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ABSTRACT

A 2-year toxicity study with decabromodiplicnyl oxide (D1DPO) 1s descr:bcd.

-

Rats ingcrtrnv 1. 0, 0.1 or 0.01 mg DELPO/kg/day for up to 2 years had no
discerniblc aiterations in aﬁpearancc, dexeanor, hody wcight,rfood
. codsnmption, hezatelogy, urinalyses, clinsral che amistry, organ weights,
tunwor formatiun or tissuec subjected to pathologic examination. Neutron ’
activation analysis wes vsed to monitor the possible buildup of bromine
tontent in tissues. Scrum, muscle and kidney showed no increase in bromine
content.  In Jiver, low level stcady stute conditions were attained by
i2 months. - Adipose tissue showed a time— and dose~-related increase in
brumine content subsequent to ingestion of 1.0 or 0.1 mg DBDPO/kg/day.
Eromine conteat of adipose tissuc_pf rats ingesting 0.01 mg DBDPO/kg/day
for 2 yeart vos 2.510.9 Ppm as compared to a control value of 2.0:0.2 ppa.

Pegpite the sligkt sccumulation of bromine in adipose tissue of rats
e

— s T —— c—— -+

incestine vz ta 2 0 mg DEDIO/):

or 2 years, this study revealed no

—

discernible toxicologic cffects.

-
*




. INTRODUCT1ON

Decabromodiphonyl oxide (beDrO) has been proposecd for use as a five
retaréant additive in cynthetic fibers and molded plantic parts. DBDPO is

a etable compound with a high organic solvent-aqueovs partition cocfficient.

Choeicoels with thoesc properties tend to accumulate in body tissues as &

result of repeated cxposure Lo small guantities and may sventually cause
jntonication. To cssess the posnsible effects associated with repeated
ingesticn-of low doses of DEDPO over an cxtended period of timé, a two-

year dietary study in rats wis undertaken.

A 30-day study of LEDPD hacd hécn conducted previously ir ‘hieh 5 méle rats/
done veve fed dicte containing various concentrations of DBDPO. At a dietary
jevel of 1% DDLPO (epproximatce dose of 800 mg/kg/day), enlargement of the

liver, centrilobular hepatocallular cytoplasmig enlargerent and vacuolation,

renal tubular degpens. atien and rngenerﬁtion, and thyroid hyperplasia werce
noted. A a dierary level of 0.1% DEDTO (approximate dose of S0 mg/kg/&ay);
enlargement of the liver and thyroid hypevplasia were noted. At a dietary
Jovel of "0.01% L2oro (appronimzte dose of § ws/kg/day), there were no
treatusnt—related iiver or thyroid altcratione. Th2 results of this 30-day
siudy and other toxicological and metaboelic stnéies on DRDPO have bheen
sumnarized in previous puhlications by Norris et al. (1973 {11, 1973 (2},

-

1974 (31).

-



“The objectives of this srudy. were to (1) generate data uscful in asscssing

O nny ,ﬁoss:lble untomsard coffects which may be associated with long-term
cxposure to Jow levels of D3DPO; and (2) secure animal tissucs at various

tire intervals ferr analyzis for bromine content to assess the propensity

of DRDIO to accus-late in tissues.

-




ENPERTMENTAL .

Male and fcmale Sprague-Davley (Spartan Substraén) rats,} 6-7 weeks of 2ge,
were randonly grouped and started on diets'containing cufficient DBDPO to
provide daily desaes of 1.0 0.1, 0.01 &nd 0.0 ma DiDrO/kg of body weight.

The rats vere houned individuzlly in wirc-bortomed cages with ground food?
and vater availalble 2d Jibitum. Groups of 25 rats/scex/dose were maintained
on dicts containing D3DPO for up to 2 years. These rats wece used to charac-
terize any pcssiglc unteoward efiects associated with long-term exposure to
low levels of NZbPO.  Additionol groups of 10-34 rats/cex/dose level that
were killed at varicgs times during the study vere maintaired -on diets sup—.
plying these some dai]y doses of DBDPO for collection of tissves {or analysis

of bromine conten-. ) -

The sample of DBDPO used in this study was suppiled by D. F. Miller, Halogens

Researcl, Laberatery, The Bow Chemical Company, riidland, Michigin. Fe cive ol

analyzis of* this sample wvere as fellouvs: Decabromodiphenyl ox-de (Lurvo;,
e ey

77.4%, Nenabronodiphenyl oxjde, 21.8% and Octabromodiphenyl oxide, 0.§%.

— ———— - —_

The test diets were pPrepared weekly for the first 3 monthe and month.y there-

after.  The concentrations of

v0 in the dicts were adjusted an req. ‘v
to maintain the dosived dosuge., on A me/lp/day bosis. Samples of the pre-

paved diets were cojleocted at 7 different times for anaiysis of the

~

3
Sparvtan Lescayel Animale, Huslerng, Hichinan

? . . . . :
Purian Laboratony Choo, Palston-Turinn Company, St. Louis, Misnsouri.
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concentration of DEDrO. Resuin ‘nddcated the acrual dietary content of

DBOPO was equal to or cxcceded desired levels.

-

The rats werce ohserved. daily for changes in appearance and Jdemeanor. The
body weights of the 25 rats/scx/dose scheduled to be waintained for 2 years

/- .-
..were deternined veckly for the first 6 months of the study and biweekly
e —— -— o

e —————— e

thereafter. Food consumption wis determined weckly for the first 3 months

——————

and during 1 wveek of each month for the remainder of the study.

At approximately 1'yc§r (351 days) and 2 years (695 days for males and 723
days for females), blood and urine samples vere collected from S rats/sex in
the control group and the 1.0 mg/kg/daf‘group for hematological studies and
urinalfsis. When fewer than 5 rats/sex were available, blood and urine
camples were collected from the sur§ivors (minimum 3 rats/group). The
hematologic parameters evaluated were pncked éle volure (PCV),rcd blood

_ cell count (R5C), hemoglobin concenirations (Hgb), total white blood cell
count (WRC) and differential white blood cell count. Urinary specific
gravity, pll, and the prescnce or absence.of sugar, protein, ketones, bilirubir
and occult blood were cvaluated. Serunm samples vere collccted from all rasts
ncerepsind at the completion of thz study for clinical chemistry determina-
tions. The chemical parameters cvaluated nerc.hlood urea nitrogen (DUN)
concentration, serum alkaline phesphatase (AP) activity and serum glutamic

pyruvic transcminase (SGPT) activity.

Y



Portipps of adipose tissue, liver, kidney, skelcetal muscle, scerum and testes
(malcs) veéé collected from selected rats of the supplenental groups killed
.;ftcr 0.33, 1, 3, 6, 12 and 18 nonths of treatment. SOpe male rats of the
supplemental group were maintained on diets supplying 1.0 mg DLDPO/kg/day
for 3 months and then placed on a control diet for 0.32, 1, ZAand 3 months
_prior to collection of tissues for analysis. Tissues.fcr arzlysis wvere ;
also collected {rom selected rats of tho na2jor groups killed at thc end of
the 2-ycar study. These tissues werce frozen until time of anzlysis of total

bromine content by neutron activation analysis.

Complete gross necropsy examinations wvere conducted on the 5 rats/sex/done
Icvel killed after 3 months for collection of tistues for browine analysis.
The brain, heua.¢, liver, kidrneys and t.stes wvere oxcised and veighed. All
rats dying during the course of ihe 2-year study wverc subjected to a grous
pathologic examinatéon, even when auiolysic was present. Representative

portions of the wmajor orguns, including liver, kidney, ling, heart, splecn.

adrenal gland, thyroid $lund, parathyroid gland, gonads, Lrain and any gross’
lesion sugécstive of a significant p:thc]ogic process or tumor formé}ion waere
preserved in bulieved 10X formalin. Hicroécopic cxamination was conducted

on sclected tiszucs frem cvery rat to the extent naeded to ascertain tho

bable couse ¢of death and to evaluare aoll grenn lesions sugpestive of a

significant pathologic process or tumor formation,

Terminal necrepsy examinations vere conduct ed on hay 702 for the males a4

on Bay 735 ithe ferales. Priov to nzoropsy the rats were starved overnight, -



wcighcd and killed by dccapitation. All cyes were examined by gently
pressing a glass slide against the cornea, and cyes from vp to 5 rats/sex/dosc
were preserved in Zenker's fixative. The brain, heart, liver, kidneys and

“ngtes were excised and weighcdi_ Samples of these and the following tissues
were collected and prescerved in suffgrcd 10Z formalin: pituitary gland, thyroic
gloand, ﬁnranhyzoid glarl, trachea, esophagus, cpididymis, lungs, aorita, stom:ch
pancreoas, swall in-estine, colon, mescenteric and thoracic lywph nodes, urimary
bl ler, accessory sex glunds, uterus, skeletzl muscle, salivary gland, sciatic
ner.c, spinal cord, sternum, sternal bone marrow, adrenal gland, ovary, and
any tissue with a discernible gross lcsion. , Sections of these tissues (except

sternum and sternal bone wmarrow) were prenarcd and stained with hematoxylin-

eocin (HEE) stain for histopathological examination.

Significance of dif}crences between control and test values fer I wrtology,
clinicel chemistry, food consumption, orpam wejght, body weigh . ° orpan/body
weight ratio data was statistically de:érmined by analysis of wvariaunce and
Jupmett's' test. Tumor incidence data were statistically evaluated with
Ficher's Exact Prebability Test (1 tailed) comparing each trcatment group .

against the respuctive control group. In all cases, probzbility values M

of lessz than 0.05 vere interprcted as indicating significunt differences.
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T ; FESULTS AND DISCUSSION .

Ko alterations in appearance or demfanor were obscrved in any of the ratz.
The ingestion of DiDPO did not influence the survival of the rats over the
course of the study (Figures J and 2). The mcan body weights of the test

. éruups were vimilar 1o those of the controls throughout the stud (Figure 3).
There vere a few sporadic incrcases or decreascs in food consumption hetween -

the groups of rats renciving test dicts and those receiving the control diet. ,

These sporadic ‘changes were considered of no toxicolepical si.-Ificance, .
Raesults of the acmatologic studies are presented in Tables 1 and 2. There
were no signiflicont differences that vere considered related to trestment .
Letween the control amd 1.0 ﬁg D2bI0/kg/day group of either sex. Tha only

statisticzl change was a slight appcrent incrcace in RBC value of female rats

¥
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ng 1.0 mgp DZDFO/ Ly /day for 361 days. This was considered of n~ toxi

~
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cological significince in view of the fact (1) the erythroic parametcrs (Hgb
~

and PCV) were compar.ble to controls at this time; (2) all hematologic poves

melers were eomparable to controls when evaiuvated later in the study, and (3) .
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1iy dncreased REC value was well within our vormld ~ange of

uo differences betweer control and test aninals during

Y, AP aud SGPT results are listed in Table 3. There were

ricnificant diffcovences between the control and treated

fmy e & et N .. . P TN y
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Pathologic Examination. Necrepsy examination of rats dying during the

course of ‘the study or killed after 3 months or 2

.
-

yYears of trecatment

revealed no altcrations related to ingestion of DBDPO. The miean body
veights, ‘orgm; weights and’ organ/body weight ratios for the rats killeé

after 3 months are listed in Tablé 4. With the single exception of a statis-
. tically significant apparent increase in the heart/bpd& weight ratio for the
wale rats gaven 0.1 mg DEDI'0/ka/day, there were no differences between the
trcated and control grbups. This statistical increase in relative heart weigh:
referred to above was concidered of no toxicological'significance due to lack
of a dose-response relationship and the fact: that the heart. weights for the

treated proups were quite similar to controls in othe:r studies conducted

at this time.

The mcan body weights, organ weighgs and organ/body weight ratios of trezted
and control groups of rats killed at the end of the 2-ycar study w;re com-‘
parable (Table 5). Thec rate of mortaiity was not affected by ingestion o:

any of these dos. Jevels of DBDPO as comparable nuabers of treated and cont;ol

rats died during the course of the 2-year study (Table 6).

Detailed description of all gross and microscopic observa ions made on all
rats killed or dying during the course of the 2-year study are available for
inspectioa in the files of the Dow Toxicology Rescarch Laboratory. In renare

to the various pathologic observations made on these rats of both the contro

foued

and treated groups, the folloving conments are made in -summary (tumors

discucsed scparately).
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PRFT—————

Urir-ry System: An age-related chronic pregrescive nephrosis was commonly

Qo

observed in all groups, treatcd ond control. This was frecquently accompal

by s wdaxy Lyroid hyparplasia and mineralization of various tissue:

such ac the gastric mucosa. A few rats 1hiad a chroniec inflawmatory. proces

vithin the uriaary bladder videh in some cases included hyperplasia of
the mecozal lining. It appeaved es if seme of tlicse inflammatory process

originated as 2 descending parulent inflammation from the ikidney.

<«

»

Cardiovarscular System: All aroups, trcated and control, had rats with ag

related focal myocardial depcnerative changes, aortic and thoeracic vessel

mineralization, wyocardial vascular degenerative changes and periarteriti

of the mesentcry and associnted vess~ls (testes in males). Thromtcsis ol

the left atrium was the ccuse of cdeath of some rats.

;cated and control, had rats with variable degrecs
L]

fatty mctamorphosis, bile duct hyperplasia, pericho-

Liver: All groups,
ik 1S

armmation,

Iangiolar inllanmetion, cinusoidal dilatstion and individual hepatic cel

necrosic. A feu vats had biliary ey:tt formation.

Spleen:  Increascd homopoictic activity was cormenly observed in splrem
_—‘———//

from sous rate from hoth control and tycated groups. Tncreesed amounts

hematogencus piemant were also noted in some splcens.

Respivatery Tract:  Yocal alveolsr histiocytosis, as indicated by aggrc

gotions of z2iveciar roicrophanes, wass the most freguent observation in 1




6? both control

-focal interseiesal pnceumonia, pulimonary edema and focal hvpercellu]arlty

and treated rate

of alvcelar walls.

Male Repreductive Sysiem:  An
genic cctivity was noted in ratg
the accessocy sex slands vere

of secrctory material.,

Other infrequent obsu.cvations included

2ge-related decrcase in testicular spermato-

p—

e,

: of both control and treated groups

Focal inflammation and fibrosis was observed in the

prostate of a fey control and treated rats.

Female Reproductive System: A2_2§S:5212I&~_________~____;_¥

hyperplasia ang poly
-_‘\

observed in both control and treated groups of rats.

tion of the vterus

Mammary Gland:

were also noied.

most frequently of the {ibroadenoma

tocele for

Thyroid and Ferathyroid Glands:

(sec below) were ob:ser

most frequent alte

thyroid n]tcraljcns,

1574 (3)).

mation were also noted.

ration in the parathyroid glands w

secondary to Lhe age-rel

such ag

p formation (sec below) a

ated chronic nephrosis.

:d _occurrence of uterine endometrial

The wajority of fewales of all groups

type (sce below).

Thyroid hyn"-p]uvla or

ved in rate of both control ard treated groups.

had mamzary tuz

1

sonetimes found to have a decreased content

Also,

A {few cases of galac-

adencina formation

There was no cvidence of

Y

hypvrplasiu, vhich vas noted at higher levels

(80 or &00 ne DELPO/Ny /day) in a previons 30-doy study (Korris, ot al.,

ors,

nd ovarian cyst formation was

The

A few cases of inflawmma-

as hyperplasia occurying




(:: Gastrointestinal Tract, Pancreas and Salivary Glands: Intestinal nematode

parasites were observed in some rats from all groups of rats. Inflarmatory

s

processes were opscrved in segments of the intestinal tracts of.scveral

rats. Yocal pancreatic acinar atrophy was noted in a few rats from both
control and treatcd groups. Additional isolated cases jncluded focal inflém-
smacrcas and increzsed size of isolated pancreatic islets: The

salivary slands of one rat had edema and in another rat there was decreased

sccretory content. .

Adrenel Glands: lyperplastic or tumorous (see below) changes were observed
in the adronz! cortex and medulla of rats from both control and treated

groups. Heaatocyct fermstions and focal areas of vacuolated-distended cells .

in the cortex vere also nnticd in scmt cases.

Lymphoreticular System: In{lammatory o¥ hyperplastic changes were noted iu

isolated lymrh nodes from g few rats from all groups. A few lymph nodes

contained increascd awmounts of hematogenous pigment.

Eyes #nd Intcgemenu:  All syoups had come vats vith inflammztory changes of
the cornca or other componcents of the coye. Integumentsry changes included -

an occasional abscessaticn of the preputial gland, accumulation of porphyrin

secretions near the cycs and nose and isolated cases of tuwors from the

cutineous or subrculaneous tissues (see helowd.

Ceutral lervous Systom:  The wost cowson lesjons were hyperplastic or tumorcus

ome of thuse

proliferations of eells of the pituitary aland (sce below);. s .




‘e

lesions were:assnociated vith microcyst formation, hemotocyst formation,

- .

and pressure atrophy of the adjacent brain.

All of the changes or variations from normal that are summarized above
-occurred with similar frequency and severity in the treated and control
groups of rats. All thesc changes werce considerced spentaneous in nature

and unrelated to injestion of these does levels of DuDPO.

Tumor Incidence. Table 7 includes a listing of all morphologic types of

tumors, the probable tissue of origin and a statistical evaluation of the

tumor incidence. A1l trpes of tumors and frequency of incidence were as

s

expected in 2 long-term study using rats of this strain. As expected, .

“mammary fibroadenomas and pituitary adenomas were the most frcquently
¢ f-

occucring tumors in fewale rats of both the treated and control groups.
Adrenal pheochronacytomas were the most freguently occurring tumors in
L [ 4

male rats of both the treated and control groups. When evaluated by
< -

Fisher's Exact Probobility Test, there were no significant differences
between the treatment groups and their coatrols in the number of rats
developing tumor;,‘total mmber of tumors, or the specific types of tumors
1istcd. VWhen the datn for males and fermcles of cach group were combincd
and cvaluated, no significant differencas were foound.

In fegard to the induction of wmawmary tumors in the grouﬁs «1. female rats,
the sverage dnys on test at time of necropsy of rats with memmary tumors

vere as follovs:

¥
.

" epwasmn o
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1.0 mg DRDIPQ/kp/day
0.1 wmg DBDHPO/L:z/day
0.01 mg DERPO/ky/day

These data do wot give any indication of eflcets thiut cotld e szg

with ingcestien of DINPG.

Analveis of

v4 21106 days
662493 days
6587457 days

yvoin

increase in the concentration of
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ruhs

bromine in adipose tiszue at an

to 3

(Table 8). Although there was a

‘lcvels during the second yrar of

of rats ingesting

compared to a conirol value of 2.

*
of zdiposc tissue of rots ingesting 0.01 my HBDPC/kg.'d

2.810.9 ppm, with an overlapping
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rats inpesting 0.01

In liver tiscue, it appeared  as

attained by 12 wmonths at all 3 dose lev - = 2{ BP0 (Table 9).
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of individual values of the
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Table 12 lists the bromine concentrations in tissues of malce rats placed
on a 90-day recovery phase after maintenance on diets supplying 1.0 ng
DBIPO/kp/day for 90 days. It appeared as if the brumine content of liver
deeressed during the initiel 10 days of the rccovery phase. levels of
browine in the adipose tissuc téndéd to remain constant over the course of

the 90-day recovery phase. *

P
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CORCINSION

These extensive cvaluations reported hercin were undertaken primarily to
ascess the 1on"~Lcrm toxicoulegic effects, such us.pnssiblc carcinogenesis,
as vell as the Jegree of possiSic bioc nceﬁtra}i;n in animal tissues. In
this study rats dingesting up. to'1.0 mg DRDPO/kg/day for 2 years-had no
disccrsihle toxicologis effcctz. During this time period, there was a
slight buildup of bromine in adipose tissve of rats ingestiung the 2 higher
(but not lower) dose levels of DBDPO. Based on the data presented herein,
DEDPO aprears to ve toxicolopically safe for.use as a fire retardant

Wn\w/f

dditive in thermoplastics.

‘.‘J
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