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 a third party (Dr.
H. Hellman and D. Muller) for the German Government Agency For
Military Technology and Procurement for purposes of comparing the
environmental properties of foam extinguishing agents from multiple
companies, including 3M’s FC-200. Data may not accurately reflect
the environmental properties 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



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
Results
Fish LCs 100<LCsp<1000 mg/L
Daphnia ECs 50<ECs<250 mg/L
| Algae ECso 25<ECg0<50 mg/L
Bacteria inhibition Inhibited
BOD21/COD ~12%

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

DATA QUALITY

Reliability: Klimisch ranking = 4. All study values come from a summary
list only. No raw data or method documentation was available. The study
summary failed to disclose duration of toxicity testing. It is 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.
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Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331,
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1. INTRODUCTION

For fire extinguishing- foam compounds ome can distinguish six application

regions:

1. General application (local fire protection)
2. Solvent industry '
3. Pighttng of carbgahydridc fires for instance in uf:lnctiu (cloud aya;an)‘
Q.r- ll.oetrietl equipment, liuh volun
5. Appuuum in airports.

‘6. Applications on ships.

B _
. the pruut study it v111 appear that airport t:l.ru uk.c on prcfm-
rep Momnco (1). It is obvious, that a few seconds in time cen make :I.t-
portant difference for saving human lives, and that the question of m—
-cnul cndangcring especially of vaters and streams does assume some vhat
lua hportancc. But water safety need not be conplot.ly mrl.ookod upoci-

d’ly because most of the actually used fire utin.uuh:ln; co-po\nd- are uud
i’ tra:lning.

N S
' - -

ue ludummc fur covuurkundc (nnpt. of wam ‘rochnolo;y) in 1975

Vgoc tho uok from the luni-utim tur Emhruu. W& .l m,
()q.nintry of Pood ‘Agriculture and ?orutry of Nordrhdn-ﬂutt.lq) to pvd-

uate tht hpact of foam extinguiahing co-ppundl on the vatot quality. Tbi,::y
ci.ght fou uuuguiahing compounds from 8 suppliers uu ovalucnd chuiall.y
phyaic.uy and biochemically for possible cndan;ori.qg o! ncsr. Di.f!umt

‘ bunds did vnry in degradation and coxicity. Especially tbe sz fm utiqw ~
:'nilhia; nlutionl uud can result in the following dlllgm :




Poisoning of natural water purification (in streams)

Poisoning or damage ﬁo fish and fish food animals.

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

Reduction of water quality by organic compounds (general)

. Undcqirlblc reduction processes in the ground:water.

Thie report yu pnbnd.ud dnpars; iﬁwﬂi—‘&ﬁmﬁm Agsmtiw the
pmin involved, such a8 the mu!utuma ot tou qniuuithing co-pound.
and thc authorities rnspontibl. for water purity. A-on; othort,thocc conoid-

ctations were taken into account in the DIN- standards.

2. DEFINITION OF PROBLEM AND TASK
vy

.Aftlt‘l.V.tll discourses in 1977 between represengatives of the. o
Bundesamtes fur Wehrtechnik and Beschaffung and the Bundessnstalt fir chlif ,»
serkunde (BFG), the BFG was authorized on Oct. 12, 1977 to cattj out a lp.;Qv
cial study This ltudy should only cover the products used by the Bundlwthnl‘

(™. G.rnnn military) and also products which are considered for ponsiblt new

mtrodueuou.

As a fittt objcctivq,thc cnvi!ua-ntal 1nf1uonc. of thc follavias lt:
cxtinguishing compounds should be dctorninod.

\.




No Product Manufacturer
1 Fluor protein Firm Dr. R Sthamer, Hamburg
2 Light Vater, FC 206 ‘5,9 Firm 3 M, Neuss
(frost protected)
3 Light Water, FC 206 Firm 3 M, Neuss
(normal) -
4 Light Water, ¥C 200, Fire 3 N, Neuss
(noruﬂl) L _
s mw,- Yoam Atd " Fire Dr, R. Sthamer, Ramburg -
6 Expyrol T 15 Tira Hoechst Ag, Frmkfu::luo'cchu:

The two types of 'Light-Water areboffercd as being "upeciaily safe
to the emvironment" (According to BWB). Light Water FC 200 is rcp‘ortc’ld‘ to
- be out of production, but should be evaluated for comparisen. The test for
environmental impact should, if possible, be tested for 5% lqlutiona as used
(for Light Water 6%) and encompass the following parameters: |
- Burface tension activity |
—Toxicity
- Biochuical dogudation

- contcut of heavy utall

- Flame point.

‘l‘ha final report should also contain recommendations for the n_chnicai

ptocutqun: specifications (TL).

" The ﬁ.ul report vas :chodulad for conphtion 1n s.pt 1978. Due’ to

-1cknul of ons of the investigators it was delayed for some mﬂu

ot




3. TEST RESULTS

~ 3.1 Physical- Chemical Tests
The first test result gives the heavy metal content which was deter-
mnined by X-ray fluorelcencel).
Evaluating the figures of Table 1 listing the heavy metal content,
the tlobco-poundn rluorptotoin (No 1) and Protein foam- eompound (Nb 5)
. stamd eut. Yor nmtrtouia the sinc and {ron contut of the appncmuog
ff;-.xmo- (nixtures) vith 40 end 55 we/1 respactivaly, ia relatively high, ¢

f’" ﬂu second compound the irom content of 50 ng/1 stands out. All otm

haavy metal concentrations such as the especially recorded 1ev¢19 for copp.tfj. j

are unimportant.
! pable 1
‘i Heavy metal content in foam extinguishing compounds.
o. Original Producis 5 % Solufions
Zn ’Q'b Cu Zn Fe  Cu
() . A l‘/l
, M e < 4 s o
2 T ' Voo T 0 06 c T gl02
R . T T R S
.t o 0,6
5 2 XL o st ‘g'g:
E y o 0 0,8 0,02

1) Determined by Dipl. Chem. U. Schleichert




When the flame point is determined, the water content of the sample

. (o]
must be considered. Flame points above 100 C, the boiling point of water,
"2)
could not be determined. As could be expected none of the tested samples
o

did have a flame point below 100 C. It should be obvious that none of ﬁhe
products would contain flammable sblvents. :
The surface, or interphase tensions can be seen from Table 2. » The
surface tension water/air generally drops some fot_eo#;dn:rations from 50 mg/1
to 500 mg/l. The surface tension is least ctfcétod'to; No$ (-rptein—fogu'A_\_i,? 
cxtiﬁguiahnr). most effected for two Light~watci types of !C’?O&— type;; |
The reason for this is found in the cheaical composition of the extiguishing
compounds. Protein foam agents can be expected ;o be generally inactivd 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

Internhare nctivity

Nq. Interphiseizctivity at 20°C ( dyn/cm)
0 - 100 250 500

) 'Y} 0 8 .
| 9 33 » 3

) 1 0 | ¥ 2

4 113 33 ] %

b ¢ ') 62 0

¢ L) L ”n .38 S

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

3) Interphase- Tensiometer, according to Nooy, Pirm. A. Kross, Hamburg



3.2 Tést for Biochemical Degradation

To evaluate the watet polution characteristics of compounds, it is of
gl»‘uu}"”f‘ ek dicormbe Chtm cotC
interest to sum up the chemjcal parameters, potassium permanganate and
GAY Y dewmawnds CoD) 800¢
potassiun dichromate uptake, (CSB). The biochemical oxygen uptake (BSBS,
Hg of DEV (4)) can be used especially in combination with CSB to preliminar-
. ceD
ily evaluat. the degradation. When the CSB analytical tedt gives reliable

ruuln (th:l.l for u:mc., is not always true vhen hyuoophobic conpoundl e

- Ce 0/@"05 3,
&ro bdna mnd) ons sust congider politivo mnlt d.uvod from thc 833/8885 2y

uﬁio as mtul. vhile uoptin results can not be counted, since the 3 day e
HoD
meubation pomd for the BSB~test under sane conditiones does not enco-pcn

' .ulucicnt time for adaptation of the organims active in the biologiul
be

brukdown It is not certain that toxic inhibitions can be ucluded 1n :hp .
. ¢ BooO
nundard BSB (5). To better insure ruults concerning the dcgradatiog, ﬂll

Co0 [/ Bao
is pouible by evaluating the CSBASB rat:l.o, one must carry out extoncin
f

d.gradatm tests, where the incubation time, the inoculation uterinl and
b

other parameters are determined, so that further breakddgwn than for :ho !iv.
D gpien

day B8B-test can be evaluated.

1

At present there are international efforts undervay to dtandardiu dQ
r1

'gtadation tests. Por ‘this investigation of breakdown of _f_i_l_'_c__gninu

¥

ton conpoundl a nev T.0.C.-degradagion test (6) dMIopcd by the Bun dtunml"

fur Gewasserkunde was used. Its test: ctitcria is the complete bmkdovn ot

Sapp

:hf. total organic carbon (TOC).

» For the test procedure the test compound serves as tho only oourc'::c of

car’bon.l Indrmic mineral salts are added in advance. The incubntion uka

G RN S
place 1n a lcm-eap flask with air space, placod in a shaker. ha '-d'cgtlda- -
g N - .

::lon mn for the fire cxtingu:llﬂng foan compounds were carried out ‘at 20 €

1n the dark. in deviatioa from the .tatcd test procedures. oo
{=v vz
: ARLIR I

; rPer- ' . » -v . .' . v“v . ',".:_' .




When the percentage breakdown according to the TOC—tgct 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

wvhich actually is based upon physical processes such as, for 1nstance‘absorp-

————.

tion of solids which has no relation to eo-ploto biologicnl breakdown and

\-.-., ¥ . ’ zr
._“” . \ .
lceotdias to the experiences gathered by pnrticipation ina round tolt
.zg. tbc results for co-plctcly soluble compounds lt! somevhat lower than i
,ﬂ"-
vhan tho bttakdoun is measured by the "modified OECD~iprocn1ng test" (3)
This "nodi!i:d OECD -screening test" was tested by {nternational round t.ott.
It has soma diccdvantagca asupased; o - thc&!ﬂc dngradnﬁtb!*t‘cgsniiﬁctnallﬁll‘

uaed for :osting of emulsions and suspensions.

-
Sincc the products tested here are mixtures the results of tbe degrnd— i

ntion tcst is only well defined whem a total breakdown is rocordcd. In CIICI
uhnro particle breakdown is obsarvcd this can be due to the fact that only

part of the ptoduct can bo broken down, while other parts can not. Thc

brenkdown of mixture can th-n be nanipul:tod by the -lnut;eturnt by additian

of conpounds vhich are casily btokan doun,but otherwise vithout functiou.

Even though, it is u:eful to test the breakdown of the pralcnc‘nixtutt
products,because it gives a prelininary ranking of the products., For future
tests, which could be carried out after a period of a few ysars of use,

1t'ghould Ye attempted to test the breakdown of the single components of the .-

products. )
\-xl"




RESULTS:

- Table 3 does 1ist the measurement results obtained for the orginal
products, to evaluate the potential for mdmgering of the water. Table 4
listl the percentage of degradation of the application solutions after a period
of 2 days together with other degradation parameters of interest. The spocifi_‘e"'j

TOC- degradation curves are incorporated in attachments 1-6.

The valses ebtained from Table 3 shov that the different products eonuin |
'n!ﬂu Ssounts of organic compounds. Ofcourse one should count s low content
of organic materials and of organic carbon found in products 1,4 and 5 as -

~pc:viivl:ivo factors when water endangering 1s to be judged. . |

Yor the application solutions (table 4) the ESB and Bssonos are listed to- . -
gathor with the ratio between these two factors and can be used in d&itim
_:o tha TOC- degradation results for-the evalustions. According to the utio -
the product No 6 should be con-:ldercd easy to degrade. For the products 1 _
and 5, which according to the TOC- degradation test appqt -.diun degudiblq

(as also established fron the metabolism test), the @f&f&uﬁh CBSIB&B& ' o
rntf::l;: could‘pouibly be dug to the chenmical oxidation of irdﬁ ults m |

in tl;h‘producta. " The iron salts would 1ncf§uc the CSB vithoint‘"incrudng '

thc BSB . 'rho dogudation of each product, uparauly, 1: cvalutnd as foan;
!on cxtingui.hing compound No'ji shov. a favorablc ratio of lQ!nO conldlp-
L :ion/ K20r20 consumption, and shows good bacteria action in the utabolin
tu:. together with a 472 T0C- d.gradation. It must be rated as tudiul duudablc._
¢ C30‘7 5 Prodnct No 2 shows a favorable CSB/BSBg - rntio, but linco thc othcr tnu -
€Y o not hdictto a good degradation rate it is chuifiod as difficulc ‘to dcsudo. -
f(_«’l"c mdﬁrmc. of product 3 is even less th. tha: of produc:"‘?:‘w 1t |

1: clul:l.ﬁ.od as difﬁcult to degrade.

i ;'.n thongh the d‘gudation during thc mc-ta: vas z“fth.rd " PR
" Coe R . -..‘
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Teble 3 !

Potential Tor endangerini of waters by original products

No K¥nO 4 K2<)::"C)7 . Org.C 320 Organic
used used content 6ontent a) part b)
— kg/! wg/l ks 3 4
{ 0,203 1,925 0,13 89 10,7
FC 3017 ? 0,098 3,438 0,24 ' %3 - . -
T IANE 0.085 2,930 0,22 7 " 3 .
FC 290 & 0,0% 1.9 0,30 80 20
s 0,43 2, . N 3 B |
¢ u - 4e o .

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

Table 4 .
Biochegical degradatiopn Of spplication ready solutions (5€)

¥o Rate of 85? m5 % ﬁﬁﬁs Degrad. Degrad: Final

lln04 (m. 1201'07) B:os 103 chg :x:thabol.'i:ob | ;;ral.
w0/t Wt e test  test
e B XY S—
€luor prst g $.000 12.990 4.0% - 3 0,) ¢ 4} medium
FU™) 2 2.5003165) 20.5004 15.000 1.9 0,5 - . diffiould
Fe-22L y 2 100(0.46)20.9007 10.000 3,3 0,4 - ¢ diffioalt
r’-"?w 6 1.2% 16.300 4.450 3,4 0.3 - 2 diftioult
5 1.100 20.000 3.2 6,' 0,2 ¢ 3 | medium
6 2.500 3%.000 41.000 0,9 1,9 ’ 62 |essyto
4 l p odium
— et

x) Bvaluation of biochemiocal degradation in TOC- test (at uta.nda.rd '
temperature of 25°0)
o - 20 % diffioult to degrade 2o - 408 elightly dcmdsblo B
40 - 75 % medium degradable 75 = 100 % very dogﬂdablo




-11-

for product 4 than for products 2‘and 3, 1t was classified as difficult to degradé.
For fire extinguishing foam compound 5, the metabolism test indicates

Eﬁat it can be broken down. A finding which 1s confirmed by the results of

the TOC- test. The product is classified as medium degradable.
For product 6 one finds a co-plica:ed degradation behavior which.night

originntc from thc high toxic effect of this product. Aftar 7 dnyo dograda—i

"ouly after 14 tosttn: days, but than - 1nt¢nlin doctldction 10&41:3 to b% ok B
~ dm of 602 of the starting TOC does ukc place. 'l'hc llav down 1: brululovn"'

after 7 test day- can be evaluated as an ldaptltion period for the nicto-: :

organism 1nvolved.

3.3 _ Toxicology testing

METHOD

In the "Evalustion of the Water Endangering by Foam Extinguishinj Co-.ouhdu"
(2), the results concerning toxic effects towards algae and bacteria were dinculood.

In this evaluation which is concerned with tests for products thnt poouibly
could be used in lurgo anountc, the toxicology toslavv-tc tttallitidd ’ T
addition to the incorporation- netabolian tostl, also tcst- vith s-nll crabs _:‘.>m -
and fish were catri.d out. This way the previous results could ‘be furthnr |
confirmed. _

~ The toxicolgy test is carried out accotding to the German ltnndard pro-
. cass for water testing (DEV) (4) L 11 'L 12, and L 15. Pbr»th.sc,ghq latest
pest procedures vere used as publt?hod by the rocpon-iblc.wofﬁiné‘?nﬂiﬂttCOI..

For fish-tests the concentrations used were from 0 to 10,000 mg/1, vhere
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a large grauation of dilutions was used. The further toxological test were
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 are, prcccatc&

a8 ‘dose- Tesction curves and the results are calculated and presented in Tnblc 5 o

" rtoduct Yo 1, “rluorcchcu-gcint (Iaclccurc 1) 1s so texic at conccntrationc

e

ot 10 000»:(/1 that all test animals did die (!c100 = 10000 mg/1). But for
:hc conccuttntion 1000 -sll the product is not detrimental (EC - 1000 ng/l)‘

(nc- cffcctive concentration with respect to the corrcsponding tcct. AECIOO is L
the lovest tested concentration for which a 100X result with respect to thci’ "

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

vhich all animals die; Eco is the highast tested concentration at which no

cignifican: reaction is observed with respect to the test critcrit)

. Crwhaan
Tovcrds the small crab Daphnia magna (water flc‘) the ptoddct 1: not

dccrinontal at tha highcat concentrations tested (ECO- 250 mg/1)
s 1.

Thc photosynthccis activity of algae is easily effected by Fluotschasn—

gcist..vrhc effcct is still below the criticcl 11:1: ct conccntrations of

50 -cll' buc at 100 mg/1 it is significant.

Thc bacccria oxygen uptake during break down of peptone 1is 1ncrcnccd by

thc product. This makes the biochemical break down 6f the product 1tcclf plauntblc.
t 4 \4
This r.sult 13 also confirmed by the TOC - degradation test (ccc. 3 2)

Thc product No2, Light Water, FC 206, ftoat-in-nrcd (cnclocurc 2). rcactl

li!ilcr to product No 1 in the fish and daphnia tests. Also the r‘cuts of
thc tncotporation test is similar to the first product. But the inhibltion
of | thc photocynthcoic activity is less and becomes lt;nificcat only at the :.,:
highut conccutrltion 250 mg/1. ( The ruult of the -uhon- nurt'} u o

\a, K }
1,,'.:_,, AN :
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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 break down of less than 10%.

The results of the biological tests carried out concerning product

Ro. 3 "bill_\c Water, FC 206, normal," ari nearly indentical to the results

obtained !or product No. 2 Light Water, frost protected. The only diffcmec -

is; that the toxiec cffoetc tovards algae iadicntcd for product 2 arn not fouad

“for produet No. 3.

Product No, 4, "Light Water, FC 200, noml," is diffor.ﬁt from tim Fad
foam agmts discussed previously by having a definite toxic eflect t.owardo F e
fhh .OL‘?'E”:?& and algae. For fish the test animals die alrudy at 1000 I;/lj;'f
(xc - 100 ng/l, Ecmo = 100pag/1). In the daphne test, 33% of the animals |
died within 24 hours at 100 mg/l, at 250 mg/l about 75Z of the aniull
died (EC; = 50 mg/1, ECygq = 500 mg/1). -

The dacorporation test for this product is already surpassed at concen-
tratdons of 5 mg/1; at 250 mg/l1 a complete inhibition of algae activity is
recorded (xc = 2 mg/l, EC = 250 mg/1). »

l'mduct No. §, Prot:ein Foanm ég_c_ ’ in all biologiul tuu t. equal
to produc: ¥. 1. No significant toxic offocta were !ound to\nrd‘ alsu at
concentration of about 250 mg/l. For the uthabol:lu :ut an ucruu in
bacteria oxygen corporation was recorded, but it was less tlun for ptoduct .
No. 1. The result of the methsbolism test corresponds to a rch:ivcly 2

pocit:ln nlction towvards the break dowvn test.

Product Ko, 6, Expyrol, is exceptionally high 1n toxicity cud ﬁ dlm ot

‘ "t

bruk down The toxicity against fi-h 1s as high as for pr‘duct‘lb. ) _‘

(zco - tﬂOnz/l and xcmo = 1000 lgll). For small crab this pnoduqt. 1‘

S .‘ . E . "--
erigrl gt Lol 044 M _ RS
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especially toxic (EC, = 25 mg/1 and ECjgq = 500 mg/l).

The incorporation test shows an inhibition at 10Zconcentrations above
10 mg/l. For 250 mg/l there is a 65X inhibition.

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

bolic active as well as toxic compounds.

Table 5 .
Resulte of toxicology test ( expressed in order of poison classeé) '

-
ST
;. S

No Fish Daphne Algae Bacteria (DEVL 12) Total §

- (DEVL 15) (DEVL 11) (DEVL 12) inhibit., . enhance. evaluation x) :

L 184§ 1! 1 It . 11/111 | ‘
2 111 ut /111 111 - nr 3207
) 1 1 e m - 11 — 206
“ n 1§ 1 113 - i #
5 1 ur m 1 . eee o

6

II It 11 g . : 1T

Poir~n class 1 : Proven inhibition on test animils at concentrations
below 5 mg/ 1

e L .

Prifan class 11 : As in 1, rezion 5 to 205 mg/l

Poiron class 111t No damag: at concentrations below 250 mg/l

x)Totnl e§a1uationx Calchléted by wéightédvaVarage. The test result with
lowest eritical limit of concentration is multipiied by S.

4. Evaluation of Results and Conclusions

Summarizing the single criteria of the téq:, one can obtain different
results, depending upon what 1mport§nce is given to tﬁe different criteria.

The original products constitute a tﬁreat to biological systems such
as the life in streams and biological systems of purification plants, due

to their high toxic level to which ghe surface tension, and for prddpct 1, A
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the content of zinc is added. The drinking water supply could be endangered
by the content of just the orgaﬁic material in the original compounds.

Also the application stren ngth 5-6 X solutions of all products tested

can lead to danger for biological systems due to their phyaical, chemical

and toxic characteristics.

By the futthct dilution by a factor of 20 to 80, wvhich is active 1n :
“the t»num- of foam. ctwcmmmm o toxié: leveliof! ltnc
{2 nc!l for bacteris, 10 - 25 mg/1l for fich) is not exceeded and alno
the -urfau tension activity can loose its 1.portlnc¢.

‘It tb.n'scons reasonable  to svaluats the watot danger by tho producto

according to thcir toxicity at the concentrations which can be reached during"id

application, and according to their biochemical degradstion, even thoush there

&

at pregent are only degradation results available for the finished mixed pro-
dnct..

For none of the co-poundu the degradation is so easy as ¢ clacsify tho-
as environ.ntally friendly conpound-. In the solection one then must diffat-

antiate relatively better producta from relatively 'worse productc.

whcn fitc—cxtingui-hing foan conpoundo ntn lpnliod. tho about 5 z iolu-” ’::

‘¥lons. are as previously ltltld dilutod by a factor of 20 to 80. Thoy than

are in a region of concentration between 125 to 500 mg/1. At this conctn-
Fcz2o6

tratdon thc compounds o No. 3 and No. S5 are uithouc acute detriment
\

FC 347
to thc tcs: organism. Pgoduct No. 1 and No. 2 lose their toxic effect

RN

N

nft.r further dilution by a factor of 2 to 5. Such dilution il to be ex-

pected in the pro—flood tsnk of the purification systems. For thc vory u‘$7f ¥;6£1

oY
toxic products No. 4 and No. 6, ancsdditional dilution by a flctor of

hotwuon 50 and 200 1s necessary to get below the toxic level. Such d&lution.;"}:@'
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4 Fcfiao
are not certain in practice. Product No. 4 shows in, addition a low degree of

degradatdon and should not be used for that reason.
— e

The products 2 and 3 are of little concern when toxic properties are
taken into account. But both products are difficult to degrade and could

thus disturb and {mpair the drinking water suggliﬁ and the use of these pro-

ducts thcrefogg should be avoided.
Of the r-aiulng ptoductu the fosm compound Ro.:1 hal a. inltttvulyl H
_______________
'ulh ténte level towards algse dtll to the high content of :inc. ]ut since

“thete p:op‘rtics are lost to a large extent due to the dilution durins 5;
u'ag;,’and since the product is relatively elsy to degrade, the endnngerias
of the waters due to this produc: appears to be of 11::10 1nportlnc..
The grouping of the 6 products proposed here does take biologicai and‘;
chcn;cal results into account, but ddes not consider application tecbnicil
chatactcristica. If 1t tl not possible,due to application technical,rnalonl ,'E}

aVoid the use of product: vhich are difficult to dcgrado or are espccially o

toxic, then it would be advisable to test their s ts for de-
gradation and toxic effects. Further it should be attempted to replace

components especially biologically damaging by less damaging materials of

similar effect.. - Sich approach has Bioﬁ successful for othﬂr ia:ctials’of'

A

environmental concern.

. 3. Recommendations for technical ordering specifications
Based upon the investigations as Uiscussed;’ the fdllowvipg require-

ments can be made of the manufacture of foam firo-cxtinguishing eo-pound‘:

(j;hc biological degradation characteristics of the organic co-pon.ntl
prusent in foam compounds should bc vell eltablilhnd:z |

The break down should be as sasy as possible, right now it i-’conoidotaﬂ ;,é;

. B T SO . g By
oy o whan e Y sk e e s e




as fair, when a 50 X break down is recorded in the modified ORCD-Screening-

Test (7). Por a test which records complete chemical degradatios such as

v mo—————

the TOC~-degradation test (6), a 40 Z break down should be the minimum required.
Othor tests can be used in roplacencnt of the abovementioned, if ic hao been
provon, that equal results are obtained as for the tests occording to (6)

and (1). uhon these products are :oocod.

tho gg;;e gff;gto of tha foam eonpoundo tovurdo vaeot orgatiou, oopocially
an:COtta. algae, .dei’ﬁ??S? and fioh lhauld be as small as po.libi‘.x'

ou*ftcicutly nontoxic range can be set if the Bcso for boctctio, algao,
daphno ond fish is above 1500 mng/1 foan agent in water.

Por toxicology test, L 11 L 12, and L‘lS of DEV (4), or oililnr
_—
procoduro for which equal type results can be proven, are to be usod.
wh'
Tho heavy metal content should not exceed 1 Z zinc, or for other metal
_—

an amount for which a corresponding degree of bacteria toxic offocco tl

rocorded.

€

6. Conclusion

fAccording to the task the following six fonn co-poundo,docorninod

by tho "Bundesant fiir Wehrtechnik und Bcocbotluns" in Koblooz,voro ovaluoto¢
t
with-rolotion to possible endangering of vttoro' Plnc:ptotoin, Light Wntor
CBI7

[ F VR

FC 206, normal; Light Water FC 206 Frost protected;;Light Water FC 200, notiol-*

Protoinobhau-nictol Expyrol F 15. The test 1nc1udeo interphase octivity,
- by

toxicology, biochenical degradation, heavy metal content and flauo point.
-1

Tho resulto woro presented and discussed and a conalusion roachod.- Tho
L. a(

productl rluorptotoio and Protoincchauunittol were roco-nondod dno to

rolativoly favorable biologic charoctoriotico. The final concluotonc une‘

re

givon as’ rocomondotions for technical delivery terms (TL) to b‘ ul“ by

¥e o

the con:toct asoncy.
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