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Effecis of 1.2-Dichlorocthane and 1.1,1-T richiorocthane in Drinking Water on Reproduction
and Development in Mice. LaNE, R. W_ RippLE, B. L., AN BorzELLECA, 1. F. (1982).
Toxicol. Appi. Pharmaco!. 63. 409-421. A muhigencration reproduction study was modified
1 include screcning for dominam letha) and ceratogenic effects of 1.2-dichloroethane (1.2-
DCE) and 1.1,1-trichlorocthane (1.1.)-TE' ip drinking soiution { Emuiphor:deionized water,
{199, v/v). Maile anc femaie JCR Swisc muce received cither 1.2-DCE at concentrations of

- 0. 0.02,0.0%. or ¢.2% mg/mi or 1.1.i-TCE ai concentrations of G. C.58, i.75, or 5.82 mg/mi.

Thnese concentrations were designed te vielé daily :.2-DCE doses of 0. 5, 15, or 50 mg,'kg

~and 1.1.1-TCE doses of 0. 100. 300. or 1.000 mg/kg. Nc 1asic aversion was evident for either

of the chemicals at anv concentration. There appeared 1¢ be no dose-dependen: effects on
fertiiity. gesiation. viabiiity. or laciatior. indices. Pup survivai and weight gain were not ad-
versely afiecied. 1.2-DCE and 1.1,i-TCE failed 1¢ produce significan: dominant lethal mu-
1ations or icrata in either of the twe generations tested.

2-Dnchloroethane {ethviene dichlonde; 1.2-
3CE) is used industrially as a solven:, chem-
cal intermediate, and gasoline additive; it
< wsed agriculturally as a fumigant of stored
rains (JARC, 1979a). 1,1.1-Trichloroe-
nzne (meivl chioroform; 1.3.1-TCE) 1s
.sed as a degreaser and chemical interme-
%ate (JARC, 1979b). Both chemicals are
‘sund it drinking water (U.S. EFA, 1675).
3ecause these chiorinated hydrocarbons are
:biguitous in the environment. men and
~omern may be exposed 10 them during their
“eproducive vears. A review of the literature
‘eveaied a paucity of caia concerming the
:Hects of these chemicals on reproduction.

! This investigation was supporied ir pant by EPA
>tam R-B06481. Presented ip part at the Annual Meei-
ng of the Society of Toxicology. Sar Diego, California.
Me" 981

116 by NIEHS Training Grant IT32E507087.

3 To whom requests for reprints should be addressed.

€.

Human exposure to 1,2-DCE may result
in centrai nervous system depression. an-
orexia, nausea, abdominal pain, and dys-
function of the hepatic, renal, and hematic
svstems (IARC. 1679a). 1,2-DCE is muta-
genic in Salmonella ryphimurium strains
TA100, TA1530, and TA1535 and causes
sex-linked recessive lethality in Drosophila
melanogasier (IARC, 1979a: Rannung,
1980). No genetic effects were observed in
Aspergilius nidulans. in various stirains of
Escherichia coli, or 1n the mouse micronu-
cleus 1est {1ARC, !979a: Rannung. 1980).
Meiasboically activated 1,2-DCE binds io
proteir. and 10 DN A {Banerjee ez ai.. 1980).
1.2-DCE administered by gavage 1c B6C3F1
mice {195 mg/kg/day for high-dose maies
and 299 mg/kg/day for high-dose females)
for 78 weeks was tumorigenic (National
Cancer Institute, 1978). Male and female
Osborne Mendel rats receiving a high dose
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410 LANE, RIDOLE. AND BORZELLECA

TABLE |
Lot PrEPARATION OF DOSING SOLUTIONS
'-\')' . ..,\l K .
el vy
R T Conceatration
Compound Croup {mg; mi)
1.2-Dichioroethane’ Naive controf Dwe
V1.2-CCES Zmuiphor vehicie -:ontrol 0.00 in EDW*
Low concentration 3,93 :n £DW 5
Mid concsatvauion J.09 in EDW ]
High conceatration 229 DWW N
{.1.1-Trichivroethane’ Nagwve controi DW 9
(t.1.5-TCE) J-dioxane-Emuionor 0.00 0 J.: 7 mg/mi )
vehicie centrot p-dioxane :n EDW
Low concentraticn 0.33 :n EDW 130
Mid concentration i.75 in EDW 3
High concentration 5.83 in EDW 1.000

* Caicuiated on the basis of 3 5 mi, mouse: day Jverage ud consumption for 1 33.g moeuse.
* Ajdnch Chemical Co., Milwaukee. Wisc.; 99 + % sure.
© Aldrich Chemical Co., Milwaukee, Wisc.: 97% pure. innibited with 3% p-dioxane.

Y Deionized water.
‘1% Emuiphor in DW,

of 95 mg/kg/day by zavage for 78 weeks
aiso developed an increased incidence of
squamous cell carcincmas in males, mam-
mary gland adenccarcinomas and fibread-
enomas in females, and hemangiosarcomas
in both sexes {(National Cancer Institute.
1978). The tumorigenic 2ffects were not seen
following lifetime inhalation exposure t0 1,2-
DCE (Maitoni, 1980, cited in Guengerich
et al., 1980). There is no indicaticn of car-
cinogenicity wn humans (1IARC, 1979a). Oue
reproduction study (Alumot e¢r al., 1976)
concluded that there were no adverse offects
on male or female rats that received 12.2
and 24.5 mg 1.2-DCE/kg/day in fumigated
food from 6 weeks to 2 years. Another re-
production study (Rao er al., 1980) found
that 60 days of exposurs (both males and
females) to L5, 75, or 150 ppm of 1,2-DCE
vapor produced no adverse sffects in rats.
The same group (Rao er gl., 1980) found
that 100 and 300 ppm of 1,2-DCE vapor
caused no teratogenic zffects, even at ma-
ternally toxic doses, in rats and rabints.
1,1,1-TCE causes central nervous system

depression; hepatotoxicity has been reponbd
only at dcses aear the LD+ {IARC, 1979b).
1,1,1-TCE is weakly mutagenic in Salmo-
nefla typhimurizum TA100 with and withost
microsomal activation (Simmon er al., 1977).
There is no indication that 1,1,1-TCE -
cinogenic to mice, rats {Nationai . _er
Institute, 1977), or humans {LARC, 1979b).
No data on the reproductive effects of 1,};1-
TCE were found in the literature. Fetal de
velopment in mice and rats was not aifecies
by 7 hr of exposure to 875 ppm 1,1,1-TCY
on Days 6 to 15 or gestation {Schwetz dﬁ
1975). Abnormal fetal development an'ig
tal death were exhibited by chicks expes
t0 5 to 160 umol 1,1.1-TCE injected into th
air space of the cgg (Elovaara erf al., 1979
No studies with either compound hay
been reported in which the drinking wate
was the method of exposure. The followit
studies were therefore performed to dete
mine whether 1,2-DCE or {,1,{-TCE woa
affect male or female reproductive functi
or fetal development when administered su
chronically in the drinking water.




TCE AND DCE MULTIGENERATION STUDIES
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FiG. 1. Flowchart of the modified multigeneration ‘reproduction protocol used in this study.

METHODS

Animal husbandry. Seven-week-old ICR Swiss mice
Flow Laboratories, Duphr. Va.) were acciimated for
> weeks. randomly assignec ¢ groups, and marked by
oe clipping. The mice were housed on sawdust bedding
n polvcarbonate cages. The environment was main-
ained at 22 e 23%C with 4G 10 60% relative humidity
ng !Z hr of hght per dav. The mice were sllowsd food
Purina Rodent Laboratory Chow S001} ane drinking
olution (see beiow) aa iibuium Males were housed sin-
2ly, femajes were kept three per cage, excepi dunng
“ariunitior. and laclation. when they were housed one
ver ~ -~ Males and females were co-housed (1.3, re-

De‘ ) for 7 days at each mating. Litters were
~calfWa 2} days of age.

Preparatiorn of drinking solutions. 1.2-DCE (Aldrich
Chemical Co.. Milwaukee. Wisc.: 99+% pure) and 1.-
1.:-TCE i Aidnch Chemicai Co.. 7% pure. inhibited
with 3% p-dioxane) were dissoived in a 1% solution of
Emuiphor EL-€20 i GAF Corp.. Linden. N.J.} ir deion-
ized watet. This vehicle was necessary due te the hmited
solubility of the iest materials 1in water. No aversion
{decreased flurd consumption: e the vehicie or either
haioalkant was observeg. Frest: drinking soiutions were
prepared twice weekly, according ¢ the specihcations
it Tabie i. an¢ were placed in 225-ml amber glass bot-
ties with cork stoppers anc stainiess stee} drinking tubes.
Levels of 1,2-DCE and 1,1.J-TCE were based on acute
male oral LDy data (unpublished data). The highest
concentration was chosen to provide a nominal daily
dose (based on 2 35-g adult mouse consuming 6 mi
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® Gl (Gestation Index)
¢ Naive zontrol.

4 1% Emuiphor vehicle control.

“0.17 mg,/mi p-dioxane in 1% Emuipnor.

solution per day) approximately zauai o 1/10th the
LDy Mid and iow doses, respectively, were odne-haif
and one log unit lower than the high dose.

Experimental design. Figure | depicts the multigen-
2ration reproduction study modified t0 include screening
of :iominant iethal and teratogenic ¢ffects. Test amimals
were continuously maintained on drinking sodutions con-
taining specified concentrations of {,2-DCE and {.!.1-
TCE or on appropriate naive and vehicie control saiu-
tions isee Tabile 1). The F/0 mice were randomized by
computer into test groups of 10 males and 20 females,
acclimated for 2 weeks, and then placed on the appro-
priate test regimen. After 35 days on the test soiutions,
the {|4-weck old F/0Q mice were randomly mated to pro-
duce the F/1A litters. Two weeks postweaning of the
F/1A iitters, the F/0 aduits were rerandomized and
remated to produce the F/1B litters Parental stock for
the second zeneration was drawn candomly from the F/
1B litters. F/0 females were rested ‘or 2 weeks, foilow-
ing weaning of the F/1B pups. The F/1C mating was
for dominant lethal and terataiogy screening as de-
scribed below.

At weaning, the F/1B litters were culled to 30 females
and 10 males per group. Matings between siblings were
avoided. The F;iB weanling mice were placed on ap-
propriate test soiutions. and at {4 weeks of age, were
randomly mated to droduce the F; 2A titters. Two weeks
postweaning of the F/2A pups, the £,18 adults were
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TABLE 2 kS
REPRODUCTIVE PERFORMANCE OF ADULT MICE INGESTING 1.2-DICHLOROETHANE -
OR 1.1.1-TRICHLCROETHANE "1
Litter
Fila Fna Fiza
Concentration
Compound :mg;/mi) Fi GlI° 13 Gl Fl Gt
{.2-Dichiornoethune 0.00° 90.0 925 70.0 T4 76.2 .0
(1.2-0CE) 0.00* 93.3 32.1 76.7 °8.2 86.2 36.0
n.93 39 3 e 39.3 340 3.1 315
J.J9 8.3 3.3 62.1 Qa4 3.3 i30.0
0.9 90.0 3s.2 70.0 90.5 3s5.2 ~8.3
1.1.1-Trichioroethane 0.00° 90.92 32.6 73.3 90.9 5.2 326
(1,i.1-TCE) 2.00° 96.7 .5 90.0 66.7 70.0 100.0
2.38 26.7 39.7 82.7 37.5 84.6 309
S an.9 352 's7 312 R L
3 33 32.3 750 85.2 8.3 94.4 1300
* F1 (Fenility Index)

( females oregnant;/no. females mated) X 100.
= {No. females with live iitters/no. females pregnant) X 100.

randomly remated (F/7B mmng) for dominaot lerthai
and teratology screrning.

Adult observarions. ‘Weekly body weight amd twice-
weekly duid consumption data were coilected oy *a F,
0 and F;!8 adult mice throughout -he study. { }g
Staustical Analysis System {Raieigh. N.C.), meas ey
duid consumption per mouse was :aicuiated ind ana-
iyzed for significant (p < 0.05} group differsaces with
Cuncan’'s multipse range test. Mean body weights were
anaiyzed similarty.

Adult reproductive performance was -nh:ned )
cmcuhuonoffcwﬁtyandgmanonmdwu(ﬂaﬂm
respectively; Collins, 1977).

Adult percentage mortality was calculated at tbe e
mination of zach generation {25 weeks of dosing for e
F;0: 24 for the F;1B). Mice found monbund ok sae
rificed at the cad of the study were pecropsied. : ig%

Lirter observation. Twenty-one-day survival semdie
were performed on lirters from the F/1A, F/13, ‘#a
F/2A matings. Litter size was recorded on Days 0, 4
7, 14, and 21. Litters were randomly culled to l.ﬁ
each 90 Day 4 (Collins, 1977). Offspring were
coilectively on Days 7 and |4 and individually as D
21. Yiability and lactation indices (V1 and LI, espec
tively; Collins, 1977: Fitzhugh, 1968) were zalculatex
The statistical sampling unit for litter survival stadic
was the iitter (Gaylor, 1977). Litter size and viabdit
and ‘actation indices were ested for group cffects
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TABLE 2

MORTALITY AMONG ADULT MALES aAND FEMALES INGESTING 1.2-DICHLOROETHANE
OR 1,1.1-TRICHLOROETHANE

F/C percentage F.iB percentage
mortality® monality”
Concentration
Compound (mg,;/ml) Males cmales Males Females
1.2-Dichloraethane 0.00° 0.0 332 20.0 7.4
{1,2-DCE) 0.00" 0.0 3.3 0.0 0.0
0.03 20.0 i3.3 0.0 33
. 0.09 0.0 6.7 0.0 33
0.29 0.0 0.0 0.0 0.0
1.1,1-Trichlorocthane C.00" 20.0 20.0 0.0 0.0
{1,1,i-TCE) 0.00 10.0 3.3 0.0 0.0
0.58 0.0 10.0 0.0 7.4
1.75 10.0 6.7 0.0 0.0
5.83 20.0 13.3 - 0.0 0.0

¢ After 25 weeks of dosing.

* After 24 weeks of dosing. - .
" e control. ’
] -mulphor vehicle control.

“0.1%7 mg/m} p-dioxane in 1% Emuiphor.

the Kruskai- Wallis x* approximation. cffects were lo- All pups from each litier were sacrificed anc necrop-

calized by Dunp’s approximation 1c a distribution-free  sied at the conclusion of each 21-day surviva! study.

mulipie comparison (Hollander and Wolfe, 1973). Dominan: iethal screening. In the F/1C and F/1B

Mean pup weights were snalyzed in the same manner  matings. treated maies were co-housec 1.3 with 9-week-

= the aduli body weights. oig naive, nulliparous femaies for 7 days (Green erf al.,
TABLE 4

MEAN LITTER Sizg AT BiRTH® FOR LITTERS OF MICE INGESTING 1,2-DICHLOROETHANE
OR 1.1,1-TRICHLOROETHANE

Litter
Concentration
Compound (mg/ml) FiiA F'iB Fraa

i.2-Dhchiorocthane 0.00" 13 = 2.2 131 = 45 118> 24
(1.2-DCE) 0.00° 120 = 2.3 12,1 = 3.0 122 = 2.4
0.02 132232 2.5 =4 113> 28

0.09 129 =27 10.5 2 4.4 123227

0.29 114227 iC4 2 48 iZ.6x 19

1.1,}-Trichioroethane 0.00 127=24 ild =4} + 232
(1,1.1-TCE) 0.00" 12.1 = 3.5 i3.3 %43 * 34
0.5¢ 1lLg=24 112> 4% =25

1.75 1.0 2 3.1 103 = 5.2 2.2

5.83 11.8 = 3.1 10.6 = 4.1 * 22

PN

“~an pups per litter = SD.
ve control.
Emuiphor vehicle control.
£ €0.17 mg/ml p-dioxanc in 1% Emulphor.

~E
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TABLE §

MEAN PosSTNATAL BODY WEIGHTS” OF OFFSPRING OF MICE INGESTING. 1.2-DICHLOROETHANE
OR 1.1, 1-TRICHLOROETHANE

Litter
FolA £:g F A
Jay Day ‘4 Day 1 Oay 7 Day .4 Day :1 Day ~ Jav 4 Sey 21

1.2-D¢E concentration

mg,; mi)
Q.00* 43 =19
0.0 43 =3
0.03 43z )2
2.09 47207
0.29 1 =06

:.i.i-TCE concentration

‘mg;mi)
2.00% 09 z2e 352
1.00* 1Miets 43
0.08 Wi 8 48
s W09 xid 50
5.43 10.7 2 1.7 47

Wk W

=2

40 e

4T =19

43 23
L9 8.7 521 3.4 =27 $3 =7 "Izl
9.4 T =08 35 =3 $T 2l Ties
i B R idz DN RN
2.8 8.0z 1.1 PR N SN EXVIE-N 39 ¢ 2a
2.6 7.0 £ 0.6 3 =12 59 =20 T2 38

* Mean pup voay weignt *g) = 3D.

* Natve <onlroi.

7 % Emuiphor venicte omrol.

70,:7 ng;mi »dioxane i (% Smuiphor.

1977). Females were sacrificed 14 days rom the mid-
weck of co-nousing, their ateri were exposed, and the
aumber of ‘etal impiants, <arly and late resorptions, and
viabie {etuses were ounted. Females without impian-
iations were disrcgarded sxcept for :aicuiation of the
feruiity ‘ndex {FI: Cailins, 1977). These data were used
10 :aicuiate amumber of ceproductive inuices ¢ see Tabies
7a and b}, as weil as the frequency of dominant ‘ethal
factors {Ehling er af., 1978). Statistical anaiyses of the
dominant lethal reproductive indices were performed
using two by two contingency tabies, with a correction
for continuity.

Terarology screeming. Also in the F/1C and F/1B
matings. the treated females were co-housed 3:1 with
9-weeck-oid naive males for 7 days. Females were ex-
amined each morning for copulation plugs. The discov-
ery of a vaginal plug marked Day O of gestation. Failure
to find a vaginal plug during the week of mating dis-
qualified the female {rom the teratology screening. Fe-
maies were sacrificed on the 18th day of gestation. thetr
uteri were ¢exposed, and the number of impiants, re-
sorptions, and viable and nonviable maies and females
were counted. Fetuses were individually weighed and
cxamined for gross defects. (n the cvent that no gross
malformations were found, every third fetus ‘»as fixed
in Beuin's fuid for subsequent serial sectioning and ex-
amination for visceral anomalies. The remainder of the
fetuses were prepared for skeletal visualization by svis-
ceration. removal of soft tissue in % KOH. and staining

with aqueous alizarin red S {Barrow ind Tavior, :949:
Wilson, 1965). The aumber of visceral ind skeietal
maiformations were abuiated. Appropriate statistical
tests were performed (Gayior. 1977).

RESULTS
Adult Findings

Statistical analysis indicated ao sigeif
cant treatment-related reduction in macas
daily fluid consumption by the test animak
receiving either haloalkane. Body weights &
F;/0 male and female animals treated wid
1,2-DCE and 1,1,1-TCE were not affectas
by cither compound {data not shown). F/H
body weights for 1,2-DCE- and {,1,1-TCE
treated mice {data not shown) also demom
strated no compound or dose-related effects
The difference between F/0 high conceotra
tion 1,1,1-TCE-treated and control femal
mean body weights following the F, 1A mat
ing appeared to be due to a fluctuation &
the fertility index of the high-dose g2roe
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TABLE ¢

Survival INDICES FOR LITTERS OF MICE INGESTING [.2-DICHLOKOETHANE OR 1.1.1-TRICHLOROETHANE*

Litter
F/1A F/iB F/2A
Concentration
Compound {mg/ml) vI* LI \%1 Ll Vi L

1.2-Dichioroethane G.00° o072 94 & G6.9 90.4 RE.S 86.2
(1,2-DCE) 0.00" 9.5 98.2 4.0 94.4 89.6 81.3
0.03 98.1 97.8 96.7 96.4 91.8 950

0.09 94.3 97.5 97.0 o5 0 89.¢ 86.8

0.29 $3.0 7.2 G3.l Lt 623 86.6

1.1.1-Tnchiorocthane 0.007 €23 97.0 96.4 97.2 92.3 76.4
(1,1.1-TCE) 0.00/ 94.1 97.4 9¢.2 94.0 92.3 87.5
0.58 97.4 §7.5 9i.8 85.5 880 88.0

1.75 85.9 93.2 94.1 4.0 89.6 83.0

5.83 91.3 95.9 89.6 921 83.0 80.0

* The F/1C and F 2B pregnancies were interrupted for dominant iethal and 1eratology studies.

N . . .
r{Day 4 litter size)i~
viability index! = L s |/
a, d = {Dey 0 litter size )’

:_ T (Day 2} litter size)i ~

[d 3 3 \ =
L1 (lactatior index} P {{pups kept & Day 4.

“ Naijve controi.
* 1% Emuiphor vehicle control.
7¢.17 mg:m; p-dioxane in 1% Emulphor.

(Tabie 2). That is, the smaller percentage
of pregnant femaies in the high concentra-
tion group skewed their mean body weight.
This gap in mean body weights was nar-
rowed in subseguent weeks. Fertility and
gesianon inpdices are presenied in Tabie Z.
Adul: mortality is summarized in Table 3.
The reason for the sporadic incidences of
increase¢ mortality could not be discerned
at pecropsv. At scheduled necropsy (after
Week 24 or 25 of dosing, neither chemical-
nor dose-reizled gross pathology was ob-
served in cither generation.

Liner Findings

Data from the three 21-day litter survival
h’s (F/1A, F/1B, and F/2A) are shown
in™ables 4 to 6. 1,2-DCE and 1,1,1-TCE
appeared to produce no significantly adverse

.

>

N . N = No. litters

[N N = No. litters. Pups kept at Day 4 < 10.

intragenerational or transgenerational ef-
fects on mean litter size at birth (Table 4),
mean postnatal body weights (Table 5), or
birth to Day 4 survival and Days 4 to 21
survival {Table €). Values of the F /2A post-
nataj body weights (Tabie 3) and survivai
indices (Table 6) were decreased from the
F/1A and F; 1B values with few exceptions.
The reason for this decrease is not known.
The decrease occurred among all groups, so
1t is not believed 1o be treatment related.
Necropsies of weanling male and female
pups from each Iitter vieides no evidence of
dose-dependent gross pathoiogy or congen-
ira]l malformations for either haloalkane.

Dominant Lethal Screening

Findings from the dominant lethal screen-
ings of both chemicals are listed in Tables

s
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TABLE 7a 3
RESULTS OF DOMINANT LETHAL SCREENING IN FEMALES MATED TO MALES %
INGESTING |.2-DICHLOROETHANE ")
Concentration Number Fertility Resorp-  Live o
{mg;ml)  pregnant index’ Impiants’ ion® fetuses’* DF/LF DF 2t DF 22 FiL®&
£nc 2.00F V7 36.7 14,1 1.4 12,7 23.216 9% 611
Mating 9.00¢ i9 63.3 14.0 Q.7 133 (5. 280 108 T =1.39
3.03 16 56.5 4.0 1.6 12.4 /198" 3/8 tis 2.9
.09 3 °8.7 143 2.9 136 31/312 15,7 §:18 -4.77
9.29 i7 36.7 13.2 0.6 12,5 11,213 7410 213 .42
r/lB 0.0 N 62.5 12.2 1.0 1.2 157148 2 1714
Mating 3.00¢ 25 333 ii.d 0.8 0.8 19,271 9/16 322 321
0.03 hd 90.0 (2.3 9.9 tid 237309 i4/13 3022 -4
0.09 e 30.0 129 1.7 103 405247 12712 319 3.13
0.29 19 3.3 19.2 a1 10.8 17172 /4 NERE1 102
) TABLE ™%
RESULTS OF DOMINANT LETHAL SCREENING IN FEMALES MATED TO MALZES
{NGESTING 1,1,1-TRICHLOROETHANE
Concentration Mumber Feruldity Resorp-  Live
{mg,/mi) oregnant  index® [(mplants® ‘ions®* fetuses’” DF/LF DF =21 OF 22 FL%
FiiC 0.00° 14 58.3 139 1.0 129 14/181 7,7 410
Matung 1.00° 2 3.3 13.2 1.9 1.3 41/748*" [4/8 314 12.77
0.38 i9 53.3 13.2 0.7 12.5 13/238" 9:10 2 302
1.75 21 P 12.8 0.7 12,1 13/254* 313 S/16  £3%
5.33 15 30.0 i3.7 0.9 128 13/192* 3,7 S/10 493
F/2 03.00° 17 6.7 12.6 1.1 1S 19/196 1.6 5712
Mating 0.00° 9 43.3 1.3 0.6 1.3 11/214 14),9 {778 :
0.58 27 90.0 12 1.3 0.3 38,292 1017 5724 Re §
s 28 33.3 1.9 0.8 12 21/313 izole 4,24 1.04
£33 2s 333 i2.0 0.7 1.3 17:283 12.13 471 1.82
* Indices defined:
number of i I t
Fertility index = o o108 3 PIEENANE ooy,

r
FL% (frequency of dominant lethal factors) = f 1

® Mean value per dam.

¢ Naive controi.

“ {% Emulphor vehicle controi.

DF/LF

DF =1

DF =12

]

#

number of {emales availabie

totai aumber of dead fetuses

:otai aumber of live fetuses *

total aumber of females with one or more dead fetuses

:otal number of femnales with zero dead fetuses

totai aumber of females with two or more dead fesuses:

iotal aumber of females with less than two dead fetuses

“0.17 mg/ml p-dioxane in % Emulphor.

* Significantly different from control at p s 0.05. Vehicie controls were compared to naive controis:
groups were compared with :heir vehicle controis.

( mean live fetuses, treatment ] ) !

\

mean live fetuses, naive

x 100 (Ehling e al., lm);:"

reatment
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TABLE 8a

RESULTS OF TERATOLOGY SCREENING IN FEMALES INGESTING 1,2-DICHLOROETHANE

Concentration No. of Fecundity

Resorp  lave

img,ml) liters  index” lmpiants® tions' fetuses® DF/LF* DF = 1 DF 2 2* M:F°
Fi/C 0.00 S 90.0 12.0 1.8 16.2 16/92 4/ 1/8 49:51
mating 0.00" ] 100.0 12.1 5.6 6.5 47751 672 6/2%  59:4]
6.03 10 100.0 14.9 2.5 124 25/121* 6/4 5/5 48:52
0.09 ¢ 100.0 138 52 g5 228 5/ 373 48:52
: 0.29 8 80.0 13.4 1.0 124 groer 3 2,6 45T
‘"r/za 0.00r 9 100.0 14.1 1.0 13.1 9/118 772 2/ 47:53
mating 0.00” 6 100.0 14.5 27 118 17/71" 373 2/4 39:61
0.03 4 100.0 16.0 G.8 8.2 3/61° 22 i/3 §7:43
0.09 9 1000 13.1 27 105 24/94 574 2/7  46:54
0.29 6 857 13.0 G~ 12.3 5/74* 5/} 0/6  49:5:

TABLE 8b

RESULTS OF TERATOLOGY SCREENING IN FEMALES INGESTING 1,1.}-TRICHLOROETHANE

Concentration No. of Fecundity

Resorp-  Live

i (mg/ml) litters  index* Implants” tions* fewuses® DF/LF° DF = 1° DF =2 2 M:F*
f
F/1C 0.00° 5 100.0 13.8 0.8 130 4765 23 273 52:48
maling 0.00r a 100.0 16.3 0.5 13.8 2/63 i/3 1,3 46:54
0.58 0 - - — — — - — _
1.78 9 100.0 14.2 49 ¢4 a4/8s* /2 S5i4 49-51
5.83 5 7.4 12.2 2.2 1G.0 11/50* 4.1 4/1 62.38
F/2B 0.00¢ 4 100.0 14.5 1.5 13, 6/53 3/1 1/3 46:54
mating 0.00r S 83.3 150 1.0 14.0 5,70 4/1 /4 54:46
0.58 11 100.0 14.1 1.5 12.6 16/3 40 274 1710  41:59
1.78 6 78, 15.7 3.0 12.7 18,77+ 24 1/2 43.57
5.83 1) 100.0 15.2 1.8 15.4 5/67 5/0 2/3 34:66

* indices defined: Fecundity index = percentage of copulation plug-positive females bearing live fetus{es) at
sacrifice. For definitions of DF,'LF, DF 2 I, and DF 2 2 see foounotes 1o Tabie ~. M:F = rauc of hve mate tc
. femalie fetuses expressed as a percentage of the 10tal number of live feruses.

“Mean value per dam.

“ Nawve control.

“ 1% Emulphor vehicle control.

*0.17 mg,ml p-dioxane in {% Emuiphor.

* Significantiv different from control at p < 0.05. Venicle conirois were compared te naive controls: treatment

groups were compared with their vehicle controls.

72 and b, Statistically significant effects in
the raiio of dead to live fetuses (DF/LF)
: were observed in both generations for both
=+ compounds. However, these effects. which
¢ both increases and decreases compared
ntrols, do not appear 10 be dose related.

two cases, greater effects were seen among
thc vehicle control groups than among the

treated groups. The frequency of dominant
iethai {actors (F,%; Ehiing er ai., 1578} for
both chioroalkanes in both generations was
minimal (-7 10 +12) when compared 10 the
results in females mated to males receiving
0.05 mg,/ml! cyclophosphamide in drinking
water for 14 weeks (F, %, cyclophosphamide
= 62, data not shown).

e
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TABLE 9%

DISTRIBUTION OF VISCERAL AND SKELETAL MALFORMATIONS AMONG FETUSES/LITTERS
OF FEMALES INGESTING 1.2-DCE

F/1C liuners F/28 litters

Conc. img;/mix  3.00° .00° 2.03

0.09 929 290 200° 933 1M  I9

Tatal No, ‘etuses, totai No.

dtters: 92.9  Si/8 121710

51,6 99/8 118/9 7Ti:6 SI'9 94.0 ‘44

7

Visceral maiformations

Totai aumber examned 33/8 9.7 46/9
Hudrocepnaius 9,9 0 [
Cleft palate 370 30 /0

Arriai. ventricular. or :ardiac

avoertroohy 99 10 Ha
Mairowation of the heant 0.0 3:0 ;0
Hydrenephrosis 11 /0 0/0
Dilated rena: pelvis 20 HI 2.9
Diiated biaader 9,0 9.0 0/0
Cryptorchidism; malpositioned

testis il 0,0 0/0

18,4 29/7 38,9 13,5 10/4 9% 2476
20 0/ 20 0.0 3.0 20 00
%0 9/0 90 0,9 0,0 0/0 0/0
0/0 90 9/0 1;1 2.0 1/1 o0/0
0/0 0/0 9,0 30 9.0 9/0 0/0
0/0 0,0 0/0 0/0 0/0 9/0 0/0
SIS TR T ) B W B 17
0/0 0/0 0,0 90 1.1 0,0 00

0/0 0/0 0/0 0/ 0/0 0/0 oM

Skeletal maiformations

Total number examined ()
Dvsplastc skuil
Dvsplastic supraoccipital
‘egion
Microagnathia
Asymetric sternebrae
Bifid siernehrae
Hypopiastic sternebrae
Ex:ra ribs
Wavy cibs 7

80/9 475 41/4 65/38 50/6
0/0 30 9/0 00 11

32 3/2 0/0 22 i1
3/0 0,0 9/0 0,0 90

14/6 94 22 9/5  16/6
83 /1 T2 a3 33
1 0/0  2/0 0,0 )
2t 200 12 2
0/0 9/0 9.0 11

¢ Naive control.
* '% Emuiphor vehicle control.

¢ F/1C skeletal specimens were lost due to a preparation error.

Teratology Screening

Maternal ingestion of 1,2-DCE or 1,1,1-
TCE produced no appareat adverse repro-
ductive effects (Tables 8a and b) or in-
creased inciaence of fetal visceral or skeletal
anomalies {Tables 9a and b). No ¥/1C fe-
males consuming the lowest dese of 1,1,1-
TCE were found with copulation plugs. Al-
though some females did become pregnant,
it was impessible 10 ascertain when preg-
nancy began and, hence, no teratologcal
cxaminations were performed on this group.

DISCUSSION

1,2-DCE and 1,1,1-TCE are industrially
important chemicals which also are found
in the drinking water. Since people of re-
productive age may be exposed to these ma-
terials, an evaluation of the cffects of 1,2:
DCE and 1,1,1-TCE on reproduction and
development was indicated. Mice were ex-
posed for a minimum of 6 weeks prior o the
initiation of mating. The total duration of
exposure for the F/O and F;IB aduits, re-
spectively, was 25 and 24 wecks. Adult re-
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TABLE 9b

DISTRIBUTION OF VISCERAL AND SKELETAL MALFORMATIONS AMONG FETUSES L:TTERS
OF FEMALES INGESTING 1,1,1-TCE

F/1C liners

F /2B huers

Conc. (mg/ml): 0.0 0.00* 0.58

175 5%

()

c.00*  0.00° 0.5¢ I.

~4
"
[
on
)

Towa! No. fetuses/1otai

No. litters:  65/5 63/4 0/0¢ 85/9 50/5 53/4 70/5 140/11 77/6 61/5

Visceral maliormations

Total pember examined 23/8  22/4 —
- Hydrocephatus 0/0 0/0 —
Cleft palate 0/0 G/6 —
Atrial, ventricuiar, or cardiac
byperirophy /0 ¢€/0 —
Malrotation of the hean 0/0 0/0 —
Rydronephrosis 0/0 0/0 —
Dilated renal pelvis 11 0/0 —
Dilated biadder 0/0 0/0 —
Cryptorchidism / maipositioned
estis 0/0 0/0 —
e
i

29/7 18/S 1B/4  23/S  48/10 27/5 23/
1/ 0/0 U/ 6/0 ©0/0 0/0 0/0
0/ i/t 0/0 ©0/0 0/0 0/ 0/0

0/ ©/0 0/0 0/ 0/6 0/0 0/0
/0 ©0/0 0/0 O0/0 171  0/0 0/0
0/0 0/0 ©0/0 0/6 ©0/0 0/0 0/0
/1 0/6 1/t 0/6 1/i 0/0 0/0
0/0 ©/0 ©/6 0/0 ©/0 0/0 0/0

272 0/0 0/0 0/ 1;1  0/0  0/0

.

Skeletal maliormations

Tota! numbe: examined (d)
Dysplastic skul)
Dsplastic supraoccipital
region
Micrognathia
ASYmeinc slterncbrae
Bibc sicrncbrae
Hypopizsuc stermebrae
Exire ribs
Wawvy ribs

35,4 475 91710 50/5 44/5
i/ 0/0 1/t 0/0  0/0

i/i° 0/0  ©G/0  0/0 4/l
0/0°  1/1 N 0/0  0/0
1654 1373 16/9  15/5  §/3
17V 2/1 104§ 4:3 271
2/1 171 /1 /0 1/1
0/0  0/0 0/0 /1 0/0
0/0  0/0 010 17 0/0

}: * Naive control.

*0.17 mg/ml p-dioxane in !% Emulphor.
T here were no piug-posittve ‘ernales in this group.

“F "1 skeleal specimens were lost due to a preparation error.

productive performance. litter survival and
grow:r., dominant lethal effects, teratogene-
sis, and general pathology were evaluated.
No dose of 1.2-DCE produced dejeterious
sffects on male or femaie reproductive func-
tion or on offspring development. These neg-
ative findings comirast with the peneuc
toxicity demonstrated by 1,2-DCE (see in-
troduction) and with the severe reproductive

-7 ’city demonstrated by a close structural

.0z, 1,2-dibromoethane (Rannung, 1980).

&. The results presented for 1,2-DCE support

the findings of Alumot et al. (1976) and Rao
er al. 11980) for different routes of admin-
istration.

The results for 1.1.1-TCE were aiso uni-
formly negative at the concentrations tested.
The 1,1,1-TCE teratologicai findings of this
study agree with those obtained by Schwetz
er al. 11975} in both mice and rats exposed
to 875 ppm 1,1.1-TCE for 7 hr per day on
Days 6 10 15 of gestation. Calculations in-
dicate that the inhalation dosc {mg/kg/day)
was in the range of the low to the middie

b
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doses used in the present drinking water .

study.

EPA-reported mean concentration drink-
ing water levels for 1,2-DCE and 1,1,1-TCE
are 4.3 and 1.5 ppb, respectiveiy (U.S. EPA,
1975), For a 70-kg man <onsuming 2 liters
of water per day, these icncentrations rep-
resent doses of | x 107 mg ! 2-DCE/Xg/
day and ¢ x 107% mg i,1.1-TCE/kg/day.
TUsing the highest concentraticn of zach
naivatkane avarlatle to 1 135-g mouse con-
suming 5 ml/day. 1 mcuse would receive 30
mg 1.2-DCE/kg /day or 1000 mg 1.01-
TCE. Kg,dav The highest doses of 1.2-DCE
and 1.1.1-TCE adminisiered tc mice n the
present study are approximately five and
seven orders of magnitude, respectively,
greater than the porental average auman
dose {assuming exposure 9y ‘the drinking
water cnly). These differences between av-
erage animal and human 2xposures are well
above the “safety factor” of two orders of
magnitude generaily ased when extrapclat-
ing from a highest no-observed-effect level
in animals 0 man.

Cu the basis of these resuits and other
published reports, it is concluded that the
zoncentrations of 1.2-dichloroethane and
1.1,1-trichlcroethane in the drinking water
pose :ittle hazard (o human reproduction and
developmefit. -
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