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; MEMORANDUM
. SUBJECT: Preliminary Carcipogen Risk Assessment .
- r %%%%51 hioride C e
) "FROM: a . erfén. Executive Director,
inogen Assessment Group (RD- 689)
T0: Joseph Padgett, Director
Strategies and Air Standards Division, MD-12
: As requested in your original memorandum of
¢ March 31, 1977, ‘and later re-scheduled requests on
- November 17, 1977 and March 28, 1978, the Carcinogen
Assessment Group has finished the Type I preliminary risk
assessment for vinylidene chloride. We are transmitting the
report to you. :
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.{; :I. Summary | . - . T
Yiny1idene chloride (YDC) administered via 1nha1at1on has
~ induced kidney adenocarcinomas in male Swiss nfce at 25 ppm N
and mammary fibroadenomas and carcinomas in female Sprague- ,--‘
v Dauley rats at 150 ppm and less with an incidence significantly
: higher in treated than in control_groups according to one report.
Although negatiee results have been reported fn rats via inhalation‘
exposure by three other authors, the short time of observation fn
one case and the Tack of complete histologica] anaIysis in the other
| two cases make the negative resutts not canclusive. In two relative1y
weIl executed ‘studies of chronic ora] adminfstrat1on at dose levels of,'»
28 mg/kg/day and Iess, no carcinogenic effect was observed. 1In an
occupational study of 138 workers exposed to VDC vapors no excess
- occurreece of cancer was observed. Several reports have shown that
with metabolic activation VDC ceuses both base substitution and
frame shift mutations in Salmonella typhimurium. It is also mutagehic
in E. coli with metabolic activation.

The positfve carcinogenic response to YDC in both rats and
‘mice.'a1ong With 1ts abflity to induce mutations in bacteria with
metabolfc activation and its structural similarity to vinyl chloride
crastituse cuffdciert o-dzzmoe that YOO

A-gquantitative rizk anaylsis b3s2d or the anivz! z%tulizs ans 3:z:71nsg
a lifztime continuous ex;esure to 1 uz’me choved an Indivicual 1:‘=t‘ﬂe

risk of J23z5 thaa 3 x 12-=,°
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II. Introduction

Vinylidene chorfde is a volatile liquid with 2 boiling pointv
of 379C., 1Its structure is HpC = cc12 (1, 1-dich10roethy1ene)
which is similar to vinyl chloride. It is used in the prodquion of '
methyl chloroform and in the formation, along with other mononers'.
of plastics usefu1 1n food packaging sheets and other app1ications.
An estimated 265 million pounds were produced in 1874 (EPA, 1876).
A.detailed review of the toxicology and biochemistry of VDC has

‘prepared (EPA, 1976). No attempt is made here to repeat that

1nformation; It 1s toxic to the 1iver at high doses and it mutagenic
in Salmonella typhimurium and E. Coli with metabolic activation.

I11. Carcinpgénesis Studies

A. Malteni (1977)

Maltoni reported thg interim results of four chronic studies:
a. Inhalation in Sprague-Dawley rats at doses of 0, 10, 25,
100, 150 ppm for 4 hrs/day, 4-5 days/wk for 1 year, To date, 82
weeké or 1.6 years of observation have been made.

b. 'inha1ation in Swiss mice at doses of 0, 10, 25 ppm for the
‘'same dose schedule. Results are available after 82 weeks.

c. Oral {gavage) in Sprague-Dawley rats at.o, .5, 5, 10, 2D
ydar. DRasults are aveilasie efier

-

w3fka, for 4-5 days/we for 1

d. Inhalation in Chinese hanstars at O and 25 ppa for the

same dose schedule, Results are 2vailable after 74 weoksel,.4vrs.
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The Results of the Maltoni study are as follows: ' -

a. ggf Inhilat1un .

The tumors observed were: 1) - mammary tumors (fibroadenomas‘éf:
and carcinopas) jn both the treated and control groups; 2) ononymbiﬁ~ .
gland carcinoma in the 100 ppm groupv(none in contro]fand.3§']eukemia in |

bdth treated and control groups it the rate of about 1 per So'anima1s.'

A summ&ry of the‘ﬁhmha}y tumor incidence fs tabulated below. -

Table 1 - lncidence of Mammary Tumors in Rats Inhaling |

Yinylidene Chloride

Dose (ppm)
° 10 25 S0 100 150
umber U{i}:i:?r_?_;_rg‘ 32/100 15/30 12/30 15/30 18/30 35/60
“Incidence '0:32  -0.50 0.40  0.50 0.60 -0.58
p value o - - 0.21 0.45 _0,?1 0.044 0;007
b. Mice Inhalation

The following tumors were observed: 1) kidney carcinomas at
the highest dose (25 ppm) with a large incidence fn males but in

6n1y,ohe out of 112 females. None were observed at 10 ppm. The

time when the first animal was observed with 2 kidney adeno-

carcinoma was 55 weeks; 2) mammary adenocarcinomas in famales at

25 peny 3Y lcutvemia, pulmanzry adesonss an? miscelianesss Lumcrs

scatterea equally in control and treatea groups. The obvservaiions

are sunmarized in tables 2 and 3.

L L TR L Lt e, T omiome
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Table 2 - Incidence of Kidney Adenocarcinomas in Mice Iﬁhaling yoc -

v . ﬂsl—eg Esm_ui.s. .2
A O ppm 10 ppm 25 ppm O ppm  10ppm 25 ppm
Number with tumors ©0/126  0/25 16/98 0/158  0/26  1/112
_ Survivors at time of . A G
first tumor ’ - U
e Incidence 0 0  0.163 0 0 0.0089
P value ' 8.5x10-7 ) 0.41

Table 3 -~ Incidence of Mammary Adenocarcinomas in Female Mice
Receiving YDC Via Inhalation

0 ppm 10 ppm 25 ppm
Number with tumors 2/158 1/26 77112
Survivors at time of - ‘
kidney adenocarcinomas
Incidence . 0.013 0.039 0.0863
p-value 0,068 _ 0.029%

Therefore in this m&use strain a strong carcinogenic response
i{s seen in the kidney of males and a moderate response is observed

in the mammary gland of females.

c. Rats, oral (gavage):
Mammary carcinomas were observed with an tncfdence of between

22% and 42% in both treated and control groups. Other tumors at

. *s - - “ o
wiacoYian2o0as sites were Shsarved

w

& - - = 2 g . N N R AT .
dut nat 2z sijunifilatniiiy aighor

[

rates thaa control srceups.

d. Hamsters., inhalation

Ko tumors wers obsarved.
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B. Vio1a and coouto ' o ’ - . ';.'o
Histar albino rats were exposed v1a inhalation to VDC at a
concentration of 200 ppm for 5 months, then 100 ppm for an , .
additional 7 months, then neld for observation for the remainder’ RS
of their 1ifespan. The exposures lasted 4 hrs/day, S.dogs/yeek.
Reticulum cell sarcomas kere observed in the‘abdomina1'cav{t§‘
with a frequency of about 30% 1n females and 15% in males, with
no difference in incidence between control and treated animais.
The authors a1so exposed Sprague-nawley rats to _
concentrations of 75 ppm and 100 ppm via inhalation, presuma51§
using the same dosage schedule as above. Subtutaneou; fibromas
were seen grossly in females in 50% to 60% of both contro1_and
treated animals, and in males miscelianeous tumors were observed
in treated and control groups. The tissues had not been examined

microscopically when the report was written.

€. Lee, et al (1978)

Albino CD-1 mice and CD rats (Charles River) were exposed
to 55 ppm of VDC for 6 hours/day, 5 days/week until the terminal

sacrifice at 12 months. In mice the following tumors were

observed in both males and females with slightly higher incidence

in the treated than «in tée control groups: brenchidloalveolar

zdanungs, h=qnancigssri-os of fnae Yijver ang hepatoma, Tneg

differences were aot statistically sijnificant. In rais neman-

(W3
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D. Dow studies (pre11minary reported by Norris 1917)

According to the advance text of a presentation to havé.beeﬂ
delivered in Januany 1977, (Norris, 1977) the Manufacturing Chemists’
Association 1s sponsoring the following chronic studies: a) 90-day
and 2-year drinking water studies at 60, 100 and 200 ppm and b) 90-
day and 2-year 1nha1ation studies in rats at 10 and 40 ppm
initfally, but increased to 25 and 75 ppm after 30 days of
the lower exposure. The _2-year drinking water study has béen
described in detail by Humiston, et al. (1977) and is discussed.-'.-
below (part EY. In the 1nha1ation stud1es the only adverse
effects found were minimal microscopic changes in the 1{ver
with a higher incidence at 75 ppm than at 25 ppm. 1In all other
respects there was no observed di fference between control
and treated groups.

E. Humiston, et al. (i977)

Sﬁrhgue-nawley raps were given VDC at concentrations

- of 0, 50, 100 and 200 ppm in drinking water for 24 months.
Complete data on food and water consumption, body weights,
blood and urine chemistry, and histological examination of

37 tissues‘were reported. The result is that no adverse
effect was observed in any of the treated groﬁps compared to °
controls with two exceptions. In females the 50 ppm group

had a statisticaliy signiiicant bijher isctisace ofF 1o z-ry

w,

1and acanomas than controls, This wis nyt Cconsiderss ar effsce

A - R & - .a.a i o L N - .
of the treatnent, sinzta2 Tt was =0l ~rotzt Lot
"1 3 - - 'S PR .- - - T - - : - -
nistorical spratinacus rate of thgie jungrs f3 07 o 3oL rciali ol
in § | Tomerl s, wavs- I A - N A P R, 1
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statistically sign{fican; fncidence of liver lesions, described

as fatty degeneration, which was more marked fn female than maies;
Accompanying this was atrophy of the centri!obular ce1ls and
hypertrophy of the periportal 1iver ce11§. _Treatment re1a;gd'j“'
_necrosis of cells was not observed. | ) .' :;.;é

F. Summary of Carcinogenesis_Studies

Of the 5 reports on chronfc studies only.Ma1ton1's studies
showed positive results. The principal findings are tabulated
below. The tabulation shows that fn bofh;studieé where VDC was
given qral!y ifn Sprague-Dawley rats, no carcinogenic respoﬁse
occurred. In the inhalation studies with Spragug-DawTey rats
there is an apparent conflict between Mé!toni's findihgs of
mammary carcinomas and the Yiola and Caputo, Lee, et al. and
Norris reports which report-no-carcinogenic response. However,
the negatfvé findings of the Tatter authors can be‘explained by
different factors. No microscopic examination of the tissues was
reported in ‘the Viola and Caputo and the Norris papers, and the
almost complete Tack of any effect in the Norris (and Humiston)
experimentArafpes the question of whether the dose was high enough.
In the Lee, et al. studies the duration of observation was too short
to observe the development of tumors. For these reasons, the
Maltoni, et 3al. finaings of carcinogenicity in rats and »ize ara rzi

cagntraagictasd by the negative results of .the Oother studias.
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Recnlts of Carcinogenesié .{aassays of Vinylidine Chloride e
Lyltow Species Dose Route of - Duratton of Stgnificant
S Administration Observatians Findings
fationi,  Sprague- 10, 25, §0, _Inhalatfon 82 weeks Mamma ry
eboal, Dawl=y 100, 150 _ » carcinomas,
{17} rats ppm for 12 | ’ dose-related excess
months over tontrols.
Swiss 10, 25 ppm Inhalation 82 weeks "~ Kidney carcinomas
mica - for 12 {none in controls)
months Mammary tumors at
25 ppm
Spraque- .32, 3.2 Orai (gavage) 93 weeks None
Dawl ey 6.4, 13 :
rats mg/kg/day
Chinese 25 ppm . Inhalation 74 weeks . None
Hamsters . .
Yiely Histar 142 ppm : " Inhalation --Lifetime ' None, no histology
ant albino 12 month . )
Curta rats . average .
Sprague- 75, 100 ppm Inhalatfon Lifetime None, no histology
Dawl oy . 12 months i ’
rats .
Livr, ot . .
al,(tw74) CD rats 55 ppm Inhatation © 52 weeks None
CD-1 mice 55 ppm Inhalation 52 weeks None
dorris Rats 24, 74 ppm Inhalation 104 weeks .- None,interim
: » result only .
e iqton,  Spraduce 9, 14, 28 Drinking 104 weeks None
c1oat. Dawl oy mg/kg/day wa ter
{"1,"/! . .

‘..\\‘




I¥. Risk Assessment

y | A risk assessment can be made independently for each of':f
the observed positive responses. The risi of continuous
inhalation of 1 ug/m3 of VOC for a 1ifetime §s calculated S

- from the one-hit dose-responée model wjth the dose in'units.of
ppm. The ppm equivalent of 1 ug/m3 vdc is found from thé
following fﬁrmuIa, where Mypc and My are the respective

" molecular wefghts; . , -

1 ug/m3= 10'3/(1.2xMync/Hair)

= 10-3/(1.2x97/28.8)
= 2.5 x 10‘4‘ppm

A. Maltoni mouse kidney adenocarcinoma in males

The 1ifetime average exposure for the 25 ppm group

'*1. is: | )
Xy = 25 x 4/24 x 4.5/7 x 1/2 = 1.34 ppm
The dose-response slope of the one-hiy curve is:
| B = (1/X1) 1n [1/(1-P)]
= (1/1.34) x In{1/1-0.163)
. ='0.133
where X]; is the lifetime average YDC concentration and P
is the tumor incidence, 16/98 = 0.163. Therefore, the risk
at a 1ifetime exposudre of X2 =1 ug/m3 is:
R = 8X2 .
- 0.133 x 2.5 x 10-4 *“’,ud‘(—“’”/
- 3.32 x 105 W? '%V_.
)l
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B. Maltoni rat mammary tumors

The response at'the two upper doses (150 and 100 ppm)

.

can be used to get two independent estimates of the slope B.
Since the control incidence, py 1s not zero. the probabi11ty'
of tumors dué to the 150 ppm treatment, P1, is: .
Py = (Pg-Po)/(1-py) .
= (35/60- 32/100]/(1 32/100}
= 0,39
.The 1ifet1me average exposure of the 150 ppm group, Xy, 6 4s

Xy = 150 x 4/24 x 4. 5/7 x 1l/2
= 8,04 ppm
Therefore one estimate of the slope B, is:
By = (17 x 1) x n[1/(1-P)]
‘ = {1/8.04) x 1n{1/(1-0.39)]
< = 0.061
In a similar calculation for the 100 ppm group, it is found
that B2=0.099, which is close enough to B; to verify that the
one=hit medel is not grossly inaccurate. Therefore the value of
0.099 1s tekeq to be the slope. The risk at a continuous 1ifetime
exposure of 1 ug/m3 is therefore:
R = BXp
= 0.0%% x 2.5 x 1g-7
= 2.5 x 10-5 )
The risk estimate based on the mice kidrney datz fs 2nly akout

30 % higher than the estimate bzzed on rat marmary tiac- data,

£
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