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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 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 magnay); 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 _ R

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
Results
Fish LCg 100<LCsp<1000 mg/L
Daphnia ECs 50<ECs0<250 mg/L
| Algae ECgp 25<EC50<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.

OTHER

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

Last changed: 6/27/00
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FC-206, and FC-200. The researchers measured biodegradability, aquatic
‘toxicity, . heavy metal concentration, and surface tension. The report
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products inexplicably did not degrade. _ o _ |
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1. INTRODUCTION : !

For fire extinguishing- foam compounds one can distinguish six application
regions:
1. Goucrnl application (local fire protection)

2. 501vcnt industry

3_. ushtin; of elthnhydrido t:lm for. momco in rofmg;“ (clo s od cylg"':":"
npetttal nuv-nz. m& mm. -.,;_;_... e _,.._;: }’;

.‘_.‘-!‘ 3 o B P t{.
‘L In the pruuut study it wiu nppur l:hat airport firu uu ou prcfoﬂ-

up hporunc. (1) It is obv:l.ous, that fcw ‘seconds in time cen uk. 1:-

porunt diffcrcncc for uving human uvu, and that thn qmtion of

| '-onul cndangctina especially of vatcr- and streams dou usu-n lon vhat

lna hpo:taucc. But water safety need not bo conplotoly mtlookcd upoet-.-f‘..—:--

;l'ly bccauu most of t:hc actually uud fiu utinmunc co-poqadl arc uaod':'i
1d’ tnining.

'_. -

nic undumult fur Govuutkund‘ (hpt. 9! ch'u'rnchnolou) ip 1_

'oqnu:ry of Yood ‘Agriculture and Forutry of Nordthcin—ﬁntfqlq) to pvd -

uato thn hpacc of fon utinguishing conppundo on :ho vator quauty. mn




BEST COPY AVAILABLE

Poisoning of natural water purification (in streams)

Poisoning or damage éo fish and fish fqod mmlu.

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

Reduction of water quality by organic compounds (general)

tlndu:lublc reduction processes in the gromdwa.tgr.

. . & T
Y | ) A 2
Y . . . : :

- 'pmm muvu. ouch a8 ™ muumm ot fm'ummom; eo-pogna k
n‘ thc uthoriuu mmciblq !ox \p‘ut puuty. A-ou; othor:,thou cm.“._
cutiou vers ukon into aceount. 1n the DIN- otandard-.

2. bninnr:oﬁ OF PROBLEM AND TASK
. I't (‘; ) - .
Afnt several discourses in 1977 botwun reprcunntivu of :ho

e Bundcnnm fur Wehrtechnik and Buchaffung and the Bundumult fur Gcwu- i |

“ﬂ‘“nd‘ (BFG), tho BFGC was suthorized om Oct. 12, 1977 to carry out a np.ai': s
cial ltudy This ltudy should only cover, the producta uud by thc B\mdanbra

W. Gcrnn nnury) and also producu which are conuidorod fot pouiblp m 5

iutroductiou. : »_ .

| 3,-* Aa a fi.t:t objcctivc, thc mimul 1nf1u‘na ot thc !onovhg' .ix‘
qunzuilhing compounds should be dounh\od. '

\.
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| to thc mirouunt” (According to BWB). ught Water FC 200 1- nportcd to  "

4
No Product ‘ Manufacturer
1 Fluor protein : Firm Dr. R Sthamer, Hnburg'
2 Light Water, FC 206 f$y )7 Firmm 3 M, Neuss
(frost protected)
3 Light Water, rc 206 Firm 3 M, Neuss
(normal) - | o
4 . Lighe iuut. rc20, - i‘im 3 _i,t.’ l«m .
-8 mm m Ma nn o . s:lunr. n-mn'f‘.jl,_
6 ‘Expyrol 713 . nm uoochlt Ag, rmum/uo.ch.: |

'The tvo typu of L:l.ght-ﬂatcr uu offcrod as being "cmcully utc

" be out of production, but should be evaluated for conpatuon. 'l‘h. teqt for

i '-Toxicity
_- uocluntul doztmtiou . |
z "..'f'-'.l- contont of huvy utalg

procnr-ont specifications (TL).

'aviromunul impact should 1f possible, be tutod for 5% colut:lm as uud

(for Light Uator 62) md ouconpus the follow:l.ug patmtcrs'

- Inrflcc tension activ:l.ty

- Flm point. .

. ‘The final report should also contain rcco-ondationa for tho nchnicnl

m final uport was sch.dulcd for couplcr.:lon 19 Sth 1978. Dus’

-1cknul of ons of the invutigatora 1t m dolayod for m
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3.1 Physical- Chemical Tests

The first test result gives the heavy metal content which was deter-
qj.nod by X-ray fluoruccncel) . ‘

, Evaluu:lng the figures of Table 1 listing the huvy utal content,

: tho m mpoundl nnorpmtcin (No 1) aud Protcin fou- n-pom,d (llo 5)

R oqql m. !o: ﬂmtptvml tbo tm cnd im mtnc oc §h¢ appncmt ,;_'1

| "'j‘n_lﬂtu m:m) -m 00 qu ss nl; mpcctinly. in uuumy ua .

arc unhpotunt.
| ! rable 1 .
.H_egyy metal content in foam extingt_zi'sg‘ing compdun'ds-."

" No. O;-iginal hoducts 5 % Sdlﬁ;t:l».ond .:

s

2 pe Ou
. ppm

e <y
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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,

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 the

prodects would contain flammable sdlvents. :

The eurfece, or interphase tensions can be seen fron Table 2. » The

,eurlece teneioa veterleir scuerelly dtope some fnr concentretione from 50 ugll
to soo -;ll. ‘l‘he eurfece :mm 1s luet etfecged for us (hntein fou

| _estinsuieher). most offected for tvo Lxghtauac.r types ot * 206- :ype.—'

 The reason for this s found in the cheaical composition of tha extiguishing |
,compeunds. Protein foam agen;e can be expected to be generally 1eact1ve;t9;.
the ﬁatet/eir interpheee; while tensides and also so called “eiueﬁe;#cﬁfro-
ducts are interphase active. The interphase aetivitj is less e‘ﬁibdeét,__

specific, but rather a groﬁp specific characteristic.

Table 2

Interphare ~ctivity

N?- Interphice "zcti\iity af; 50°C (_dyn/cm)
' ‘ f!’l‘ Rk ‘:?;f -
| % . e »
) 1) % | »
4 1 ) $) e
‘ - 44 0
¢ R R - R »

2) Determined according to Abel—Pensky in cloeed veesel' DIN 51 755 Bd.,966 -

3) Interpheee— Tensiometer, eccording to Nooy. lir-. A. Kroee. Henburg

oeoiaa




in‘io u mtul vhno uoqattn‘ rnuln can not b- eomud. sinco th- 3

: su!t:lchnt time for adaptation of the organim active in the biological
’btukdown It is not certain that toxic inhibitions can be excluded 1a

gradation tests. Por ‘this mvutigatm of btukdm of fimgggh_:ln‘
: 'fon conpomd- a nev T.0.C.” dcgudagion test (6) dmlopod by thc Buudcuuml v
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3.2 Tést for Biochamical Degradation

To evaluate the water polution characteristics of compounds, it is of
almu,¢"*+b sk dicawmbe chpu, ce AL
interest to sum up the chemjcal parameters, potassium permanganate and
GAY Yo dtamianits CoD) 800g
potassium dichromate uptake, (CSB). The biochemical oxygen up:ak. (nsn5

By of DEV (4)) can be used especially in combination with CSB to prel:lninar-.

: coD
11y evaluau the degradation. M the CSB analytical test gives teliabh

ruulu (:h:u. for usmce. 10 nnt clnya tm whan hydoophobic conpoundt

N i c.o/@an'
qu bdu mnd) m mt mamt miuvo mul; doztnd fton thc csnln

© . ®oD
i&nubluon p.md for the BSl-mt mdor ua. mdition- does not aned-puc

b

fo0O
cundatd BSB (5). To better :uuur/e ruultl concerning thc degradatiog, M
Co0 / Buo

is panible by cvaluating the CSB/BSB ratio. one must carry out utonsiu Fov

dcgudatm tests, vhere the incubation time, the 1nocu1aeion utet:ld and

othor pntmtorn are determined, 80 that further breakddwn than for ehc f:l.__' L
*& A }.

day BSB-test can bc evaluated.

At prucnt there are mtcmatioual affort. underway to itandardizo difl -
s _

¥

fur ccvuurkundo m used. Its tut ctitcria 1s thc ‘conplete brukdovn ot___‘_

Sty

t:h. total organie carbon (TOC).

» For the test procedure the test coupomd nrvu as thc only aourcc of

carbon. Inorpn:lc ‘mineral ulu are addod 1n udvaco. Tho incubatiou _uku
(dﬂ

place 1n ‘a screv-cap flask with air npacc. phud in a chalur. h- dc:tada-
g 0" .1

uon mn for the fire cxti.nguhﬂn; fou eonpound- nro urried out nt 20 é

fa’ thc dark. in deviatioa from the mnnd test ptocodnru. L

e T sy
e

SN FEPR

IR IR}
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When the percentage breakdown according to the Toc-tut is compared to
R results from other degradation teats, it must be taken into account, that thc
disappearance of one material from the aolut:l.ou is often considered as de-
gradation. Under cerain circumstances a high degradation can be simulated -
vhich actually 1is bucd upon physical processes mch as, for instance, absorp- A

“

tum of oolidn vhich has no uhtion to eo-plct. biologieal brukdovn and

N (2

Acutun to thc cxpomuu nthond by purticiutton h ') round tnt‘\j\f[}_ 5

r ’:
. %

sg- ﬁc results for co-plotcly oolublc compounds aro Mt lower than 3 amﬂ‘
\‘vluim.thc brukdm :l.s measured by :hc "-odificd ostm-uruning test" (b). o

, '!‘hu "nod‘!ud OECD -screening test" was tested by mtamtiml round mu. o
It m some diudvmazu asnpamui 0. the AIC: umatmmmm woriopl

u.ad for :uting of mllionc and suspensions.

- Sincc the products mtcd here arc -ixturu the ruultl of the depr&d— - e

at:ion tu: 1. only voll doﬁncd vhes a total breakdowm 13 ucordcd.- Iu cuu
whotn particle bmkdown 1- obumd this can be due to tho uct that only |
_part of tho ptoduct can bc broken down. vhilo othnr parts can not:. Tho . -
brukdm of -i.xtuu can :h-n bc uuipuh ___Qd by tho -nufqetmr by additi.on
of conpounds wh:l.ch are muy brokcn dovn, bu: othcrw:lu withouc tunction.
| Even though, 1: 1is useful to te-t the brukdovn of thc puunt nixmu

prdducts,bccmc it gives a prelinminary unking of the produet-.‘ l'or futuro :
cutl, vhich eauld be carried out a!tcr a poriod of & few mra of un. , |

1t should e a:c-ptcd to test the brukdm of thc single co-poncnts o! tho

productl. -
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RESULTS:

s Table 3 does list the measurement results obtained for the orginal »
products, to evaluate the potential for deangcring of the water. Table 4 .
‘1ists the percentage of degradation of the applicntion solutions nfter a porio(l

Ky
of 2 days together with other dcgudation parameters of interest. m lpocluc‘

: 'mc- dmm:m curves are hcorpoutd 1a atuchunu 1-6. - L

' thq vu;-.a ebtained from tablo 3 chnv that cho diff.t.nt producta eoutnin'

"l'!hs #mounts of organic compounds. Ofcourse one should count & low eonton

: :t otuuc weterials and of organic urbou found in produqt- 1,4 and s uL

po-itive factors vhen water endangering 1s to be judged. ”

' _!for_ the application solutions (table 4) the GSB and BBSOBOS Qu lictod co—

'gothir- vi:h the ratio butween thou two factors and can be md 1n addit:l.on

eo thc 'mc- degradation ruulu Sor the: ﬂmtuu According to the ue:lo

tho pmduc: No 6 should bo concidcrcd easy to degrade. For :ho product- 1

and 5 which aceording to the TOC- dngradation test app.ir l.dilll degradabl
G (u aloo cstabl:lshcd tron the ntabolin test), the unfmrablt CBSIBSB

utio q:ould pou:lbly be dup to the chenical oxidation of :lron ultgm

| u syi'prdduct-. The iron llltl vauld 1ncrm¢ thc CSB vitho«t uctnoina )

- thc nsns _ 'l‘ha dcsradation of uch product. uparauly. 1: cvalut.d ;
l‘ou utinguiohing compound No% chmn a fnvornbh ratio of lmno ‘M-
P cion/ l20r20 consunption, and shows good bactctu action in thc utabouu

tu:. togothar v:lth a 472 TOC~ dogudation. It must bc utod u udiu dutadabp.

¢ C?,o\" 3,) l‘roduct No 2 shows a favorable csnlnsns - utio. but linc. tho oth‘r énu
€Y do uot :l.ndicltc a good dcgudation rate it s cluoifiad as dif!icult :o dczudo-
5b mdmmm of product 3 is even lun th. that of pt'oduct 2. po 1t '
s eiai.iti.a as difficult to d.grade. ' V

g

!un thouuh the Mradation dunng tho mc-eue m £urtllcr

el



Teble 3 . e BEST COPY AVA"'ABLE

Potential Tor endangerin of waters by original Eroducts

No K¥nO 4 12(21'07 ~ Org. c 320 Orggnic
used used content 6ontent a) part ©b)
—_— ky/t g"l 1 TH ¢ )
{ 0,203 bo525 0,19 89 10,7
F¢ 3017 1 0,098 3,438 0,% % - . - "
Fe1o6 3 0.085 1,930 0,22 7 3
Fc 290 4 0,0%0 1N 0,30 o 2
LY S SRR IO

l) oaly mroxtltio v:luu

b) only approximate values, ‘burnoff valuu at 600°C and va.riabh durntiou

Table 4
ioche
o Bate of (88 B, B3,  Degrad. Degredi Final
KMnO (m. X, 0r0,) B0 'tfs'r"i in in - oval,
4 ¢ Bg 1 5 720 o methabol, m N 1)
w0/l NN weh test . temy

“"""P’“’cm' $.000 I ll.~: 4.0% - ’o' ) .

FL) 2 2.500004%) 20.5004 15,080 19 OF -
Fe2ol y 2 000200000 10008 33 08 e
FCl® 4 1250 16.500 440 3,4 0 -
s 1.0 . 20.000 3.2 6, 0,2
6 2.500 3.000 41.000 0,9 I, *
// - . - e et o
/,/ ' x) Bvaluation of bioohenioal dograda.tion 1n '1'00- test (at -tmdu"d
temparature of 25°C) S S e
o - 20 % diffioult to degrade 20 - 40 ) .-nghtxy d-mdsblo

40 - 715 % medium degradable ' 5 - loo ’ very domds'blc

a;qooiaé*




e gm g:..ay mz o: tlu roc 1s b:cm clm mm: mxmcm cﬂm r ‘f

' ""ﬁfmouozofmmmngmcmwpnu 'thcolovdmiubmk&m

| . .jaddition to the 1ncorpotation- utaboun tnu, al-o tf
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for product 4 than for products 2 and 3, 1t was classified as difficult to dagradé._
For fire extinguishing foam compound 5, the metabolism test indicates
" that 1t can be broken down. A finding which is confirmed by the results of

the TOC- test. The product is classified as medium degradable.

For product 6 one tinda a co-plicatcd degradation bolavlor vh:lch night -
origiuto from the high toxic effact o( this produet. v A!tcr 7 dcyo dcgrm :

. emdy afeer 14 testiag days, but thes an mmm mumm 1;_jjj," tag to Gresk~

atur 7 test days can be evaluated s an Qdupution ‘period for tho -:lcro.- :- 1,'{
organ:lsm :lnvolved. :

3.3 'r'cax;: cology testing

METHOD. | .
In thc "Bvaluttou of the Water Endangcr:l.ng by l'on Rxcinguuh:l.ng mu
(2), the ruult- conccming toxic effects tmrd- algae and bnctcru vou dincuuod.

In thin evaluation wh:lch is concerned with tutl fot produc:- ﬂnt ponibly

: could be uud 1n hrgc nouutc, thc toxicolm mw”” L

'and fish were carricd out. 'rh:l.s way the. prcviouu tuultl could bc fmhor -

confirmed. L . e
. The toxicolgy test 1s carried out aceotding to thc G.tun lmdnrd pro-

. cess for vatcr tuti.ng (DEV) (4) L 11. L 12, nnd L 15. Por th‘u.th‘ latut

mc procedures vcrc used as publtah-d by the ruponlibh working coﬂ:lttm

Por fi-h-tut- the concentrations uud \nro fron 0 to 10 000 ng/l vluu
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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/l1 to .insure, that the

products could be differentiated as well as possible.

_RESULTS:

:In the cncloouru 1 to 6, the results of tho ‘toxicology tesgs are, f.nuiﬁt

'—u idose- resction curves and the rc&nltn are calculaud and prountod 1,n 'rab;
' mm Yo l. f’tlmmust (Inelom 1) h n mtc at eoncontutw
_.'?'oz xo 000 me/1 that all test animals a4 au (:c = 10000 ns/1). m m.l

100

the concentration 1000 mg/1 the product is not detrimental (Ecb' 1ooo -gn) .

(xc- cffcctivc concentration with rupcct to the corruponding t;ut. kcmo u

thc lovut ‘tested conccntrat:lon for which a 1002 ruult with rupoct ‘to tho

test cti_ter:la is recorded.. .For the fish’ tut. this 1s the concantution at f‘
vhiéh a11 animals die; Eco is the highut tested conmtration at wh:l.ch no -

lignif:lcant reaction 1is obumd with respect to the tut critcria)

Crwshetan '
‘roward- the sull crab Daphnia magna (waur flu) the product :la not.

dctrimnr.al at the highut conccntrations tested (Eco 250 ngll)

I

The photosynthuis acr.ivity of algu is euuy offcceod by nuotschm-'
i _3.1.:. . m cff.cc is still buw the cnucn n-u a:fco:mntmm 0£

| _so ull- but at 100 ag/l 1t 1s ligniﬁun S
‘rhc bactatu oxygcn upuko dnring bmk dovn of mtono 1. merund by _
thc product. This makes the biochemical break dm of the product uulf plaultbh

.. ‘£
,'rhis mult 1- also confirmed by the T0C - dogudation mt (m. 3 2').

Tho ggduct uoz, Light waur, rc 206, froot-inou;.d (cnclo.urc 2). ruet‘l
uin:l.lar to product No 1 in the fish and dlphnu tutl. Aloo tho muu of T

Athc tncorpora:i.on test is similar to thc first prcduct. lut thl 1n1ﬂ.bition
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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%.

Thc results of the biological tests carried out concerning product

No. 3 "umc Water, FC 206, noml," are nearly indentical to the tuulto

B obtnin-d tot product uo. 2 Light \utcr. frooc protcctod. - The. only diffcmcp

. ""u. tm tho mte o!fccu m.rd- alm micaud tot ymt 2 m noe fp\nd ;_"
‘E_'%fo: p:odwz lo. ' | |

to product lli. 1. Na cignifiuut toxie offoctt vorc fouud tcnrd; dgu 'n__

i 'concentration of about 250 -gll.. For the uthabol:ln test " 1“““‘ in

"'-.e-b'ia"f" RURTEN i/_: TEe 2%

Afiuh, m: 12 crabe und algae. For fish the test animals dio alrudy at 1000 Igl

.bﬂ:ectia oxygen corporation vas ucordcd but it was less than for préd\lct
~ No. 1, 'l'h. result of the methabolism test eorrupond- to a uhtivciy}

3 poc:lt:ln ructiou tovards the break dovn tut. .

Pndneg llo. 6. "Light watot. rc 200. uoml." ie diffomt fm thc y n‘

fm agcnu diacuucd previously by having a dcfinite toxic efl cct to\urdo F*'

(Bc - 100 ng/l, “100 - 10(#3/1) In the daphne test, 33% of tlu amlnals
diod vithin 24 hourn at 100 mg/1l, at 250 mg/l about 75 of the lniuln

'dud <ac,,‘ = 50 mg/1, EC;qp = 500 mg/1).

““ Mrporauon test for this product is alrudy aurpuud ut conm-

' ‘ttauoaa of 5 ng/l' at ‘250 ug/1 a complete inhibition of algu acu.vity 1s -
_'rocordod (xc = 2 mg/l, EC = 250 ng/1).

l'rodnct No. 5. Protcin !m _A_gg 1% 1- ull biolo;:l.ul cuto u ‘quhl

.q:-(‘

' ondgct No. 6, Expyrol, is ueopuouny high 1a toxicity cad ﬁ dcmj'o

;a,z:'t'

brnk dovn 'nu toxicity againat finh 1- u high as for pr“nct No ‘l _ 3'."""-:

3 L .
Tt
.
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especially toxic (EC, = 25 ugll and ECy5q = 500 mg/1).

The incorporation test shows an iohibition at 10Zconcentrations above
10 mg/1. 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.

Table 5 , : .
Resulte of toxicolqgg,tgg& ( ex)ressed iu order of poison classes) ::fi.l
No Fish Daphne Al gae Bactofié - (DERVL 12)" Tofal ,
- (DBVL 15) (pzvy 11) (DEVL 12, inhibit. . enhance. evaluation x)
:.‘- _; K .""“."' bR . .
L nr m o t; ~.our * '11/11!
' m I 1/ I - - '3°"7
s m 1 1444 1§41 - I — 2,06
4 i t m - i B
s m ur 1 I e m. 5
8 1 1t nm m RIS §

e

Poisan class 1 Proven inhlblfion on tovt anlmxls at cnnrentrxtioné
below § mg/ 1

Poiron clase 11 & As in 1, :egion'S to QOO:hg/l

'.Poison clase llli No damnge at cohconfrutioﬁé beloﬁ 256~mg/1.7

' x)Totﬂ eVa1uation: Calculated by weighted avarage. The test result with
lowest critical 1limit of concentration is miltiplied by 5.

4. Evaluation of Results and Couclusionc .

Summarizing tho sinslc critctia of the tcnt, one can obtain differont
results, deponding upon what iuportuncc ic givon to thc diffcrcnt ctitcria.
' The original products constitute a thrcat to biological syotcnc such
as the life in streams and biological cyctcns of purification plantu, du. :

to their high toxic level to which ;ho ourfcco tcucion, and for product 1,
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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 gtrength 5-6 I solutions of all products tested -
can lead to danger for biological systems due to their phyt:lui_., chemical

and toxic chauctctiat:l.ca.

ly thn furthcr dilution by 8 tactor of 20 to 80. vhich 1is act:lvc in
thc mliutm of foas umutm-umm wmm 1«.1» o! u“
-( 2 n!l for mmu. 10 - 25 ull for fish) is not oxeud-d and alao
tlu urmc tmion aetivity can ),oou its hportanu. : =

'It :h.r-u- mnmhh ovalunu the utct dangor by tho producu
_ nccording to thoir toxicity at the eoncontut:lono wh:lch can bt ruchod during
application. and according to their biocheaical dasudution, even though thcrcf""i":

AN
5 DI

T at preunt are only degradation reaults available for tbo fi.n:lthod n:l.xcd pm- co
dnecs. _ | |

Por none of the co-poundn the degradation is so easy as Ub cluufy thu_
as enviromnuuy friendly conpmmds. In the ulcction one thcn -ult; d:lffor-"

.nt:latt ulativ.ly better producta from rchtivcly zvoru productt. o

' mm fin—utinguhhing foau co-pound- au l”lild. :ho abom; 5 z dol.

-;l.ou: anu proviously -utcd d:l.lutod by a factot of 20 to 80. | 'l'hoy l:hcn k

are in a ugion ot' conccntration between 125 to 500 ng/l. At thu coucon- "V
Fc2o6
tratl.on the conpounds of product No. 3 and No. 5 are without acutc- dotrinc‘nt
are without acute
FC 3s¢07
to thc tut organism. Product No. 1 and No. 2 1l¢se thcir toxic c!fcce

AL

dur further. d:l.lution by a factor of 2 to 5. Such dﬂution 1‘ to bo ox-~

pccted in the pre-flood tenk of the purification systems. For chq v.g, © ,5.,"‘1 e
F c-1oV '

< eoxic produen No. 4 and No. 6, mm:uonn dilution by a flctor of
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i o
Fc«t’
are not certain in practlce. Product No. 4 shows in, addition a low degree of

7

degradatdon and should not be used for that reason.
—

‘rho products 2 and 3 are of little concern vhen toxic grop_grgiu arc
‘taken into account. But both products are difficult to degrade and could

thus distnrb and ggggir the dtinking water nuggli} and the use of these pro- -

ducts thcufogg gshould be avoidcd. . : ,
. 0! th- tmtutu producto tho tm mpound Ro. 1 hu a hlduuly-ta:’zg_
i iisl tonte leval towards slgse due to cln high content of _sinc; ‘ut -nm' S
"thnﬁ ptonrtiu are lost to a largc utnt duo to the dilution durins ‘ |

R

_ uugc, and d.uco the product is rclatlvoly my to degndc, thc ondnngcti.pg
of tbo wvaters duo to this product appura to be of little 1nport¢nc.. L
The grouping of the 6 ptoductn proposed here does take biolog:leal and |

chcnical results into account, but ddes not consider applicatian techniul

cluractoriatico. If it li not pouiblo,duc to application tcclmiul,m”u

t:o aVoid thc use of product- which are difficult to dcgudc or are upcchlly

toxic, then it would be advisable to test their ts for de- "vt'
: s&dl_t_i_om_:m:m Further it ahould be attupt-d to rcplaca - ‘

eomncnto upoeully biologieally dmging by lun daugins utarlulu ot

: - oh:l.hr effect.. - luch approach has bun tucccuful for othor utnrhlc of
onviromnttl ‘concern. ‘ T ' B '1__

- 3 Recommendations for technical ordering specifications N

Bued upon the investigations as \l:lscuuod, the fdlldovigg mquiro- S

| -cnto can be udc of the manufacture of fou firo-utinguuhing co-poundtf“

C‘l‘hc biological dqradat:lon chnnctcr:lotica of tho organic cmomnto
o pruunt in foan compounds should bc vell nubli.h.d} o

The break down should bc as uoy as pouiblc. right nov 1t 1_; conoidqrod

jﬁ;000154,5
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as fair, when a 50 X break down is recorded in the modified ORCD-Screening-
ocrrled OnLI~Screening-

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

the 70C-degradation test (6), a 40  break down should be the minimum toquirod.
Other tests can be used in roplocouont of the abovementioned, 1if ic hu been

provon, thot equal ruulto are obtoinod as for :ho tests occording to (6) B

| _ond (7). whoa :huo products are :ucod. S

m Mc gffgu of the foo- mdo ccntdo uccr ouuuon upocuny
- mmu olzu m and u.h lMld bo as mu u moibh.x A

fou?ﬁ.oicotly mtoxic rougo ean bo aot 1£ tho lcso tor boctcru, alsu.

dnplmo ond !uh 1- above 1500 nsll fou ogon: in water.

‘Por toxicology test, L 11 L 12 ‘and L'lS of DEV (6), or liut).or

. ) (»4 .
procoduro for which equal typo tooultn can be proven, are to be uood.
\‘l'

l'ho heavy metal content should not exceed 13z ‘zing, or foy o:hor totol
S

'on amount for which a corresponding degree of bacteria toxic cffocto to

roco:dod. |

) €

6. Conclusion

| fAccording to the task the following six fou co:pouudo, doton:lnod _
by :h. ”Bundount fir Wehrtechnik und Buehoﬂm" tn Koblouz,nu .vanm.“ |

»wi:hs tolot:lon to poooiblo ondnngoring of votorr ' Flﬂl’ptotoln, I.ight Hat

’ ¢ 31?7 i

rc 206. norul, Light WaterFFc 206 Proot protocnd Light Hotor tc 200. norlol:
B,

Pto:oinohhonnittol Expyrol F 15. The test 1nc1udeo 1ntorphuo ocuvity; o

toxicology, biochonicol degradation, heavy utnl content ond fluo poine.
L}

.’rho rooulto woto‘ pronntod and diccuuod nnd a conoluoion mchod, !ho
L

produotl lerprotoin ond Protoinochouuittol voto rocom‘od duo t9

rohuvoly !ovoroblo biologic choroctétiotico. 'rho finol cmluiono n&

gtvcn u roco-ondutious for tochnicol dolivory tcm (TL) to.vbf' "u“' by
the conttoct uoncy. '
B D
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T0C in % of initial TOC
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