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-206.
(1-Octanesulfonic acid) (CAS # 2795-39-3).

Remarks: The 3M production lot number was not noted. The test
sample is FC-206. Current information indicates it is a mixture of 0.67%
PFOS, 17.5% diethylene glycol butyl ether, 78.91% water, 1.33% Hydroxy
foamer, 1% sodium octy! sulfate, 0.04% sodium lauryl sulfate, 0.5%
polyoxyethylene monooctylphenyl ether, and 0.05% tolyltriazole.

The following summary applies to a study done by a third party (Dr.
H. Hellman 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-206. 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

Exhibit
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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
Resuits
Fish LCs >1000 ma/L
Daphnia ECs, >250 mg/L
| Algae ECso >250 mgil
Bacteria inhibition Inhibited
BOD21/COD ~7%

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: 6/26/00
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Referencs {e.g., Author, Title, Issue Dats, Voluma, Page, etc.):

Dr. H. Hellman and D. Mullkr,“Environmental Impact of Fire Extinguishing
Foam Compounds.” The study was carried out by the West German Department
of Water Technology for the West German Agency for Military Technology
and Procurement. (Translated by G. Dierssen, March 1, 1980).

Absiract (givo your own slant on the source documaent)

This report compares the environmental acceptability pf 6 AFFF Agents
including FC 3017 (identified in the report as FC-20@, freeze protected),
C-206, and FC-200. The researchers measured biodegradability, aquatic
‘toxicity, 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 -
are questionable. Comparisons of BODs and COD showed that the 3M pro-
ducts were more readily degraded than the competitive products, yet the
authors chose to give more credence totests measuring dissolved total
organic carbon (TOC) concentration over a 21 day period. These tests gave
results that were inconsistent with the BOD results. In these tests 3M
products inexplicably did not degrade.
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1. INTRODUCTION

——. For fire extinguishing- foam compounds one can distinguish six application

regions:
1. General application (local fire protection)

2. Solvent industry

3. ugh:m of umnhydud. fires for instance in refineries (clond .y.r.-.-)
_ tloetdeal oqu:l.;uat. lugh nlun '
"{Appumm- in sirports.
| :'6. Applications on ships.
s , .
. - In the prulnt study 1t will appear that airport firn uke on pr‘f.r!
rqd :l.-portanco (1) It 1s obvious, that a few seconds in time un lakc :I.l- )
porunt difference for saving human lives, and that the question of m
-onul ondangcrins especially of waters and streams does u.m ‘some \Ihlt

1¢n hportancc. But water safety need not bo conplctcly mrloohd upcei—

Aliy because most of the actually used fire cxtimuun; co-pomds are uud o
10’ training. .

ot -

l!o lﬁndumtalt fyr cwuurkundo (hpt. of Hnut ‘l‘ochnolou) in 1915"-

»'got th. uok from the mnhnri_. fur Brm’htung W& Ql Pout- f
(lq.ni-try of Pood ‘Agriculture cnd l’orutry of Nordtluiu-ﬂutfqlq) to pval- ,'

uate tlu hpact of foam extinguishing colppunds on the \ntcr quauty. m:ty

vught fol- cxungui.-hing compounds from 8 aupplton wers ovalut.d chaiuliy ;

phyatcnlly md biochemically for possible .ndang‘riq; o! ntcr. D:lfhmt

‘ bunda did vary in dcgudntion and coxicity. Espacially tho 51 fon cxtiqf

. &
)

:n{shiu lolutiou used can result in the follwiu dausp:

3
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Poisoning of natural water purification (in streanms)

Poisoning or damage io 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 gromdinya,ter.

m- report m mnctm tmm %m%mm .;&.mw the’
'pu‘tm uvolvul, such as the mutu:nmo of tﬂ- nt&uuiohin; eo-pound- ’
and thc suthorities mmubh tor !‘tor vurity. A-nn; oclur-,thuu coanid- -

cution. were taken into aceount in the DIN- .tandudn.

2. DEFINITION OF PROBLEM AND TASK

ey

After several discourses in 1977 between repruenutiva of the. 7
- Bundesamtes fur Wehrtechnik and Beschaffung and the Buadoimotalt fur Gﬁ“- . .
urkdnda (BFG) , the BFG was authorized on Oct. 12, 1977 to catrj out a lp.diﬁ .
cial ltudy. This ctudy should only cover the products used by the Bundmlm :

(wW. Gomn military) and also productc wvhich are considctcd for pouibh new -

introduction.

: Aa a first objcct:lvo, the cnvimul inflmc. of the fouov:lng li.!

oxt:lnguilhing conpoundl should be datcnin.d-

\.
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No Product Manufacturer
1 Fluor protein Firm Dr. R Sthamer, Hamburg
2 Light Water, FC 206 5,9 Firm 3 M, Neuss
(frost protectad)
3 Light Water, FC 206 Firm 3 M, Neuas
(mml) Co
4 uaht Water, ¥C 200, Fire ,3 N, Ms
_ _ (-oml) - .
'S - Pyotetn Toam ALd o m- n:. 2. Sthamer, n-bm E
6 Expyrol F 15 | un Hoechst A;. runkfurt/uo.ch-:

‘Tho two types of -L:lﬁht-watet are offered as being 'fupcchlly safe

to the eavironment” (According to BWB). Light Water FC 200 is rnp'ortc'& te

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

R (bnmt of heavy metals

- Bioclnniul dogudation

aviron-ental impact uhould if possible, be tested for S2 lolutionl as ucd
(for L:I.ght Water 62) and encompass the following parmtcra-
- Iu:tuc tension activity

-Tox:lcity'

- Flane point.

m final report should also contain uco-undatim for the nchnicul

ptocur-onc specifications (TL).

Ille ﬂ.nal Teport was och.dulod for conplat:lon 1n S.pt 1978. Du. to ‘v

-n:mu of one of the investigators it was delayed for some nthl o L

i
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3. TEST RESULTS

3.1 Physical- Chemical Tests
The first test result gives the heavy metal content which was deter-
mined by X-ray fluorucencel).
Evaluating the figures of Table 1 listing the heavy metal content,
the two compounds nnorprotcin (No 1) and Protoin fou- sompound (!b 5) .
. stend eue. Yor Tiworproteds the siue and iron content of the .ppnemzm
- eslucion (xtstucen) with 40 and 55 /1 respectivaly, ta relatively bigh,
e .j!or ch second compound the im content of 50 mg/1 stands out. All o:m

huvy matal concentrations such as the especially recorded levola for eoppct

are uninportmt.

! ravie 1
‘ Heavy metal content in foam extinguishing compounds.
‘-N_o. riginal 'Product's | 5 % Solutions
: Zn Pe. Cu 2n re G
. T | we/l
ST - S S HY TR 8 o0
1 1 PG N R N S R0
- 2 S %2 04 - 0'02
e : - 9% < 0,1 - . 0,02
) ' o 0, 0.5 0.0

'1) Determined by Dipl. Chem. U. Schleichert |

3M_MNO01657804
1716.0009



When the flame point is determined, the water content of the sample
must be considered. Flame points. above IOOOC, the boiling point of water,
could not be detemined.z) As could be expected none of the tested samples
did have a flame point below 1oo°c. It should be obvious that none of the
prodects would contain flammable sdlvents. :
The surface, or interphase tensions can be seen frou Table 2. » The
lu:facc tension water/air generally drops some fct coacon:rations from 50 mg/l
to 500 ng/l. 'nu surface tmion 1s least cffcctod for Ko$ {l’mtein foan
, utinsuialur). -oat effected for twe ught-ﬂator types of FC 206- :ype. ‘
m reason for this ie found in the cheaical composition of the extiguishing
compounds. Protein foam agént‘a can be expected ;o be generally 1uctiv¢ 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.

Tadble 2

Interphare ~ctivity

Nq. Interphise.activity at 20°¢C ( dyn/cm) :;

ww/l = R

-2 9 3 » 3 D
) 39 b » 2

N 33 33 48 % Ve
’ 2 ] ) L} 0 o

¢ $ " » L

2) Determined according to Abel-Pensky in closcd vessel; DIN 51 755, Ed, 966'

3) Interphue- 'rcnsiometer, according to Nooy. !:lru. A. Kross, Hamburg

3M_MNO01657805
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3.2 Tést for Biochamical Degradation

To evaluate the water polution characterigtica of compounds, it is of
pclmu,tnofs ek i wmtbe Chtmt cote
interest to sum up the chemical parameters, potassium permanganate and
GAY Y  dtrmunds Cob) 800¢
potassiun dichromste uptake, (CSB). The biochemical oxygen uptake (BSBS,
Hg of DEV (4)) can be used especially in combination with CSB to preliminar-
. ceD
ily eulutc the degradation. .When the CSB analytical test gives reliable

tuulu (this, for :l.n:mco, is not ‘lwayn true vhen hyaoophobic coupoundu
are bdns mnd) oas mt congider miuvo mn.l: dorivcd from th- S’é‘n%gi';
l'.‘io as useful, vhile uuti‘l_ nmlu can not be counted, since the § hy_‘ _
heuhuon p.md for the %st-mt under same conditions does not cnca-pun‘f~"-.v'
: luftici.nt time for adaptation of the otganiam active in the biologiul

b:ukdovn It is not certain that toxic inhibitionl can be excluded in tln v
¢ . Boo
ctandard BSB (5). To better insure rmlt- concerning the degradatiog, M-;ﬁ;" L
Cs0 / Buo B
15 pou:lble by evaluating the CSB/BSB ratio. one must carry out oxtcnqin,: B

dogradatm tests, where the incubation time, the inoculation uteriai"anqls :

other paranntara are determined, so that further breakdqwn than for tho fiv. :
day m~:u: can be evaluated. o ' :

‘At Present there are international efferts undervay to itandnrdin d*
i

‘gudnti.on tests. Fot ‘this investigation of brukdow of fire extinM

fou co-pound- a nev T.0.C."degradation test (6) d.vclop.d by the Bundomml

fur Gcwunrkund. was used. Its test-etiteria is the conplet:e bmkdmm ot

thu tol:nl organic carbon (70C).
v ?or the test procedure the test compound serves as the only nourcc ot
cn:bon. l:norguu.c mineral salts are added in advance. The incubltion tlku

lh

place 1n a ocm—cap flask with air space, plucod in a shaker. i‘hn dogrnda- .
ger o
tion tut- for the fire cxtinguillln; foan compounds vere carried out nt 20 c

1n :ho dark, u deviatioa from the lutod test proc.duru.
: Lot

y b Lo ) . . . ) . . . . ,’
. T .

3M_MNO01657806
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When the percentage breakdown according to the TOC-tglt is compared to
——results from other degr;&tion tests, it must be taken into account, that the
disappesrance of one material from the solution is often considered as de-
gradation. Under cénin circumstances a high degradation can be sinulated

vhich actually is based upon physical processes such as, for hsunce;nbsorp-

“

tion of solids which has no relation to eolplcta biological brukdovn and o

liurlliuti.n o
' Acaoruu to tlu experiences gathsred by puuciputon h a round tut\ :

z:h tbc results for completely soluble compounds are somevhat lower than v -em

vl'hén the bmkdawn is measured by tho "-odificd Oncn-uruning test" (:\1)

rhu "mduud OECD -screening test" was tested by :l.atamtioul ronnd mn.‘ _

It hu some diudvuugcl aswpaed:to. m-m: umtmwgﬂﬂdn“

uud for :utinx of emulsions and suspensions. By

'  31§¢¢ the products tested here are mixtures the results of th; d‘tprul-
.:ion test 1s only well defined vhem a total breakdown is recorded. In cases
\ﬂun particle breakdown is obutvod, this can be due to the fact that only
part of the ptoduct can be broken down, while other parts can not. Thc

btenkdovn of l:l.xtun can than be nnipnhud by tho uuufqeeuur by addition

of conpOuuds wh:lch are easily broken dwn,bue othervise without function. ETS

Even though, it 1is uneful to test the breakdown of the present aixturo :
pro’ducta,bocm. it gives a preliminary ranking of the products. Fdi' hturi
uétl, vhich could be carried out after a period of s few years of uu.

1¢' should pe attempted to test the breakdown of th. single co-pononu of thc .

products.

3M_MNO01657807
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RESULTS:

- Table 3 does 1ist the heasurement results obtained for the orginal
pProducts, to evaluate the potential for mdgngcri.ng of the water. Table 4 .
lists the pPercentage of degradation of the application solutions after a porioq'l »
of { days together with other degradation parameters of interest. The spociﬂzc’:‘} -
mc- degrm:l.on curves are incorporated ia a:uehunu 1-6. |

m uum ebtained from mh 3 shov that the different product- eoauin‘7
"“'ﬂll smounts of organic compounds. Ofcourse one should count 8 low contont
of ornn.ie materials and of organic carbon found in produqt. 1,4 and 5 u @

‘poaicivo factors vhen wvater endangering is to be Judged. . sk

 For the spplication solutions (table 4) the 68 and nggnos are listed to- ;-
gathor with the ratio betwesn these tvo factors and can be uged in additi.on
Vto tha 'roc- degradation tnul.t. for:the evalustiong. According to the uuo s
the product No 6 should be cons:l.dercd easy to degrads. For the ‘products 1
and 5, which &ccording to the TOC- degradation test appegs ndiun degudcblc";ji- :
(as also establighed fron the metabolisn test), the unflvorabla CBSIBSB

rat:l.o could possibly be due to the chemical oxidation of :lmn salts nm N

ia 51_:. products. The iron salts would increase the (SB vithwt incrmtna !
th‘ Béns. '11.. degradation of each ;roduct, npatatcly, 1- cvaluatod u fonw”
rou cxt:lngui.h:lng compound No¥% shows a favorablo ratio of mno eonllhp-
L cion/ Kz(:rzo7 consumption, and shows good bacteria action in the utabol:lu

:ut. together vith & 477 T0C- degradation. It must be rated as udiu- dqgudab}c.

¢ ¢3°‘ i b rroduct No 2 shows a favorable csn/nsns = ratio, but d.ncc :ho otlur tnu v
€Y do' not indicato & good degradation rate it is chnificd as ditticult :o dcsud..
¢ ‘l'h dqr-d:un of product 3 is even leu th- that of produet 2. 0 1:

o .,
2 : , SR
£ 1: eluufiod as difffcult to _degrade, R

0.

Em though the dogudation dur:ln; the mc-u-e vas £nrtlu : &

3M_MNO01657808
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-10-
Teble 3 1

Potential Tor endangeriny of waters by original products

No XknO 4 chro7 ‘ Org.6 320 Organic
used used content 6ontent a) part b)
——— kg’ k‘ll | TR S L §
{ 0,203 1,929 0,15 89 v0,?
f¢ 3000 1 0,098 3,438 0,24 $3 % -
P YA 0,085 2,9% 0,22 77 " r  TI
FC 200 & 0,0%0 1972 0,30 ) 20
'$ 0. 4)¢ 2, (X 9" LL
& 0e . g X o 8
‘a) only approzimate values |
b) only approximate valhu, ‘durnoff valuee at 600°C and variable duri.tiou
Table 4 _ _
1ochepiocal d da f applioation ready solution
No Rate of 8B ma, % .iiili Dograd. Degral. Final
R> n in B eval,
Kin0, (m., !20r07’ % o8 ffg methabol. TO¥  x)
. . % .
wb/l W wgon test  temt |
Eluonpatens 5,000 % 12,300 4.0 - )1 0, ¢ W medium
FCWW) 2 z.sqdq.“_o)_a. . 13,000 /6':' ' X 3 - 5_' difﬁ.oun
Fe-2ol y 2 100(8.4%)24. % 9.000 3,9 0.0 ek asrnmt
S .00 20.000 3.2 6,0 0.1 ¢ » mdiwl
6 2.500 3%.000 41.000 0,9 1,9 ® 62 | sasy to
. l flﬂdi\lﬂ

_ » vgh-ﬁ‘---ﬂ'
x) Bvaluation of biochemical degradation in TOC- teat (ut -ta.ndu-d .
temperature of 25°0)

o -2 % difficult to desrade 2 - 40 % slightly domda'ble ’
40 - 75 % medium degradable © 15 = 100 £ very dom&m‘bln

3M_MNO01657809
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-11-

for product 4 than for products 2 and 3, it was classified as difficult to degrade.
For fire extinguishing foam compound 5, the metabolism test indicates
that 1t 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 complicated degradation bshavior which night

origiut. from tho high toxic effect of this product. Aftor 7 dayc doguda- _.

dovn of 60% of the ‘starting T0C do« tako plccc. The slow down u brukdovu_f.'.:
aftar 7 test dlyl can be svaluated as an cdapution period for the nicro- "
organism involved.

3.3 Toxicology testing

METHOD

In the "Evalustion of the Water Endangering by Foam thinguuhing m«
(2), the results concerning toxic effects towards algae and bacteria vere dhcuuod

In this evaluation vhich is concerned with tests for product- that ponibly

could be uced in hrgo amounts, the toxicology mnﬂnn huuiﬂod Iu |

’addit:l.on to the :l.ncorporation- utabo!in tnu. nl-o tuu vuh mn crabo N L

and fish were carriul out. This way the previous results could be furthor
confirmed.

. The toxicolgy test 18 carried out aceord:l.ug to the German smdnrd pro-

. cass for water tuting (DEV) (4) L 11. L 12, and L 15. Por thou,th. latest

Fest procedures were used as publl.shcd by the rupon-iblc working co-uttm

For fish-tests the concentrations used were fton 0 to 10,000 mg/1, vhorc

3M_MNO01657810
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"ll ‘dose- reaction curves and the results are calculated and presented in 'rnbh 5.

ot 1o 000 ng/1 that 1l test animals d1d dte (EC 100 10000 wg/1). But for

-12-

a large grauation of dilutions was used. The further toxological test were
carried out with smaller gradations from 0 to 210 ng/l to ‘h_uure, that the

products could ba differentiated as well as possible.

RESULTS:

e

:In the enclosures 1 to 6, the results of the toxicology tests ars, yteuatd '

mmc Yo 1. "nuouchnunuoe (hclomo 1) is ee toxic’ at concntutim

:h. concentration 1000 mg/1 the product is not detrimental (Ec - moo -./1). L

(!0- cffoctivc concentration with respect to the con'uponding tut. Bcfldo h "
the lovut tested concentration for vhich a 100% result with rospcct ‘to the.

test ctiter:ta is recorded.. . For the fish test, this 1s the concentution at

gd.ot. -'rh. cffcct is -:111 balow the cruical 11-1: ac concantutim of

vhj.ch an animals die; Eco is the highest tested concentration at which no

cipificant reaction is observed with respect to the test crlt-riu)
. - ‘uuu\

'rolurdo the mll"g:ab Daphnia magna (water flu) the produet i: not
dct:r:lnntal at the highut concentrations tuted (xco- 250 ngll) Tt

.‘f"

The photosynthcsia activ:lty of algae is easily offoctod by Flunrlchlql- ,

50 ngll'; _ but at 100 mg/1 it 1s l:lgnuiunt. :

A

'l'lu bactet:l.a oxygen uptake during break down of peptone is incruud by :
tho product. This makes the biochemical break dowm 6f the product itself plau-ﬂah.

A

_'l'hil mnlt il also confirmed by the T0C - degradation tut (ue. 3, 2). -
" '““ ML—L’W—_A__%M (enclocurc 2). reacts

sh:l.hr to product No 1 in the fish md daphnia tests. Aleo eho mﬂ: of

the 1ucorponti.on test is similar to the first product. But the 1nhibttiou
of | cha photoanehu:lc ac:iv:l.ty is less and becomes ninifiunt ouly at th‘ e

highut coucutution 250 ngll. The ruult of :lu uubon. mnript u
. i . . ‘f i;?. ¥
Lo;-:., . \ r_ : . ) S ]

3M_MNO0O1657811
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-13- e

definitely different than for the first product: There 1s no methabolic
. 1increase which could be-intorpntcd a8 8 sign of break down. The T0C
degradation test also does show a break down of less than 10%.

The results of the biological tests carried out concerning product
No. 3 "Mﬂt Water, FC 206, normal," ar‘ nearly indentical to the results
obtained for product Ho. 2 Light Water, frost protected. The only uff.me.
u. thu the toxie offoen tovards slgss indicated for ’Muet 2 are not fomd
for produc: ¥o. 3, ' :
Ptoduct Xo, &, “Light Water, PC 200, uoml,” 1s d:lff.ront from thn !‘n"'},:’

fm ngenu d:locuucd previously by having a definite toxic ef’ cct tonrdl £ - v:i,' :

filh ssait crabs and algae. For fish the test animals d:l.a almdy at 1000 ull\.

(BC, = 100 wg/1, ECyqp = 100ag/1). In the daphme test, 33T of the animals -
“ died within 24 hours at 100 mg/1l, at 250 mg/l abput 75% of the lnillll
died (EC, = 50 mg/1, ECig0 = SO0 mg/l).

‘I'hc dncorporation test for this product is already ;urpu-od at concen-
tratdons of 5 mg/l; at ‘250 mg/l a complete inhibition of algse activity is
rocordcd (r.c * 2 mg/1, EC = 250 mg/1).

Product No. S, Protein Foam gcn:. in all biologiul tuu t- oqutl

to producc M. 1. No significant toxic otfoct- were !ound tovard: algu ct

i

concentration of sbout 250 mg/l. PFor the uthtbouu test an ucruu 1in

,buteria oxygen corporation was recorded, but it was less thm for ptodnct o .
¥o. 1. The result of the uthaboun test corresponds to a rcht:lvoly}

pocitivo ruction towards the break down test.

Producc No. 6, erol 1s ue.pcioully high in toxicity nd ﬁ 401"7 ot
oy S

bruk doun The toxicity against fish {s as high as for prtduct llo. 3: -

. (zc,, » 160::/1 nnd xcmo = 1000 mg/1). For mn crab this produqt :I.O

3M_MNO01657812
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especially toxic (EC, = 25 mgll and ECy45n = 500 mg/1).

The incorporation test shows an inhibition at 10%concentrations above
10 mg/l.i For 250 mg/l there is a 652 inhibition.

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

bolic active as well as toxic compounds.

Table S _ . B
Rosulte of toxicology test ( exyressed in order of poison classes) Lt
’ ' ' ' vy
No Pigh Daphne Algae Bacteria (DEVL 12) Total f
(DBVL 15) (D2VL 11) (DEVL 12) inhibit. . enhance., evaluation x) N
' 3| 1t 1 m . /111 |
2 11 1 11/111 111 - nr 3207
s m 11 m 11 - 1 — zog
e 11 1 1 189 ¢ - 1 3
5 m - 1 I . 1z
6 1§ IT 1 g - . n
Poipwn class 1 : Proven inhibition on test animale at concentrations :
below 5 mg/ 1 : ‘ 3
R KA

Prifan clase 11 3 Ae in 1, re=ion 5 to %05 mg/l

Poiron class 111: No damag: at concentrations below 250 mg/1

M potal evaluation: Calculated hy weighted avarage. The test result with
lowest critical limit of concentratisn is maltiplied by 5.

4. Evaluation of Results and Conclusions

Summarizing the single criteria of the téqt, one can qbﬁain different
results, depending upon what importance is given to tﬁe'diffcrenf ctiteria.

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

to their high toxic level to uhichv;he surface tension, and for ptdduct 1,

3M_MNO01657813
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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. . _‘*-"l::'.'»-‘f; .

Also the application !trength 3-6 I solutions of all products tested

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

and toxic characteristics.

"By the further dilution by a factor of 20 to 80, vhich 1s active tn
the application of foam nm-xu-c-uhmw otoxtés levelios tatne 3
s un for Bacterta, 10 - 25 mg/1 for f1sh) 1s not excasded snd alec
tlm lurtnu tension activity can loose itcs hportanco.

It th‘n ‘Seems reasonablie to evaluate the wator danger by tlu pmducu
according to thc:lr toxicity at the concentrations which can be rnchod during
application, and according to their biochemical duud-t:lon, even though there

&

at pruent are only degradation results available for the finished mixed pro~ - .
dqctl. |

For none of the compounds the degradation is so easy as > Chllify Ch‘l :
as envi.romnuny friendly compéunds. In the selection one then -mt di.ff.r- . "
out:l.ate relatively better products from relatively 'worse productc.

whcn firc-utinguilhing fon eonpoundn lu applicd, :ho lbou: 5 Z iol.u-.

“slons. lnu previously stated d:llutod by a f‘ctor of 20 to 80. A 'I'hoy thln

an in 8 region of conccntration betwean 125 to 500 mg/l. At this conccn-
Fceoé6 S — L
trat&on the compounds of product No. 3 and No. 5 are without acute detriunt )

FC 3at?7
to tha tnt organism. Pgoduct No. 1 and No. 2 lose their toxic effect -

AT

afur further dilution by a factor of 2 to 5. Such dilution 1. to be ex~

A
v

pcctcd in the pr--tlood tank of the purification systems.
= -1V

toxic producu No. 4§ and No 6, ancsdditional dilution by a tnctot of ‘
botwun 50 and 200 1s necessary to get below the toxic lml- _ Sueh diiu o

For thc v.ty o SERFEY

3M_MNO01657814
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| Fc-22°
are not certain in practice. Product No. 4 shows in, addition a low degree of

degradatdon and should not be used for that reason,
—— 7 Teasom

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 @lj&ir the drinking water angglz) and the use of these pro-
' ducts th.u!ogg should be avoided. -

Of the rmuh. pmduct- the lo- compound Fo.:1. hu s i'tltttulyf M
h
. iixh “ue level towards algee du to thn high coutut of :1nc. lut since

"th& pmputiu are lost to a large extent due to the dilution durins

.,;‘
uusc, and since the product is relatively my to degndc. the ondungcﬂng
of the waters due to this product appears to be of littla inportlnc‘. _

The grouping of the 6 producu proposed hers does take b:lolog:lul and
chcn:llcal results into account, but ddes not consider applicacion tcclmical _
charactcrilticc. If 1¢ u not possible,due to application tachnical, reasons j ;'.'j*

to avoid the use of productl vhich are difficult to degrads or are upcch.uy

toxic, then it would be advisable to test their s ts for dea-
w% Further it should be attuptcd to rephco '

components upocmly biologicany damaging by less dmgins ntcrull of
- lh:l.hr effect. .- lﬂch approach has been successful for othor n:ormo of

t

environmental concern.
. 3. Recommendations for technical orderin cifications
w
Based upon the investigations as Wiscussed;’ the. "féliovipg nqu:lrc-
uufc can be made of the manufacture of foam firc-utingut-hing co-poundo:

The biological degradation characteristics of the organic cnponontl

pment in foam compounds should bc vall utabliuhcd}

The break down should be as easy as possible, right now it u'conlidqfogl_

EU CO S R . '.' . .
T T LG < ST S 2 e A
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as fair, vhen a 50 X break down is recorded in the modified OBCD-Screening-

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

the TOC~degradation test (6), a 40 2 break down shoyld be the mininum required.
or.hor tests can be used in toplaconcn: of the abovementioned, 1f it hu been
ptovon. that equal results are obtained as for the tests according to (6)

and (1). whon these products ars :utod.

m m: gt!gt of the foam eowouodo tonrdc utor o:g-u.-. upocuuy
L‘mmu llm m and fish obould be as small u poutbh

luiﬁcimuy nontoxic range can be set if the !cso for bactom, algu.
daphn. lnd tish is above 1500 mg/1 foam agent in water.

‘For toxicology test, L 11. L 12, and Li15 of DEV (4), or lilill!

_—
procoduro fot vhich equal type results can be Proven, are to be und.

vy

’rho heavy metal content should not exceed 1 X zinc, or fop o:hor metal
e

an. amount for which a corresponding degree of bacteria toxic effects is

roc:.otdod .

¢

6. Conclusion

| rAccording to the task the following si.x fou compounds, do:erninod

s

by cho "nunduant fiir Wehrtechnik und Buchattung" in Koblonz, vere ovaluatod
t

vith‘ roht:lon to possible endangering of uton' rluurpronin, I.ight w.:.r ’%._3:.
: ¢ 317 : o
PC’ 206. norul Light WaterFFc 206 Frost protoctod; Light Water rc 200. notul'

AL

Prototnlhhaunittol Expyrol F 15. The test 1nc1udes interphase activity.
toxicology, biochemical degradation, heavy metal content and flnno po:lut.

'rhovruulto voro{ presented and discussed and a conolu:lon ruchod.‘ ‘!hl
L. “

produ’ctl rlnorprotoin and’ Protoinochauuittol veto uconondod doo to

roh:lvoly favorable biologic characteristics. The final concluiono u-e
3ivou as’ rocomonat:lonl for technical dollvory terms (TL) to bo u“ by

W e T

the conetnct ozoncy.
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