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SUMMARY FOR WORK PERFORMED FOR THE GERMAN GOVERNMENT
AGENCY FOR MILITARY TECHNOLOGY AND PROCUREMENT ON FIRE
EXTINGUISHING FOAM COMPOUNDS FROM MULTIPLE COMPANIES

TEST SUBSTANCE

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

Remarks: The 3M production lot number was not noted. 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% Hydroxy
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 a third party (Dr.
H. Hellman andD. Muller) for the German Government Agency For
Military Technology and Procurement forpurposes ofcomparing the
environmentalproperties offoam extinguishing agents from multiple
companies, including 3M’s FC-206. Datamaynot accurately reflect
the environmental properties of the fluorochemical proportion of the
test sample.

STUDIES

Zinc, iron, and copper content; surface tension; Chemical Oxygen
Demand; 5-Day Biochemical Oxygen Demand; Toxicity to Fish (species
not given); Toxicity to Water flea (Daphnia magna); Toxicity to Algae
(species not given); Bacteria inhibition (species not given)

Report date: 1977

METHODS:

Chemical Oxygen Demand was measured using potassium permanganate
and potassium dichromate.

Biochemical Oxygen Demand evaluated using a Total Organic Carbon
degradation test developed by the Bundesanstalt fur Gewasserkunde.

Toxicity to Fish was evaluated according to the German standard process
forwater testing (DEV) L 15 o

Toxicity to Daphnia was evaluated according to the German standard
process for water testing (DEV) L 11
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Toxicity to Algae was evaluated according to the German standard
process for water testing (DEV) L 12

“The method for evaluating bacterial inhibition was not described.

RESULTS

[ TResus |
[FishiCp  [>1000moll|
[DaphniaCy [5250mgt |
[AlgaeEC[520mg|
[Bacteriainhibition|Inhibited |

Remarks: The above toxicity data did not have test duration information.

DATA QUALITY

Reliability: Kiimisch ranking = 4. All study values come from a summary
list only. Norawdata or method documentation was available. The study
summary failedtodisclose duration of toxicity testing. Itis not clear why
such low biodegradability was observed when the products contain
materials that are known to readily biodegrade. The sample purity was
not properly characterized and the study lacks analytical confirmation of
the amountoffluorochemical proportion in the solution.

OTHER

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

Last changed: 6/26/00
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Dr. H. Hellman and D. Mulpr, “Environmental Impact of Fire Extinguishing
Foam Compounds." The study was carried out by the West German Department
of Water Technology for the West German Agency for Military Technology
and Procurement. (Translated by G. Dierssen, March 1, 1980).

RSRRR
This report compares the environmental acceptability pf 6 AFFF Agents
including FC 3017 (identified in the report as FC-208, freeze protected),
FC-206, and FC-200. The researchers measured biodegradability, aquatic
‘oxicity,. heavy metal concentration, and surface temsion. The report
recommends avoiding use of the 3M AFFF products since all were difficult
to biodegrade, but the biodegradation results and their interpretation
are questionable. Comparisons of BODs and COD showed that the 3M pro-
ducts were more readily degraded than the competitive products, yet the
authors chose to give more credence totests measuring dissolved total
organic carbon (TOC) concentration over a 21 day period. These tests gave
results that were inconsistent with the BOD results. In these tests 3M

products inexplicably did not degrade. .
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Itemssubmittedonthisformare publishedinthe3M TechnicalAwarenessGazette. ()(01.561



VR Compliment to Report of
Bundesanstalt fur Cevasserkunde10. April 1979
<N1b/340.22/2596

F18VTIVAY AJOD 1S38

Pie g ~Huvivonpeatal Iapact of .
S0viimanc oo Tive RetlageishiagTos Compomds. 2

; Study carried out for 5
Rundessat fur Wehrtechnik und Beschaffung

(Government Agency For Military Techmolofy and Procurement)

Report: BA 111 1-E/B31E/70145/76066 of October 12 1977.

: Reporter: + nT £4 : 7

ObarregteruagerstDr. Hy Bellmesa'' | son
Oberregterungevat.D. Miller Ly

Koblens 1979 : 3

: Let . a {0015625
st gta a ERE TY SAS ER

| Rp LE A GnSRE UE  Tea



a

Co BEST ColTable of Contents. PY AVAILABLE
Page

777 1. Introduction 3

2. Definition of Problem and Task 4 . ..

3. Test Results 5

3.3 Phpsteal- Chemical Tears. $0 oR LS
. £2 TuesforMochatealBygtadattion 7 1 Rv

3.3 Toxicology Tests : 1n By

4." “Bvaijationof‘asults andGencluston: Tas y

S. RecommendationsforTechnical + - ‘°° Sania
: OrdetingSpecifications 18 .

6. Conclusion 19 :

Enclosures: 3 :

Literature at - Foo ia a4 a

Co Msdtetens sa enh Mish ged

NL : Cerin ERRI00ase



- BEST COPY AVAILABLE

1. 1eTeobvcTion

Tor fire extinguishing- foun compounds one can distinguish six application
regions:
1. General application (local fire protection) .
2. Solvent industry

; 3. Pightiag of carisabydride fires for fastamce in Tetinertes (closed eyapena) |
; A Blectrical oqutpmsmt,Mghvoltage : oti
i 5 Movttiesions ta stipassn. ° EL Ra

6. Mppitcetionson ships. ’ SRERE

“ y
, In the present study it vill appear that atrport fires take on prefers

rodisportance (1). It 1s obvious, that a fou seconds intimeca maks f8-
Sort difference for saving human lives, and that the question of @wrisem- :

mental endangering especially of vaters and stresms does assume some hat
lessimportance. But vater safety nesd not be completely overlooked especi-
ally because most of the actually used fire extinguishing compounds are used

oftratutag. tom

1 The Bemdsasaatele fur Gevasseriunde (Dept. of Vater Techuolopy) in 1978 71
S98 the task from the Midtsterims fur Eraihruay, fasdviftachateedpoesia
(gntstry of ood Agriculture and Forestry of Wordrhetn-Westfalen) to pvals

uate the fapact of foam extinguishing compounds on the vater quality. Thifty.
athefom exttaputabing compounds from 8 suppliers wereevatuetat cnenteally, ©
physically and biochemically for possible endangering of water. Different
brknds‘ald vary in degradation and toxicity. Especially the SE faan exeidi’

wédibing satuttons aed can Tesult ia tha folloviag demisps Io 0
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~ Poisoning of natural water purification (in streams)

——- = Poisoning or damage to fish and fish food animals.

= Reduction of oxygen contact by metabolic processes (surface or ground water)

~ Reduction of water quality by organic compounds (general)

~ Undesirable reduction processes in the groundrwater. .

Pasties {avolved, such os theManufacture
rs

offounextiaguiehidycomovads

aad the authorities responsible for weter purity. Amcag othersthese consid-

erations were taken {nto account in the DIN- standards. ¥

2. DEFINITION OF PROBLEM AND TASK
re 2

After several discourses in 1977 between representatives of the Fh

Bundesantes fur Wehrtechnik and Bescheffung and the Bundesanstalt far Gewas-~

serkunde’ (BYC), the BPG vas authorized on Oct. 12, 1977 to carry out a spas

cial study. This study should only cover the products used by the Bundewshn

(¥. German aflitary) and also products vhich are considered for possible sew
introduction. . 2 Shi

As a first objective, the environmental infiuance of the foliowiag atx ir.

extinguishing compounds should be determined: . i

. 3 001565.



a. BEST COPY AVAILABLE

No. Product Manufacturer

Ta Fluor protein Firm Dr. R Sthamer, Hamburg

2 Light Water, FC 206 ¢o)y Firm 3 M, Neuss
(frost protected)

3 Light Water, FC 206 Firm 3 M, Neuss(aorma)
4 Ltahe Vater,7C200, Tire3N,Neuss: (eorpal) Ca
08 vepeataTeunAdd | FireDr. R.Sthamer,Hmbury 4
¢ mprelrs Firm Hoachet Ay, Fraskfurt/oschat |

The two types of Light-Water are offered as being “especially safe :

to the esvirenment” (According to BWB). Light Water FC 200 is reported te

"be out of production, but should be evaluated for comparison. The teat for

eavironmental impact should, if possible, be tested for SI solutions as used

(for Light Water 61) and encompass the following parameters:

- Surface tension activity : i
~Toxtetty y x oF

SHEL content of basvy metals ‘ FE en
~ Tiake potat. : a

The final report should also contain recommendations for the technical

procurement specifications (11). ? :
The f1aal report vas scheduled for completion 1a Sept 1978, Duk’to i... i

sicknans of one of the tavestigators it vas delayed for cue wpuths, 3 3

Ce atte, Bett vi . eben
: = . aba
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__. 31 Physical Chemical Tests

The first test result ad the heavy metal content which vas deter-

ined by X-ray floorescence . ‘
Evaluating the figures of Table 1 listing the heavy metal content,

. thetwocompoundsFluorprotedn(No 1) and Protetn fosm-eqmpound(No 5) i
i 84m est. For Tlwrprotals tha aise and {ren conteat of fhe applicationiil

ii meen (sixtures) vith 40 end 35 g/d Yespectivaly, 1s relatively high, ee
Torthe eacondcompoundthe fromcontentof 50mg/l standsout. Alother:
Bas natal concentrations euch as the especially recorddd levels for copper

are mimportant. it

J mae gar
or Hoarymetalcontent in foam extinguishingcompounds, Ey

Fou Original Products 5% Solutions igs J: = re on P noe
—_— wn dy= - rm BARGEA*3 : 0 1100 : Eo prc? 7 won Oy 8am AGRE7 3 $ ” RE gre i 0,02 SRE.5 $ S$ ~ 0,2 oe N02 EESit 2m ois dor fh

1) Deternined by Dipl. Chem. U. Schlitchert Fe & 3
LE

be CL SeenseTi
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When the flame point is determined, the water content of the sample

must be considered. Flame points above10°c, the boiling point of water,

TT" could not beawtortsat,” As could be expected none of the tested samples

did have a flame point below100°C. It should be obvious that none of the

products would contain flammable sblvents. .

The surface, or interphase tensions can be seen from Table 2. »The

surface tension water/air generally drops some for ‘concentrations from 50 mg/l .-

©0300 mg/L. The surface tension is leastaffectedfor Ko$ (Protein-foas i
extinguisher), most effected for two Light-Uster types of FC 206-type.

The reason for this 1s found in the cheaicsl composition of the extiguishing
compounds. Protein foam agents can be expected to be generally isactivé to

the vater/air interphase; while tensides and also so called “synthotic'pro-
ducts are fnterphase active. The interphase activity is less a product
specific, but rather a group specific characteristic.
Tato 2
Intermhace notiviey }

Yo. Interphice activity ut 26°C ( dyn/om) :
0. 100 30 500 =

: ' a » “ Ww EEE2 » 8 2 acy3 » » » al Ce. bd $3 “o ®. 0. 3 “ o “ :

2) Determined according to Abel-Pensky in closed vessel; DIN 51 755, Bd. 966

3) Interphase Tensiometer, according to Kooy, Firm, A. Kross, Hesburg

001568, ~
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3.2 Tést for Biochemical Degradation .

To evaluate the water Pest iiniins Frome, tt Loof

aterto vmup phe changes)pase, pcssasin parumaasce =
potassium dichromate uptake, (CSB). The biochemical Oxygen uptake(esp,

5 of BEV (6) can be used especially in combination wich $58 to protataars
ily evaluate the degradation. Whem the CSB analytical tedt gives reliable ; 2

7 Tesults (this, for instance, Ls not slvays true vhen hydeophobie compotmdd 4
ack bolas tested) cms wat consider positive romult derived from the Sine
vabio’as useful, vhile segative results cennef be counted, since tha §doth
fagibation parted for the 35htest under seme conditions dose sot aiclpass’
sufficient tine for adaptation of the organisms active in the bologteat |

! Freakin. It 10 not certain that toxic {uhtbitions can be excluded fn pA
“standard 35 (5). To better tasure remiss concerning thedegradation,chan oT
1a’ponstore by evaluating the S555 cacso, one must carey out extensive’!
degradation tests, vhere the incubation tise, the Laoculation matertelsnd:
other parsmsters are determined, so that further breakdgwn than for the ve

aaj33tet cam be evalosced. EEE
“At present there are international efforts undervay to dtandardise CS

ric ca. 1 thiearta ofbv ofiseiathing |
total conpoinds a nevT.0.C.-degradation test (6) developed by the Sdsisiiere
for Govasserkunde vas used. Its test eriteris is the complete breakdown of
the total orgentc carbon (TOC).

"Tor the test procedure the test compound earves as the only sourés of
carbon.  Ynorpantc mineral salts are added fn advahce. The fncibaciod taka.’
Placefa a derev-cep flask vith atz space, placed fa a shatar. ha degrata- i
etntants for ‘the fire extingulshing foun compounds were carried outst we
1a”theaur, 1n deviation from the stated test procedures. SRE

ne iri | 3& ve : 1001569
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When the percentage breskdovn according to the T0C-test is compared to

——— results from other degradation tests, it must be taken into account, that the

disappearance of one material from the solution is often considered as de-

gradation. Under cerain circumstances a high degradation can be simulated

vhich actuslly is based upon physical processes suchas, for instance, absorp
tion of solids which has mo relation to complete biological breakdown and 3 3

wtaritiation. Cr ©
: [ocesting ta cha experancsgatheredbypactictetion fa around care, :
» BC resuits tor completely soluble compounds ste somevhat lover tham seni
hin tha breakdown 1s measured by the “modified OBCD-s¢reaning test” (3).
This "modéfied OECD -scresning test" was tested by international woundtests.

It'has some dteadvastages mp ve. the BUC. dagradat thasbost. td seen NG :Saad for tasting of emulsions and suspensions. Te
Stace the products tested here are mixtures the resultsof theadres

atlin’ cast 1a only vell defined vhes a total breakdown 4a recorded. Tn cases
Vhare particls braskdovi Le heerved, this can be due to the fact that’only
pare of the product can be broken down, while other parts can mot. The 7
broakdownof iseurecanthenbe mastpulated by the mautastirer by addition | 5
ofcompounds vhich are easily broken dovn,but otherviss vithout function. .'. =
"Even though, it fs useful to test the breakdown of the present mixture | i

products,becsuse it gives a prelininary ranking of the products. Tor future :
teits,vhichcouldbecarriedoutafter aperiodof afewyuars of use, :

1¢'ehould Be attempted to test the breakdown of the siagle components of thei
products.

%
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RESULTS:

erase Table 3 does list the measurement results obtained for the orginal
products, to evaluate the potential for endangering of the water. Table 4 :
sts the percentage of degradation of the application solutions after a period
ors days together with other degradation parameters of interest. The specific’ tg
TOC- degradation curves are incorporated i attachments 1-6. by iThe valuns obtained from Table 3 ahow thet the detereat products contaty’
varying sats of organte compounds. Ofcourse ome should cout & lovcontent ioforgaste mterials and of orpeate carbon foumd 1n products 1,4 ad 5 awe GoPositive factors vhen vater endangering 1s to be judged. Sh

Tor the application solutions (table 4) the 635 and a are ated eo
Sether with the ratio between these two factors and can be used in addition . : .©the T0C- degradation results for:the “valustioms. According to the ratio © 7
the product Mo 6 should be coneldared assy to degrade. For the products 1 4 2424 3, vhich according to the THC- degradation tast appegr medium degradable’. ¥

i (asalso established from the metabolism test), the unfavorable s/n LiFe
Fabio could poustbly be dus to the chemteal oxtdattcn of tron salts

\ te32, Theadegradation of each product, separately, is evaluated asfeltont
: Tom extinguishing compound Nok shovs a favorable ratio of R00,"consimp-i tion KyCr;0; consumption, and shovs good bacteria action in the aetaboliss }
wat, together with a 472 T0C- degradation. It must be rated as medlim degradable.

cB “Produce Fo 2 shovs a favorable CSB/BSB, - ratio, but since the other teats€or" aso sdtcate good degraduston sate st 10 Classified as ateticalt‘to degrade:ob TMdarudettam of product 3 to even less ham that of product 2, so ££ oft 1acluseitiod as dfeicule to degrade, : Gy fer"Even though tha degradation, during the T00-tast vas further agvaicad fi ise : Weta
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fotenttal tox antanserios of meters br cxigieeypoEMAVAILABLE
No Kin0, K,Cr0; Org. Be Organic

ueod used content ontent 8) part b)

-— at wh wail 1 T

1 0.03 1.82% 0.8 10,7
7300 1 00 em 0.24 9 “
Foot 3 0,085 19% 0,22 mo" 3
Fc 200 4 0,0% 1 0,30 » 2

Saas 2m ww ow 1}
$a 4,8% WN “ o .

u) only approximate values *

b) only approximate values, durnoff values at 600°C and variable duration

Table 4

BlocheniosldecredationOfapplicationreadysolutions(56)

Yo Bate or G8 a, & EN Doras Degrade Tina
R: in oval,

Reo, (me Koro) B05 08 TE ethane. nou 1)
Gt won myn ar, ty

Fluo potuny 5.000 3 12.00 4.0% 31 0) “ Fy)
FW) sedi) ey. 15.00 iy oF . dietions
Fe-2el y 2 100(BAs)20. wee 33 0 - . airtionly
ECL raw 10.500 440 34 0) - ” atfioult
Cs L300 20.000 3.2% 60 02 + » mediun

6 2.500 36.000 41.000 0,8 1,0 + oe easy to
[odiua

—————etr
re ) Bvaluation of bioohenical degradation in 10C- tent (at standard *

temperature of 25°0) |
o = 2 % difficult to desrade 20 = 40 $ slightly degradable

40 - 75 % medium degradable 75 = 160 % very degradable

1 Ads i Ai
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for product 4 than for products 2 and 3, it vas classified as difficult to degrade.

Tor fire extinguishing foes compound 5, the metabolism test indicates
"that £6 can be broken down. A finding vhich 1s confirasd by the resalts of

the 70C- test. The product is classified as medium degradable. |
For product 6 one fiads a complicated degradation behavior which might

originate from the high toxic effect of this product. After 7 days degrada-
71 Clem already 10%ofthe TOCte broksn dows: Fartherdegradationdoseresults: 7Temly afer 36tentingdays,vo hm pes vrei Si 3
! dove of 60% ofthestartingT0Cdosetake piece. The lov downta breakdovi|

after 7 test days can be evaluated as an adaptation period for the micro-

organisa involved.

3.3 Toxicology testing

werson
In the "Evalustion of the Water Endsngering by Fosa Extinguishing Compouds™

(2), the results concerning toxic effects towards algae and bacteria werediscussed;

In this evaluation which is concerned with teste for products that possibly s

could be used 1a lirge mounts, the toxicolefysesnever acemsttiad, Tn LC
addition to che {acorporation- mataboiiem tests, also taste vith small crabs. |
4nd fish were carried out. This way the previous results could be further =.
confirmed.

’

The toxicolgy test is carried out ‘according to the Germen standard pro=

cass for vater testing (DEV) (4) L11,'L 12, and L 15. For thess,tbe latest~
Featproceduresversusedaspublished bythe responsibleworkingcomittess .

For fish-tests the concentrations used vers from 0 to 10,000 mg/l, vhers jy

&

. : So Shed 0015725
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a large grauation of dilutions vas used. The further toxological test vere

_ carried out with smaller gradations from 0 to 210 mg/l to insure, that the

products could be differentiated as well as possible. ;

REsuLTS: :
In the enclosures 1 to 6, the results of the toxicology tests ore, pressated

a8 dose reaction curves nd the results are calculated and presented fa Tabla 3.1)
Product No 1, "Fluorechaumgetst (Eaclosire 1) 1s ee toxic atconcentrations1

of 10,000 mg/lthat 11 test satnals dtd dia (00, = 10000 m/i). Ba fox =
tha conceatration 1000 mg/l the product is mot detrimental (RC,= 1000 ng/1) ¢

(EO= effective concentration with respect to the corresponding test. yois fe

the lovest tested concentration for which a 100% result with respect to the :

test criteria is recorded: For the fish test, this is the concentration at

which all animals die; EC, is the highest tested concantration at which no

significant reaction is observed with respect to the test criteria),

“fovards the small‘leh,Daphnia magna (vater flee), the prodict ds hot
detrimental at the highest concentrations tested (ECy= 250 mg/l) ;

"Tha photosynthesis activity of algas is essily effected by Floorsbhava ps
= Sedat, The effact ia till belov the critical Lait at concentrations of

50 w/13 bit at 100 mg/L 16 46 sigatticant. : ARE
“The bacteria oxygen uptake during break down of peptone is increaped by :

the product. This makes the biochemical break dova of the product itself plausible

Tats reiult fo alo confirmed by the TOC - degradation tast (ss. 3.33,
“ihe product Wea, Laghe Water, ¥C 206, frost-insured (enclosure 2), reacts

aiailar to product No 1 in the fish snd daphnis tests. Also the resuly of :
thetncorporation test is similar to the first product. But thesidbicton ;

of the’‘photosynthesis activity is less and becomes sigaificantonty'sl the ‘
highest concentration 250 mg/l.(= resale of the mao rari i

Fa ane ; ETHEL 00255
- Te EER RE
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13 ”

definitely different than for the first product: There is no methsbolic

increase which could be interpreted as & sign of bresk down. The TOC
degradation test also does show a break down of less than 10%.

The results of the biological tests carried out concerning product
Wo. 3 "hight Water, ¥C 206, normal," are nearly indentical to the results

obtained for product No. 2 Light Water, frost protected. The only difference
14} that the Conte affects tovards alpas fadtcated for projact 2 are uot fpumd

4 “for produstBo. 3. oes
) Product No, 4, "Light Water, FC 200, normal,” is different from the /n' 3

foin agente dtecuased previously by having a defiatee torte effact tovards f{ .;
fish, = and alges. For fish the test animals die already at 1000 wi
(RC, = 100 mg/L, R100 = 1008aa/1). Tn the daphne test, 33% of the antnals ©
fed within 24 hours at 100 mg/l, at 250 mg/l about 75% of the animals ‘
died (EC; = 50 mg/l, ECygq = 500 mg/1).

The dacorporation test for this product is already surpassed at concen-

travdons of 5 mg/l; at '250 mg/l a complete inhibition of algae activity is ;

recorded (EC, = 2 mg/l, EC = 250 ng/1). :
Proguct No. 5,ProteinFoamAgent, ia all biological tests 4s equhl GL

to product Wo. 1. No significant toxic affects vere found tovarde sigas a6 TES
concentration of about 250 mg/l. For the methaboliss test €x increase in i
bacteria oxygen corporation vas recorded, but it was less than for product 3

Fo. 1. The result of the methabolism test corresponds to a ralativalyy.-t’ i
Positive reaction tovards the break dovn test. fume

| ProductMo.6,Bgyrol, 1a excepticuallyhigh ta coricteymad th de1Yor
Brak down. The toxicity agatnat fish fe as high as for prédect He'd 1 |
ay J00ms/1 aad BC, = 1000 mg/1). For emall crab this vrodist ts eg

Lekker wie prs ; win i4

4 VE = si RLSTa
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espectally toxic (EC, = 25 ug/l and ECjqq = 500 mg/1).

The incorporation test shows an inhibition at 10%concentrations above

10 mg/l. For 250 mg/1 there 1s a 65% fahtbition.

The metabolism curve of this product indicates that it contains meta-

bolic active as well as toxic compounds.

Table 5
Resulte of toxicology tegt ( exjressed in order of poison classes) TH,

No Fish Daphne Algae Bacteria  (IRVL 12) Total
(DBUL 15) (DaVL 11) (DEVL 12) inhibit. . enhance. evaluation x)BEakAShSEs

' m mw u ur . nan
2 mr ur nan ur . mm 37
s m w m m - mm —20¢
“ 1 n 1 mr - RY a
s m m m m . m Ea
6 u n u m . n

a
Poiran class 1: Proven fnhibdition on teei animils at concentrations

below 5 mg/ 1

Prtron clase 11 1 Ae in 1, Tesion 5 to 203 mg/l

Poison class 111i No damags at concentrations below 259 mg/l

Dnotal avatuationt Oaloulated by weighted svarége: The test Ferult with
lowoet critical 1imit of concentration in multiplied by 5i

4. Evaluation of Results and Conclusions

Summarizing the single criteria of the test, one can obtain different

results, depending upon what importance is given to the different criteria.

* The original products constitute a threat to biological systems such

43 the 1ife 1a streams and biological systems of purification plants, dus
to their high toxic level to which the surface tension, and for product 1,

; 1001576
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the content of sinc is added. The drinking vater supply could be endangered
—.. by the content of just the organic material in the original compounds. 3

Also the application strength 5-6 I solutions of all Products tested

can laad to danger for biological systems dus to their physical, chemical
and toxic characteristics.

"by the further elution by o factor of 20 to 80, vhteh 1s active 14
the SppLication of foun firemertintutsting-ormposnis: acthaié Levitofnine 1S

1€ 3me/1forbacteria,10 -25 mg/L for t1ah) ie mot exconindsndates | fis
eh wertace tension activity can looses its importance.
"Itthen mesma reaseasble:to avalusts the vater danger by the products |;

#ccording to their toxicity at the concentrations which can be reached during
#pplication, and according to their biochemical degradation,evan though there
at prstat are only degradation results available for the finished mixed pro-
acts.

por none of the compounds the degradation is so easy as €b classify them

as eaviromentally friendly compbunds. In the selection one then must differ-

entiate relatively better products from relatively worse products. t

"When fire-extinguishing foun compounds ave spplisd, the about 5 % ile: :
: “Hons avess previously stated diluted by a factor of 70 to 80; They thea

47¢ 1a & Teglon of concentration between 125 to 500 mg/l. At thisconcan- )

to the test organism. Product No. 1 and =%; fone their toxic effect

after further dilution by a factor of 2 to 5. Such dilution is’ t3 be'ex-
pected 1a the pre-flood task of the purification systems. For thevery winging
toxic products Ko. 4 and No. 6, amsdditional dilution by a factor of Ea
batvasn 50 aad 200 1s necessary to fot below the toxic level. soe “diuetonyne en ng4 Ga nn1,

R00
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. : Pe
are not certatn fa practice. Product No. & shove in. addition a lov degree of

__ degradation and should not be used for that reasen.
The sroducts 2 aad3areof licelecanara vhe torte proprtias are

taken fato account. But both products are difficult to degrade and could

Shue detest and Gapair the drinking vater supply) snd che use of these pre
ductsthereforeshouldbeavoided. :

©. Oftheremainingproductsthefom compound No.:l hes a beletivelyiih
ohSonteLevel towards alge diefotheMoh Contant ofgin Not since

thes properties are lost to a large extent due to the dilution during
usage, and since the product 1s relatively easy to degrade, the endangering
©f the vaters dus to this product appears to be of little inporteace. :

The grouping of the 6 products proposed hers does take biological and

chemical results fato account, but dbes aot consider application tachnical
characteristics. If it 44 notpossible,due to applicationtechnical,reasons

£0 avo1d the use of products vhich are difficult to degrade of are espactaily
toxic, then i vould be advisable totesttheirsinglecomonmteforde
sradationand toxicaffects. Further it should be attempted to replace :.
components especially biologically damaging by less desaging materials of =
imilar effect. Such approach has been successful fof other materials of .
environmental concern. : }

5. Recommendations for technicalorderingspecifications

Based upon the investigations as Wiscussed;:thefdllowigg require- =

meats can be made of the mamifacture of foem fire-extinguishing compounder —
(me biological degradation characteristics of the organic components ;

Present in fom compounds should be vell established.) Li
Thebrask dovashouldbeas easyaspossisle,rightnov1¢1aconsidered
FL shar BY iad ne a veer : Bs

Cal 5 001574
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28fatr,vhen a30 Zbreskdown1srecordedinthe modifiedOBCD-Seresning-
__.. Test (7). ora test which records complete chemical degradation such as

theT00~degradation teat (6), a 40 % bresk dova should be the mintaum required.
Other tests can be used in replacement of the abovemeationad, if it has been
Proven, that equal results are obtained as for the tests according to ©
ad (7), when these products are tested. x

“Thetateoftects of the foam compounds toverds vater orsaten, bepectally
Vadcieta, algae, LHP:ami tah shins be 0 sual) 58possible re HE
aubticiently nontoxic range can be sat 1f the XCsg for bacteria, algas, ¥
daphss and f1sh te above 1300 mg/1 foun agent in vatar. ;

‘For toxicology test, L 11, 1 12, and LUIS of DEV (4), orstatlar }
Procedure for vhich equal expe cesults can ba proven, ave to be saad. :Tr bt aes emer wie a0 mont 5 sgn top tri +
an’ amount for which a corresponding degree of bacteria toxic effects to 2
Tecordad. ; 5

‘ © 6._concluston : h
"According to the task the following six foam compounds, deterained 3

by the "Bundeseat fir Vehrtechntk und Beschaffung” in Koblenz, ware evaluateg
Vath relation to possible endangering of waters: Fisarprotetn;tight Vater |
¥C'106, normal; Light Vater6 506, Frost protected; sLight Water 7C200, ooteal;
Protatasthammitel; Erpyrol F 15. The test faciudes {acerphaseactivity,
toxtealogs, biochemical dageadation, heavy metal content nd flame potac.
The vesules vere Presented and discussed and a conclusion reached,”The Te Se
predicts Fisorpioteta and Proteisschavmiteal vere recomendeddoe, to
reldtively feverable biologte charsctortatice. THe finalconsluptons me
sven as recomendations for techaical delivery terms (TL)tobs wed by ;

. the contract agency. SE a
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Toxicology - concertration/reaction curves and degradation curves. 1 to 6.
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