CommissionforEvaluation of Water Endanger-
ing Materials"regardingtheclassification of 16 foam extinguishing agent concentrates, the determi-
nationofthemammalstoxicity (LDSOora, has been waived. Instead, in additiontotheprescribed
considerationofthe i}

- acute bacteria toxicty and the
acute fish toot,

the acute toxitios to

-algas and
-viater flea

were taken into consideration during the classification of the tested foam extinguishing agent
concentrates intowaterendangering categories.

462 InTable 6, the evaluation figures ofthe acuta toxicities of the foam extinguishing agents tothe test
organisms, are presented in columns 2 through 5. According to the methods employed by the
“Comission for Evaluation of Water Endangering Materials", the arithmetic averages of the evalu
ation figures result in the so Called water endangering number (WEN) of the material under
consideration (6th columr). From thewater endangering numbers determinedin this way, thewater
endangering categories (WEC) are derived according tothefollowing schemes

WENsandhigher  -WECS
WEN 401059 -WeC2
WEN201p39 WEC 1
WEN 1.9andlower  -WECO

“Tha classificationof the tested foam extinguishing agent concentrates nto thewater endangering
categoriescanbetakenfomthe astcolumnof Table 6
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4.6.3 Underthepressureofthe generalactive environmentalconsciousness,the questiondiscussed to-
datos:

‘Should classification of the substance concentrate into a water endangering category be
based onacutetoxicity tothe mastsensitive memberof a food chain?

‘Shouldthisbethcase,hecategorizationfthe 16foam extinguishingagentconcentratespresented
in Table 7 nto water endangering categories would be the result.

47 The biochemical degradabilty of the

-multi-rangefoammaterial No.1 and ~

- muki-range foam agent No. 4

Is pot sufficient.

“Thisfactleadsto a downgradingofthe concentrates from the water endangering category 2 (see
‘Table 6) to the water endangering category 3.

Incaseofthelnsufficientlybiochemicallydegradablefim-formingfoamagent No.3,thedowngrading
takes place from the water endangering category 1 (see Table €) to the water endangering
category 2.
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5. Finalconsiderations

Prosonted

~dataoftheacutetoxictyoftheapplicationsolutionsoffoamextinguishing agostowaterorganisms.

data concering biochemical degradatbiiyoffoam extinguishing agents

- classification of the tested foam extinguishing agent concentrates into the water endangering
categories based on

©arithmeticaveragesoftheevaluationfiguresoftheacutetoxictios:

© evaluation figuresofthe acutetoxicitiestothemostsensitive organismin eachcase

have to be checked by the “Commission for EvaluationofWater Endangering Materials”.

The Commission wil evaluate the toxicty data established by the army and indicate f t should be
‘considered completeoin needof further investigations.

Thoexaminationwil alsoprovideadetermination concerningthe proceduresusedfor the classifica:
tionoffoam extinguishing agents Intothewaterendangering categories.

Especial tha ator resusof interest tsikel tosota precedencethatcouldafectthecommercial
awofthe European Community stating in 1992.
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