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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 Perfluorooctanesulfonate, which may also
be referred to as PFOS, FC-95, or as a component of FC-200.
(1-Octanesulfonic acid) (CAS # 2795-39-3).

Remarks: The 3M production lot number was not noted. The test
sample is FC-200,a product which was out of production prior to the date
the study was conducted in 1977. Archived information indicates it was a
mixture of 1.8% PFOS, 30.0% diethylene glycol butyl ether, 61.5% water,
2.7% Hydroxy foamer, 4.0% octylphenoxypolyethoxyethanol.

The following summary applies to a study done by athirdparty (Dr.
H. Hellman and D. Muller) for the German Government Agency For
Military Technology and Procurementfor purposesofcomparing the
environmental properties of foam extinguishing agents from multiple
companies, including 3M’s FC-200. Data may not accurately reflect
the environmentalproperties of the test samples with that of the
fluorochemical proportion.

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
for water testing (DEV) L 15 -

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

CC [rem
[FishiCp [100Coei00OmaL|

[Bacteriainhibition |onbted |
[Bovzticop__[~1% ]

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

DATA QUALITY —

Reliability: Kimisch ranking = 4. All study values come from a summary
list only. Norawdata or method documentation was available. The study
summary failed to disclose durationoftoxicity testing. Its 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 amount of fluorochemical proportion in the solution.

OTHER

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

Last changed: 6/27/00
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br. 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

rh oruronne irransacod by 0. Piornsen, arch 1, 1980).

termeRR
‘This report compares the envirommental acceptability pf 6 AFFF Agents
including FC 3017 (identified in the report asFo-208, freeze protected),

FC-206, and FC-200. The researchers measured biodegradability, aquatic

‘oxicity, heavy metal concentration, and surface tension. The report
recommends avoiding use of the 3M AFFF products since all were difficult

‘to biodegrade, but the biodegradation results and their interpretation

ire questionable. Comparisons of BOD5 and COD showed that the 3 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

Secults that were inconsistent with the BOD results. In these tests 3M
products inexplicably did not degrade.
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1. "INTRODUCTION £

___. For fire extinguishing- foam compounds one candistinguish six application

regions:

1. General application (local fire protection) .

2. Solvent industry x

3. Fighting of carbaahydride fires for instance in refineries (closed sysjeha)

A Blactrical squtpmsnt, igh witase ag Loi

6. Applications on ships. ’ TEE

.
, In the present study it will appear that airport fires take on prafets

red importance (1). It is obvious, that a fevseconds in timecen makei-

portant difference for saving human lives, and that the question of eeu |

mental endangering especially of vaters and streams does assume some hat

less lmportance. But water safety need not be complataly oveclooked espesi=.

ally because most of the actually used fire extinguishing compounds are used

aeratitog. im

| Te Bendésanatalt fur Gevasserkunde (Bept. of aterTechnology) in ions: £5

§9¢ the Sask from the Midtstariums fur Eruibrag, Seedeisractsedsor

(Mintatry of Food Agriculture and Forestry of Nordrheia-Wsstfales) to pas

ues the impact of foam extinguishing compounds on the water quality. Thirty:

steht foim extiaguishiag compounds rom 8 suppliers versevstintzt enenteatly, ©
phystcally sad blocheaically for possible endangering of vatar.': Different

brknds’ld‘vary 1n degradation and gorteity. Tepectally the 52than ekeid

widutiag’sotutions used can result 1a tha folloving desdsgi WC :

. CH . ; FRY A fo
dime i LU oesi0 gt
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- Poisoning of natural water purification (in streams) :

——- - Poisoning or demsge to fish and fish food animale. ;

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

~- Reduction of water quality by organic compounds (general)

~ Undesirable reduction processes in the groundswater. ‘h

This peport was publiciseddm prRa’ Shkaidnd dbdwecaiypsgtentionyikthe

Partiesinvolved,such as the maaufacturers of fom xtlaguishids comovnds
and the authorities responsible for weter purity. Among others these comsid- 3

erations wers taken into account in the DIN- standards.

2. DEFINITION OF PROBLEM AND TASK
me
After several discourses in 1977 between representatives of the.

Bundesantes fur Wehrtechnik and Beschaffung and the Bundesanstalt fir Gewad~

serkunde’ (BFC), the BFG vas authorized om Oct. 12, 1977 to carfy out a speek...

etal study. This stuly should only cover the products used bythe Bundeweho:

(W. Garnan military) and also products which are considered for possible aew

Antroduction. . : Sei
? . y Ln hile

As. first abjective, the eaviscnmsatal influence of the folioving sfx’ 1%

extinguishing compounds should be determined: SE

006141
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Yo Product Manufacturer

T7771 Flor protein Firm Dr. R Sthamer, Hamburg

2 Light Vater, FC 2065, Pima 3X, Neuss
(frost protected) .

3 Light Vater, FC 206 Tira 3, Neuss
(normal)

4 Light vater, TC 200, Tire 3 N, Wess 3
; (aorpsl) Hn

5 Destata Youn td FirsDr. 1. Sthamer,Rmbucy stn
6 Borers FinHogchat As, Frakfort/Eoschat i

Tha two types of Lijht-Water sre offered as being "espectally safe |
to the eavirenment” (According to BV). Light Vater FC 200 is reported to
be out of production, but should be evaluated for comparison. The teat for
savironmental dapact should, 1f possible, be tested for SZ solutions as used
(for Light Vater 61) end encompass the folloviag paremsters:
- Surface tension activity ' i

“Toxicity =~ i 2H

Lo - Blotheateal dagradaiton ; Pri fa
SEER combs of baavy aeiads ERA TERE

~Tiame potat. I RA
The tinal report should also contaln recomsndations for the technical

procurement specifications (TL). :
The final report vas scheduled for completion in Sept 1978. .Dus’tei a

sicknass:of ous of the investigators it vas delayed for somewoaths, = 4

Cierra . LLab001a2
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__. 31 Physical- Chemical Tests :
The first test result gives the heavy metal content which vas deter

mined by X-ray floorascance i .
Evaluating the figures of Table 1 listing the heavy metal content,

. thetwocompoundsFluorprotein (No1) and Proteinfosw-eqmpound(No5) ig

0nd out. Tor Timerprotels tha ssc ead from conteit of the applictaation,sii
oeton (xixtucen) with 40 and 55 ad vospectivaly, 1a valasivaly beh, 1 |
Torfhe sscmmd compound the fron soatemt of 50 ng/L etaads cut. ALL thin.
Besvy natal concentrations such as the especially recorded levals for copper’
are misportent. ; i a

!rants 1 Ug
© Heaw meta) content in fous extinguishing compounds. §

Fou Criginal Products 5% Solutions fa i
: moon oo = n a EEE
_— wn ail

SoM woe gop AE
wo Poon Ns aaa“ . = Od o,7 0,02 Frat

is : mo) 01 en gle gDa } ? ou alow am phd

1) Deteratned by Dipl. Chem. U. Schleichert : i ox 2
fhe

i . aa eeosa,& SOE TEER Gin
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When the flame point is determined, the water content of the samples
must be considered. Flame points above 100 C, the boiling point of water,2)

~7" could not be determined. As could be expected none of the tested samples

did have a flame point below 100 C. It should be obvious that none of the

prodects would contain flammable solvents.
3)

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

surface tension vatar/air generally drops some for concentrations from 50 mg/l |:
to 300 mg/l. THe surface tension ds lesst effected for Bo$ (Protein-foss i
extinguisher), most effected for two Light-Water types of FC 206- type.

The reason for this is found in the chemical composition of the extiguishing

compounds. Protein foam agents can be expected to be generally isactivé to

the water/air interphase; while tensides and also so called "synthetic"pro-
ducts are interphase active. The interphase activity is less a product
specific, but rather a group specific characteristic.

Table 2
Intecohure notivity .

To. Interphice activity at 20°C ( dyn/cm) :

3 0- 100 [A 005
¥ /L Lo EEE; ——Sheen

' ° 0 “ Ay
2 » » » Ee
3 » » » al

. ‘ I 3 “ #0. 5 os [i “ :
. » hd » * 5;eee——————— |}LR

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

3) Interphase- Tenstometer, according to Kooy, Firm. A. Kross, Hesburg
000144
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3.2 Tast for Bocheatcal Degradation .
To eluate the ater potion, charscteritics ofcomming,16 13of

teensepmshe honorprc oats perms ad
potassium dichromate uptake, (CSB). The biochemical oxygen uptake (BsB,,

Hg of DEV (4)) can be used especially fa cobination with $35 to prelinnar-
1ly evaluate the degradation. When the @ analytical test gives reliable A

Tesults (this, for instance, is not elvays true vhen hydeophobic compoimdd i */a:
3 rd betas tented) cms wat constdar positive result derived from thean

rakioas useful, vile sepstive remults cen not be comted, since the 5dey
Sachbation farted for the 355-tast wmder same conditions doas not wictpans’
sulficient tine for adaptation of the organisms active in the blologteal

’ Vriakiown, Tt 10 not certain that toxic {ahibitions can be excludedin tha
“standard 35 (5). To beter tasurs remits concerning thedegradatiog,thal 3
1a'pensie by evaluatiog theSEratio, one must carry out extensive’
degratition tests, vhare the facubation tise, the fnoculation material snd
otherparsasters are determined, so that further breakddwn than for the tive

aay 0cent con be evaluated. VRE
At present there are fntemational effere underway to dteadardise dof

into tra. 15thinamie of Voom of (43axing
foi’ coupoinds a nev 7.0.0. degradation tast (6) developed by the rte
fur Gevasserkunde vas used. Its test:eriteris is the couplete breskdown of
the total organic carbon (10). iE

“Por the test procedure the test compound serves as the caly souréh Gf
carbon. Inorgantc mineral salts ace added in advice. The fncibatish takes
Placedn a dcrev-cep flask vith ar space, placed in a shaker. ‘tna Gagrada- ii
a’tasts for the fire axeiagutabbng foun compounde vere carried out at 10°C

ta’ene dark, in deviation from the stated test procedures. RE

_— He oenr2g diy
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When the percentage breskiova according to the TOC-test is compared to
—— results from other degradation tests, it mst be taken into account, that the

dteappearance of one material fron the solution is often considered as de-
§radation. Under carain circumstances a high degradation can be simulated
which actually is based upon physical processes such as, forinstance,absorp
100 of solids which has no relation to complete biological Seantiinwd RE:
ninaraitsation. N tr 45

*“Aaserting totheexperiences gatheredbyparticipation tn 0roundcae,> !
aime Fesults for completely soluble compounds are somevhat lover than seri
“hin the braskiova 4s measured by the "modified OFCD-sgreenisg test’ ®.
Tita “modhtied OECD -scresning test vas tasted by international rousd costs.
It'has some dicadvastages amprmebte. t40.90C. dagradat thuscent.andseenWG
used for testing of emulsions and suspensions. od

Since the products tasted here are mixtures the results of theadres
atin teat to only well defined vhes a total braskiova is recorded. Ta cases
Vhate particle braskiovi ia cbserved,chis can be dus to the fact that'only
Past of the product can be broken down, vhile other parts cam wot. The
braskdowofaistureeanthenbemanipulated by che mastacticer by aditton
of compounds which are easily broken dova,but otherviss without function. C7 =
"Eventhough, it isusefultotestthe breakdownofthepresent mixture

products,because it gives a preliminary ranking of the products. For Future

tests, vhichcouldbecarriedoutafter aperiodof afewyearsofuss,
1¢'should We attempted to tast the breskiovn of the aiagle compontats of the

wt “000146.
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ResuLTs: ]

Fr: Table 3 does list the measurement results obtained for the orginal
products, to evaluate the potential for ‘endangering of the water. Table 4 :
1dsts the percentage of degradation of the application solutions after a period
of dara together vith other degradation parematers of interest. The specific’: ,
TOC- degradation curves are incorporated ia attachments 1-6. : row

"ThevalessabtaisedfromTable 3show that the ttereat products contaty
veryiag emeuats of orgaatc compounds. Ofcourse one should cout & low content |’
oforgeitc materiale and of orgeate carbon found tn products 1,6 dnd 5 a4 Bp
Positive factors vhea vater endangering Ls to be fudged. A

Yor the application solutions (table 4) the638 ana oy are listed to- :
gether with the ratio butvesn these tvo factors and can be used in addition. |
€o’the 10C- degradation results for:the evaluaticas. According to the ratte =.’
the product %o 6 should be considered easy to degrade. For the products 1.
42d 3, which according to the TOC- degradation test apper medium degradable i

| (an seo antablsabed from che metabolism cast), the watevorsble cas/ady 5,
*atio could possibly be dus to the chemical oxidation of frensalts Fi

0, esdesradation of ach product, separately, ia eveluaad sa foltouit
Jom extinguishing compound Nok shows a favorable ratis of KO,“consump.: tlon/ XCr)0; consumption, and shovs good bacteria action in the metabolism ;

tast, together with a ATT T0C- degradation. It must be rated as nedtim degradable,039733 Product Yo 2 bows a tavorabls CSB/aDg ~ racto, but stace tha other thats:
goer t dope tadfcate a good degradation Tate 1¢ 4s classified as ditticult ‘to degrade.

ob  Thdagradatien of product 3 1s evenlessthem that of product2, so 1€ ©
fet 1adunaitios as difficule to degrade. ee ¥ 000145; tre though the degradation during the T0C-tast vas lil
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Poten'isl Tor endangerins of waters by original products

Yo WO,  KGOro,  Org.G BS organte !
ueod used content dontent 8) part b)

- w/t wt a 1 3

i 0,203 1,525 0.1% LJ 1,7

#3000 1 0,098 3.438 0,23 nv LT TE .

Forel 3 0,085 2,9% 0,22 7m " 3
Fc ze0 4 0,0% 1m 0,30 ”© 0

eas 2m "wow "
$n AW Wh “ a.

a) only approximste values e

) only approximate values, burnoff values at 600° and variible duration

Table 4

Bloohegion)derredationOf applicationreedssolutions(56)

Jo Rate or G3 nn & 5, Degrade Degrds Minn)
n onal,

nwo, (a Toro) Bos BT 5% metnavols 200 7)
whit won won test hd .

Eluonprteny 3.000 ¢ 12.00 4.00 30 0) oe “ aedtun
FLOW) Liye) vy aso iy oF . aittions
Feely 2 100(eamdae, 0 33 0 - . dirrionly
ECL 1a 100 4 34 6) - 2 aries

5 1000 20.000 3.2% 64 02 4 ” medium
Ls 2.50 26.000 41.000 08 I, . ° easy topotiua

7" x) Bvaluation of biochemical degratation in 10- test (at standard *
temperature of 25°C) RL
0 - 2 % difficult to degrade 20 - 40 § rlightly degradable

40 - 75 % medium degradable 75 = 100 % very degradable

] 000148"
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for product 4 than for products 2 and 3, 1t vas classified as difficult to degrade.
For fire extinguishing foam compound 5, the metabolism test indicates

"that 1¢ can be broken down. A finding vhich a confirmed by the results of
the TOC- test. The product is classified as medium degradable. so.

For product 6 one finds a complicated degradation befavior which aight
originate from the high toxic effect of this product. After 7 daysdegrage-

: ton already 102oftheT0C 1s broken dove. Perchesdegradation dus rust
J emdyafter 14 tasciag days, but thes en intensivedegradationIeediayto hy

dowsof 60%of the starting T0C dosetake place. The alow dows inbreskdow|
after 7 test days can be evelusted as an adaptation period for the micro-.
otganten favolved.

3.3 Texteology casting

HED
Tn the "Svaluetion of the Vater Endangering by Foss Extinguishing Compouads®

(2), the results concerning toxic effects tovards algae and bacteria were discussed:
Tn this evaluation vhich is concerned with tests for products that popstbly

Could be used 1n large amounts, the toxicology:sestevere iatams1tiad. | In ; o
addition to the fncorporatia- mataboliem tats, ales tesfs vith email crabs.
aad fish ware carried out. This vay the previous results could be further =
confirmed. :

The toxtcolgy test 1s carried out according to the German staadard pro-
cess for water testing (DEV) (4) L 11,'L 12, andL 15. For thess,the latest
Rest procedures vere used as published by the responsible working comittess .

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

000149 7
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a large grauation of dilutions vas used. The further toxological tast vere
carried out vith smaller gradations from 0 to 210 ng/L to . insure, that the

products could be differentiated as vel as possible. 3

RESULTS: :
In the enclosures 1 to 6, the Tesults of the toxicology tests are, presented”

-aniese- Tesction curves end the results are calculated and presented fa Table 3.)

,. Product Wo 1, “Tluorechesmgeist (Raclosire 1) 1s se taste at conceatrations1
of 10,000 ne/2that 11 test antaale dd dia (6c, = 10000 wi). mas for 5

tha concentration 1000 m/1 the product in uot darrimental (10% 1000 m/lle
(RO affective concentration vith respect to the cortempondng tist By ds 1%
the Loest tested concentration for which a 100% result vith respect to the |
test criteria is recorded: or the fish test, this is the concentration at
Which all animale die; EC, is the hightst tested concentration at vhich 20
significant reaction 1s observed with respect to the test criteria),

““Jovards theeas11cia,Daphnia mags (vater les), the prodicta not
detrinantal at the highest concentrations tested (BCom 250 mg/l) :
"he photosyathests activity of algae is esstly effected by Fluoretham- ia

2 selat, The affect 1 till below the cricical Matt at concaitrationsof ak

50 m/1; but at 100 mg/l 1¢ is significant.” SENET
“Toa bactarts oxypem uptake durtag break dove of peptone a facesped by

tha product. This makes the biochemical bresk dova 6f the product itself plausible

Thts rebel fo also confirmed by the TOC = degradation test (805. 3.3): +
“ie product Wo2, Light Vater, FC 206, frost-tasured (enclosure 2), rekcEs

‘ttlar toproductNo I inthe fish nddephata tests. Als the resslpof
the Lncorporation test Le siatlar to the first product. Bat the fabibition
of the photosyachests activity to les sad become sigaiticent opty ‘eich ‘
highest concentration 250 mg/l.(m resale of themitabolies rabarapbfile:

i PRADA: V Coad inin0150,
- A AE PE
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definitely different than for the first product: There is no methabolic :
——. increase which could be interpreted as a sign of break down. The TOC

degradation test also does show a bresk down of less than 10%.

The results of the biological tests carried out concerning product

No. 3 "Bight Water, FC 206, normal," are nearly indentical to the results

obtataed for product Ko. 2 Light Water, frost protected. The only differease
18} that thytexte affucts tovards alas tadicatedfor product 2ave not found |

5 for produst Bo. 3. Ln
Product No, 4, "Light Vater, TC 200, normal,” ie different fiom the fo' ’

foam agents discussed previously by having a defiatte toxic effect tovards fi
rin, oSiT'Viibn and igen. For fioh the tast sataale de already at 1000 wai;
(6C, = 100 wg/1, BC100 = 100p8g/1). In the daphne test, 33% of tha satmals i.
ded vithin 24 hours at 100 mg/l, at 250 ug/l about 75% of the animals x
died (805 = 50 mg/l, ECyp = 500 mg/1).

Thedncorporation test for this product is already surpassed at concen

tratdons of 5 mg/l;at 250 mg/l a complete inhibition of algae activity is .

recorded (xc, = 2 mg/l, EC = 250 mg/1). 3

Product No. 5, Protein Foss Agent, fa all biologteal tests 4s equil 4
to product MW. 1. No siguiticant toxte effects vere foundtovarde digas at HS
concentration of about 250 mg/L. Yor the mathabolica test ex iacrasse’ in 35
bacteria oxygen corporation vas recorded, but it was less then for product Pp
No. 1. The result of the methaboliem tast corresponds to a relattvalyY.-t- |
positive reaction tovards the bresk dova test. =

Product No. 6, Expyrol, 1s exceptionally high intoxicityead A sate ot.
brkak down The toxicity against fish is 4a high as for predict Boil
(EC's 00mg/2 andRC = 1000 mg/1). For small crab this[ee it
heats wd fre L0B0151

3 vi v 3 DNS, 1h
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especially toxic (EC, = 25 mg/l and ECygq = 500 me/1).

a. The tacorporation test shows an inhibition at 10%concentrations above

10 mg/L. For 250 mg/L there is a 65% inhibition.

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

bolic active as ell as toxic compounds.

Tale 5
Resulte of toxicology test ( exiressed in order of poison classes) J

No Fish Daphne Algae Bacteria  (DBVL 12) Total
(D8VL 15) (D&VL 11) (DVL 12) inhibit. . enhance. evaluation x)

+feeee
' ur m un m . nnn
2 ur ur n/u ur 3 me 307
’ m w m m - mw —20f3. n un T ur - im ®.
5 m m m m . mt ii
s u un u m . n i:
—_— >
Polran class 1 ¢ Proven inhibition on teei animle at concentrations

vorow Ss maf 1

Patron class 11 1 As in 1, region 5 to 200 mg/l |

Potron class 111+ No dara) at concontratiofis below 259 ng/L

otal evaluations Calculated by weighted avarage. The test Fenult with
lowest critical limit of concentration in multiplied by 5:

4. Evaluation of Results and Conclusions

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

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

* The original products constitute a threat to biological systems such

as the life in stresns and biological systess of purification plants, dus

to their bigh toxic level to which the surface tension, and for product 1,
0COTSR
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the content of zinc is added. The drinking water supply could be endangered :

__.. by the content of just the organic material in the original compounds. AY
Also the application gtrength 5-6 I solutions of all products tested

can lead to danger for biological systems dus to their physical, chemical
and torte characteristics.

aythe further dilution by & factor of 20to 80, which is active in

the pplication of foun ieeertingutobiog-epmpounds:Mil toateleviofiatnc 57
1 3me/1torbactarts, 10 - 25 mg/2for t1a0)isnot excosisdandated | | iy:
ch wurface teanton activity cen loose its importance. : f

* Ittheamessreasensble:to evaluststhevaterdangerbytheproducts’
according to their toxicity at the concentrations which can be reached during
application, and according to their biochemicaldegradution,even though there :

© at present are only degradation results available for the finished mixed pro-
ducts.

For none of the compounds the degradation is so easy es tb classify them

4s eaviromentally friendly compéunds. In the selection one then must differ-

’ entiate relatively better products from relatively worss products. 1
"When Hre-extinguishing fosm compounds ave applied, the about $F Wie

“Foamareaa previously stated diluied by a factor of 20 to 80; Théy this |:
are in a region of concentration between 125 to 500 mg/l. At this Rie

to the tast orguatem. Peoduct Yo. 1 and to.7 Tess thet toxte effectirs team at 200 Yi aviAe
pected in the pre-tlood task of the purification systems. Tor the very. iii: ids
toxic prodictsHo. §and No. 6, emabddicion dtlution by a factor of ie
betveen 50 end 200 ts necessary to get below the toxic level. sen uctons 3

ats Al
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: ’ Fe22® :are not certain in practice. Product No. 4 shove in addition a lov degree of
__ degradation and should not be used for that reason.

Thasroducts 2 and 3 axeof Leelaconcars whe teste prsparen ars
faken tate accome. But both products are d1ficult to degrade snd could
thus disturb and Gapatr the drinking vater supply) end the uss of hess pro-

ductstherefors
shouldbeavoided.

© Oftherematatagproductsthefom compoundNo.i} has a-belattvelyiiigh touteLevel towardsalgaedoato £30 high contaat ofsiadT hut since
. thath properties are ost to olarge exteat dus to the dilution durtag -,.

wage, and stance the product 1s relatively sary to degrade, che wdungertss |
Of the vaters dus to this product sppeacs to be of little iaportence.

The grouping of the 6 products proposed here does take biological and.
cheateal emits fato account, but dbes not consider pplication tachateal
characteristics. If i 44 not possible,dus to applicationtechnical, reasons
£0 a¥01d the use of products vhich are difficult to degrade of are espéciaily
toxic, then £6 would be adviesble to Cast thelr singlecoments

for de.
szadation

aadtoxicaffects. Further it should be attempted to replace iF
components especially biologically damaging by less damaging materials of :
imilar effect. Sich approach has been successful fof other materials of 5%FA ae

5: Bacomeniations for technical ordering specifications :
Based pon the fuvestigations as Wiacussedy:the fOllovigs require- %

meats can be sade of the memufacture of fom fire-axtinguishing compounier -
(ne biological degradation characteristics of the orgmic components

Present ia foun compounds should be well established.) ii
Toe’braskdown shouldbeas assyaspossible,rightnov tedacoustdoted |

{Re AE
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28 fair, vhena50Xbreakdown isrecordedinthemodifiedOBCD-Scresning-
__ Test (7). Yor a test which records complete chemical degradation such as

“theTOC-degradation test (6), a 40 break dove shoyld ba the intmm required.
Other tests can be used in replacement of tha sbovemsationed, Lf it has been
Proven, that equal results are cbtaiasd as for the tasts according to (6) :
and (7), vhen these products are tested. 2

* “The toxicoffsets of the fom compoumdstoverdsvater orgaten, dspectally
Nadeieta, sige, IPERS cd ria aboutbe4s mall a8 possibleA|
ssbticiently nontoxic range can be set Sf the KCgg for bacteria, algas,
daphas and fish is above 1500 mg/l foam agent in water. i

* For toxicology test, L 11, L 12, and LUIS of DEV (4), or siatlar f:
procedure for vhich equal type results can be proven, are to be used.
Te ths st eect tot ot wens £7 wegen oe erat tts

“ade fervor epee of brats ce ttotr
recordad. ’ b

‘ 6. Concluston ;
rAccording to the task the following six foancompounds,deteratnsd ¢

by the "Bundessnt fiir Wehrtechaik und Beschaffung” in Kobleaz,vare evaluated ol
with: taletin to jornible endsmpining of wAtuist  Fioaepbtitn; Tighe aber
7206, normal; Light Vater6 306, Front Protected; Light Water 7C 200, soeals’
Protelasthammittal; Expyrol 7 15. The test includes interphase activity,
toxteolosy, biocheateal degradation, heey metal content zd flame point.
The results were presented and discussed and a conslusion reached,” Tie’ -

products isorpioteta and Protetaschavmmiteel were tecomended dpety
relatively tevoreble biologic characeaiatics. THe fiaal conglupions‘sme
siven as recomendations for technical delivery terms (TL) wb adby :
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Enclosures
:

Toxicology - concertration/reaction curves and degradation curves. 1 to 6.
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