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 octyl sulfate, 0.04% sodium laury! 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



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 >1000 mga/L
Daphnia EC5, >250 mg/L
| Algae ECs >250 mg/L
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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Abstract (give your own slant on tho source documont)

This report compares the environmental acceptability pof 6 AFFF Agents
including FC 3017 (identified in the report as FC-Zodf freeze protected),
TC-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. Solvcnt industry _

3. Pigbting of urb‘nhydridc fires for instance in rofinoriu (cloud ayn;':":

: iloettied oqu;-nt, liuh nlmc '
s "{ pumm- in airports.

' :'6. V_Aypncuiou on ships.

.,_,t‘ "
., In the pmt study it will apmr that uirport t:lt« ukc on pufer# v
rqd :l.nportanco (1) It 1is obvious, that a few seconds in time cnn nkc :I.l-
portan: difference for saving human lives, and that the question of m—
-cnul cndangctins especially of vaters and streams does ucm Some vhat
lus hportanc.. But vater safety need not bo couplctoly mrloohd upcei—

Aliy because most of the actually used fire cxtinlllhllins co-pound- are uod ey
1d’ tuining.

N FR
L -

. The lﬁnd‘lmtalt fur Gﬂuurkundo (nov:. of uam r.chnoxom in 1915"‘
igol: th. t«k from the Mini-tctim fur Btm’hm W& QI but. wE
(lq.nhety of Food ‘Agriculture and Forutry of Nordrbcin-ﬂutfqlq) to pval- _ |
uau thu i.-pact of foam extinguishing conppunds on the vaur quauty. mtty
vught tou cxtingui.-hins compounds from 8 ouppliou vers ovaluud chuiuny
phyaicauy nad biochemically for possible ondangoriqg of ntor. D:lffnmt i

‘ bnndo did vary in dcgudat:lou and toxicity. Especially the 5! fon cxtil\f
.d-hiu lolutiou used can result in the fouwing dansp: l

4 \*‘ﬂ‘

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 vater) '

Reduction of water quality by organic compounds (general)

Undesirable reduction processes in the grpund@gn:er.

m- roport w macuu um %mﬂm&m -;&-nuw the
'patttoo tavolv.d. such as the lnnutacentnro of !oc- Qlttn;uichin; eo-pouad-
and tho authorities rnsponsiblc for !itor purity. A-on; othcrn,thcsc couoid-_ 

otations were taken into account in the DIN- ltlndlfdl.

2. DEFINITION OF PROBLEM AND TASK

ey

After several discourses in 1977 between repr‘sentntivda of the. ,
Bundesamtes fur Wehrtechnik and Beschaffung and the Bundcianctllt fﬁr-Gcﬁlif _.
serkunde (BFG), the BFG was suthorized om Oct. 12, 1977 to carry out a lp.é@.v_
cial study. This ctu&y should only cover the products used by thc:ﬁunqiyciﬁfi
(H.‘Gofn;ﬁ nilitary) ;nd also products which are considered for'bosaiﬂl‘”hihv_;*

ut;odueciou.

As a first objcctivq,tho onviaon-ntal 1nf1ucncc of the folloviag ltx
oxtinguilhing eoupound- should be d.torninod.

\.




No Product | Manufacturer
"1 Fluor protein Firm Dr. R Sthamer, Hamburg
2 Light Water, FC 206 5,9 Firm 3 M, Neuss
(frost protected)
3 Light Water, FC 206 Firm 3 M, Neuss
(noml) S
& I.iaht Water, ¥C 200, Fire ,3 M, M_il
. _ (not-nl) - o
‘5 Protetn Tomn Atd o l‘iu Dr. 2. Sthamer, ll-borg -
6 Expyrol F 15 | ur- Hoechst Ag, l"unkfurt/lloochl:

m two types of 'Ligbt-wn.:o'r aro'offorod as being "_upeoiaily safe
to t:hc snvironment” (According to BWB). Light Water ic 200 is roporto';ib to”
- be out of production. but should be evaluated for comparison. The teat for
aviron-ental impact should if possible, be tested for 5% oolutiono as uud
(for L:l.ght Water 62) and encompass the following parmtcra'
- iu:tuc tension activity
-Toxic:lty'

- Bioehoniul dogudation

. Conmt of huvy metals

- Flame point. _ ‘ O
'rho final report should also contain rocomdationo for tho tcchnical
pxocur.ont specifications (TL).

m fi.nal roport was ochodulod for conplot:lon m Sopt 1978. Du. to

oicknou of one of the investigators it was delayed for some wut.lu.

RIS




3. TEST RESULTS

3.1 Physical- Chemical Tests
The first test result gives the heavy metal content which was deter-
mined by X-ray fluoreccencel).
Evaluating the figurec of Table 1 listing the heavy metal content,
the two eo-poundn rluo:ptotcin (No 1) and Ptotoin foan- eompound (uo 5) .
B cqnl cut. Yorx nuotptvutl the unc lnd 1m eoatnc ot the appuciutm
- “eeluion (sixtures) vith 40 end 55 ne/3 respectivaly, ia relativaly bigh, .
fjror thc nem compound :lu im content ot 30 ng/1 stands out. All ocm '

hnavy matal concentrations such as the especially recorded lcvola for coyp.t;? ;;"

ars unimportant.

. mable 1

ﬁiiﬂeagx metal content in foam extinguishing compounds.
!FO. “riginal ?roducts | 5 % Solutions
- Zn e Cu 2n  Pe Cu
pom -.'n
; _ug .'?? MR | _‘AQ - ss ?_ﬁ::.; : ) f‘o.oz'
5 2 e <! 0,2 04 o'n
; ;M oa 0,1 © . o.02
3 .1 X 0, 0,02

IR D X S

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




When the flame point is determined, the water content of the sample
must be considered. Flame points above 100 C, the boiling point of water,
could not be determined. 2 As could be expected none of the tested samples
did have a flame point below 100 C. It should be obvious that none of the
products would contain flammahle solvents.

The surface, or interphase tensions can be seen fron Table 2. Y The
curfm tension vater/air generally drops some fot eoncon:rauons from 50 mg/l
to 500 ng/l. rhc surface tmion 1s luat cffcctcd for Ko$ {h‘otein foan
_catinsuioh.r). -olt effected for two Light-ﬂhtor types of FC 206- type. ‘
!h. reason for thic 1s found in the chemical composition of the extiguishing
compounds. Protein foam agents can be expected to be generally 1nact1v¢ to
the water/air interphase; while tensides and also so called “syn:hetic"pro-
ducts are interphase active. The interphase activity is less a product

specific, but rather a group specific characteristic.

Table 2

Interphire ctivity

Nq. Interphise.activity at 20°C ( dyn/cm)
50 - 100 250 500 -
72 S o
o 2 0 o ».
= | 90 t ] 3 i T
) 1] 30 » 2 B
s ¢ (1] 0 60 ;
é t 1 2 _ »n .3’ .

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

3) Intcrpbnse- Tensiometer, according to Nooy. liru. A. Kross, Hamburg



3.2 Test for Biochemical Degradation

To evaluate the water polution characteristics of compounds, it is of
pumu,uwfs ek dicr mibe Chtim cote
interest to sum up the chemical parameters, potassium permanganate and
GAY Y dtamunids CoD) 800¢
potassium dichromate uptake, (CSB). The biochemical oxygen uptake (BSBS.
Hg of DEV (4)) can be used especially im combination with CSB to preliminar-
: CceD
1ly avaluata the degradation.  When the CSB analytical test gives reliable

o~

tuulu (th:ls. tor :lacunco, is not ‘1“7. true whcn hyooophobic conpounds

WP

BoD
ineubcuoa pouod for the BSB-test under ssme conditions does not cncapau
' ouft!eicnt time for adnpution of the otganiul active in the biolog:lcal

breakdown It 1s not certain that toxic inhibitions can be excluded in tlu -4:
¢ 600 o
.undud BSB (5). To better insure ruult. concerning the degradatiog,:m i :”
C0 /[ B
is pén:l.bla by evaluating the CSB/BSB ratio, one must carry out oxtonsin
e

d.gradatton tests, where the incubation time, the 1nocu1ation uterid and

othor paraneters are determined, so that further breakdgwn than for the fi'v_.‘ -
P i O

da! BSB-test can be evaluated. - ' :

At pruent there are international efferts underwvay to itandnrdin d*
r

'gradation tests. Fot this investigation of btukdmm of fir‘_gﬁ.ngm'. ‘_ ‘:" .:'

¥

tou coapoundo a nev T.0.C.-degradation test (6) dovolopod by the Bundomml

fur covuurkund. was used. Its test criteria is the complete bmkdmm ot

th. total organic carbon (T0C).

v ror the test procedure the test compound serves as the only noutcc ot

urbon. Inormic mineral salts are added in advance. The incubltion uku
tnl( .

place i.n a .crcv—cap flask with air space, placod in a shaker. hn dognda-— L
£ o -
tion mn for the fire cxtinguialin; foan compounds were carried out ‘at 20 c

1n th. datk, in deviatioa from the -uud test procoduru.

he o | S




When the percentage breakdown according to the TOC-tglt is compared to
——results from other degr;d@tion tests, it must be taken into account, that the
disappearance of one material from the solution is often considered as de-
gradation. Under cérain circumstances a high degradation can be simulated

vhich actually is based upon physical processes such as, for 1ns:ance‘nbuotp-

——.‘

tion of solids which has no relation to co-plctc biological broakdown and e
' aceordtn; to tho experiences gathered by purticipntton 1: a round tcat\\‘ -

;zg- 1bc results for completely soluble compounds aTe somevhat lower than 1 ~an

;hin the breakdown is measured by the "modified oncn-igrocning test" (b)

Thia "nod&!iod OECD -screening test" was tested by 1atcruntional round e..tt.?_

It haa some dicndvantngcl atmpamed 40 the.0C. ACSf‘dﬂgtbn*‘..‘sliiﬁclﬂJ-"."

uled tor :cating of emulsions and suspensions. p
- 81nco the products tested here are Jlixtures the results of tﬁ; d;Prad- ;‘
ntion test 1is only well defined whem a total breakdown is r.cotdcd. Iu clt‘jr.
uharc particle breakdown 1is observod this can be due to the fact that' only

part of the ptoduct can be broken down, while other parts can uot. Tho

bteakdovn of mixturs can th.n be -naipulatnd by th. -tuufaeturcr by additioni .

of compOunds which are casily broken dowu,but othervise vithout function. N

Even though, it is uneful to test the breakdown of the prclcnt aixtutn _
producta,bocaus. it gives a preliminary ranking of the products. ror futuro
tcstl, vhich could be carried out after a period of & few years of ua.,

1t' ghould Be attempted to test the breakdown of the single co-ponont. of thc g

products. ' co
T— - :




RESULTS:

Table 3 does 1ist the Beasurement results obtained for the orginal
products, to evaluate the potential for mda_ngcri.ng of the water. Table 4 o
lists the percentage of degradation of the application solutions after a peri,oq'l_ :
of.g days together with other degradation parameters of interest. The spociu__c’: -

'roc- dcgtuh:ion curves are incerporated ia a:uchunu 1-6.

m u:.m ebtained from mu 3 shov that the diffcmc produet- eonu:ln
vu'yh; mu of organic co-pomd.. Ofcourse one ohould count 8 low eontont

of or;cn.ie waterials and of orgamic carbon found in produqt. 1,4 and 5 u i

poaicivc factors when water endangering is to be Judged. 5 %
!ot the application solutions (table 4) the GSB and nggni are listed to— '.
gathor w:lth the ratio betwesn these two factors and can be used in additi.on
Vl:o tho 'roc- degradation results for-the evalustiong. According to the racio A
the product No 6 should be conoidercd easy to degrade. For the products 1
and 5, vhich according to the TOC- degradation test app-'r ﬁdim degudcblc
(as alno established from the metabolisn test), the unfavorable Qsln;ﬁs, Ll
rnt:l.o could possibly be dus to the chemical oxidation of :lroﬂ salts pm FEA

in the products. The tron salts would increase the css vithout ucrmina !

the BSBS. Thd degradation of each product, | npntatcly. 1s cvaluaud u fonm;
N 1
rou utinguioh:lng compound No% shows a favorable ratio of lOlno concup-
t.ion/ K20r207 consumption, and shows good bacteria action in the utabol:lu

cut. together vith 8 472 T0C- degradation. It must be rated as udiu- dcgudab}c.

¢ c3°‘« gob 7 rrodne: No 2 shows a favorable csrs/nsla5 - ratio, but since the oth.r tnn‘_j .

CoeV

g’

do’ uot hdicato & good degradation rate it is chuiticd as difticult to dcsud..
L m dﬁ‘tldlun of product 3 1s even 1eu th. !lut of pmduct 2. s 1:

‘r'-, 5-

1- cluufi«l as difucult to dozndc.

f‘ <

dvancod.

l!vm though the dogudation during the ‘mc-u-c m f.urthcr;
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Teble 3

Potential Zor endangeriny of waters by original products

No K¥nO 4 120r07 . Org.©C 320 Organic
used used content tontent a) part b)
——— kg/! k"ll kg  §
{ 0,203 1,325 0,15 89 TR
7 3007 1 0,098 ),438 0,2 $3 - Y .
RTINS 0,085 2,930 0,22 ) 23 .
FC 290 & 0,0%0 197 0,20 0 | 20
AN XL 2,3 X »” "
¢ 101 g 1) O o8 L.
‘s) only approzimate values |
b) only approximate valhu, ‘Burnoff values at Soooc and variable duri.tiou
Table 4 ~ |
ochemical d da £ application ready solution
No Rate of 858 m5 % ﬂﬁﬁs ?081‘84- 38'!%(1.' Final
3> n o eval,
KnO, (m. !20r07) % 503 ffg methabol. POV 1)
. ‘ % .
DY NI W S W test  test |
Eluonprteny 5,000 2 12,900 4.0% - )1 0,3 ¢ @ medium
FCW™) 2 2.500030650) 28. 1300 19 o5 - ’ airfiouls
Pty 2aoubmdzesee) 0.0 3,9 06 - ¢ | dirriee
Fel® ¢ 1.2% 16.500 4430 3,4 0 - 12 difrioult -
5 1.100 20.000 3.2% ¢,' 0,2 ¢ » mediun o
6 2.500 3%.000 41.000 0,9 1,9 * 62 | oasy to |
. k £ lGdi\Iﬂ

——e— M
x) Bvaluation of biochemical degradation in TOC- test (at sta.ndard )
temperature of 25°0)
0o -2 % diffioult to degrade 2 - 4o % .nghny domda'blo
40 - 75 % medium degradable 75 = 160 % very domdoblo
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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

wtint it can be broken down. A finding which 1is confirmed by the results of

the TOC- test. The _product is classified as medium degradable. ‘

For product 6 one finds a complicated degradation behavior which night

originate from the high toxic effect of this ptoduct. Afcor 7 dnyn dogradc »
tlon alrsedy 102 of the TOC is broksn down. FPurther mumm dm rut_nl
“enly sfter 14 testing days, but r.m = tntensive’ durmcton 1-«1:; to bm&- |
~ down of 60 of the starting T0C dose mu Place, The slov down u bmk&m_..;‘ |
after 7 test dayl can be evaluated as an ldapution period for the nicro-? |

organism involved.

3.3 Texicology testing

METHOD

In the "Evaluation of the Water Endangering by Foam thinguuh:l.ng Mdl

(2), the results concerning toxic effects towards algae and bacteria were ditcuucd ‘

In th:l.n evaluation vh:lch is concerned with tests for product- that ponibly

could be uud in lnrgc amounts, the toxicoloty mn‘“u hulllﬂ‘d In |

'nddition to the 1ncorporation- utabo!in uats, aloo tuu vich mn erabo‘
and fish mu can-i‘d out. This way the previous results could be furthor |
confirmed.

- The toxicolgy test 1s carried out aceord:l.ng to the German ltandard pro-
. cass for water testing (DEV) (4) L 11 ‘'L 12, and L 15. Por thosl,th. latest
Fest procedures were used as publl.ah-d by the ruponnibh vorking co-uttm

For fish-tests the concentrations used were from 0 to 10,000 ng/l vhotc
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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 .1§curc, that the

products could be differentiated as well as possible.

RESULTS:

PR

:In the .nclo-ur.o 1 to 6, the results of the toxicology tests are ' 're'.nt.‘ﬁi

"ll ‘dose- resction curves and the results are calculated and presented in Tabl. 5
o v !rodutt Yo 1. “Fluoroch.ulgcioe (Iaclolart 1) is e toxic at conccnttation.
| of 1o 000 wg/1 that all test animals d1d dte (EC 100 " 10000 wg/1). m m

tho concentration 1000 -gll thc produet is not dotrilcn:al (zc - 1000 -3/1). | -ﬂ?
(!0- cffoctivc concentration with respect to the cotrcsponding toot. -Bciobit,i f,;
the lowuat tested concentration for which a 100% result with roopoct to the |
test criteria is recorded.. .For the fish test, this 1is the concenttation at

uhich all animals die; nc is the highest te@tad concentration at vhich no |
cignificant reaction is observed with respect to the test critcria)

- waard- the caallbggiglnaphnia magna (water floc) the ptoddct is not

dotrincntal at the highcat concentrations tested (EC - 250 nsll) o

.-f"

Tho photosynthesia activity of algae is easily offoctcd by Fluotlchnq-
gciot._lrh. effcct is still below the critical 11-1: ‘c conccntr.tiona of
50 -311, but at 100 ug/1 1t 1s significant. |

\

Tha bac:etia oxygen uptake during broak down of peptone is 1ncrca.cd by

the ptoduct. This makes the biochemical break down 6f the product itself pllunlblo.
1 K] |-~1‘-,

,Thil rltult 13 also confirmed by the T0C - degradation test (sec. 3. 2). , S

rhn product No2, Light Water, ¥C 206, froot-incurcd (enclocurt 2). rcac:- ' “ 
.sinilar to product No 1 in the fish and daphnia tests. Also the' n.lult of { 1
the 1ncorporation test is similar to the first product. But the iniibttiou

of . thc photolynthosic activity is less and becomss ctzni!icaat oaly at th‘ o

highaat conccattatton 250 ns/l. The r.cult of thc Iltlboliln rltlflpltili

= l' a “an .
1.0 RE . T S




definitely different than for the first product: There is no methabolic
. increase which could be-intorprotcd as & sign of break down. The TOC
degradation test also does show a break dovn of less than 10%.
Ihc results of the biological tests carried out concerning product
No. 3 "uﬂt Water, FC 206, normal," are nearly indentical to the results
obtaincd tor product No. 2 Light Water, frost protected. The only diff.raneo f
"'1.. thlz the toxie o!foeto towvards algse iadicated for ’todnct 2 are not. found
ftor ptodcet ¥o. 3, ' ”
Ptoduet No. &, "Light Vater, FC 200, uor-nl,“ is diff.rnﬁt from the fn*;"_
foa- agcntl dioculscd pPreviously by having a definite toxic ef’ cct tovardo f' 1?:}

finh s5ai? crabe and algae. Por fish the test animals die alrtady at 1000 ng/lq?

A

(EC, = 100 wg/1, ECqp = 100pag/1). In the daphne test, 33% of the animals
~ died within 24 hours at 100 ng/1l, at 250 mg/1 about 75% of the animals
died (EC; = 50 mg/1, EC;qp = 500 mg/1). .
The dncorporation test for this product is ulroady surpassed at concen-
trabdonl of 5 mg/1; at ‘250 mg/1 a complete inhibition of algse activity is
rocordod (sc = 2 ng/l, EC = 250 mg/1).

Ptoduct No. S, Protein Foanm égont. il all biclogtcal :ostl t- equhl
to produc: M. 1. No significant toxic otfoct- vere !ound towcrd: algno le

concentration of sbout 250 mg/l. For the -othnbolian test an 1ncrca-c 1n
.blctcti. Oxygen corporation was recorded, but it was less than for ptoduct f'

¥o. 1. The result of the l‘thlbolit- test corresponds to a tclativnly\

positivc :.action towvards the break down test.

Ptoduct No. 6, Eggzrol is .uc.pcionally high in toxicity lnd fi dtllr oti,f{f
L

btllk doun The toxicity against fish is as high as for priduct No. ;2 KN

. (Ec° - ldcnzll and xcloo = 1000 mg/1). For c-all crab this produqt 10

N\;;J 4" aecamie -'?"{“- 2
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especially toxic (EC, = 25 ﬁg/l and ECyqq ™ 500 mg/l).

The incorporation test shows an inhibition at 10%concentrations above
10 mg/l.A For 250 mg/1 there is a 65% inhibition.

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

bolic active as well as toxic compounds.

Tahle S _ E :
Results of toxicolqu test ( expressed in order of poison classeé) L
No Fish Daphne Algae  Bacteria  (DEVL 12) Total
~(DBVL 15) (D2VL 11) (DBVL 12) inhibit, enhance. evaluation x)

' m mt n o . /111 |

2 I 1834 /i 189 - nr 307

3 11 133 1 11 - 11 — 206

« 1 n 1 I - un [

5 m mr e 99! . 111

3 1 14 n 1t s  1n

Poiron class 1 : Proven inhibition on teet animals at concentrations
below 5 mg/ 1 '

Priron class 11 ¢ As in 1, resion 5 to %09 mg/1

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

:I)Totql evaluationt Calculated hy weighted avardge. The test resiilt with
lowest critical 1limit of concentration is maltipliied by 5.

4, Evaluation of Results and Conclusions

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

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

to their high toxic level to vhichvghc surface tension, and for prdduct 1, _

DU Y NPT TTOL Ty I .
._4\.‘..‘--,’4‘_.“:’_;_.—;_,-. AR
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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. .

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

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

and :oxic charactetistica.

By the further dilution by a factor of 20 to 80, vhich 1s active tn
uu ;ppuuem of foam nm-xtht-uhmw hrtmer 1mx»o: mmc
( 2 u[l for bacteris, 10 - 25 mg/1 for thh) is not exceeded and al-o ;' _;:_ )
tlu turfncc tension activity can loose its hportancq. T
| It tlhn ‘Seems reasonablie to evaluats the va:ot danger by thc producto
according to tho:lr toxicity at the concentrations which can be ruchod dur:lng

I8

application, and according to their biochemical dcgudltion, even though there - §
at pi&sent are only degradation results available for the finished nixed pro- _-V
dqct-. _ |

) ror none of the compounds the degradation is so easy as &b chuify thu :
al environnntllly friendly compéunds. In the selection one then -ust diff.r— __:
ontiate relatively better products from relatively 'worse productc.

thn ﬂrc-cxtinguinhing fon eonpounda are l»lied, :ho nbou: L z .o]_u. "

“slons. anu Previously stated d:l.lutod by a factor of 20 to 80. A Thoy tlun

arc in a region of conccntration between 125 to 500 mg/1. At this conccn-

Fceob6 C
tratton the conpounda of nro_qg;_&__.‘! and No. 5 are w:lthout acute detriment °
FC 3207 e
to tho test organism. Pgpoduct No. 1 and No. 2 lose their toxic cffect

- AL

afur further dilution by a factor of 2 to S. Such d:l.lution 1. to bc ex~

" 7
v

pcctcd in the prc-f.lood tank of the purification systems. For thc vtty o _:.’ "f;w";;}’.h
F 1oV B

toxic producta No. 4 and No 6, ancsdditional dilution by a tlctor of

hotwun 30 and 200 ig necessary to get below the toxic level. sueh d&iutim i
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o
_ Fc-2?
are not certain in practice. Product No. 4 shows in,addition a low degree of

degradatdon and should not be used for that reasom.

The products 2 and 3 are of little concern vhen toxic pro rties are
w

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

thus disturb and ggpair the drinking wvater uuggli} and the use of these pro-
‘ ductt th.tlfo;! should be avoided. ;

Of the rcnaiuiag ptoducto the toll compound No.:1. has [ 3 ttltttvilyf d

, N;h toute level towards algse du to thc high content of :1nc. ‘ut cinc.
thette | ptopcrtico are lost to a large extent due to the dilution durins ‘

e o+

usage, and since the product is relatively ouay to degradc, the cndnngorins
of the waters due to this product appears to be of littlo 1nportanc..
The grouping of the 6 products pProposed here does take biologicll and

chemical results into account, but ddes not consider application technical

chntactoti-tici. If 1¢ 1& not possible,due to application technical, reasons ,'3

to nvoid the use of ptoducts vhich are difficult to degrade or are ocpcciallyr'

toxic, then it would be advisable to test their s ts for de-
gz!ggg;gg_gnd_:nzin_gtfgg;gL Further it should be attcnptcd to rcplaco

components capocially biologically damaging by less dalngins -ltcriull f
-,cinilar effect..: lsch approach has been successful for othor -atorinlo of

_l
environmental concern.

. 3s_Recommendations for technical orderin cifications
w

Based upon the investigations as Uiscussed,’ the t.llovin; rhquirc-
ments can be made of the manufacture of foam firo-txcinguilhing co-poundo:

(j;h. biologicll degradation characteristics of the organic conpon.ntl

pruaent in foam compounds should bc vell cltabliuhed:z

The break down should bc &8 easy as possible, right now it ;.‘contiddfog'fb :

S T . R . '.' . g
. Sl TG e g
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as fair, when a 50 X break down is recorded in the modified ORCD~Screening-
=226 ORCD~Screening-

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

the TOC-degradation test (6), a 40 I break down shoyld be the minimum required.
o:hor tests can be used in toplacenont of the abovementioned, if it hll been

ptovon. that equal results are obtained as for the tests according to (6)

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

- 1 [

ftlctOtil llsnc sig{ipﬁ;:g; and fish ohould be as small oo pocotblo
nuittciontly nontoxic range can be set 1f the zcso for bcctorio algoo.
daphan and fish 1s above 1500 nsll foam agent in water.

?or toxicology test, L 11 L 12, and L'IS of DEV (4), or sinilnr

C e
procoduro fot which equal type results can be proven, are to be uood.
. L sy

Iho heavy metal content should not exceed 1 X zing or for othor netal
_—

nn amount for which & corresponding degree of bacteria toxic offoctl is

roootdod.

¢

6. Conclusion

| rAccording to the task the following oix foa- co-poundq,dote:ninod

by thQ "Bundo-ant fir Wehrtechnik und Bcschattung" in Koblonz,vlto ovoluatod
t

vitb‘rolttion to possible endangering of watoro' Planrptoto1n° Light Wator
: FCRI7? '

PC’ 206, nornnl Light Water FC 206 Frost protoctod Light Water rc 200. notl.l'“

KN

Protoinohlumittol' Expyrol F 15. The test includes interphase aenvuy. '

toxicology, biochemical degradation, heavy metal content and flano polut.
A

The results were presented and discussed and a conolusion tcachod.f Thc
A S < .
pnoduotl rlnorptotoin and’ Protoinochauunittol vero roco-nondod duo to

rola:tvnly favorable biologic characteristics. The final concln.inno ule*
givon as’ toconn.ndation- for technical dollvory terms (TL) to bo u.qd by

¥

the’ concroct oconcy.

!to gg;ge gt!ggto of the foam eo:poundn tounrds vatot orsltion. tcpooinlly

e

it £y
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