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February 13, 1¢1319

Ms. Roberta Wedg-

Dynamac y U !
11140 Rockville Pyke 849580000804

Rockville, MD 20852
Dear Ms. Wedge:
Copies of the followi.:g study reports which you requested are enclosed:

Hexabromocyclododacane (CD-75P)

Acute toxicity of HBCD to the bluegill sunfish.

HBCD - biodegradation study.

Partition coefficients of dicamba, endrin, VEL 3510 and several
industrisl chemicals and flame retardants.

Water solubility of several industrial chemicals, flame retardants
and a herkicide VEL-3510.

Hydrolysis of Tiremaster 100.

Bis (tribromophenoxy)ethane (FF-680)

Acute toxicity (TLsg) study in the rainbow trout.

Fish bioaccumul:ztion with 1,2-Bis(tribromophenoxy)ethane.
Biodegradability study with 14C-tagged MC-680 (November 1975).
Biodegradability stuady with l4c-tagged MC-680 (June 1976).
Partition coefficient of MC-680, chlorendic anhydride and
chlorer:dic acid.

Water soiubility of several flame retardaats and industrial
chemicals.

Solubility of MC-680 in various class solvents.

Photclvsis cf Firemaster 680.

Rate ¢ hydrolysis studies.

From the nature of the studies requested, you ars obviously evaluating
the possible impact of environmental releases ui these compounds. We
are aware of only a very few raports in which tlh:se compounds have been
identified in the environment. This is not surprising, considering the
ays in which these chemicals are produced, distributed, and used.




Both of these chemicals are non-vclatile substances which are manufac-
tured in closed systems fully equipped with devices to control emis-
sions. Wastes from the processes are either recycled or disposed of
in approved hazardous waste landfills. Equipment now under ccnstruc-
tion and expected to start up in March of this year will eliminate the
use of landfill disposal

Both CD-75 and FF-680 are used as flame retardant additives for
plastics. Incorporation into the polymer matrix immobilizes these
compounds and further diminishes the likelihood of environmental
release.

I hope you find these reports useful. Please let me know if I can be
of further assistance.

Sincerely,

_)‘ /tww M W

Dennis L. McFadden
Product Safety
Coordinator

DIM:sb:78
Enclosures
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Synopsis. ¢ ¢« ¢ ¢ ¢ ¢ ¢ 4 s e e .
Compound. . o « ¢« o« o« s ¢ o o = & =
Acute (‘1‘1.56) Study in Rainbow Trout
A, Method. . ¢« . . ¢ ¢ ¢ ¢ ¢ ¢« o
B. Results « . « « « ¢ «

Table No.
1. Acute Toxicity (TLgp) ia Raimbow Trout.
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Page 1

-

* 1. "SYNOPSIS
' An acute toxicity (nso) study in Rainbow Trout was conducted
using l‘itea.sterﬁﬁ‘o‘o as the test material. Based upon the results
' obtained, the -cllwing (n.so) values were derived.

28 hours: greater than 3160 ng/liter
~ 48 hours: 2612 (2491-2738) mg/1iter
" 96 hours: 1410 (1215-1637) ng/liter

CORFIDERTIAL X
wWhieh i3 the poodeily of Velsical Cverienl
COrparation. & must b dccouslad for 5@ retirned.
VDN FOPIduchon, UpoY Somulstion & e ek
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II. COMPOUND
The test compound was reczived from the Michigan Chemical
Corporation, St. Louis, Mi..igan on October 17, 1974, It was

identified ac "Firemaster?d 680, Lot No. 761-7" and was received

as a white powder.

, CONFIDENTIAL
This decument contains coniidential information
#iisH _é! the property of Velsical Chemical
Caiparalion, It must be 3ccounted for and rotrirneq
‘w‘nﬁ_aut fepreduet.on, upon cerpletion o e w\;rfz
fvelrid &1 abuner wpon request, -
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III. ACUTE STLS STUDY IN RAINZIW TROUT
A. Method: :
Eighty P.ai.nbow Trout obhtaincd from a comercial trout producer

in Tacoma, Washington, were used in this study. The fish had a
. mean weight of 1.90_ grans and a mean length of approxiwmately 45 wm.

The test fish were conditioned in the laboratory facilities for
21 days prior to testing, and were maintained on a standard fish
food diet (PR-6, Clencoe Mills). No fish from the test group
succumbed during the 8 day period immediately preceding the
initiation of the test procedure. Fish selected for the bioassay
were judged to be in an excellent state of health. '

The bioassay was conducted in 5 gallon glass biocassay jars:
which were held in a constant temperature (+ 0.5°C) water bath. -
The trout were tested at 13°C. )

" Tho test water consisted of 16 liters of deionized water of at
least 1 million ohms resistivity. The test water was reconstituted
by adding the following per liter of water:

3 ng potassium chloride
30 mg calcium sulfate
30 mg magnesium sulfate
48 ng sodium bicarbonate

The pH of the test water was 6.2. The test water was aerated
ismediately prior to the filling of the jars and placing of the

test fish into the bicassay containers.
CONFIDENTIAL
s Sacument contiing confidential information
“vihick I3 tha property of Vetsicel Chervical
R Awst be sccounted for and retuened,
VEVOUR COPprOdution, xpoh completion of the work
Al O WA WDeR request.
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A single introduction of the test materizl was made and the

toxicity evaluated at 24 hour intcrvals for 2 total of 96 hours.

Fish used were of approximately the same waight and length
(+ 202). The fish were conditioned to the test (reconstituted)
water over a § day period.v The fish were not fed for a 3 day
period prior to the initfation of the bioassay nor were they fed

during the 96‘hour study period.

The test material was suspended in reconstituted water, using
sonification, in concentrations enabling the constamt adsinistration
of 1 ml of the test material and diluent, per 16 liters of test
water. Ten fish were used at each concentration. The mass/voluas

ratio did not exceced 1.1% grams of fish per liver of test water.

The test fish were placed in the bicassay jars 16 hours prior

to the introduction of the test matcrial.

Six concentrations of the test material were employed in a
gecmetric progression, which allowed the calculation of a (TLSO).
Two groups of 10 fish each were employed as negative {untreated)
coatrols. ‘

B. Results:
Based upon the results obtained, the acute toxicity (TLSO) for

Firemaster 680 in Rainbow Trout was calculated to be as follows:

(TLSO) Value

{Confidence Limits)

24 hours: greater thaa 3160 mg/liter
48 hours: 2612 (2491-2738) mg/liter

96 hourﬁég %ﬁle QRA3+363T) sq0/ Liter
. 3 GOSNt ronty; s
There were no mortakildess J'm,té,%m?% 733 Suitbrested) control
ESFaaratian. It myst bo accounted elsienl Chamieal

viiAgut r2pradvetion, u for ard eoiurang
3 aina. oon ¢ 28 o "
idEd O soomer upon r:::z:m of the work




mg/liter 24 hours 48 hours 72 hours 96 hours
AG4 normal normal ~ normal normal

681 norrmal normal noraal 9) normal
: , 1) swiwming ia
. side~up
(\ . position

( 1000 normal normal noraal 9) normal
i 1) dead

1470 normal 5) normal 7) normal 1) lying on
: 5) suioming in  3) swizming in bottom and
side-up side-up increased
position position 3111 wsoveaent

A Y 2 on
rFl “J-“ll!(s 558

—
= “ V" International Research and Development Corporation
'} Table 1 presents the (TLgq) values for 24, 48 and 96 hours and the
" observed percent mortalities for 24, 48, 72 and 96 hours.
‘ Dissclved oxygen and pH were monitored during the test period. 3 7_
o - Dissolved oxygen levels were maintained above 5.0 mg/liter, asration i
being conducted on the day of dosing (just prior to the introduction i
, of the test material) and at 48 hours; pH ranged from 7.0 to 7.5. ““‘
. The behavioral pattern exhihited by the fish at eack concentrationm -
tested was as follows:
Concentration Observation Feriod

side-up
positicn
5) dead
2150 5) vormal. 10) lying on 8) lying on 10) dead
5) swirning bottom and bottonm and
or lying increased increased . %«\,
upside dowm gill wovement gill movement
on bottom 2) swimming or -~
lying upside f;is‘
" mdovn onCYKNERIENTIAL. &=
L . _documant contsing '
3160 10) lying on  10) dead N o v mm‘ff*'@mgﬁ?
bottom and Co-poration. ! mush be accovated for and retus
increased WU EPIOGUCE 00, Upod COmNERC of the work
gill movement iohe 6 Mcher upoR requeil
t‘\ Negative
Control (1) mnormal normal normal normal
( Negative )
Coantrol (2) normal normal normal ‘ normal

134- 014



Firemaster®680:

Table 1. Acute Toxicity (TLSO) of Firemaster ®630 to Rainbow Trout
at 24, 48 and 72 hours and Percent Mortality Observed at
24, 48, 72 and 96 hours.

(TLSO) Value* (Confidence Limits)
(mg/liter)

24 hours: greater than 3160 mg/liter

48 hours: 2612 (2491-2738) mg/liter

96 hours: 1410 (1215-1637) mg/liter

Percent Mortality

. Concentration : Percent Mortality
me/L. 24 hours 48 hours 72 hours 96 hours
(\ 464 0 ] o 0
(_ 681 0 4] 0 0
1000 0 0 0 10
1470 0 ¢] 0 50
2150 0 0 0 100
3160 0 100 100 100
Negative
Control {1) 0 o 0 o
Negative
Control (2) 0 0 0 ¢
*Statistical Reference:
Thompson, W. R., Bact. Rev., 11: 115-147, 1947 (Modified).
CONFIDENTIAL Al
This document contains coniidantial information L -

whizh is the property of Velsicel Chemical
Jorparstion, it must Be accounied for and returned,
[’\ wilhuud reproduction, upen cempietion of the work
involved o soonar upon request.




APPEIDIX I

Acut.e. Toxicity (TL50) .Study in the Raintow Trout
with Fitemaster® 680, Lot No. 761-7

Bromine fnalysis

Promine analysis was conducted for water samples collected from
the bioassay test contaiunrs at 1 and 96 hours. The water sasples
" were analyzed by Keutron Activation for browmive conteat. The valucs

obtuined arc shown in the attaciied table.

Based upoa the data obtaiuned, bromine values mariedly decreasad

during the Y6 hour study period.

CONFIDENTIAL
This document cerusing confidentisl
which is the proper




Firemaster® 680: Acute Toxicity (TLgg) Study in the Rainr>w Trout.

TABLE ' Bromine Content, ppm.

Test. Compound
Concentration - Analysis of Bromine in Bicassay Cuctaeiners
mg/L. 1 Hour 96 Houss
Control 1.0 . ~n2
- 464 - 2.0 3.3
681 2.5 1.1,
1000 15.5 2.8
1470 38.4 5.4
2150 10.6 2.5
3160 276.0 8.9
134-014
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SR A e st aan o =

ALTTTION FOR TESTING THE DEGREE OF ACCUMULATION
OF CHEMICAL SUISTANCES IN FISH LODY

o Seupe of speolbication
The staakisdizeg :X:\;:h(x! for testing the degroe of accumulation

of chemiiva! suisiances in fish body is as follows.

AW AL Bt B W AWty wr v cow e e

B. Toemminology

The termiaclogy usad i this test moethod is in accordancs with

Pre -

that asand in the Japanese Bulustirial Standards (horeinafter referred
(o as the “JINTLL
o Tost mcthesd
B-1.  Test oomeentration of the test compound
Prior to initiztion of the test on the degree of accumulation,
an acute axicity test is made. as provided helow the resclt of
which is wad as neference in determining the concentration of
the coupound to e subjected to the tese
L Fish usd in the acute toxicity test
Manvse ovangened  killiGsh (Orizias  Latipes) (weighing
0.-13 ¢ 10 0.54) is used. Discased fisht or these with abnormal
exterinl appearance and behavior should not be used
2. Tuext water

The st water shouid bLe fnesh  undergreund  water o

.

dochlorizated city waier sufficiently acrased so  that  the
dissoived axygen coacentration s kept at abous 7 pon.
3. Tt on acute toxicity (determination of TLm)

Aweteding to the methad provided o JIS K 0102- §35. the
st cmnpaund s dissalved in the test water {Note 1) and
the W3-leurs TLin (the concentration exprossed in meyg/t
the test compound at which 30 ner cent of the tes: {ish
will die in 438 hours) is estimated and the TLm value is used

as reference in determining the tost conceniration of the
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i: t;ehci paper

o 1 poapen

o

copound te be subjcted to the text on the digree of

Acumulation,

Mote 1) 1 the test ¢compournd has little saludility ia w::tr;
suitable solubilipers (stch as ethyl alcohol, fatty acid esters
of polyoxyvthyiene sorbitan, cte.) can be used.

B-2  Mcthad of test on the dogres of sccumulation
- Thia wst is carricd out in flo. ng water and the dogree to
which the test compourd is accumulated in fish Lodias is
exmimsl,
L Appratus and cQuipaient
(1) Apparatus
The apparatus is outlined as follws :

L Active carhon wek ior dichicrination of city wates

é. Dilwting-water tank in which termplrature is controlled
and water aeraied

X Tauk for stock of salution of the test compound
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( : attached paper H
N 13
: No.3 '
: i !
H : - ; i
: ! ]
~ i3
’ \
N X *
. . M -~ B B
. i ) ;o
; S Fiow moler i i
o H ¢
: 3. Flow waier - ! !
* X ’ 3
. $ 8, Mixinee tank: l '
N $ 7. Aquariunt of velume aof 3 te 10 liters per fish, providad . i
. b
R WA temyperatune requiator { :
t P X N . i kKl
i 20 Agurrius ) :
N . . v :
: The  aquariam should be glass made, cchean and  of ? .
N ; . saffichoat voluawe for apringe tite tost fish : :
‘ . & Oiher appruatus ; :
: i : : .
. : The appamtus used for water wupply ar dilution of the ¢ :
: R test comeniandd showid Be glass made and elean as POSIION : :
: N . e Y . . L. : 1
: i Use of piastics should e Limited to the parts where it is i
A s Bwvilahie, such as joints i :
: : . i :
i $ . : ;
: 2. Test Gsht : i
E - : e aboat 16 e S
( . i Carp weighing 20 to 40 g and measuring about 1C em in : !
: ! R
H ; i Ly lemeth (Note 2) are used. ! !
- ; . . , . ; :
: } (Notwe 23 the leauth between the tip of the mouth and the ¢ : .
: H :
: ase of ke caudal Gn : :
! 3. Rewing and aeclimating ] ‘
. . . . . . . . ¢ i
H The cup are weand in a suitable fsi prad. While mariazx f :
i | -
Y . . . 3
. the divcased, the woeakened and those shiowing otiier abnormal ’ !
. t t
% signs shogid be climinated. Then extesnal or internal nparasitic { {
4 - . . - . L : :
; pathoneiies doe exterminated by sierilizer Lathing ar imudication i ?
* +
. NP .. §
§ W Jerp tae fishoin good bady condition and after that they t )
i :
4
L
T
3

PR RS w o e as.m mewem s pvy b ) P T R R

are transeercd te an zeclimniing tank, ;

: I there s adifforence hetween tie test temmzure and the ; ‘

) water temperature of the fish pond, the ﬂlﬂfl are acelimaced . )

. in ihe acchimating Gk by the method pravidud in {t1 or (3 ! :
H

Lelow od in the meandime the fish with damuages in the :

gills ar the shkin or discased are oliminated. It : !

8 ot i 1 s B W ek o d
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that tie water in the fish poml and acelimaiing tenk is

i
alwLys [owing,
G I the tose temperature is higiwr thaa die water et

wl e fish pond, fish ane acclininted for not loss than a

& in a tempemture higier by 5C or less than the water

[7)

Al

te aure o the fish pond. Then the wmneratere i

goniually mised at the rate wot wmore than F'Clday and

32 o 7

fQuatly the Gish ane noand ia Ui test tewnraiese for

2 e oSl emperate i lower than il water earateee
of i fsh powd, fish are acclimswed for net less thun a
ey Baa temperature lower by 3°C or hess ihan U water
tepesatuze of the Ssh pond,  then the vmneralene is
wiothaliy Jowered at the mte ant meee than 2C/day and
Sradly fish are noand in the test emipcrature for 7 e 10
(RN .

4 Peedige :

Polictd fevd is used. {(Note 3} Fish ane &2 2 0 3 twes
duily. Toonder te avaid any heftower, the fd should 9o
given siowly 53 that the partion of the faed fonting sa the
water surihce is enticoly eaten by the test fish befae it
rewhes tioy batten: af the agearium,
ot 1) The compound foed tainted with rosideal agricuite.=!

chemienls or othur choavieals that might cruse seisus
CIRCts i the tost must nog be uad
3. Msesurat of sdoquaey of tes fiva
Tiv Garp i tie acclimating taak ia which £at bss than 3
o oot o0 the whode fish Bave wenkomed we died within ons
work Befee the start of the tos shautt 2ot he e

6 Tust powvdun:
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Teat wator anl the condenimmiion of the tust compsund

TEND S e e et m meis e b8 By M wTs . el

Tie st water in as provided in f#-1-20 Two fewis of

Svnviiration as low as pessibic withia the amlydianl i

Cane of ilie two Lovels of aweniration is ten times higher

R R e e T

Ui tine other) should be prepared. {(Note 43

The st is crpied out in exch of wwo colcentraiion

41t @t e e ca) Armtm snem e rl

oevels eationer Jlove, (Nate 3) ond at the same tine
Bhak test s pnade in the waner it which tie test compound

dinanlvad. uriae the test period, test water is

L S T TR

cuttrafled = that the concentsatiox of dissolved oxygen

rben s s e e,

is Koot ag about 7 ppuu

~,
""'-,)‘......-, R TR e
. wram m t

Naswe ) Two concentration levels as fow as pessisie witltin

the anadvtienl limit, amomg the levels of 17100, 1/1000

% of 48-hour TLan determined in [-1-4, will

el LK

. eme A et omar .

seeve as a gsde.

Cbemeew e

(Note 3 I the test oonisoused hias Tittle ancubitity . waler,

SARCAIE TRF LPL e

suitehic subilizers (such . ethyl aloosiol, farty a2eld

P C

ostirs of palvoxyethylene socbitan, ete.) are used.

tosi water is Kept at 253+22C.

R R T T P

i
:
:
t
t
i
B
i
;
!
N
1}
s
H
:

Tuat porind

Tie st should ixe continued {or B waehs, in principln

e sy -

Plowever, in ilne case that the concentration fuutor ealcu-

L T P

).

Friot B the wguation pravided in §-2-8(1) excceds a givea

T

B}

L etne TP U g mey AR w0 e o

ease it gives A maxinmuua value in either

walue or la G

A of the two lovels of tost concentrution, the tost may be

Progadure

. — . Ly i e o
e A v o -

The test {ish that have met the asscssmont provided

B-2-3, are rearcd under the coadisions provided in (i

P

P SR D e spemn e o e o

P

o e e

~
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aiinchea papes - ' . ;
) No.6 ' "
; : . * : i
! ]
Uiengeh {3) usiig? the apparatus and cquipment  peovicad i
: ! in §-2-1 Excretions of the carp and smudmes on the walt , ‘
' ' . of the aquarium should be reiovad about cince & day thoeagh- {
: out the test poriod. ,
,' § 7. Avalysis of iext lish s :
i; ! {1' Every one or two woeeks twa to three test fish arc taken t i
: oul st less than ton hours after fnding and subjocted : }
{ to analysia The fish from the water eoeotzation leve! in i i
f : which the wat® fish have shiowad disticet abrormal sims § ?
. shoviems e qest should mot e soeviad for amlysis ;: 2
§ ; ¢ T surface of G body s wiged Hishily with gouze and . .
; » wiwly fish is \\\:i,‘:hrd accumtely to the unit of 91 ;2 ! g
! : In the nest plice, tine - whole lady  of cach fixh, n : l
} ;E . principle, i hommaenated and a suitabic gretvatment sush f 3
: f as exiraction and concentrazion, depending upon the chaniesl ! :
¢ : propectics of the test compound, s miade 0 prepare a ; 2
i § . sumnle for quasiitative annlysis i
E ; I analysis is made as dirccted in the Geneeal Rules ef 3
§ - Analysis uovided in the IS (zas chroma oxnphy. absorp- : ’
! ; tiouwtry, mass spocirometry,  atemic absorption  spectro- ; ;
g ' pliotasictry, e, § g
¢ t L Calsularime aicthod of the tost rosult : .
E (i The dogree of accumulation, expressed 3y concentranicn h '
?_ E " Iastor. is caleulited by the following cquation. 3 %
s H -
g : : Chn = ..E‘!;';,F B i §
SR s
HE CFa: Concentrution factor afier a weels i ;
M 1 . P *
: Fa : Concontration of the test compound in the fish body : :
‘ l after » weeks in the tost period
: ' FB @ Arithimetical mean concentration of the test compound g ;
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 CHEMICALS INSPECTION & TESTING INSTITUTE, JAPAN

HEAD OFFICE - LABORATORY
+1. 4-CHOME. HIGASHI-MUKOI . ASHIKAGA, TOKYO, SHIZUOKA, NAGOYA.
R % 2Ty "'rgxw.;mm; MA. OSAKA. KOBE. TOYO-OKA., OKAYAMA.

TAKAMATSU, HIROSMIMA, KURUME.

S5.1.2. Analytical lmtfumnt
Gas chromatograph, JGC-20K.
(Japan Electron Optics Laboratory Co., Ltd.)

5:2. Test Condition
5.2.1. Measurement of A8-hours Tim value

(a) Test fish
‘ Mature orange-red killﬁsil (Orizias latipes), Passed
-~ : mercuric chloride test.’

Mean Weight 0.2g..

(b) Solubilizers and dissolving method

Diaethyl sulfoxide.

!lydrogemtoci Castor Ol1 (HCO-4G).

The amount of solubilizer to test sanple vere 22 fimes'
the quantity of dimethyl sulfoxide and 20 times of-
the quantity of Hydrogenated Castor 0il in weight ratio.
Ths mixture of sample and solubdi lizer is irradiated
with suml;:onic wave for 10 minutes, and dissolved in
water. The concentration of the stock sclution is
500ppm. .
*Refer ‘to Kenji Tabata s "The proposal for standard

 Tim test usiig Orange~Red Killfish as tist fish, "

Journal of Water and Vaste, 15, 1297 - 1303 (1972)

(¢) . Test tenerzture

25:2&.

(8) Reaut
&8-hours TLa value 1 230ppm (w/v)

Ledve thi: srace dlank




CHEMICALS INSPECTION & TESTING INSTITUTE, JAPAN

HEAD OFFICE . . - LABORATORY
NO. 1-1, & CHCOME., HIGASHI-MIUKOJIMA, ASHIKAGA, TOKYO, SHIZUOKA, NAGOYA,
SUMIDA- U, TOKYO, JAPAN. . os'AKA. KOBE, TOYO-OKA. OKAYAMA,

TAKAMATSU, NIROSHIMA, XURUME

Test Report

1. Applicant s .Ube =~ Cyecon Co., Ltd.

2. Test Sample 3 Bis ~ 1.2 - (2.%.6. - Tribronophenoxy) - ethane.

structural formula

Er Er}
Br - OCH; CHy Br
Br &n

3. Scope t Maasurement of the degree of accumulation of the

test sample in fish body.
4. Test period 1 Jul. S, 1976 - Nov. 5, 197

S Test methaod t Refer to the Items of Artical 2. of the Order
Prescridbing the Items of the Test Relating to
‘Newr Chemical Substances (Order of the Prime
Minister, the Minister of Health & Welfare and
the Minister of International Trade & Industry Yo. 1,)

" Method for testing the degrse of accuam:lation of

" chemicrl substance in fish body."
See the attached paper.

5.1. Equipment and Analyticil~1nstrument
S.3.31. Aquatren:

Sanple to be testad wera dispered In water wita
solubilizer and supplied comtinumously ﬁo the mfxing
tank, whers diiuted with~109 times the volume water
and introduced into test tank.

Eoth room and tost tank temperaturs wers controllisd
within 25 &« 2 C.

£
g';,
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Dete L20, 27, SEP) 1926 _ I = K o.m:.gien'
1 Room Temm 25 T -] o 1T 1 =

Model __JOC -g0K - B Y el e e
Sample: -8 y - o R o 1= :"

G@S A . nl@ng. ’ = = —

] -

Solvent.__Benzsne SN R e Rl R DR B B
Temp—213__ To.___ T —t ===

Tewp. Rate— T/ min. ' R Mivhe — | ~ =zl

Liq. Phase— R& = 200 — e v e gt it AN

wt. % 3

Support__Gas ~chromQ =
Mesh 80 - 100 '

Ate——

Treatment
Ref. Column
Carrier Gas

"Flow Rate A 2320 _kg/cdl (m!/min)
B\ _kg/cdt (ml/min)
H, Flow Rah A ' kg/cd (ml/min)

Ce — kg/cdd (ml/min)
Air Flow Ruto.—_h/d(l/iin)
Detector 5S¢ ‘

Rad. Source— ® m :
.Range- 1,1 @v
Sensitivity ui :‘0
320 T

Injection Temp. 330 T
Chart Speed—— 3 __ _mm/min.

( Note :

Detector Temp

Operstor A Group
G £-'an

p— - - -

cals Inspection & Testing Institute, Japan -
Chenical Biotesting Ceater .







(1) Adscrbent
Silica gel, washed with conc. hydrochleric scid.

(2) Conditioming
Activated at 110°C for 24 hrs.
5% ©f water in weight ratlc was added to activated

cilice gel, and kept at least for 12 hra before use.

(3) Chromatagraphic column
Glm coluan, 10wm in diameter, 15g of the conditioned

sluc- gel packed in.

{A) FElvent Pensene.

*s The first *Oml! of fraction was provided for gaschromatography nnnlysis.

2) Exposure water

Sxposure wuler

o——fxtract with twvo S0ml of Nenzeme.

Aqueour* layer

Nanzone layer

*  Filtrete through anhydrous sodium
sulfate.
* Concentrate t~ SOml.

-

Sawmple for gas chrosatog '
. % _J

Leave this space dlank

- BEAD OFFICE *  LABORATORY , -
2 NO. 11, 4CHOME, HlGASHI-MJKO.IMA . 2U0K
SUMIDAKLL, TOXYO, . Q

. . TAKAMATSU, HIROSHIMA, KURUME.

. Column chromatography conditions.




CHEMICALS INSPECTION & TESTING INSTITUTE, JAPAN

READ OFFICE _ - LABORATORY
NO. 1-1. 4-CHUME. HICASHI-MUKOAMA, . ASHIKAGA. TOKYO, SHIZUCKA, NAGOYA,

SUMIDAKU, TOKYO. JAFAN. OSAKA, KOBE. TOYO-OKA, OKAYAMA,
= TAKAMATSU, HIROSHIMA, KURUME.

5.2.4, Analytical conditions for gas chromatography

Colu=n g Glass, ‘am"x 30cm

Stationary
gphase

t Siltcon DC200, 2%/Gas chrom Q 20/100 ussh
Column temp 8 235°C
Carrier gas t Mo

Detector t ECD (63Ni)

6. Test results

Table - 2. Concentration factor

m- Weok oW 4w & aw
levels\
6.6 10.3 6.7 3.6
Higher 26.6 29.9 5.2 27.1
‘ 19.0 11.9 26.1 53.6
Lower 19.7 17.4 29.2 25,4
Laat ltem

Chemical Biotesting Center

Cheisicals Inspection & Testing lnstituta, Japan
h~1-1, Higashi-mukoiime, Sumidalku,
Tokye, Sfapan

Director, Toohire Aral

Toinlon fra




— CH!MICAU lN!PSmON & TESTING :m'm'um JAPAN

" HEAD OFFICE . °  LABORATORY

"NO. 1.1, 4-CHOME, HIGASHIAMUKOAMA, o ASHIKAGA, TOXYO, SHIZUOKA. NAGOYA.
"SUMIDA-KU. TOKYO, JAPAN. QSAKA, KOBE, TOYO-OKA. OKAYAMA,
TARAMATSU, HIROSNIMA, KURUME.

Table - 1.

Mean of test sample concentration in exposure water for the calculation

of the concentration factoer

0.270

0,0253

toanws dhia smacn hlank
SheE Speee




CHEMICALS INSPECTION & TESTING _lNSTlfl!TE, JAPAN

HEAD OFFICE . * LABORATORY
MUK

NO. 1.1, 4-CHOME. HIGASH! OJIMA, ASHIKAGA, TCKYO. SHIZUOKA. NAGQYA,
SUMICA-KU, TOXYO, JAPAN. OSAKA. KOBE. TOYO-OKA, OKAYAMA,

TAKAMATSU, KIROSHIMA, KURUME,
5.2.3. Analytical procedure

_a) Test fish

Test fish

yeigh the total weight of fish dody.

Cut into pieces.

Add SOml of IN-potassium- ethyl alcohol
sclution.

Reflux for 2 hrs.

o Add 50ml of distilled water.

o—Zxtract with two 50ml of benzena.

Nenzene layer

Aquecus layer

Discard. <«——Wash three times with each 20wl of

distilled water.

r
Aquecus layer
pDiscard.

Benzena ieyer

e Filtrate through anhydrous
sodium sulfate .

. Concentrate te ahbout Sml.

+ Llean uﬁl with column chremstography.

Sacple for gas chremategraphy

1aave this space DLANK  cocmmmmummmnn—




(HIMICAI.S INSPIC'I' !ON & TES‘I'ING lNi‘ﬂ'ﬂ.lTB: JAPAN

HEAD OFFICE - " LABORATORY
NO. 1=, 4 CHOME, M1 HIGASHI-MUKOJMA, ' ASHIKAGA, TOKYOD, SHIZUOKA, NAGOYA,
SUMIDAXU, TOKYO, JAPAN., OSAKA, ROBE. TOYOOKA. OKAYAMA,
i TAKAMATSU, HIROSHIMA, KURUME.

$.2.2. Test of the degree of asccumulation
‘(a) Disinfection

The test fishes were dathed in the aguecus
solution containing )Og.of CuSOy; and Jéal.

of acetic acid in 60 1. of water for )0 meconds,
and then 10ppm solution af chlorotetracycline
hydrochloride for 24 hours.

Acclimation, 25 a 2°C x 1A days.

Test tank
Glass, about 100 l. in volume.

Flow rate of test water, 576 l. per day.

Teat fish

Carp (Cyprinue carpio).
Mean weight, 3Og.
Mean length, 10cm.

alubl lizer

Same to 5.2.1. (b)

Test Temperature

Laave thiz suwace hlanke




CHEMICALS INSPECTION & TESTING INSTITUTE, JAPAM

HEAD OFFICE *  LABORATORY

NO. 1-1. 4-CHOME. MIGASHI -MUKOJIMA, ) ASHIKAGA, TOKYC, SHIZUOKA, NAGOYA,
SUMIDAXU, TOKYO. JAPAN. OSAKA, KOBE. TOYO-OKA, OKAYAMA,
. TAKAMATSU, HIROSHIMA, KURUME.

(f) FExposure 'evel of test sample

Two exposure level's that is 1/1,000 and 1/10,000 of 48 nrs

TLa value were chosen.

‘ 1 : i
z -y N
fligher 230 x 1,600 = 300 x 1,500 = 0.3

Dimethyl {l+drogenated
sul foxide | Castor 0il (1ICO 40)

Higher " 0.6

Leave this zpace blank
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Roow Temmx._____ ¢ ~r
Model —_JGC = 20x

. Standard solut

io.

Sample___3 = 83 : '
COS—2  _ ni@mg.
Solvest____Benzens -

Columa L. 0.3 4 1 D_2__ _nmm.
Temp-—ni_-.b"-—“c
Temp. Rnh—;_'(b'mia.

Liq. Phase—_DC =~ 200
wt. % 2

Support___Gas - chrom Q
Mesh 80 _- 100
Treatment

Ref. Column

Carrier Gas "2 -

Fiow Rate Al 20 1o/ent (ml min) "
Bl _kg/ond (ml/min)
H; Flow Rate Al __kg/cd (ml/min)
B _kg/cod {m!/min) .'
Air Flow Rl.sg—“.kg/cnfﬂ/min)

Detector : ECD
€3 w1

Rz3. Source

Rarnge. 1.1 @V

Hi x 8

Sensitivity
Detector Temp 320 T
Injection Temp.__ 320 T

Chart Spesd -‘_L___mm/’min.

-

Note

Cperator___.

-




Industrial B1O - TEST Laboralsuies, Jnc.
o - 1810 FRONTAGE ROAD
‘NORTHBROOK, ILLINOIS 60062

STATUS REPORT TO
"MICHIGAN CHEMICAL CORPORATION

BIODEGRADATION sTUDY WITH 14C-TAGGED MC-680
cAs s 37ps3-57-

NOVEMBER 20, 1975 - ,
1,-2° 54’4‘ - (I‘I‘fzn»m/v“vz/)-
IBT NO. 632-07189 ks
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Indiidricl BiO -TEST Lzboralonies, e,
1810 FRONTAGE ROAD
NORTHBROOK. ILLINQIS 60062

November 20, 197¢

Dr. F. A. Daniher, Manager
Research & Development
Michigan Chemical Corporation
1975 Green Road :

Ann Arbor, Michigan 48105

Dear Dr. Daniher:

Re: IBT No. 632-07189 - Biodegradatica Study with
C-Tagged MC-£80

We are submitting herewith our iaboratory report prepatrad
in connection with the above study.

Very truly veurs

CSL“ o Galanol,.

J. C. Calandra
Prasident
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vihiel is the pioperty of Vaisicl Caosmical
Corgoeration, 1t wust be accounied for and reinened,
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STATUS REPORT TO
MICHIC'AN CHEMICAL CORPORATION

BIODEGRADATION STUDY WITH 14C- TAGGED MC-680

NOVEMBER 20, 1975
IBT NO. 632-07189

I. Irtroduction

A sample of 14C-labeled MC-680 with a specific activity of 34 micro-

'c\‘xr.iel(pc) per mg was prepared by Amersham/Searle Corporatioa.

-

At the request of Michigan Chemical Corporation a biodegradation study
was initiated to determine biodegradability of the flame-retardant material
MC-680. The status report describes the test procedures and p?esents the
:ez.!.t# ohtained during 7 weeks of testing: The test material is presently

being tested it‘3 differeat concentrations using a simple shake flask system to

moaitor CO2 liberation.

COHFID( iTIAL

This documant comtans ¥
whick is the preperty ot Velsical c&mﬂ
Corporation, R must D¢ accunted !w g rereed,



Fndushicl BIO-TEST Laboralosios, Inc.

II. Summary

Tests of aercbic biodegradability are presently conducted by expo;ing
Hc-tagge‘d MC-630 to acclimatad séwa‘ge and garden soil micrcorgaaisms
a skake flask system. Each reaction flask (125 mi Erlearaeyer flask) is
equipped with a small center cup coataining the KOH-Solution for absorptmn
the respired 14c02 due to biodegradation of the labeled test material by ré;.
micrcorganisms present. The curreat exper@ent is now in progress for a
period of 8 weeks for test groups I and II, and 4 weeks for test groué I, net
including previous microbial acclﬁnation.

During an 18 day acclimation period microorganisms derived from sewage
and garden soil were exposed to ncnlabeled MC-680. The adapted bacterial
seed organisms were then used to prepare the test media. Thrée different
concentratioas of 14¥C-tagged test material in microbial media were prepared
(1.0 and 0.01 percent, and 1.0 ppm). Control tests consisted of reaction flasks
containiag * Mg
culture toward a known biodegradable compound. In another coatrol sample
14 MC-680 was suspended in distilled water (with adaition of HgCly) eltininating

the presence of microorganisms. : ‘ %
14(:03 liberation from universally radiocarbon labeled MC 680 was evident
N

in all test samples throughout the study period reported. Degradation, however,
is considered slow. A graphic illustration (Figure 2) demonstrates the daily 'S

rate of “CO;.; respiration expressed as percent of theoretical suuatrate acrivity.
COMrFIDENTIAL
This ducument contzing cnafidential intormation
which is tha prapesty of Velscol Chemical
Corporation, 1t must be accounted for and returned,
without reproduct:on, upsh compigtica of the werk
involved OF Sochsr upoh raQuest




Durina the | “ 4 weeks ot incubat\on, “COZ evolution appears to smb!.hze

‘at a low ute ranging from 0 002 to 0.007 percent (T-I ‘and T-ID). ’Ihe third
group (lowest concentrttion - 1.0 ppm) is indicating similar !endemnes. but

percent tecovery of 14C-ach.vity is slightly higher than in l 0 and 0.01

perceat MC-680,

&
~Tables Il through V preunt the radiometric results of tests T-1I, T-il, §;

and T-III for each sunphng period. Table VI presents the results of ail

control samples.
Respec tfully submitted,

INDUSTRIAL BIO-TEST LABOR._ATORIES, INC.

. Report prepared by: e eanan -) o SN
n Irene A. Dressler, M.S. .
( Group Leader
Metabolic Studies

&= /
Rep'ort approved by: /

M. L. Keplingo/
Manager, Toxicology”

lam:bp
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Sndusirial BI1O-TEST Loboraivrias, Inc.

III. Experimental Procedures

A

Preparation of Mediuin

The test medium consisted of a mixture of zeclimated microbiai

inoculum, fresh raw sewage (seitied) and supernatant of a .resh garden

soil sierry.

g R

Acclimatioa of the microorganisms was carried out in a minimum

salts-vitamin raedium supplemented with 25 mg/1 each of yeast extract and

vitamin-free casamino acid. During the acclimation period nonlabelad MC-680

was added in increments. OnDay 1 andDay 7, 10 mg and 100 mg of the material

was added, respectively. The contents were mixed wall and aerated every cther

day, and held at 20*C in the dark. At various days during acclimation, test

media were prepared using the acclimation culture to test the activity of the

culture. After 18 days (?!9,"75) the initial test series {1.0 and 0.01%) ware

set up.
At the start of the experiment (Day 0}, fifty mi of supernsiant of the

acclimated micrnﬁial culture and 10 ml of settled fresh sewé.ge were combined

and diluted to 500 ml with the minimum salt and vitarmin solution. Reagent
. g

water according to ASTM specifications was used for this preparation. Hydrcge*x

A

gﬂ

ion conceatration of acclimation culture and {inal test media were measured -3

and revealed for both a pH of 7.0 at the start of the study.

TR o

B, Reazticn Flask Contents

Erlenmever flasks (125 ml) were employed for all tests. The

(:ﬂﬁfii}ﬁ!?mi
e pra-weighed test material was placed first dorara ST I inf: éﬁﬁ'f
{ : wihieh I8 the pwps:‘u ‘bi S R¥
N Corearston, 1t must De accounted for and r:*mmad.

sadition of 30 ml of medium. In the Casg ol RBTLINShMRRIES.4 work
inusived O aonnae upen requesl.



MC<«580 (14C-hbelad)wa,; dis:olved in ethyhceta.te. A vclume of this
- fioluﬁon cont;ining the equivalent of 30 rmcrograms was pxp-tted into
7 tho reav..tion ﬁaak. The solvent was evaporated prior to addition of
= medium. To improvs dispersxon of the test material, 2 drops of a
surfaciant (:WEEN-aO) were added to each of the test flasks.
- ' Evclved:MCOz was Zcontinuously absorbed in an aikali
solﬁtion. A‘sml). plaStic cup was suspended over the medium in the
" center of ~the Erimeiex‘ flask; the cup contained 1.0 ml of 0.5 N KCH.
A piece of pleated filter paper was placed into the alkaii solution in
such a way that half of the piece was pr‘ojecting into the open space
above (see 'Figur'e l); ’
_ On September 9, 1975, two test groups (T-I: 0.01% and T-IL:
? " -l. %) were started with four flasks each. The test material \va;
' weighed directly into the reaction flasks prior to adding 30 ml of the media.
Table I presents the quantities of labeledA and non-lateled MC-68C used
" in each test ﬁask. Control flasks recei:ving the identicai acclimated

microorganism culture and “C-tagged D-glucose were also started.

A third test group (T-II) containing 1¥C-tagged MC-680 in the media at

i
¥

5,

‘a concentration of i ppm (parts per million} was started on October 7, 1375.

"

}

The test medium was prepared fresh for this series in the same manner

i,

as previously described. The acclimated inoculum was of the same origin
as the cne used in T-I and T-II, Duplicate positive contrel samples

containing 14 _slucose were also initiated on Octcber 7 “sgﬁ;ﬁ fniture media

i3 o mﬁm confidential n*’x*f‘»zm
((\ identical to that prepared for test group T-IX ™ g ; A property af veisicel Chemical
) ‘ uwmu. 1t must De accaunted for and ——y

Wit Toptouion. pCh nmsiﬂn of De weid
fnvoived D WLoNt u:pm requett



Sudutria! 310-TEST Zedostoies, Inc

A contrcl flask eceiving water and HgClp (50 mg/l) instead of
the microbial media, but containing '4C-tagged MC-680 was included a.i: this
time; Table II presents the total radicactivity contained .in each of the contro
ﬁasks at the beginning of the experiment.

C. Cperational Routines and Samplir.g Broceduaies

The reaction flasks were incubited in Dubnoff Shakers aad held vunder
continuous shaking. The rate of shaking was approximately 85 cycles per minute.

The temperature of the reacticn vessels varied with the ambient room conditicas

" between 19 and 23°C. Except for brief periods of samnpling, the flasks were

kept in the dark throughout the study to prevent algas growth. Periadically,
each flask was ( purged \viéh a 70:3C 02/N2 mixture: this was dons usually at
sampliﬁg time and not less than once a week. )

The KCH solutioa from the center cup was transferred quaatitatively
with séveral small rinses to a sciatillation counting vial. The filter paper was
added to the same vial and the contents were radicassayed in Instagel.

‘Counting was conducted in the Mark II counter {(Nuclear Chicagoj.
Efficiency corrections were made using the channels ratio method. Samples

were dark adapted for at ieast 24 hours prior to radio assay and were routine&g I
Y eRy .

couated tor 10 minutes. ' 8
» b

-
During the esarly phasce of incubaticon, the liberated 14‘{?03 was mosita?gd

During the last 4 weeks samipler were obtained once a we ‘r

CONFIDERTIAL .
Triy document coniing confidentist inforniation
which {3 the property of Valsicol Qmmxc?
Carporation. It must b gecounted for and reternad,
Wihaut repreduction, upon compietion ot the woil
Lpived OF Soueat upoR fequest.
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REPORT TO

MICHIGAN CHEMICAL CORPORATION

BIODEGRADABILITY STUDY WITH
14C-TAGGED MC-680

JUNE 11, 1976

IBT NO. 632-07189

I. Introduction

At the request of Michigan Chemical Corporation, a biodegradation
study was conducted to determine the extent of degradation of the flame-
retardant material MC-680.

A sample of 14C.1abeled MC-680 with a specific activity of 34 micro-
curies (uc) per mg was prepared by Amersham/Searle Corporation. The
test material was tested at 3 different corncen'tra'tions using a simple
shake-flask system. The rate of degradation was monitored by measuring
the amount of l"COZ liberated.

© This report describes the test procedures and presents the results

- obtained during 30 weeks of testing.
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micronial systen..
14 ; . . .
~*C-tagged ML-680 was exposed to microorganisms derived

frorm fre.h settlerd sewzge ind garden scil in a shake flask system, The

extent »f ultimat: degradation wae rounicrad by measuring the amount of

14(303 licerated due to degr.dation of the labeied test material by the

microorganisirs preseut. Fzch reaction veassce! (Erlenmeyer flask) was
equipped with 2 srnall renter cup cnotaining e KCH solution for absorption
of the respired I‘ECOQ_. The é)’perzment was maintained for a period of 30
weeks for test groaps I and II, and 26 weeks for tast group III, not including
previous microbial & :climation.

Diring an 18-day acclimation period microorganisms derived from
sewage and gnrY . ~eil wer- exposed to nonlabeled MC-680. The adapted
bacterial s2ed srganisms ware then used te prepare the test media. Three
different .con’:esi:r'tian:: of 1*C labeled test material in microbial media
were preparad (1.0 and 9.01 percent, and 1.0 ppm). Control tests consisted
of reactien flasks conta ' ning l*’w:»tagged D-Glucose to demonsirate microbial
activity of the cul ure teward a krows: biodegradable compound. In another
control sample 14, MC-630 was susr~nded in distilled w ter (with addition

of HgCiz) eliminating {4 prosence ol viable microorganisms.

.




" Incubation of tests T-I and T-II (0.01 and 1.0 percent) was terminated

gftgf fZl 1 gl‘ays'or 30 'were'k's: from test group T-III (1 ppm) a final sample was

 obtained at 183 days (26 weeks).

B _ Evolution of 14C0O, from degradation of uniformly labeled 14C-MC-689
was évidenﬁ in all test samples. The rate of degr;dation,~ho\vever, is
considered low. Fol'lowing an initially accelerated 14C03 liberation,
14COZ absorpti‘oh decreased to about 0. 001 to 0.008 percent of the total
14C-activity in th‘e system in groups 'I‘-.I and T-II; The test group con-
taining 1.0 ppm of l‘LC-MC,--GB.O in the medium revealed slightly higher
reccvery values (range: 0.003-0.014 percent).

Total 14C~activity, liber;ted as 14CO?_, accumulated to 2.67 x 106 dpm
in group T-1 (0.01%) and to 4.64 x 106 dpm in group T-II (1. Oéb), repré;eniing to
recoveries of 1.11 and 0. 53 percent of the initially applied 14C-a.c:l:ivity (labeled
MC-630). In the third test group (T-III) containing 1 part of e Mc-680 per mil

sha dabtal l"l iand bhoa H o Y IS VY
Tiie voumx 7 Q. U1 1acuuatit

Wl i1 3

tam mmmbe af maadia =
IWVIA PRI D Vi Iliewin,

3> day
amounted to 1.41 percent of tctal l4c applied. These results indicate that
the rate of &egradation was slightly favored in the lower concentration lavels.

Inhibition of growth rate of the microbial population in the prescnce of

MC-680 at the 1.0 percent level may have been responsible for a reduced

lac O, evolution.
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Table I presents a summary of the radiometric assays of tests T-I,

.

T-1I'and T-1II fc  ‘ach sample period; in addition, Figure 1 illustrate.s
these data, Tablé I pres;ezits a summary of all control samples.
Réspectfully submitted,
iNDUSTRIAL BIO-TEST LABORATORIES, INC.

Report prepared by: \2@9{, &.J/Oz—i/o-o/é(/(_,,.

Irene A. Dressler, M.S.
Group Leader
Metaholic Studies

Report approved t[y:\\ '{%&}:’({»y /( - ;4/_‘:C/37‘6;4Zf;

Florence K. Kifioshitay PhoD,
Technical Manager, Toxicology

u'ﬂ,: - ‘_9// -
//% - g2y 2
M. L. Keplinger,/Ph, D./

7 /

Manager, Toxicology
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. TABLEI

 TEST MATERIAL: MC-680

. Biodegradability Study With 14C-MC-680

' Summary of Respired 14coz Activity

S j "~ Average Daily Rate of 14C0O; Evolution Expresséd As
-+ Test ' Percent of Total Theoretical Substrate 14C-Activity

Day ' ' Test Material Concentrations:
Number ..1. 0 percent (T-II) 0.0l percent (T-1) 1 ppm (T-III)
1 0.014 : 0.019 9. 050
2 0.013 0.024 N. A.
3 0.008 ‘ 0.022 0.037
6 0.007 0.011 N. A,
7 N.A. N.A. 0.018
9 0.006 _ 0.009 N.A.
13 0.007 A 0.018 ’ N.A.
14 N.A. N.A. - 0.008 -
, 16 0.007 0.022 N.A,
20 0.008 0.009 N.A.
(J‘ 21 N. A. . N.A, 0.008
28 ’ 0.003 0.007 0.010
35 0.003 - 0.007 0.014
42 0.002 0.005 . 0.012
49 0.003 _ 0.004 0.010
56 0.003 . 0.007 N.A.
63 : . 0,003 0.008 N.A.
70 ’ 0.002 0.004 0.0°5
77 ' 0.002 0.004 N.A.
91 . N.A. N.A. 0.003
98 0.001 0.004 N.A.
119 0.001 - 0. 006 0.008
- 147 _ 0.003 0.003 N.A,
155 N.A. N.A, 0. 006
161" 0.002 0,005 N.A.
183 0.032 0.003 0.006
211 0.001 0.002 N.A. .

N. A. = Not analyzed.







_TABLEIl

. TEST MATERIAL: MG-680
-~ ' Biodegradability Study With 14C-MC-680

. Summary of Respired 14C0O; Activity

Average Daily Rate of 14CO; Evolution Expressed As

-~ Test - . Percent of Total Theoretical Substrate 14C-Activity
. Day S - . Control Samples:
"Number - Glucosel &2 Glucose 3 & 4 H,0-HgCl,
1 27.29 20. 86 0.000
2 4,81 - - -
3 6.18 7.80 0. 002
6 5.78 - ' -
; 1 - 7.28 . 0. 000
' 9 5,53, - - -
13 4,94 : - .
14 - 2.98 0.000 °
16 3.35 - -
' (/ 20 2,54 - -
21 - 1.03 0.001
‘ 28 1.49 0.59 0
35 ' 5.49 0. 62 <0. 001
42 « 1.96 0.6¢ 0.000
49 0.84 0. 41 0.008 ~
56 0.55 0 0
63" . 0.49 - -
70 , 0.44 0.35 <0. 001
A 0.55 ‘ - : -
91 - - 0.23 0.001
98 1,01 - -
119 0.16 0.13 0.001
147 : 0.12 - -
155 - . 0,14 0.002

0.09 0.13 ‘ 0.001
0.07 - -
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I1I. Experimental Procgdures

A. Determination of Toxic Concentration Levels

A screening test was initially conducted in which non-labeled

MC-680 was used to examine the effccts of the chemical on the biclogical
oxidation rate of microorganisms. Oxygen utilization was determined
manometrically at various concentration levels using the conventional

Warburg Constant Volume Respircmeter method. The biological seed

" culture was prepared from fresh sewage and top soil. The concentrations

of MC-680 in the media ranged from 0.1 ppm to 10 percent.

The results of the manometric measurements indicated concentration-
dependent toxicity at the 10 percent levél. Amongst the rema;.ning test levels,’
ranging from 0.1 ppm to 1l percent, oxygen uptake during the first 72 hours
was similar to that observed in the contx’oi flask {(microbial media without
test material). A slight decrease of oxygen utilization was observed after
72 hours at the 1 percent test level indicating possible growth inhibition of

the microbial population effected by the presence ~f the test rnaterial.

B. Microbial Acclimation

Acclimation of the microorganisms to the test compound was carried
out in a minimum salts-vitamin medium supplemented with 25 mg/l each of
yeast extract and vitamin-free casamino acid. During the acclimation period

nonlabeled MC-680 was added in increments. On Day 1 and Day 7, 10 mg

and 160 mg of the material were added, respectively. The contents were

mixed well and aersted every other day, and held at 20°C in the dark. At




‘V using th§ acclxmation culture and tested for microbial activity. Radiocarbon-
: : labeled glucose served as l readxly biodegradable compound.
Following 18 days of acclimation, the first 2 tests were initiated with
0 Cl and 1. 0% of MC-680 (T I and T-II, respectively). A thirc'test group contair
ing 1 ppm of 14¢ Mc-680 per microbial medium (T-1II) was started 46 days after
initiation of the -acélima‘ion cultnre.» The original inoculum (acclimation media)
was used in each test, .

.

C. Reaction Flask Cortents

The test medium was prepared as follows: 50 ml of supernatant
of acclimated microbial culture and 10 ml of settled fresh sewage were
combined and diluted to 500 ml with a minimum salt and vitamin solution.
Reagent water according to ASTM specifications was used for this preparation.

Hydrogen jon concentration of the final test media was adjusted to a pH value

—r -
T
.

* A.l_‘_
o & &L WIT

. Thirty ml of the above solution was added to 125 ml—Erlenrﬁeyer

flasks containing the test material. Flask replication consisted of 4 for
each concentration ‘level. The test chemical was weighed directly into the
flask or transferred quantitatively dissolved in ethylacetate (1.0 ppm). The
solvent was completely evaporated prior to baddition of medium. Table III
presents the actual quantities applied to each rcaction flask, Two drops of
a-surfactant (Tween-80) were added to aid dispersion of the suspeaded

( material in the 1 percent concentration tests.,
~—
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Duplicate E:onrtrol'tests containing 14C-D-glucose in place of the

,;—,t’e’ﬁ,,ﬁimpduniMC-&&O;\ver e initiated at each of the 2 starting dates. These
flagsks received microbial media and .inoculum i‘deﬁtical to that af the

T respective testseté and were included to demonstraie microbial activity

~of the culture towards a known degradable material,

A control flask receiving water and HgCl, (50 mg/1) instead of the
microhial media, but containing 14c.Mc-680 was also included. Table IV
presents the total radioactivity contained in each of the control flasks ;t
the beginning of the experimént.

Evolved 14C02 was‘ continuously absorbed in an alkali solution.

A small plastic cup was suspended over the medium in the center of the
Erlenmeyer flask; the cup contained 1,0 ml of 0.5 N KOH. A piecc of
pleated filter paper was placed into the alkali solution in such a way that

half of the piece was projecting into the open space above (sce Figure 2).

.
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C. Operationai Routines and Sampling Procedures

The reaction flasks were incubated in Dubnoff Shakers with
contiruwous shaking. The rate of shaking was approximately §5 cycles

per minute. The temperature of the reaction vessels varied with the ambient

room conditions betwcen 19 and 23°C. Except for bricf pericds of sampling,

the flasks were kept in the dark throughout the study to prevent algae growth,
FPeriodically, each flask was purged with a 70:30 0,/N; mixture; this was
done usually at sampling time and not less than once a week.

The KOH solution from the center cup was transferred quantitatively
with several small rinses to a scintillation counting vial. The filter paper
was added to the same vial and the contents were radioassayed in Instagel.

During the early phacse of the experiment, liberation of 14C62 -was
monitored at shorter intervals; after 3 weeks of incubation, samples were
ocbtained once a2 week. Total incubation time for tests T-I and T-il was
211 days (30 weeks); the T-III (1 ppm)-units were tested for a total of
183 days or 26 weeks.

D. Measurement of Radioactivity

A Searle Analytic Mark II liquid scintillation counter was employcd
for all radiometric determinations. Efficiency corrcctions were made using
the channels ratio methcd L Quenchiny curves were prepared using

14 .- .. S < g
toluene-**C standards (radioactivity: 2 x 10° dpm) quenched by additions

2.

of variable amounts of carbon tetrachloride

E‘?‘CuﬂQ, G. A., and Christian, J. E., Anal. Chem, 35, 1024 {i961).
“14C-Quenchoed Standards, Amervsham/S:arle Corporation,
Arlington Hoights, Ilinois.




Counting efficiencies were in a range between 77 and 82 percent.

e Ihe samples were- routmely counted for 10 mmutes and occasionally for

longer periods (100 minutes), The samples were counted in low potassium
' glass vials and allowed to dark adapt in the cooled counting chamber (4°C)
for at least 24 hours pyvior to rad:oassay.

E. Sensitivity of Detection

Detection of 5 counts above background could be made with extended
counting time (100 minutes), tlns represunts 7 dlamtegrataons Per minute (dpm)
or 92.7 pxcograms of 14C MC-680 For any particular sample, the sensitivity

in terms of concentration would depend upon the volume of sample employed.




IV. Resalts ‘

Tables V througk VII Present the data of the radio

metric assays of
liberated I4(,02 in the ﬂask The results are computed as percent of

theoretical 14 \,03 rcspzratxon from the total known substrate activity at

each sampling interval.

Evolution of 14(?02 arriving from universally radiocarbon-lzbeled
MC -686 was evident in all tests thr

oughout the study period. During the

first two weeks of incubation, the rate of ultimate degradation was
comparatively high in all test levels,

with a high value of 0.05 percent

theoretical CO, evolution on Day 1 in the 1 PPM concentration test,

. : 4
Following approximately 6 weeks of exposure, 1 *CO,

to have stabilized to an average dajly rate rar'xging from 0,003 to 0.010

Percent in the 3 test grocups. Total percent recovery of 14C--activity
absorbed as 14COZ was highest in the 1 ppm ]4C—MC—680 group; lowest

Fecovery was observed in the 1.0 percent group.
T \.
e

*r e

Ili and IX present the data ©

Lles f radioassay

containing 14c. ~-tagged D clucose and 14c. MC-680 without viable micro-

organisms,

The positive 14¢. ~glucose control served to assure the viability an

d
activity of the sced crganisms usad in the test flasksy, Within 28 days of
continuous incubati

L an average of appreximately 71 Percent of the initial

radioactivity was completely degraded in flasks 1 and 2, Positive control
flasks No. & and 6 were started 4 weeks later ug ing the same acclimated

2 -liberation appeaved

s of the contro) flasks




: l,:Pépﬁiatiog;in;c,dmsin;ﬁon, with fresh scwage microorganisms.

227 Only trace amounts of “C'Oz were detected in flasks containing
V e ,l*c!‘Mc,-

680 in the abscnce of microorganisms,
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B e

s dstersine the partitien scefficiencs of MC-ER0. chlorandic anhydride

and chlorendic acid im m-octanol/water and 1,2-dichlorobenzene/water
systems.

l4¢ NC-680, 14C chlorendic anhydride and 14¢ chlorendic acid were used
to determine the partition coefficients. In the n-octanol/water system,
the partition coefficients of MC-580 and chlorendic acid were 1373 and
2.2 respectively. In the 1,2-dichlorobenzcne/vater system. the parti-
tion coefficient of chlorendic anhydride was 0.49.
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INTRCDUCTION

The partition coefficisnt of a given chemical in an organic/water 3ystem
may serve as an indicator for the biocaccumulation potential cf the chemi-
cal {n aquatic eavironments (1). Therefore, the partition coefficients
o0f MC-680 and chlorendic anhydride were determined to assist in the evalu-
ation of the environmental fate of these two chemicals.

MATERIALS AND METHODS

Chemicals -

l4c Mc-680 1,2-bis(2,4,5-tribromophenoxy - UL - 1“C) ethane , with a spe~
cific activity of 23 aCi/mM and l4¢ chlorendic anhydride UL - li¢ |, with
s specific activity of & wCi/mM were prepared by Pathfinder Laboratories,
Inc., St. Louis, Mo. Radiochemical purities of the 14C chemicals were
greater then 98%. 14¢ chlorendic zcid was prepared by spotting 14¢ chlor-
endic anhydride on silica gel TLC plate, developed in benzene/dicxane/
sceric acid (76:21:3) and then eluted with acetone (Reference 2).

Metheds -

Chlorendic anhydride has been shown to hydrolyze rapidly te chlorendic acid
in an agueous solution (2). Therefore chlerendic acid was used ia the n-
octanol/water system. Chlorendic anhydride also reacted with alcohols to
form wonoalkyl chlorendate (2). Thus the n-octanol/water system had :c be
modified. Since 1,2-dichlorcbenzene and n-octanol have similar dj-lectric
constants, 1l,2-dichlorobenzene was selected to replace n-cctanol.

The partition coefficients of MC-68N and chlorendic acid were studied in the
a-octanol/water system while chlorendic anhydride was studied in the 1,2~
dichlorobenzene/water system. The methods described by Leo, Hansch and
Elkins (1971) (Referense 3) were followid. Each chemical was studied at 2
concencrativus. A suitables amcunt of 1 £ chemical (barwazen 0.2 u! and 0.7
uCi) was delivered to a 15 nl centrifuge tube, the solvent was evaporated
under Nz, and_then 2 ml of m-octanol or 1,2-dichlorobenzene was added to
dissolve the l4¢ chemical. Five ml of water was a2dded %o the tube and then
L s tube was covered with a parafilm. The tube was inverted 200 x in about
5 mins. and then was centrifugad at 3,000 ppm for 15 mins. (Intermational
Equipment Co., Mcdel CS). After centrifugation, 0.1 ml of the organic phase
and 1 @l of the water phase was countad in Aquascl (New England Nuclear).
The tube inversion and sample taking was repeated one more time. Duplicate
samples were counted usiug Searle Mark IXT Liquid Scintillation System Model
6380. An external stardard pulse method was used to determine sample quench-
ing. Counting efficiency, usualiy between 85 - 88, was dete™mined by an on-
ine computation program.
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© xesmus um prscission

“Concentrations of MC-680 in the n-octanol and the water phases were deter-
uined and the partition coefficients were calculated (Table 1). At lower

- concentrations, the equilibrium between n-octanol and vaier phases vas

- reached during first 200 x inversion of tube. However at higher concen-

““trations, the radicactivity in the aqueous phase of the second saupling inm-
creased slightly over that of the first sampling. Therefore, equilibrium
‘was probably not reached during the second 200 x inversions of the tube.

" The average partition coefficient of the 4 determinations was 1373.

Concentrations of chlorendic acid in the n-octancl and the aqueous phases
vere determined and the partition coefficients were calculated (Table 2).
The equilibrium was .not reached during the first 200 x inversions of the
tube, especially at the higher concentration. At second sampling the com-
centration in the m-~octanol phase decreased, while the concentration in the
aqueous phase increased. The partition coefiicient of chlorendic acid was
also affected by its concentration. The partition coefficients were larger
at the higher concentration (i.e. 0.88 at the lower concentration and 3.55
at the higher concentration). Thus at higher concentrations the true equi-
1idbrium might not have been reached even after the second 200 x inversions
of thuztubc (Table 2). The average partition coefficieant im 4 determinatioms
vas 2.21.

For chlorendic anhydride in the 1,2-dizhlorcbenzene/water system, the equi-
1ibrium betveen the organic and the aqueous phases was reached during the
first 200 x inversions of the tube. Apparently the partition coefficients
were not affected by the difference in concentrations. The sverage parti-
tion coefficient of & determinations was 0.49. Since chlorendic anhydride
vas gradually hydrolyzed to chlorendic acid in aqueous solutions with a
half-life of about 1 hour (Reference 2) the partition coefficient determina-
tion in 1,2-dichlorobenzene/water system for chlorendic anhydride zight have
actually represented that for a mixture of chlorendic anhydride and chloren-

s . m.a

GiC ECaAU. :

When MC-680 and chlorendic acid were compared, it was spparent that MC-680
vas more lipophilic than chlorendic acid. Thus MC-680 might tend to bio-
accumulate in the aquatic enviroument more than chiorendic acid. Om the
other hand, no bdiosccumulation of chlorendic acid or chlorendic anhydride in
aquatic organisms is expected.
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‘Partition coefficient of MC-680
R n-octanol/water system. /

wling . ond Sampl
Concentration Partition Concentration Partition Average
....(ppm). . Coefficient?/ _(ppm) Coeffcient Partition

n=octanol ga_gg_:_ n—octanol vater Coefficient

. sazm 0.00228 131 3.158  0.00256
- ©3.200  0.00240 133 3.200  0.00228

Average 1353

I1A 12.790 0. 00883 12.587
118 12.893 0.00836 12.800

Average

Average of I and II

y Each value in the table represents an average of 2 assays.
2/parririon coefficient = concentration {n n-octanol phase/concentration in aqueous phase.
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Tabie 2. Partition coefficient of chloreudic
acid and chlorecdic anhydride in
L -octanol/weter and 1,2vdichloro-
banene/watar systens .8/

1> Sampling ____2nd Sampl
Concentration Partition _, Concentration Partition Average
{ppm) Coefficienel' {ppm) Coefficient Partition

Jomponnd n-octanol water n-octanol water Coefficient

hhlrrendic

aczid

A 4.63 4.62 1.00 3.18 5.30 0.60

8 4.89 4.29 1.14 3.8 «.94% 0.77

verage 1.07 0.68 0.88

IA 27.80 6.40 4,31 25.65 8.13 3.16

1B 25.41 7.11 3.57 23.62 7.47 3.16

~verage 3.9% 3.16 3.55

1
verage of T and II 2.21
1,2-C1y 1,2-C1;
benzene watsr benzene water

Rloreadic,,;

anhy dridey

A 1.92 3.72 0.52 2.22 3.82 0.57

3 1.93 1.60 0. 54 2.31 3.86 0.60

wverage : 0.53 0.58 0.56

IA 6.23 11.78 9.53 7.20 12.00 0.60

4] 3.7 12.85 0.23 3.17 12.93 0.25

RES T 0.41 . 0.42 0.42

werage of I and II 0.29

;{Zaﬁﬁ value in the table represeuts an aversge of I awsayu.

“Parricicn coefficient = concentration in organic phase/conceatratica in squecus phase.

L Chiorendic achydride was used in 1,2~dichlorcbenzene/watur gystam. It has hean deter-
pined thar chlercendic anhvdride was gradually aydrolyzed to chiorﬁggﬁﬁfqﬁﬁgﬁgggggunaus
solutions {2). This Focument enaiaing cunldenie) and Sronestary
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To detarmine the water solubiliiv of CBE, BP-4A, MC-938A,
2,4 ,8=-tribromovhencl Hc-680~ nc-94s and PHT-4.
' ),f Zt’(u!ﬁ

_1' o= ES (?ia'lé'f{hrc’nuf’ﬂd,\
g ASHEE 37753~ 597

Excess amounts of 1‘c labeled compounds in distilled water
wag shaken in water bath at 35°9C cvernight. after centrifu-
gation at 159¢, 25°c or 35°C and at 12,000 x G for 1 hour,
water solubility was determined by radicassay. The average
solubility (ppm) of duplicate experiments at 159C, 25°C and
350C respectively were as follows: CBE (145, 116 and 101),
BP-4A (0. 72; 4.16 and 1.77), MC-935A (3.1, 1.61 and 2.28).
2,4,6-triLromophenol (996, 959 and 884), MC-680 0.18, u.:r*ﬁ

and 0,08)., MC-948 (7.91, 0.52 and 1.28) and AT

and 242).




INTRODUCTION

water solubility of a given clamical may be related to its vecia-
tility, adsorption and leachability in soil, and bioaccumulation
in aguatic crganisms. Thus the water solubility of a compound
is cne of the principal factors which determine the fate of this
compound in the environment. This sztudy reports on the water
sclubility of severai flame retardents and industrial chemicals
as part of the chemical hazard assessment program.

MATERIALS AND METHODS

Chemicals

1dc MC-680 was s r+hesi.ed oy Pathfinder Labs, St. Louis, Mo.
other 14C chemicz:.s were synthesized by Midwest Research Insti-
tute,., Kansas Ciiv, .. Radiochemical purity cf all l4¢ conm-
pcunds was ~r2ater than 98%. The labeling positien and specific
activity wer~ as follows:

CBE: m~chlcremethylbenzoate-(phenyl—UL-l4c}, 10.2 mCi/mM

ap-4A: -etrabromobisphenol Ao(phenyl-UL—l4c). 9.32 mCi/mM

MC-935A: poly(cibromophenylene) oxide-(phenyl-UL-14C) 48 nci/mg

Z:4,0-Tribromortanol: phenyl-UL-l4c. 12.1 mCi/mM

MC-580: 1.2-bis(2,4.8-tribromophenoxy) ethane—(phenyl-UL—l4C).
23 rCL/mMM

pET-4: tetrabromophthalic arnydride-(phenyl-UL-l4C). 11.6 mCi/mM

-

MC-94f8: bis(tribromoneopentiyl) pantaerythritol cyclic diphosphate-

(pentaerythritol»UL-14C). 7.8 aci/mM
Method

The 146 labeied materials were diluted with respective reference
ersznaards to achiave a suitable specific activity (Table 1).
Aporopriate amounts of the diluted 1l4c chemicals in solution
{Table 1) were placed in polyallomer centrifuge tubes (Beckman
ca*. no. 326814). A total of 6 tuhes were prepared for each
compound. A gentle stream cf nitrogen was used to remove the
sclvent from the tubes. Twenty ml of distilled water was added
to each tube and then caps (Beckman cat. no. 338506) were placed
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rziaéh_iubc;gnd tightened. The tubes were placed in a water

. d shaken overnight at 35°C. Then the € tubes were centri-
~—fuged at 12,000 x G (Beckman Model L5-50 Preparative Ultracentri-
-~ fuge, Rotor Type 50.2 Ti fixed angle, operated at 11,500 rpm) for
1 hour:-2 tubes at 15°C, 2 tubes at 25°C and the remaining 2 tubes

= at 359¢. After centrifugation, duplicate 2 ml of the solution

-were taken for radioassay.

padioaisa! "

All liguid samples were counted in Randifluor scintillation solu-
tion (Mallinckrodt, Inc.). A Mark III Liquid Scintillation System,
Model 6880 (Searle Analytic, Inc.) was used for radiocarbon count-
ing. Sample quenching was determined by an external standard pulse
method. cCounting efficieancy, usually between 70 - 85%, was deter-
mined by an on-line computation program.

RESULTS AND DISCUSSION

The water solubility of CBE was obtained after 1 and 2 hours of
centrifugation at 3 different temperatures (Table 2). The re-
sults showed that no significant difference in sclubility was
observed between the first and second centrifugation at any of
the 3 temperatures. Therezore the water solubility of the other
compounds was determined after 1 hour cf centrifucation.

All tested compcunds had very low water solubility, yet there was

sncugh differsnces indicating varying degrees of hydrochohicsty

(Table 1). Amrmong these compéund:; 2,4,6-tribromophenol had the
highest water solubility while MC-680 had the lowest water solu-

bility.
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later lolnﬁiliéi determination
£ CBE aftar 1 $9¢ 2 hours of
centrifugation. ‘

,!f§;!>4%4 'E~whte:rSOIuhilitv {oom)

After 1st hr. After 2nd hr.
centrifugation centrifugation

O
RS © 4

Average

25%¢ z
Iz

Average

35%¢ I
' II

Average

Yae 12,000 x G.

140 131
150 240

145 136
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SUBJECT: Solubility of MC-680 in Various Class Solvents

Author: J. Dill

I.

II.

I1I.

Burpose

Tre purpose of this investigation was to provide informatioca pertaining
to the solubility of fireMaster® MC-680 [bis(2,4,6-tribromoph2noxy)ethane]
in variou: class solvents.

Background

FireMaster MC-680 is obtaining line product status which requires thorough
knowledge of its physical and chemical properties. Ome important property
is its solubility in solvents, such information being useful for further
testing, purification, mixing, cleaning up, etc. Preliminary studies indi-
cate that this compound shows low solubility in most al’ common solvents

at ambient temperature. This work describes experiments arnd the data
obtained for solubility of MC-680 in class solvents at ambient and elevated
temperatures.

Summary

The solubility of MC-680 in various class solvents was determined at ambient
and elevated temperature. The data obtained from the experimental are pre-
sented in three forms:

Table 1 The Solvents Listed alphabetically
Table I1 The Solvents Listed by their dipole moments
Table III The Solvents Listed according to functional

groups (class solvents)

All values stated in these tables were reported as gm per 100 ml at X°c
{temperature).

There were conclusions drawn from the tables. It was found that, at ambient
temperature, most of the solvents used with a dipole moment of less than
1.75 y seemad to be the better solvents. With this information from Table
1I, Table III showed that the halogenated aliphatics and aromatics, aromatics
and the cyclic ethers solvents were the better solvents.

At the elevated temperatures, o-dichlorobenzene was the best {102.8 gms/
159°C). The solubility of MC-680 was dictated by the class of solveat and
then by the individual test temperatures of the solvent.



7",:'7;;7:;;&05“:‘:-1;!:10!\ of the solubility cf MC-6£0 in class solvents, the
- -experiments ware run at smbient and elevated te. seratures.

“The determinations at ambient temperature were conducted in an open air

envirorment. In a 250 aml round bottom fiask :quipped with a magnetic
- stirrer and thermometer, 100 ml of solvent was added and allowed to stir

until room temperature was obtained. The ~ompound (MC-680) was then
added in 0.1 gm increments until the saturation pcint was obtained,

" allowing 10 minutes of stirring per addftior of each increment. The
temperature of the solution vas monitorei for pcssible increases due to
the & Heat of solution.

The determinations at the elevated temperatures uere conducted in a
partially restricted environment. 1In a 250 ml round btottom flask aquipped
with a heating mantle, magnetic stirrer, thernomater, aud a water coolad
condenser, 100 ml of solvent was added and ailowcd to come to equilibrium
20°C below its boiling point. This predetermined temperature was main-
tained in a :1°C range by the use of a therwm s-watch. Jn a separate
experiment, the approximate solubility of the: compound *ss found by addi-
tion of MC-680 to a beaker containing 00 ml of solvent heated to 20°C
below its boiling point. This predetermined amcurt of the MC-680 was th.n
added to the round bottom flask. Additional amounts of MC-580 were then -
added in increments ranging from 10 gns initially to 0.1 gm for the final
addition. The additions were directly proportional to ihe rate of dis-
solution versus time (maximm allowed stirring tim: - 10 minutes).

The results of the experiment appear in Tables I, II and III.

References
1) MCC Research Notebook No. 838, pg 102-105, :10-118, 127,

2) Ouganic Solvents, 3rd Edition, J. A. Riddick & W. B. Bunger, Wiiey-
Interscience Publishing Co., Copyright 197C.

3) MCC Technical Report #33,
4) MCC IOM to L. Hahn from J. Dill, October 30, 1974.
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TABLE I

Solubility of MC-680
(Listed Alphabetically)

Temperatures ——
Ambient Elevatad

gg_s a;t °c) (gns at °¢:
L". [y

Acetone <0.06/22 <0.1/48
Benzene <0.37/26.5 ~1.8/60
Carbon tetrachloride <0,22/27.2 1.2/56.5
Cottonseed oil <0.05/26 5.9/14%
o-Dichlorobenzene <0.51/26 102,8/159
Diglyme [bis-(2-methoxyethyl)ether] <0.05/24 18.5/142
Dioxane 0.27/26 7.9/90%
N,N'-Dimethylformamide <0.05/26 12,7/133
Dimethylsulfoxide <0.05/26 43.7/168
Ethyl acetate <0.06/25.5 <0.1/60%
n-Hexane <0.05/24 insoluble/50%
Methanol <0.06/26 <Q.1/50%
Methylene chloride <0.33/26.5 <0,1/3%%
Octanol <0.05/26 32.0/175
Perchloroethylene <0.4/23 1.9 /10y
n-Propanol <0.05/26 . 1,13777
Propylene glycol <0.0%/26.4 T 42169
THF <1.00/27 20046
Xylene (mixed) <0,35/24% i5 7714l

* These values taken firom Technical Repoxrt #33.




- TABLE Il

Solubility of MC-680
(L:I.st-d 7by Dipole Moment)

W Solubility at Different Temp,
in DeBye Units Ambient Elevated

Solvents (10-18 esu) (gns_at °C) (sms at °C)

Cottonseed oil
Benzens

Carbon tetrachloride
Perchloroethylens
n-Hexans

Xyleme (mixed)w*
Methylene chloride
™mr

Octanol

Ethyl acetate
Diglyme

Propylene glycol
o-Dichlorcbenszene
Acatone

Methanol
n-Propanol

N

a4« o @

W1DQN:¢NNF'H
OO MNW

<0.05/26
<0.37/26.5
<0.22/27.2
<0.4/28
<0.05/24
<0.35/26
0.27/26
<0.33/26.5
<1.00/27
<0.05/26
<0.06/25.5
<0.05/24
<0.05/26.4
<0.51/26
<0.06/22
<0.06/26
<0.05/26
- «D.05726
<0.35/26

5.9/141
1.8/60*
1.2/56.5
Insoluble/50*
18.7/141
7.9/790%
0.1/32*%
2.2/46
52,0/175
<0.1/60*
18.5/142
2.4/7169
102.8/159
<0.1/48*%
<0.1/50*%
0.12/77
12,7133
18.7/141

* These volues were taken from Technical Report #33,

** The dipole moment for xylene (mixed) is a calculated value., The mixture
of xylenes, according to Organic Solvents, pg 613-614, are as follows: 40%
meta, 20% ortho, 20X para, and contains ethyl benzene (assumed to be 20%).

p ethyl benzene = 0.37

Stated: [ meta = 0,30 4 ortho = 0.45 | para =0

Calculate ;, mixed xylenes = 0.284




(Listed by Class of Solvente)

Solvent Classes
and Solvents

Aliphatic
n-Hexane

Aromatic
Benzene
Xylenes (mixed)

Carbonyls
Acetone

Cyclic Ethers
1,4-Dioxane
Tetrahydrofuran

Esters
Ethyl acetate

Ether
Diglyme

Halo-aliphatic
Carbon tet~ :hioride
Methylene chloride
Perchioroethylene

Halo Aromatic
o-Dichlorobenzene

Hydroxy
Methanol
Octanol
n-Propanol
Propylene glycol

Nitrogen Containing
N,N'-dimethyl formamide

0ils
Cottonseed CGil

Sulfur Containing
Dimethylsulfoxide

TABLE II1
Solubility of MC-680

- Temperature

Ambient

(gms at °C)

<0.05/24

<0.37/26.5
<0.35/26.0

<0.06/22

<0.27/26
<1.00/27

<0.06/25.5
<0.05/24

<0.22/27.2
<0.33/26.5
<0.40/28

<0.51/2€

<0.06/26
<0.05/26
<0.05/26
<0.05/26.4

<0.05/26
<0.05/26

0.05/26

*These vzlues were taken from Technical Report #1313.

Elevated

(gms at °C)

Insoluble/50%

1.8/60%
18.7/141

<0.1/60%*

7.9/90*
2.2/46

<0.1/60%

18.5/142

1.2/56.5
0.1/32%
11.5/100

102.8/159

<0.1/5G*
52/175
0.12/77
2.4/169

12.7/133

5.9/141

43.7/168
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M
To deternine the stability of Firemaster (FM)-680 [1,2-bis(2,4,6-tribromo-

phenoxy; echanme ] on solid surface uponm Smposure fo ultravieler (IV) radiarion.

CAS# 3795 3-59-/

"C FM-680 applied to silica gel surfaces vas irradiated with UV light.
It vas found that FM-680 was degraded rapidly and followed a biphasic
curve. The initial degradation half-life was about 0.4 day. After 1
day of exposure, the degradation then encered the second phase with a
half-1ife of about 1.7 days. ’

At least &4 degradation products were detected by TLC analysis. One of the
products vas identified as 2-(2',4',6'-tribromopehnoxy) ethanol which
comprised 0.5 to 6% of the applied radiocarbon. This and other degradation
products appeared to be transitory.
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INTRODUCTION

Chemicals in the envirorment are subjected to sunlight irradiation. Photode-
gradability of a chemical is an important factor in determining the persistency
of that chemical in the environment.

This paper reports the photolysis of Firemaster (FM)-680 on a solid suriace
when irradiated with UV light.

MATERIALS AND METHODS

Chemicals

i4c FM-680 ﬁ,Z—bis(Z.A,6—trib:omophenoxy) ethane-phenyl UL-laé]. with specific
activity of 23 mCi/mmole and radiochemical purity greater than 98%, was pre-
2ared by Pathfinder Labs, Inc., St. Louis, Missouri.

Method

A silica gel G plate without fluorescence indicator (20 x 20 cm, 0.25 mm
thickness, Macherey-Nagel and Co., distributed by Brinkmann Instruments, Inc.)
was -venly marked with 9 pencil marks on one side of the plate. Five nl of
léc FM-680 in a toluene solution (0.74 mg/ul) was applied to each mark. The
plate was then exposed to UV light in a Chromato-Vue TLC Viewing Box (Ultra-
Violet Products, Inc.. San Gabriel, California)}. Each spot was exposed for

a predetermined lergth of time and then each was covered with aluminum foil.
After all of the spots had been exposed the plate was developed in a sclvent
which consisted of methylene chloride/n-propanol (95:5) and then subjected

to radicautography using Kodak No-screen X-ray film.

The resoived radicactive spots were scraped from the plate and placed ia
scintillation vials. Two ml of methanol were added to each vial, shaken for
1 hour and then 10 ml of Handifluor counting solution (Mallinckrodt, Inc.)
were added for radiocassay.

Instrumentation

A Mark ITI Liquid Scintillation System, Model 6880 (Searle Analytic, Inc.)

was used for radiocarbon counting. Sample quenching was determined by the
external standard pulse method. Counting efficiency, usually between 70 - 85%,
was determined by an on-line zomputation program.

Mass spectra were cbtained by direct inlet probe in eicher the electronic impact
(EI, 70 eV) or chemical jonization (CI, methane) mode (Hewlett Packard Model
S982A Quadrupole MS). Data output from the MS was monitored with & Hewlett
Packard Model 5934A Dual Disc Data System.
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RESULTS AND DISCUSSION

. On a silica gel surface, FM-680 was degraded rapidly when irradiated with UV
7. ".light (Table 1). The disappearance of parent FM-680 from the silica gel surface
followed a biphasic curve (Figure 1). Initially, FM-680 decreased rapidly with
a hzlf-life of about 0.4 day. However, after 1 day of UV exposure, the rate
"of TH-680 degradation decreased. The half-life of the second phase was de-
~ termined to be 1.7 days. Total radiocarbon recovery steadily decreased. After
10 days of exposure, 37% of applied 1/C wvas recovered. Some of the FM-680
and degradation products were probably volatilized from the plate surface.

According to TLC analysis, at least & degradation products were detected
(Table 1). Unknown 3 (at the origin of TLC plate) is probably the polymerized
product(s) which gradually increased with time and reached a maximum (48%)
after 2 days of exposure, and then gradually decreased as the exposure time
increased.

Other degradation products were produced in small amounts (0.72 to 6X) and
appeared to be transitory. One of the products (Rg 0.54) was identified as
2-(2'.4",6"'-tribromophenoxy) ethanol. The MS spectra of this compound are
showm in Figures 2 and 3.
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Table 1 TFhotolysts of FM-680 o= silira gel plate when irradiated with 0% tight.

UV exposure time (day) £ad X of app_ied 1.'ac',iocaz-bo:ml
Product P 0 0.08 0.63 1 2 6 10

FY-380 3 73.05 71.44 26.40 13.45 8.29 1.39 0.39

2-(2',4',6'-Tribromophenoiy)-
ethsnol .S 18 6.00 5.31 4.00 1.29 0.47

Unknom N . e 2.14 1.30 0.98 0.43 0.72
Unknor a &, . “.u8 . 3.06 .74 1.03

L2.27 47.€7 37.66 33.91
95.20 B81.56 64.01 42.57 36.52

1/ 3.7 mg of IHC—FK-GBO was appliel for ¢« «n treatmeat.

2/ On silica gel G, developed with methylene chloride: n-provaucl (95:5).
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_ SUBJECT| Rate of Hydrolysts Studies  a~piainip) REC
R ' S .i 2-Bis (fnéﬂm{p]n««/}eﬂ
B DO MOV 32/53-59-/
ST The tate of hydrolysis for VC 9354, 680 VC 984, and LV-T23P in water
S at 100°C has been determined. The tuts were conducted using 25 parts

of sample and 75 parts of water heated at reflux temperature, or approxi-

" mately 100°C. Periocdically, the pH of the reaction mixtures were measured
using a pH meter. The tests were terminated after 7 days or when the pH
of the reaction mixture reached the value of 1.0 units.

The pH of the water used in all the tests initially measured 6.3 :aits.
All pH values listed at 0.0 hours were measured after the reaction
mixtures had stirred for 0.5 hours at ambient temperature.

Table I lists the pH values observed for VC 935A and VC 680 taken at
various intervals over a 190 hour test period. The results showed the pH
units ranged from 4.0 to 2.8 (net change 1.2 units) for VC 935A and the pH
units ranged from 7.6 to 8.9 (net change 1.3 units) for VC 680. Also in
the case of VC 680, the maximum pH value of 8.9 units was observed at

6 hours. After that time period, the pH values gradually dropped to 8.4
units.

1855%

Table II lists the pH values observed for VC 984 and LV-T23P taken at
various intervals over a 165 hour test period, The results showed the pH
unirs ransed from 3.0 to 1.8 (net change 1.2 units) for VC 984 and the pH
units ranged from 8.5 to 1.7 (net change 6.8 units) for LV-T23P
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TABLE I

VC-935A (DL-8) VC-680 (70118E - 2)
pH_(units) —~—DPH (units)

4.0 7.6
3.4 8.8
3.2 ’ 8.9

3.0 8.4

3.1 8.7
3.0 8.4
3.0 8.4
2.9 8.5

8.4

8.4

net change




Vo 9 (9%-140)  Lv-T23p (2780)

-

1.0 N 6.7
3.0 5.3
2.8 - 3.4
2.6 2.6
2.5 2.6
2.4 ‘ 2.3
2.1 . 2.0
2.0 : 1.9
Lg L2

net change
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