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-85, or as a component of FC-3017. (1-
Octanesulfonic acid) (CAS # 2795-39-3).

Remarks: The 3M production lot number was not noted. The test sample
is FC-3017, referred to in the report as FC-206 freeze protected. Current
information indicates it is a mixture of 0.67% PFOS, 20% diethylene glycol
butyl ether, 55.41% water, 21% ethylene glycol, 1.33% Hydroxy foamer, 1%
sodium octyl sulfate, 0.5% polyoxyethylene monooctylphenyl ether, 0.04%
sodium lauryl sulfate, and 0.05% tolyltraizole.

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-3017. Data may not 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 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
Result
Fish LCs >1000 mg/L
Daphnia EC5, >250 mg/L
Algae ECs5 >250 mg/L
Bacteria inhibition Inhibited
BOD21/COD ~9%

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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1. INTRODUCTION

For fire extinguishing- foam compounds ome can distinl.uilh six application
regions:
1. General application (local fire protection)
2. Solvent industry
3. ughting of carhanhydride fires for instance in rofin‘t:lu (closed sya:ﬂ)
A, !uecrten equipment, high voltsge
S.i ';’Appnuuon,o in airports.
6. Aﬁplicatim on ships.
{

tep hpomnco (1) It is obvious, that a few seconds in time can make im-

In the present study it will appear that airport firu uke on prcfcry

portant difference for saving human lives, and that the question of m— :
mental endangering especially of waters and streams does assume some whlt:
le'ur iﬁportancc. But vater safety need not be completely mrlookod_upc_c:l-.
ally because most of the actually used fire extinguishing compounds are used

id training.

t
i

- The Bundesanstalt fyr Gewssserkunde {(Dept. of lutu' rochuology) in 1975

got the task from the lu.niatcnm fur Ernidhrung, Wn ol m
(Ministry of Food Agriculture and Forestry of Nordrh.in-"utf.],q) to "_‘1’. .-

uatcr the impact of foam extinguishing compounds on the vater qual:lty. ‘!‘hitty -
e1ght foam extinguishing compounds from 8 suppliers vers ovaluccd cheateally, -
physiccny and biocheaically for possible endangering of ntor. D:I.ffcmt SR
bundn dﬁ vary in degradation and toxicity. Especially the sz fon cxtiqr-' v-‘tfi.
uuinhing nlut:lons used can result in tha following dlugp. '

Mok (.
".c'i
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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 ground:water.

This rapor: was publtcised.is. parts G&.Ml! “hnuivm cggntiw the
pa:tiu involved, such as the unututnnu of fm cuuuuhm compounds
and the authorities responsible for water purity. A-on; others,these consid-

cration: were taken into account in the DIN- otandardl.

2. DEFINITION OF PROBLEM AND TASK

ot
After several discourses in 1977 between represengatives of the
Bundesamtes fur Wehrtechnik and Beschaffung and the Bundessnstalt fur Gcwli- _
serkunde (BFG), the BFG was authorized om Oct. 12, 1977 to carry out a np.;ﬁ
cial study. This ltuéy should only cover the products used by thc,Bundcwuth'
(W. German nilftary) and also products which are considered for possible new

1nt;odhctiou.

As a first objective, the environmental influence of the folioviﬁg.ntx'  f:;F1

extinguishing compounds should be determined:

A



No Product Manufacturer
1 Fluor protein Firm Dr. R Sthamer, Hamburg
2 Light Water, FC 206§,y Firm 3 M, Neuss
(frost protected)
3 Light Water, FC 206 Firm 3 M, Neuss
(normal) o
4 Light Water, ¥C 200, Firm 3 N, Neuss
(normal)
5  Protein Fomm Aid ~ Firm Dr, R. Sthamer, Emmburg
6 Bxpyrol F 15 ¥irm Hoechst Ag, Frankfurt/Hoechst

The two types of 'Light-watar crc.offercd as being "especially safe
to the emvironment" (According to BWB). Light Water FC 200 is reported to
be out of production, but‘ should be evaluated for comparison. The f@nt for
environmental impact should, if possible, be tested for 5% cqlutiona ;c used
(for Light Water 61) and encompass the following parameters:
~ Burface tension activity |
-Tox:lqity‘
- Bi;f:ixuiul degradation
- Conicnt of heavy metals
- Flame point. v

'l'gm final report should also contain recommendations for the tccbnicni
prdcﬁruun: specifications (TL). .

The final report was scheduled for completion 1nv Sept 1978, Duo'_to.-

sickness of one of the investigators it was delayed for some wpaths.

B o .. C e e A Ce e -




3. TEST RESULTS

3.1 Physical- Chemical Tests

The first test result gives the heavy metal content which was deter-
1)
mined by X-ray fluorescence .

Evaluating the figures of Table 1 listing the heavy metal content,
the two compounds Fluorprotein (No 1) and Protein foam- eompound (No 5)
~ stend eut. Yor Fluorprotein the sinc and iron conteat of the appucmuo; e
‘solution (aixtures) vith 40 end 55 wg/l respectivaly, is relatively high,
Yor the second compound the iron content of 50 mg/l stands out. All o:lm;
hoavf matal concentrations such as the especially recorded levels for coppir}'

are unimportant.

! mable 1
Beavy metal content in foam extinggishing compounds,

No. ®riginal Products 5 % Solufions

Zn e Cu 2n Fe

Ppm ng/l

' 780 100 <y 0 - s

2 7 "o 04 0

) ¢ } N 0,4 0.?

s 0,2 o0,

s 2 0 <, 01 s:"

. 3 ] -} 0, 0,5

1) Determined by Dipl. Chem. U. Schleichert
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When the flame point is determined, the water content of the sample
o

must be considered. Flame pointsrabovo 100 C, the boiling point of water,
could not be determined.z) As could be expected none of the tested samples
did have a flame point below 100°C. It should be obvious that none of fhc
prodects would contain flammable solvents. ‘
The surface, or interphase tensions can be seen from Table 2. Y The
surface tension water/air generally drops some for con;qutrations from 50 mg/1
to 500 mg/l. The surface tension is luci effected foi ltoS {¥rotein-foam
extinguisher), most effected for two Light-Water types of rC'zoa- type.
The reason for this i{s found in the chemical composition of the extiguishing
compounds. Protein foam agents can be expected to be generally imactive 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

Interphare 2ctivity

No. Interphire uctivity at 2o°c ( dyn/cm)
o 100 250 500
ug/l ‘
' 62 %0 0 »
2 0 33 » 2 |
] 1) 3 » 22 .
4 3 ) S) o8 B .
s [ 1) (1) 62 60 g
(Y $? 12 » . 38 i

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

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



3.2 Tést for Biochemical Degradation

To evaluate the water polution characteristics of compounds, it is of
pcrmm,tnof» e d dicrvambe C'L\_‘h“_ ¢

interest to sum up the chemjcal parameters, potassium permanganate and
G Ay Yo  detamunds CoD) 8:0¢
potasgium dichromate uptake, (CSB). The biochemical oxygen uptake (BSBS,

Hg of DEV (4)) can be used especially in combination with CSB to preliminar-
ced
11y evaluata the degradation. When the CSB analytical tedt gives reliable

roaultc (this, for instance, is not always true vhen hyooophobic conpoundl ;"?”
-« Ce0[BaDy:
are boins to-:.d) one must consider positive result derived from thc CSBIBSBs

taéin as useful, vhile negative results can not bo comnted, since the 5 lay
%D

tncubation period for the BSB-test under same conditions does not encoupaa.

' .ufﬁciont time for adaptation of the organisms active in the biological -

btukdmm It 1s not certain that toxic inhibitions can be excluded :l.n :h;
¢ fooO -
cundard BSB (5). To better insure results concerning the degradatiog, tm

C-v/ Bwo
is pdlcible by evaluating the CSB/BSB ratio, one must carry out cxtcnsivc R

dogradatdan tests, where the incubation time, the inoculation utetil.l and
ot

othcr parameters are determined, so that further breakddwn than for tlu fin .
B Lakal .

: 3

day BEB-test can be evaluated.

At present there are internmational effegts underway to itandardiu d*
f:

gradation tests. l?or this investigation of brukdovn of fire’_;nngm'_

. _‘
" .

foam' compounds a new T.0.C.- degradation test (6) dmlopcd by the Bundnunmlt iﬂ‘i

b 41 ,,;_.'
AA

fur GCevasserkunde was used. Its test ctiteria is the complete bmkdovn ot

the total organic carbon (T0C).
‘Por the test procedure the test compound sarves as tho only source of

carbon. Inorganic mineral salts are added in advance. The 1ncubat:lon taku’ o
(W ‘\ P ::’
place in a screw-cap flask with air space, placed in a shaker. hu dcgtuda—- ‘
te o
tion tests for the fire utinguialing foam compounds were carried ou: nt 20 ¢

1n the dark, in deviatioa from the stated test procedures.
PO g ) . . - v :




When the percentage breakdown according to the TOC—tg-t 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 ag de-
gradation. Under cerain circumstances a high degradation can be simulated
which actually is based upon physical processes such as, for 1nstance‘absorp-

s
tion of solids vwhich has no relation to co-plct‘ biological broakdown and
un'-niua:m ’ .

\ _

Aceordiu to the experiences gathered by participation in a round test,
zbt !00 results for completely soluble compounds are somewhat lower than - 1n\5
Mvhcn the breakdown is measured by thc "modified Oxcn-dcro‘ning test" (3) |

This “nodtficd OECD -screening test'" was tested by international round t‘ct..
It las some disadvantages aoupamed:vs: - the20e. umucmmgumm
u-cd for tostina of emulsions and suspensions. | y

stnco the products tested here are mixtures the results of tﬁ; dLgrtd-
a:ion test is only well defined wvhem a total breakdown is r.cordcd. Iu CIlCl
uh.rn particle breakdown is observcd thi{s can be due to the fact that only

part of the product can be broken down, while other parts can not. Tbo

breakdown of mixture can then be manipulated by the -unufqeturbt by addition

of compounds which are easily broken doun,but otherwise without function. o  -iﬁ;
Even though, it 1s useful to test the breakdown of the proacnt.nixtut. -

products,because it gives a preliminary ranking of the products. rdt futurd

tcata, vhich could be carried out after a period of a few years of uso.

1t' ghould Ne attempted to test the breakdown of the single components of :ho

X

products.
S—— .




RESULTS:

Table 3 does list the measurement results obtained for the orginal
products, to evaluate the potential for-tndqngering of the water. Table 4 ‘
lists the percentage of degradation of the application solutions after a petio&
of‘g-daya together with other degradation parameters of interest. The -pcclfig
TOC~ degradation curves are incorporated in attachments 1-6. | '

!!ho values cbtained from Table 3 show that the different products eontnin
varying amounts of orgenic compounds. Ofcourse one should count a low content 1:

of or;unie materials and of organic carbon found in products 1,4 and 5 as

positive factors when water endangering is to be Judged. _
For the application solutions (table 4) the GSB and gg:z are listed to-~
gether with the ratio butween these twﬁ factors and can be used in iddition
tojthe TOC- degradation results for- ‘the evalustions. According to the racio .v.’
the ptoduct No 6 should be concidercd easy to degrade. For the products 1 i_
and 3, which according to the TOC- degradation test appesr icdiun degradiblo ;
(as alao establighed fron the matabolisn test), the unf:vbrablc cns/néns
rntio could possibly be due to the chemical oxidation of iren nalg;_g_g!gg_

in the products. The iron salts would increase the CSB vithout incrcnoins ‘

th§ nsns. The degradation of each product, separately, 1. evaluated -s folloupg
- Foan extinguishing compound No% lhDH. a favorable ratio of KHno‘~connﬁlpf_
L4

tion/ K2Cr20 consumption, and shows good bacteria action in the notabolial

to.t. together with a 472 ToC- degradation. It must be rated as nodiu- dcgradcblc.._

oV 7 pa Ptoduct No 2 shows a favorable CSB/BSB. - ratio, but since tho othor toctl
(C3 \'* 5

€V do’ not 1nd1catc 4 good degradation rate it is clalsifiod as difficult to dcsrad..

g’

L lil d(;rldlttﬂ. of product 3 is even less thnn that of prodnct 2. so it
1- cllssifiod as difficult to degrade.

Bm }though the degradation during the TOC-test was ;ughr ad nie

0.
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Teble 3

Potential “or endangerin: of waters by original products

No KMn04 120r07 Org.C H20 Organic
used used content 6ontent a) part b)
kg/! kg’l | VR4 ¢ 4
{ 0,203 1,525 0,15 89 10,?
7 3017 1 0,098 3,438 0,3 B IR % -
Fezo6 0,085 ,9% 0,22 7 " 23 .
FC 200 & 0,0%0 1.97) 0,30 (] 20
s 0,438 2, (X ") | 1]
LN N Y § 'Y o) ’ 3

s) only spproximste values

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

Table 4 _
Bioohepical degradatiop Of spplication ready sclutions (58)

No Rate of 85? "‘5 i§§§ ﬁﬁﬁs Degrad. Degrad: Final
4 i e 5 B0 con  methabol. 70U x)
uo/I = O.Il ng 8,/1 Sost ::"
- MY 25 S—
luonprteny 5 000 % 12300 4.0% - 31 03 ¢ &) | peatum
FLW) 2 2.300(86%0) 28. 3.0 ~ 19 0% - . diffioul
Fe-2+L 3y 2 100(8.4%)24. 10.000 3,9 0,0 . ¢ difficelt -
el e 1.ase 16.300  4.430 3,4 0,) - 1”2 diffioult
5 1.100 20.000 3.2 6, 0,2 ¢ ” medium
6 2.500 36.000 41.000 0,9 1,0 * 62 | easy to
. “wodiun

x) Bvaluation of biochemical degradation in TOC- test (at standard °

temperature of 25°°) o .

o - 20 % diffioult to degrade 20 - 40 % elightly degradabdle
40 - 75 % medium degradable © 75 = 100 % very degradable

PR P T § AVRA PR S e TR R, oot
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for product 4 than for products 2‘and 3, it was classified as difficult to degrade.
For fire extinguishing foam ¢tompound 5, the metabolism test indicates
that 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 conplicated degradation behavior which{night
originate from the high toxic effect of this product. After 7 days dcgrada—
tion alresdy 10% of the TOC 1s broken down. Further do;ndntian does ruultm o
only after 14 testing days, but then an utmtn dnruhcicn 1udiuz to hr«k—-'
dovn of 60 of the starting TOC does take place. The slov down in brukdoun |
after 7 test days can be evaluated as an adaptation period for the uicro--

organism involvad.
3.3  Toxicology testing o e

METHOD

In the "Evaluation of the Water Endangering by Foam Extinguishing Compounde"
(2), the results concerning toxic effects towards algae and bacteria were diccusocd.;

In this evaluation which is concerned with tests for products that poonibly |
could be used in lﬁrgc amounts, the toxicology tests ware: !ltcnlifi.d Iu
addition to the incorporation- metabolism tcsts, also tests with small crabs
and fish were carried out. This way the previous results coﬁld‘be further
confirmed.

The toxicolgy test is carried out aécotling to the German -tqndard pro-
cess for vater testing (DEV) (4) L 11, L 12, and L 15. Por these,the latest
Fest procedures vere used as publtshcd by the ro-ponniblc'uorking committess .

For fish-tests the concentrations used were from 0 to 10,000 mg/1, where
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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 _ip-ure, that the

products could be differentiated as well as possible.

RESULTS:
.In the enclosures 1 to 6, the results of the toxicology tests at0;7prepqnt¢dg*
88 ‘dose- reaction curves and the results are calculated und pruaontnd in Tabl. 54;;"

Produet Yo 1, "rluonchnuguoc (Eaclosure 1) is so toxic at eoncontratim '

of 10 000 mg/1 that all test animals did die (xc 100 = 10000 mg/l1). But for ;
thc conccntru:ion 1000 mg/1 the product is not detrimental (zc - 1000 ng/1)¢
(nc- cffoctivc concentration with respect to the corrcsponding tcot. ’Ecioo_ig.  ,;
the lovest tested concentration for which a 100X result with respect to the ‘
tast criterii is recorded.. For the fish test, this is the concentration at

uhich all animals die; Eco is the highest teﬁtcd concentration at vhich no
cignificant reaction is observed with respect to the test critctit)

- keean
wanrd: the small é:;b Daphnia magna (water floo) the ptoduct 1: not

dctrincntal at the higholt concentrations tested (Eco- 250 mg/1) N
" The photosynthelis activity of algae is easily effected by Fluotiéhlup—

ciat. - The effect is still below the critical limit st concentrations of

50 -sll' but at 100 mg/1 it 1s nignifictnt. :
Th. bac:eria oxygen uptake during break down of peptone is 1ncr¢a|‘d by ‘
the ptoduct. This makes the biochemical break down of the ptoduc; itlolf plauaiblo.
This'r.cult is also confirmed by the TOC - degradation test (lcc.‘S 2)

‘rhc product No2, Light Water, FC 206, froot-insurul (anclocurc 2), ructl
linilar to product No 1 in the fish and daphnia tests. Aleo the n.lutt of
the 1ncorporation test is similar to the first product. But the 1nh1b1tion
of the photo-ynthoait activity is less and becomss lignificant only at the
highnst concegtration 250 lsll. The result of thc l.tabolttn rlt.rl'lt il1:
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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
Fo. 3 "Light Water, FC 206, normal," are nearly indentical to the results
obininad for product No. 2 Light Water, frost protected. The only diffcr.neo ’
1s; that the toxic otf.cu tovards algase indicated for th 2 are not fomd
for product Jo. 3. |

Product No, 4, "Light Water, FC 200, normal,” is different from the /n'
foam agents discussed previously by having a definite toxic ef’ act tdvardl Fe
fuh d"fm and algae. For fish the test animals die almdy at 1000 Ig/l.‘:.,:
(EC - 100 ug/1, ECjo0 = 100pag/1). In the daphne test, 33% of the animals s
died within 24 hours at 100 mg/1, at 250 mg/l about 75Z of the animals
died (EC, = 50 mg/1, ECjgp = 500 mg/1). '

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

Product No. S5, Protein Foam _A_gon o in all b:lologiul tutl is equal
to product No. 1. No significant toxic offocta vere !ound towuds algu at

concentration of about 250 mg/l. For the uthabouu test an increase in
‘bacteria oxygen corporation was recorded, but it was less than for producf
No. 1. The result of the methabolism test corresponds to a rnhuvcly K x

positiv. .-reaction towards the break down test.

Product No. 6, Expyrol, is exceptionally high in toxicity and ﬁ dll‘!,‘ of
' .

brcak down. The toxicity against fish is as high as for priduct No. ‘3
(zco - 100-3/1 and ECy00 ™ 1000 mg/1l). For small crab this product 10

\’~p; Qf: r-_f‘“ T P A .’,",' ‘ AT ‘
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especially toxic (EC, = 25 mg/l and ECyyo = 500 mg/l).

The incorporation test shows an inhibition at 10Xconcentrations above

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

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

bolic active as well as toxic compounds.

Tahle 9
Results of toxicology test ( expressed in order of poison classeé)

No Figh Daphne Algae Bacteria (DEVL 12) Total ' ¢

~ (DBVL 15) (DEVE 11) (DEVL 12) inhibit, enhance. evaluation x)
T 1 1t 1 o . /111

2 i1 11 /11 111 - 136 G- T

) 1 m 144 ¢ 1§ ¢ - I — 206

“ 1 1" 1 I - 1/11 i

5 m nr e I . i

6 19 I n 1t +  n

Poiron class 1 @ Proven inhibition on test animile at concentrations
be'ow 5 mg/ 1

e

Poiran class 11 5 As in 1, rezion 5 to Po» mg/l

Poiron class 111: Mo damag: at concentrations below 250 mg/1

x)Tot»ﬂ evaluatisn: Calculated hy wéighted avarsge, The teet result with
lowest critical 1limit of concentration is multipiied by S.

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 tﬁreat to biological systems such
as the life in streams and biological systems of purification plants, due

to their high toxic level to which the surface tension, and for product 1,

EERE S
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the content of zinc is added. The drinking water supply could be endangered
by the content of just the orga:iic material in the original compounds.
Also the application strength 5-6 I solutions of all products tested
can lead to danger for biological systems due to their phyaic;l, chemical
and toxic characteristics.
ly the further dilution by a factor of 20 to 80, which is active 1n
the application of foam five-eaxtinguishing-compounds - ﬂrmef leveliof igtnc -
¢ 2 u/l for bacteria, 10 ~ 25 mg/l for fish) is not exceeded and also ..
the -urflco tension activity can loose its importance. -
‘It then weems Teasonable to evaluate the water danger by the producu
according to tho:lr toxicity at the concentrations which can be ruchod during
application, and according to their biochemical dograd-tion, even though there -
at p;esent are only degradation results available for the finished mixed pro-
du_cel. ‘
For none of the compounds the degradation is so easy a8 &b chuify them
as envi.rounully friendly compéunds. In the selection one then must diffat-
entiate relatively better products from relatively :worse products. .
thn firc-cxt:lnguiching foam compounds are applied, the about 5% Iol.u— -
"flons. are as previously stated diluted by a factor of 20 to 80, 'rhoy then o

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

Fc 206
tratdon the compounds 3 and No. 5 are without acute detriment
Fc 32107 D
to the test organism. Pgoduct No. 1 and No. 2 lose their toxic a!fecc

after further dilution by a factor of 2 to 5. Such d:l].ution is to be ax-

(7
%

pccccd in the pro—-flood tank of the purification systeas. For thc vn:y N : j*.v"'n(ﬁ"{il
F C-1ov

toxic products No. 4 and No. 6, angdditional dilution by a factor of

bctwun 50 and 200 is necessary to get below the toxic level. Such d&lutionl

;c,'
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are not certain in practice. Product No. 4 shows in addition & low degree of
degradatdon and should not be used for that reason.
—

The products 2 and 3 are of little concern when toxic properties are
4*_________________________________2_f22_________

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

thus disturb and ggggir the drinking water nugglzh and the use of these pro-

ducts therefore should be avoided.
—==x8 _thereiore should be avoided.
Of the remaining products the foem compound No.:l .has a'inldttvolyf'ﬁ o

"___—_——-—‘s
hdgh toxic level towards slgae due to the high contcnt of :1nc. Qut since

th.tt ptopcrtics are lost to a large extent due to the dilution during -
usagc, and since the product is relatively easy to degrade, the endnngcrias
of the waters due to this product appears to be of litcle inportanc‘.

The grouping of the 6 products proposed here does take biological and
chcuical results into account, but ddes not consider application technical
char#c:oristics. If it 44 not possible,due to application tachnicnl,roaooﬁn

to n§oid the use of products which are difficult to degrade or are espicially

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

components especially biologically damaging by less damaging materials of

similar effect. ' Such approach has been successful for other materials of‘ ' l;ggﬁ

1

environmental concern.

5. Recommendations for technical orderin cifications
_————=—_Cfcmica. ordering specifications

Based upon the investigations as discussed;’ the foliowigg require-

ments can be made of the manufacture of foam firo—.xtinguiohing compounds ;

The biological degradation characteristics of the organic components

preseat in foam compounds should be well eot:blinhodi}

The break down should be as easy as possible, right now it is considered  1f;

el R N L P

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

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

the TOC-degradation test (6), a 40 I break down should be the minimum required.
Other tests can be used in teplacencnt of the abovementioned, 1if 1: ha- been
proven, that equal results are obtained as for the tests according to (6)

and (7) when these products are tcstnd.

[

!ha gggg of!ggts of tha foam compounds towards vater ozgaaiun, Copocially
chtC:tn. algae, oigiipé;:ii and fish should be as small as poonibl‘. A

uufftcicntly nontoxic range can be set if the ECgq for bacteria, algno,
daphns and fish is above 1500 mg/l1 foam agent in water.

‘For toxicology test, L 11, L 12, and L'15 of DEV (4), or sililar
proc;&uro for which equal type results can be proven, are to be us.d.

Tho heavy metal content should not exceed 1 X zinc, or for othor‘;.tal
an.agbunt for which a corresponding degree of bacteria toxic effects is
reg;tded. |

6. Conclusion

rAeccording to the task the following six foam compounds, determined W

by the "Bundesamt fiir Wehrtechnik und Beschaffung" in Koblehz,v.t. nvaluat‘d
with: relation to possible endangering of waters: Flnctptotcin' Light Vator

¢ 317
FC 206, normal; Light Water Fc 206, Frost protected;;Light Water FC 200. norlnl-

Protcinshhnu-nittol Expyrol F 15. The test includes interphase activity.
-k

toxicology, biochemical degradation, heavy metal content and flano potnt.

The ;elulto were presented and discussed and a conalusion r.achod. rb-

prod;étl Fiuo:::otoin and ‘Proteinschaummittel were recommended duc‘to

rclntivnly favorable biologic characteristics. The final conclu.iou. .-a~
r

givon as rvecomendations for technical delivery terms (TL) to bo u'qd by

the contract agency.
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