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EffecU; of 1.2-Dichloroc:thane and 1.1. I -Trichloroethane in Drinking Water on Reproduction 
and Developmem in Mice L"NE, R. W., RIDDLE, B. L., ANP BOP..ZELLECA, J. f. (1982). 
Toxicol. A.ppl. PhDrmocol. 63, 409-421. A multigeneration reproduction study lJBS modified 
to include screening for dominant lethal and Ieratogenic effectl. of 1,2-dichloroethane ( 1.2-
DCE) and 1,1,1-trichloroc:thane ( l.l.l-TCE) in drinking solution ( Emulphor:deionized wat.er. 
i:99, vjv). Male and female JCR Swiss mice received eitha· !.2-DCE a1 concentrations o( 
0 . 0.03 . 0.09. or 0.29 rng j ml or u . :·TCE a: concentration ~ ol G. C.Sb . i. -:' S, or S. !D mg !mf. 
Tnese concentrations were designed tc yield daily : .2-DCE dose~ of 0 :. . l 5, m :'iO mg,'kr 
and I.Ll-TCE doses of 0. 100. 300. or ].()(){) mg/ kg. No taste aversior; was evident for either 
of th~ chemicals at an~· conccnt~ation . There appeared t<: he no dose-dependent elfecu; or. 
fertility . gestation. viabiiity. or lactation indices. Pup su:-viva! and weight j!:ain were nm ad­
versely affr-.ctec:!. 1.2-DCE and l.l.J-TCE failed w produce significani dominant lethal mu­
tations or terata ir, either of til: two generatrom tested 

..2--Dichloroethane (ethylene dichloride: l.2-
ICE) is usee industrially af a soivcn: . chem­
::al intermediate, and gasoline additive; it 
' uod agriculturally as a fumigant of stored 
:rains (IARC, J 979a )_ i, l . 1-Trichloroe­
~:c.ne t me:hyl chloroform; J, ; . i -TCE) is 
.sed as a degreaser and chemical interme­
:iiate (IARC, I 979b )_ Both chemica is are 
'ound in drinking water (U.S. EPA, J9!SL 
3ecause these chlorinated hydrocarbons are 
Jbiquitous in the environment. mer and 
..vomen may be exposed to them during their 
-eprodu:::tive years. A review of the literature 
-evea!ed a paucit)· of dala concermng the 
:ffects of these chemicals on rep:roduct1on . 

1 This investigation wa.- supported m par. by EPA 
.lt"&Dt R-806481. Presented in part a1 the Annual Mee1-

n&'of'tbe Society of Toxicology. Sar. Diego. California. 
'l.farch 198 I. 

1 Supported by NIEHS Training Grant IT32ES0708i . 
--!To whom requests for reprints should be addressed . 
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Human exposure to 1,2-DCE may result 
in centra] nervous system depression. an­
orexia, nausea, abdominal pain, and dys­
function of the hepatic, renal, and hematic 
systems (lARC. J979a). 1,2-DCE is muta­
ger;ic ir. Sa/m(J ilf'!Ja i_rphimuri um st ra im 
TAJOO. TA1530, and TAJ535 and cause~ 
sex-hnked recessive lethality in Drosophila 
meianogas1er (I ARC. J 979a; Rannu ng, 
1980 ) N c• genetic effects were observed m 
A.spegiliw nidufa"-~ · in various strain!' of 
Escherichic; coli, or in the mouse mlcronu­
cleus tesl i lAR C, ! 979a: Rannung, I 9~)0 ). 
Metabohcall} activated L2-DCE bind,; to 
proteir. and to DNA (Baneqee P.l al., i 980 _). 
1,2-DCE administere<i by gavage tr. B6C3F l 
mice ( 195 mg/ kg j day for high-dose maies 
and 299 mg/ kg j 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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TABLE I 

PREP ... RA TlOI'I Of DoSII'IG SoLUTIONS 

C ompound 

' .. >Dichior<><!tha ne• 

\ L : - 0 CE) 

i .1. 1- T t: ch itJ roethane(· 

(1,1.;-fCE! 

Group 

Naive ~ontrol 

':mulphor ·,ehic!e .::Jnrroi 

~ ..>w .::oncentratton 

.\1id ..:oncent rauon 

High ~onct:mrauon 

'\la1ve .;ont ro i 

o-dioxane- E.mu i on or 

veh1c!e cunrro 1 

Low concent r:wcn 

Mid concentrat ion 

High concentrat 10 n 

Concentration 
(mgj ml) 

ow• 
o.oo •n :::~w · 

0.03111 EDW 

O.J9 in ED 'N 
0.29 1n ED W 

DW 
O.tiO :n ,'J. , • cng ,' ml 

p-diuxane m EDW 
0.58 ;n EDW 
1.75 in E DW 

5.8 3 in ED W 

!5 
'itl 

0 
0 

l l)() 

JOO 
!.()()() 

.. 1.:,(.-: 
'~ C:.1!cuiated on the basis of a 6 mi , moust: -' Jay .1 ve rag~ ;iuid \:or.sumptwn fur .1 35-g: iTH .. 'U ."'e 

• Aldnch Chemical Co., Milwaukee, Wise.; 99 + % pure. 
• Aldrich Chemical Co., Milwaukee, Wise.: 97% pure. inhibited with 3% p-dioune. 
• Deionized water. 
~ 1% Emulphor in OW . 

of 95 mgjkgjday by gavage for 78 weeks 
also developed an increased incidence of 
squamous cell carcinomas in males, mam­
mary gland adenocarcinomas and fibroad­
enomas in females, and hemangiosarcomas 
in both sexes (National Cancer institute, 
1978 ). The mmorigenic effects were not se:!n 
following lifetime inhalation :=xposure to l ,2-
DCE (Mal toni, 1980, cited in Guengerich 
et a/., 1980). There is no indication of car­
cinogenicity in humans (IARC, I979a). One 
reproduction study (Alumot et a/., 1976) 
concluded that there were no adverse effects 
on male or female rats that received 12.1 
and 24.5 mg I ,2·DCEjkgjday in fumigated 
food from 6 weeks to 2 years. Another re­
production study (Rao et a/., 1980) found 
that 60 days of exposure (both males and 
females) to 15, 75, or 150 ppm of 1,2-DCE 
vapor produced no adverse effects in rats. 
The same group (Rao et a/., 1980) found 
that 100 and 300 ppm of 1,2-DC£ vapor 
caused no teratogenic effects, even at ma­
ternally toxic doses, in rats and rabbits. 

I, I, 1-TCE causes central nervous system 

~.;rflt 
depression; hepatotoxicity has been re~ 
only at doses near the LD50 (iARC, I979b}. 
l , l,l-TCE is weakly mutagenic in StJ/llJ(r 
nella typhimurium T A I 00 with and with9rit 
microsomal activation (Simmon ec a/., 1917}. 
There is no indication that I , I , 1-TCE ;s~. 
cinogenic to mice, rats (National Can~r 
Institute. l977 ), or humans (IAR C, i 979b). 
No data on the reproductive effects of l.l;I­
TCE were found in the literature. Fetal d,e. 
'lelopment in mice and rats was not atf~ 
by 7 hr of exposure to 875 ppm 1,1,1-~ 
on Days 6 to 15 or gestation {Schwetz~d: · · 
197 5 ). Abnormal fetal development anif-, ; 
tal death were exhibited by chicks ex :. · · 
to 5 to 100 ;Umoi l,l,l-TCE injected into-. ~ .l}f, .. · _ 
air space of the egg (Elovaara eta/., 1~ 

No studies with either compound ~ 
been reported in which the drinking water 
was the method of exposure. The follo~ 
studies were therefore performed to detet· 
mine whether 1,2-DCE or 1,!,1-TCE wooJc 
affect male or female reproductive functior 
or fetal development when administered sub· 
chronically in the drinking water_ 
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Rece 1ve 7 wk. oi c m1 c~ at~ C: rana om ~ Z'2 

A~c 1 imate fo• ~- WI.. 

l 
Treat for 5 .. ~ 

l 
1( w~ F/0 

Random~ ze, mte Re-randomi ze. r£--matE' 

Maie ~ u ~ec: for 
dom1 nan: i er.nc ~ s tud_y 

21-Day survival study Zl -Day surviv~ ·, study 

llecropsy f-/lA 

Rest F/0 2 w~ 

Randoooly culi 

kest F/0 Z wt 
I 

+ 

Fema 1 e~ usee! for 
teratolog.~ s tudy 

( F/lC ) 

Treat F/lB for ll wk 

kandomi ze . rna tr 

21- Day survival study 

Necropsy F/2A 

Rest F/16 2 wk 

I 
' l' wt: F/lB 

llo"i es used for 
dominant 1etha l ~ t ud_1· 

F....,) es used fo r 
ter!tology s tud} 

( F/ 28 ) 

FIG. 1 Flowchart of the modified multigeneration -' reproduction protocol used in this study. 

METHODS 

A.ni11Ull husbandry. Seven-week-old lCR Swiss mi~ 
Flow Laboratories, Dunlin, Va.) were acclimated for 
~ weeks, randomly assigned to groups. and marked by 
oe clipptng. The mi~ were housed on sawdust bedding 
n polycarbonate cages. The environment was main­
ained at 22 to 23°C with 40 to 60% relative humidity 
tnd !2 hr of light per da)'. The mice were allowed food 
Purina Rodent Laboratorv Chow 5001) and drinking 

.oiution (see below) ad libitum. Males were housed sin­

.;ly; females were kept three per cage, except during 
>anurition and lactation, when they were housed one 
:lCl cage. Males and females were co-housed (I :3, re­
>pcctively) for 7 days at each mating. Litters were 
weaned at 21 days of age. 

Prepararior. of drinking solurions. 1,2-DCE (Aldrich 
Chemical Co .. Milwaukee. Wise .; 99 + % pure) and 1.­
l.i-TCE ! Aidnch Chemical Co .. 9"'~% pure, inhibited 
with 3% ,-dioxane) were dissolved in a I% solution of 
Emulphor EL-620 (GAF Corp .. Linden, N.J.) in deion­
ized water . This vehicle was necessary due to the hmited 
solubili ty of the test materials Ill watet. No aversion 
( decr~ased flu•d consumptior, ) to the vehicle or either 
haloalkant was observeri . Fresh drinking solution~ were 
prepared twice weeidy, according tc the specifications 
in Table l. and were placed in 225-ml amber glass bot­
tles with cork stoppers and stainless steel drinking tube!.. 
Levels of 1.2-DCE and l.l.l-TCE were based on acute 
male oral LD50 data (unpublished data) . The highest 
concentration was chosen to provide a nominal daily 
dose (based on s 35-g adult mouse consuming 6 ml 
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TABLE 2 

REPRODUCTIVE PERFORMANCE OF ADULT MICE INGESTING 1.2- DICHLOROETHANE 

OR I , 1. 1-TRICHLOROETHANE 

~·-
L1tter 

F j !A F/! B F/ 2A 

! .1-Dich iorot:: tll ane 
( 1.2-DCE l 

l . l. !-Tnchit) rot! :: ha ne 

(l,l.I·TCEi 

Conce:n ra tion 
\ mg/ mi) 

0.00' 
0.00" 
O. ;J3 
V.'J<l 
0.29 

O.O(Y 
0.00'" 

0.58 
~< 

'· 
5.83 

F\" Gl" 

':iO.O ~:2. -~ 

93 .J 3:. ( 
89 .3 o·:.J 
82.3 EJ 
90.0 3 .~. 2 

90.0 -J:.6 
96.7 'JZ.5 

96. 7 89.7 
40.() 3~ .. : 
?!2.8 7 ~. 0 

"! G l F! Gl 

70.0 1 \. ~ 76.2 !00.0 
76.7 78.2 86.2 96.0 
89 .3 34.0 91. J 31.5 
62. ! 44. ~ w:. 8 HlO.O 
70.0 90.5 85 .2 "'8. 3 

7}3 90.9 85.2 32.6 
90.0 66.7 70.0 100.0 
82.7 37.5 84.6 90.9 
857 ~3 . 3 76.7 q~., 

85 .2 78.3 94.4 iOO.O 

··-::;.:"} 
• Fl (Fertility Index) = (No. females pregnant/ no. females mated) X 100. ~- -.,:-

• Gl (Go:station Index ) = (No. females with live litters /no. females pregnant) X !00. 
' Naive control. 
" I% Emulphor vehicle control. 
'0. : 7 :ng,lml p-dioxane in ! % Emulphor. 

solution per day) approximately equai to l /lOth the 
LD50- Mid and low doses. respectively. were one-baif 
and one log unit lower than the high dose. 

Experimemal desi~ Figure I depicts the multigen­
·!ration reproduction study modified to include screening 
of dominam lethal and teratogenic effects. Test animals 
were continu~sly maintained on drinking sc»utions con­
taining specified concentl'lltions of I ,2-DCE and 1.1.1-
TCE or on appropriate oaive and vehicle control solu­
tions {see Table t). 'I"he.· F 10 mice were randomized by 
computer into test groups of 10 males and 30 females. 
acclimated for 2 weelcs, and then placed on the appro­
priate test regimen. After 35 days on the test !Kllutions. 
the 14-we=k old F / 0 mice were randomly mated to pro­
duce the F I i A litters. Two weeks postweaning of the 
F 1 I A litters, the F / 0 adults were rerandomized and 
remated to produce the F I I B litter.~. Parental 1tock for 
the second !Cneration was drawn randomly f!'Qm the F I 
I B litters. F / 0 females were re~ted for 2 weeks, follow­
ing weaning of the F I l B pups. The F / I C mating was 
for dominant lethal and teratology screening as de­
scribed below. 

At weaning, the F / l B litters were culled to 30 females 
and I 0 males per group. Matings between siblings were 
avoided. The f / 1 B weanling mice were placed on ap­
propnate test ,;olutions, and at 14 "Neeks of age, were 
randomly onated to produce the F/ 2A Jitters. Two weeks 
postweaning of the f / 2A pups, the F/ l.B adults were 

randomly remated (F/1B mating) for dominant fer.!JaJ 
and teratology scr~ning. 

Adult observations. Weekly body weight and hrice­
wee!dy duid conswnption data were collected 00. ~~~~ 
0 J.nd F! ! a adult mice throughout the ~tudy. Using !tie 
Statistical Analysis System (Raleigh. N.C.), mean daily 
tluid consumption per mouse was calculated and ana­
lyz<:d fer significant {p s 0.05) group ditfer:nccs 'lriti! 
Duncan's multipie range test. Mean body~ -ftte 
.1naiy~ similarly. . "'" ..... 

Adult reproductive performance was evalua~t-11>' 
calculation of fertility and gestation indices (Fl.-r-Gl. 
rcspet."tivelr. Collins, !977). · JM· 

Adult percentage mortality was calculated at ~l#­
mination of each generation (25 weeks of dosin! t<lr•.jje 
Fj O; 24 for the F j !B). Mice found moribund ar ...... 
rificed at the eDd of the study were nccr~~ · ''. . 

Utur obs~rvation. Twenty-QOC-day suf""rivllf·'·· 
were performed on litters from the F I I A, F /'ii·~ 
F / 2A matings. Litter .>ize was recorded on Days 0, 4, 
7, 14. and 21. Litten ..-ere randomly culled to t;:JI'I 
each on Day 4 (Collins, 1977). Offspring --~ wi!¥.!~ 
collectively on Days 7 and 14 and individually-~ 
2\. v :ability and lactation indices (VI and U. ;;i~f;: 
tivdy; Collins, 1977; Fitzhugh, 1968) were calc.ilated. 
The statistical sampling unit for litter survival :st1ldic:s 
was the litter (Gaylor, 1977). Litter size and v1abtlity 
and lactation indices were tested for group elfects: ~ 

:.?;· ; . 
..•. _,:1 
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T A,BLE. 3 

MOR";""-LITY AMONG Ar>ULT MALES AND F EMALES INGESTING 1.2-DJCHLOROETHANE 

O R I. \.I Tk lC H LO ROEHi -.N:C 

Compound 

--
1.2-Dichlor~thane 

(!.2-DCE ) 

i_ 

l;.l. I-T richlonJCthane 
(1.1.1 -TCE.) 

• After 25 weeks of dosing. 
• After 24 weeks of dosing . 
' Naivt control. 

Concentration 
( mg / ml) 

0.00' 
0.00" 
0.03 
0.09 
0 .29 

0.00' 
O.O!Y 
0.58 
1.75 
5.83 

"1% Emulphor vehicle control. 
• 0.17 mg/ ml /Hiioxane in J% Emulphor. 

the Krusl:.ai- Wallis :i' approximation. effects were hr 
c:alizcd b~ Dunn's approximation to a distribution-free 
BWltipl~ comparison (Hollander and Wolfe. J 973 l. 
Mean pup weights were analyzed in the same manner 

a the: aduh body weights. 

F ;c per ~enlag< - i i B percentage 
monain v" mortali ~ y" 

Males Females Males Females 

00 :j :. 20 0 7.4 
0.0 2. 3 0.0 0.0 

20.0 !3.3 0.0 3.3 
0.0 6.7 0 .0 3.3 
0.0 0.0 0.0 00 

20.0 20.0 O.C 0.0 
ltl.O .) . ~" 0.0 0.0 
0.0 10.0 0.0 7. 4 

10.0 6.7 0.0 0.0 
20.0 13.3 0.0 0.0 

Ali pups from each litter were sacrificed anc ne::rop­
sied at the conclusion of each 21-dn~ surviva) siUdy. 

I>omifUlni lethal screening. !!l tht f- .' i C and F / 1 B 
matings. treated maie~ were co-housed 1 .3 1111th 9-weel. ­
olci na1ve , nulliparou& females for 7 day• ( G n:en er ai., 

TA.B l_.E 4 

MEAN LITTER SIZE AT BIRTH• FOR LITTERS OF MICE INGESTING 1,2-DICHLOROETHA N E 

OR 1,1.1-TRJC H LOROETHANE 

Compound 

1.2-D•~hloroethane 

( 1.2-DCE) 

I .1 .! -Tnch1oroethant 

0 .1.1 -TCE) 

§t. • Mean pups per litter ± SD. 
·:: ·· • Naive control . 

Concentration 
( mg ·m:} 

0.00' 
O.O<r 
0.0:• 
0.09 
0.29 

0.00' 
o.w 
0.5b 
! 75 
5.83 

:,j< ' I% Emulphor vehicle control. 1'0.17 mg/ml JHI~u~ ;, 1% Em•lpbo<. 

!' A. 

13.: 
! 2.(• :: :: .. i 
i 3.2 :: 3 .:· 
12.9 :: :: 
11.4 = __ 7 

12"':'=_4 

12. ! :: 3.~ 

~~- ~:::4 

i 2.(1 :! 3. j 
!1.8::3 .! 

Liner 

F ' i B 

13 . 1 = 45 
! 2.; :: 3.C 

) : .5 = 4.1 
10.5 :!. 4.4 

lC.4::. 4.8 

13.3 =. 4.3 
!1. 2::4.~ 

! 0 .3 :: 5 . ~ 

10.6 ... 4.! 

F ' 2A 

1 i .R :: 2 4 

12 .~ :!. - i 

123 .:!. .:. 7 
1 ::.t> ± 1.9 

12.~ ± '-, 
I i.3 -. • . .:: 
12.:' ::: :.) 

i 2.9 = :! .: 
12.1 = 2.2 
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TABLE 5 

MEAN POSTNATAL Boov WEIGHTS• OF OFFSPRING OF MICE INGESTING 1.2- DICHLOROETHAJ'jE 

OR 1. !.1-TRICHLOROETHANE 

Liner 

F .' ~A 

:>ay ' 4 Day ~ O.ay , 4 Oa~ 'l Day - iJav 4 J ay 1! 

1.:-oc: ::oncent ra t1on 

•mgt ml) 

O.t~ <.a = i .ll 
():X)"' ·-~ : a ~ 

o.v! u : J.: 
0})9 4 . i' " 0 -
~ - ~9 5.1 :!: 0.6 

.l. i · TCE COI I~en tratlon 

(mg/ mi) 
0.00' 4.8 :!: 1. 0 

000" ~- S : •).5 

~ :8 ~.3 : .). 5 

!.15 4.7 " u.7 
H3 5.1 = 0.6 

~ vtean pup body we1ght ( g ) := :) 0 . 

~ 'la1ve control. 

: ! % Emulphor vehide controt 

" -

1 .5 
7.5 
-
7,4 

7. : 

1 0. : 7 rngjml p-dioxanc in ~~ Emulphor. 

: ·- ' 1.0 : ~.-.l .4.3 

: ,) ' ' . . : ' ,_,) 

: • I . ~ :o.: = :. J :.o 
: I .. 0:.1 : l.j 5 J 

= ().'? ~ 0 . ... : 1.7 1, ') 

: u 10.9 .!: 2.4 5.2 

= 0.7 I 1.5 : 1.5 4.3 

: J.6 10 .5 = ' --~ l .3 

.: L ! 10.9 = L8 l.il 

- 0.? 10. '1 "' 1.7 4.7 

1977). F..:males were sacrificed 14 days from the mid­
week of co-housing, their uteri were exposerl, and the 
ilumber •Jf fetal implants, early and late resorptions, and 
viable fetuses were counted. Females without implan­
tations were disregarded .oxcept for calculation of the 
ferrility index (FI; Collins. 1977 ). These data were used 
to ·;alculate am umber of ieprcductive !nuices (see T abies 
7a and b }, ~well as the frequency of dom~nant lethal 
factor.~ ( Ebling et a/ .. 1978 ). Statistical analyses :Jf <he 
dominant lethal reproductive indi~ were performed 
using two by two contingency tables, with a correction 
for continuity. 

Teratology .rcruning. Also in the F /I C and F /1 a 
matings, the treated females were co-housed 3: I with 
9-week-old naive males for 7 days. Females were ex­
amined each morning for copulation plugs. The discov­
ery of a vaginal plug marked Day 0 of gestation. F·aiiure 
to find a vaginal plug during tbe week of mating dis­
qualified the female from the teratology scre<:ning. Fe­
males were sacrificed on the l8 ih day of g..:station. their 
uteri were exposed, and the number of implants, re­

sorptions, and viable and nonviable males and females 
were counted. Fetuses were individually weighed and 
examined for gross defects. In the event that no gross 
malformations were found, every third fetus -.,as fixed 
<n Bouin' s flu id for subsequent serial sectioning and .:x-
3JT1ination for visceral anomalies. The remainder of the 
fetuses were prepared for skeletal visualization by :vis­
ceration. removal of SQ(t tissue in 1% KOH. and staining 

= 
-
: 

: 

: 

.!: 

!: 

: 

:!: 

t 

•I. S 1.) :!: 1.5 i 2.0 = :. 5 l " !. .! <. ·: -·- -' :t lJ 
~- ' 3.0 = ~-. ;.:.._ : ··l.i 4.0 :!: J. 6 5. ! : -_, = 1.~ 
)A 7.9 : 0. - .. 

: !.J " -= .J.'i -J : i. :l ) : :J - -
1) .3 7j : 1.0 ' i .J = ··- ! .. ' = ~.J = :.a .. :t 2.i 
. ) .. ' 7 ~ = I. ' I : .J = ... J ... : ·.J.) ;.6 : \l .;l ·! .9 " 1.-J 

1.9 8..' .!: 2.1 j J. j - ].6 3. ~ = 0.! 5. j !: 1.7 j ~ 1 _9 
OA 7.1 = tl11 !0 .4 t 1.J 3.6 : 0.5 5.7 " i. J ' . :!: il 1.0 -J = ' ... : "'l"':" ! " : ') - ' : ' ) ) : ' H !U :!: l.i 11.6 ·- 2. 1 3.9 = I. I 6.0 : u ;!.a .r. '' 0.6 7.0 :t 0.6 1 0.~ ·• u H :!: LZ 5.9 ·• LO 1.!1:f:U 

with aqueous 'llizarin redS (Barrow and Taylor, 1%9: 
Wilson, 1965 ). The :1umber of •tisceral and ttdl:tal 
malformations were tabulated. Appropriate 1tati:lticd 

tests were performed (Gaylor. !977). 

RESULTS 

Adult Findings 

Statistical analysis indicated no si~ 
cant treatment-related reduction in lillie:U 
daily tluid consumption by the test anmt~ 
r-eceiving either haloalkane. Body weights -Jr 
F / 0 male and female animals treated ,.~ 

1-.'' .~:<'i~ 

1,2-DCE and 1,1,1-TCE were not aff~ 
by either compound (data not shown). F;i) 
body weights for 1,2-DCE- and l, l,l-TCF7 
treated mice (data not shown) also®~ 
strated no compound or dose-related effeCt$. 
The difference between F /0 high concen~­
tion I, l , 1-TCE-treated and control femak 
mean body weights following the FilA mat­
ing appeared to be due to a fluctuation in 
the fertility index of the high-dose gr~ 
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SURVIVAl INDI CES FOI< LiTTERS or MICE INGESTING ; .2-DlC:HLOROETHANF Ok J , l.l-TRI CH LOR OETHANE• 

Compound 

1.2-Dichloroethane 
(1,2-DCE) 

1, I , I -Trichloroethane 
(1,1.1-TCE) 

Concentration 
(mgf ml) 

0.00" 
0.00' 
0.03 
0.09 
0.29 

0.00" 
o.oot 
0.58 
1.75 
5.R3 

F/lA 

VJ• Ll' 

Q " ~ 90 
97.5 98.2 
9!LJ 97 .8 
94.3 97. 5 
93 .0 97.2 

92.3 97.0 
94.1 97.4 
97.4 '17.5 
85.9 93.2 
91.3 95.7 

L itter 

F,-'! B F/ 2A 

VI Ll VI Ll 

"6 9 90.4 811.5 86 .3 
94 .0 94.4 89.6 81.3 
9c.7 96.4 9i.8 95.0 
97.0 99 .0 89.6 86.8 
Ci3.1 t= ?_: \C~ 89 .6 

96.4 97.2 92.3 7L.4 
90.2 94.0 92.3 87 .5 
91.8 85.5 88.0 88.0 
94. 1 94.0 89.6 83.0 
89.6 92.1 83.0 80.0 

• The F! J C and F ;'7.B pregnancies were interrupted for dominant lethal and teratology stud1e~ 

" 
• VI ( viabi lit) inde" ) = 

: ( Dav 4 litter size )i" 
I ! - · i i\ . . IIi ; No. Iitten 
,_ , L. (Day 0 litt"r size)i ~-

' Ll (lactation index ) = 
· "r (Day 2llitter size)i i 
I ! j 1N . ; N =No. litters. Pup5 kep1 at Day 4 s 10. 
,., L( pup5 kept at Day 4-j f_, 

• Naive controL 
'I~ Emulphm vehick controL 
I 0.1 7 mgl ml p-dioxane ir. 1% Emulphor . 

(Table 2). That is., the smaller percentage 
of pregnant females in the high concentra­
tion group skewed their mean body weight. 
This gap in mean body weights was nar­
rowed in subsequent we-eks. Fertility and 
gestation mdices are presented m Table 2. 
Adult mortality is summarized in Table 3. 
The reason for the sporadic incidences of 
increased mortality could not be discerned 
at necropsy. At scheduled necropsy (after 
Week 24 or 25 of dosing ), neither chemical ­
nor dose-related gross pathology was. ob­
served in either generation. 

Liner Findings 

Data from the three 21-d.ay litter survival 
studies (F /lA, F /lB, and F/2A) are shown 
in Tables 4 to 6. 1,2-DCE and 1,1,1-TCE 
appeared to produce no significantly adverse 

intragenerational or transgenerational ef­
fects on mean litter size a t birth (Table 4 i, 
mean postnatal body weights (Table 5 ), or 
birth to Day 4 survival and Days 4 to 21 
survival (Table 6). Values of the F /2A post­
natai body wetghts (Table S j and survivai 
indices (Table 6) were decreased from the 
F /1 A and F j l B values with few exceptions. 
The reason for this decrease is not known. 
The decrease occurred among all groups, so 
il is not beiieved to be treatment related. 
Necropsies of weanling male and female 
pups from each Inter yielderi no evidence of 
dose-dependent gross pathology or congen­
ital malformations for either haloalkane. 

Dominant Lethal Screening 

Findings from the dominant lethal screen­
ings of both chemicals are listed in Tables 
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TABLE 7a 

RESULTS OF DoMINANT LETHAL ScREEN ING IN fEMALES MATED TO MALES 
INGESTING 1.2-DtcHLOROETHAI" E 

Concentration Number Fer tility Resorp- live 
(mgj ml) pregnant index• Implants• tions" fetuses• DF / LF DF ;;,: 

!l ()(Y 17 56.7 !4 . 1 L 4 i 2.7 2]:'2! 6 9/S 
0.00' !9 63 .3 \4 .0 0. 7 i 3 j i_), : s:~ · ; t / 3 
0.03 !6 ·S6.6 l4. 0 1. 6 I 2.4 26 ; 198* 8/ 8 
0.09 23 76. 7 1-U 0.9 I ~ . o 2 I j J i 2 l 617 

0.29 17 56.7 IJ.2 0.6 i : .5 l i / 21 J 7j l 0 

0.00' \ s 6' < - .J ! ::.2 1.0 i i. 2 I 5 ' 1ii8 '·' ! 2 
0. 00" 25 83 .3 i ! il 0.3 !0.3 19, 27 I 9 / 16 
0.03 .~7 90 .0 l L J 0.9 ! 1. 4 2.3 j J09 14 / 13 
0.09 :4 80.0 l : .. ) 1. 7 10 3 ~0 / :47 * 12 / 12 
0.29 !6 oJ j i1H 0. 1 !0.8 : /! 7'2* 2/ !4 

T .'\3LE 7b 
RESULTS OF DoMINA~T LETH AL ScREENING IN FEMALES MATED TO MA L:::S 

INGESTI NG 1, 1,!-TRIC HLOROETHAI"E 

Concentration N u1nber Ferti lity Re'ierp- Live 
(mgj ml) pregnant index" Implants• tions., fetuses• DF j LF Df ~ 

(}_()()< ! 4 ) 8.3 !3 .9 1. 0 1.2.9 14 /1 g t 7 t 7 
0 .00' '2 3 L j IJ.2 1. 9 1l.J 41(:4ll * 14 / 8 
0.58 !9 H J ! 3.2 0.7 12.5 !J / 238'" 9 i l0 
!.75 21 77. 3 12.8 0 .7 !.2. 1 15/254 '" 3/ 13 
5.83 !5 50.0 iJ. 7 0.9 12.8 13jl 92* 8 / 7 

0.00" i7 56.; i26 l.l 11.5 19/ 196 it / 6 
O.OCY !9 ,SJ_ J ~ 1. a 0. 6 1l.J ! l/2 14 11)19 
0.5 8 27 90.0 ~ 2. I LJ i0 .3 35 j : <J: · lOll -:" 

' !.75 28 -}3. 3 1 !.? 0.8 I !1 21 ( 313 12:1 6 
5.83 25 3J .J i l .O 0. 7 I LJ !7( ::83 l 2t U 

• Indices defined: 

number of females pregnant 
Fertility index = X l 00; 

number of females available 

total number of dead fetuses 
DF 1lf ~ · 1 totai .1umber of live femses · 

total number of females with one or more dead fetuses Df ;;,: 1 = =..::=-::==:..=.:...:.::.:=:=....:..:..:::.:....:::.:.:...:::....:=:..:....:::.::..=.:::...:.:::..:.::::= 
total number of females with zero dead fetuses 

tota i !lumber of females with two or more dead t'ei.Uses: 
DF ~ 2 = . 

tolal number of females with less than two dead fetuses 

. -
:~I 
-~7?.: 

-~~-

DF ;;,: 2 FLi 

6/ l l 
"' ' '. ~ - U9 
I / i 5 2.60 
5 !1 3 - -'> .77 
2,. 15 U 2 

I ' I J 

' '2: 32 1 
) ,''1: -Z. ! 4 
3,1 19 3lJ 
0 : !6 4.02 

"fo: 
.· .. . ~. ·-~ 

DF ~2 fl.% 

.t i! O 
3i 14 12.n 
2/ 11 J.l)2 
5/ 16 4.35 
5/ 10 0:.9'3 

5/ 12 
\· 

1/! 8 1.J4 
6/ 21 6.24 
4 fC 4 3.04 
-l j 'Z: LSi 

. : .~~.; :~ 

. ! ( mean live fetuses, treatment \ l .'o//{' 
FL% (frequency of dommant lethal factor.~)= j l - ,. . I : x 100 ( Ehling ~~a/., tm}~~; 

~ mean uve fetuses. na1ve , J . > 

• Mean value per dam. 
' Naive ~ontroL 
' I% Emulphor vehicle controL 
'0. 1 7 mgj ml p-dioxane in I% Emulphor. 
• Significantly different from control at p s 0.0~ . Vehicle controls were compared w naive cont rols: crea trnent 

groups were compared with their vehicle controls. 
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TABLE &a 

RESULTS Of TERATOLOGY ScREENING II' FEMALES INGESTING 1,2- DICHLORO ETHANE 

Concentrat ion N o. of Fecundity Resorp- L1ve 

( mg ; ml) litters index• lmpiant!''. tions' fetuseFt> DF / LF' D:F ? l" DF ;, :?· M :P 

FI/C 0.00' 9 90.0 12.0 1.8 10.2 16/ 9::' 4 u.:. ,'J I f !< 49:5 1 

mating 0.00' 8 100.0 12. 1 5.6 6.5 4i / SI• 6/ 2 6/ 2" 59:4 1 
.y 0.03 10 100.0 14.9 2.5 12.4 25 / 12!* 6 / 4 S/5 48 :52 

0 .('9 f, 100.0 13 g s 3 8 .) 32 ' ~1 5/ J 3 / 3 48 .52 

·.-! 0.29 8 80.0 13 .4 LO i2 4 !; ' 9'! · 3 , , 
I - 2, 6 4 3·. ~~ 

.# 

".:,f/28 . 0.00' 9 100.0 1<4 .1 !.0 13 1 9/ !18 7/2 2/ 7 47 :53 
.., matmg o.W 6 100.0 14 .5 2 .7 1!.8 I i .n1 • 3/ 3 2/4 39:6 ! 

0.03 4 100.0 16.0 0.~ i ).2 3 / fa j • ..... .. -. i/3 5=!·43 
~~... 

0.09 9 100.0 13.1 2 .7 10.5 24/94 S/4 2j7 46 :54 :--: 
i~ 0.29 6 85 .7 13.0 0 .7 12.3 5/74* sr Oj6 4~:5 : 

TABLE 8~ 

RESU LTS OF TERATOLOGY ScREENING IN FEMALES lNG~'TlNG 1.1.1-TRICHl.OROETHANE 

F/lC 
mating 

F/ 2B 
mating 

Concentration 
( mg j ml ) 

0.00' 
000" 
0.58 
1.75 
5.83 

0.00' 
0.00" 
0.58 
!.75 
5.83 

No. of 
litters 

5 
4 

0 
9 
5 

4 

5 
ll 
6 
5 

Fecundi!y Resorp-
index• Implant'' tion~'· 

I 00.0 13.8 0.8 
IOO.(i lf.. 3 0 .5 

I()(;_(' } ~ .3 4 .'7 
7 1.4 12.2 2.2 

100.0 14.5 l.5 

83.3 15.0 l.O 
I 00.0 14.1 L5 
7).0 15. - 3.0 

100.0 J 5.2 1.8 

Liv~ 

fetuses' DF / Lf" DF"' I r DF 2. 2' M:f• 

13.0 4/ 65 2 (3 2.'3 52:48 
lS. Is 2,1 63 • "l i f .. i :~ 46 :54 

'!4 4<\! gs· ·. r:_ 5• 4 4'i .5l 
10.0 i 1 ,I SO• 4 / ! 4 i i 62.38 

!3.0 6 153 ., r l 
-' / ' 1/ 3 46 :54 

i 4.0 S;'70 4 / 1 
I' li4 54 ·46 

12.6 lt> ji 40 i / 4 l/J O 41 :59 
12.7 lR / 77• 2, 4 I ! ~ 43:51 
13.4 9jt.i s;o 2/3 34:66 

•Jndice~ defmed · Fecundity index = percentag~ of copulation plur -positivc female~ bearing live fetus!es ) at 
_: sacriitet. . For dchnJ~iom of Df,' LF. DF? I, a;~d D!?. 2 see fom n cn~;. 10 T11bie- M ·F ~ raC~c- of li ve n; a ie le 

;..; female fetu~ expressed as a percentage of the total number of live fetuses. 

"M t:an value per dam. 
' Na!ve control. 

• I 'l Emulphor vehicle controL 
'0. 17 mg/ ml p-dioxane an l% Emulphor. 
• Signifi cantly d i tfe~em from control at .o s 0 .0 5 Venick controis were compared to na1vc contro ls. treatmen t 

groups were compared with their veh1cle control~ . 

7a and b. Statistically significant effects in 
:'· the ratio of dead to live fetuses ( DF / LF ) 

"'ere observed in both generatiOns for both 
;g::.il'lnrnrw-., nds. However, these effect~. which 

both increases and decreases compared 
to controls, do not appear to be dose related. 

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

treated groups. The frequency of dominant 
iethal factors ( FL%; Ehhng et ai., i978 ) for 
both chloroalk.anes in both generations was 
minimal { -7 to+ 12) when compared to the 
results in females mated to males receiving 
0.05 mgjml cyclophosphamide in drinking 
water for 14 weeks ( F L %, cyclophosphamide 
= 62, data not shown). 
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TABLE 9a 

DISTRIBUTION OF VISCERAL AND SKELETAL MALFORMATIONS AMONG fETUSES / LITTERS 

OF fEMALES INGESTING I ,2-DCE 

.1 . 
·f 

F / IC !iiters Fj 2B litters 

Cone. (mg/ ml): o.oo· 0.00" 1).03 0.09 0.29 0.00" 0.000 0.03 0.09 1129 
Total No. ret uses .I ~otai :'-lo. 

iitters: 92 ; 9 5i i 8 1~ 1 ; 10 Sl / 6 99 / ~ : !8: 9 "'7 i / 6 S! ' 9 '~'! ; 9 74j 6 

Yiscuai malformations 

Total number exammed JJ / 8 !0 , "7 J6 / 9 18 ;' 4 29/ 7 J8 ;'9 24; 5 20 ( 4 29 s 24/6 
Hydrocephalus OrO •) , 1} ! i l •J f O 0 tl) J :O i).' 1) •LO J .- Q 0/ 0 
C1eft palate OrO Ot O ') 10 J; O 0 / 0 010 o , t> 0; 0 0/ 0 o;o 
-',tnai. ventricular. or cardiac 

hyot:rtrophy 0 0 J ; l) '. , 
' t o;o Q , () 0/0 I I I J / 0 I I I o;o 

Malrotation -Jf the heart 0/ 0 Ot iJ t) /0 o;o 0 / 0 o;o o;o OjO o;o 0/0 
Hydronephrosis 1/l u;o o;o o;o o,o OjO 0/ 0 0/ 0 o;o 0/0 
Dil:.ltetl renai ;xlvis 0 0 0 '0 2 '] ! ' :n 0 '0 o:o I) '0 Otry 
Diiated bladder OjO OtO o;o Oi O 0/ 0 o;o 0/ 0 I ; ! o;o OJ\) 
C typtorchidisrn / mal positioned 

·1i~ testis 1/ 1 0/ 0 0/ 0 0/0 o;o o;o o;o o;o 0/0 

5keter.al malformations 

T•Jtal number examined !c \ 80/ 9 47 / 5 41 / 4 65 / S 56/6 
Dysplastic skull o;o OjO o;o 0/0 l/1 
Dysplastic supraoccipital 

region 1 ' " -t~ 3/ 2 0/0 2/2 1/1 
Microagnathia 0/0 o;o o;o o;o 0/0 
Asymetric sternebrae 24 / 6 9/ 4 2./ 2 9/ 5 16/6 
Bifid sternebrae 3/ 3 1/ I 1/ 2 4/3 $J3 
Hypoplastic sternebrae J /1 0/ 0 0/ 0 OiO l/1 
Extra ribs 2 / ~ ; / 1 Ot O 2,' 2 2/2 
W:1vy ribs ' 0/ 0 o;o 0; 0 ! f l o;o 

• Naive ~ontroL 
• I% Emulphor vehicle: controL 
·· F j I C skeletal specimens were lost due to 1 preparation error. 

Teratology Screening 

Maternal ingestion of t ,2- DC E vr l, 1,1-
TCE produced no apparent adverse repro­
ductive effects (Tables &a and b) or in­
creased incidence of fetal visceral or sk.::letal 
anomalies (Tables 9a and b). No F jlC fe­
males consuming the lowest dose of l,l,l ­
TCE were found with copulation plugs. Al­
though some females did become pregnant, 
it was impossible to ascertain when preg­
nancy began and, hence, no te:-atologica! 
examinations 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 rC5 
productive ag~: may be exposed to 'hese ma­
terials, an evaluation of the ..:ffects of !l~' 
DCE and 1,1,1-TCE on reproduction ~ 
development was indicated. Mice were ex~ 
posed for a minimum of 6 weeks prior to tbe 
initiation of mating. The total duration of 
exposure for the F jO and F j iB adults, re­
spectively, was 25 and 24 weeks. Adult re~ 
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TABLE 9b 

DJST RJRUTJO N OF V JSC ER.A l -.NO SK E:...ETAL MA LFORM ATION:. AMO NG f ETUSf.S ' L!TTERS 

OF FEMA LES lNGESTf "'G 1,1,1-TCE 

F / !Clin e~>. F / ~B lm ers 

Cone. ( mgjml): 0 .00" ow o.sg 1.75 S.l> :' (;_()()" o.oo• 0 . 5 ~- 1.75 5.!; 3 
Total No. fetuses/total 

No. litters: 65_1 5 63/ 4 o;cr 85/9 50/ 5 53/ 4 70/ S i40/ ll 77 / 6 67 /S 

Voscera l mal! ormatiom 
,. 
·.l'otal number examineci 23/5 22/4 29f7 18 /5 18 -'4 23/5 49/ 10 27 / 5 23/ 5 

~{Hydroc:ephalu~ o;o 0/ 0 I / I 0)0 0/ 0 0/0 0 /0 0/ 0 0/ 0 
Cleft palate o;o 0/ C 0/0 i / ~ !J / 0 o;o 0/0 0/ 0 0 / 0 

~Atrial. ventricular. or cardiac 
.• :- hypertrophy 0/0 o;o o;o o;o o;o 0/0 o;o 0/ 0 o;o 
··Malrotation of the: heart o;o o;o o;o 0/0 0/0 0/0 l / 1 0/0 o;o 
:cHydronephrOGis o;o o;o o;o o;o 0/0 0/0 0/0 Of O o;o 

Dilat.ed renal pelvis l /1 0/0 1/ 1 o;o I / I 0/0 I / l 0/ 0 0/ f: 
Dilated bladder 0/ 0 o;o 0/0 0/ 0 o;o o;o 0/ 0 o;o 0/0 
Cryptorchidism/ mal positioned 

testis 0/0 0/0 2/2 o;o 0/ 0 0/0 l ; l 0-'0 0,10 

Skeletal malformat•om 

Total number examin.-.d (d) 35 :' "' 47/5 9 l j 10 50 / 5 44/ 5 
Dysplastic skull l ,' i 0/ 0 ! !I 0/0 0/ 0 
Dysplast ic supraoccipital 

region 1 / l o;o (• / 0 0 /0 4/ 1 
Micrognathia OjO l j l ~ / i 0 / 0 0/ 0 
A.sym!!tric sternebrae 16/ 4 13;'3 16 19 ! s ' ~ 8/ 3 
Bifid Sl.crnebrae J:'i '2 / 1 ] () •) 4 .'3 2/ l 

.. 'Hypop!JoStic stem::brae 2/ 1 l / 1 1/ l (; / {) 1 / I 
· Extn ribs 0/ 0 0/ !l 0/ 0 I / I 0/ 0 

Wav) ribs 0/ 0 0/ 0 0 10 ' 'l Oj O 

~!j.~ 
;~1 · • Naive control. 
~ ' • 0. i 7 mg / mi p-dioxan~ in l 'l<- Emulphor 

.. Tn~re were nc p ! ug-postuv~ ferr, aie~ :r th1~ grou r 

' F.' l C skeletal specimens were lost ouc to a preparation error. 

productive performance, litter survival anc 
growtL dominant let hal effects, teratogene­
sis, and general pathology were evaiuateri. 

No dose of 1.2-DCE produced deleterious 
effects on male or female rep; oductive f um:­
tion or on offspring development. These neg­
ative findings contrast wit h tht geneur 

-~ toxicity demonstrated by i,2-DCE {see ln­
f{ troduction) and with the severe reproductive 
Ji· toxicity demonstrated by a close structural 
'f analog, 1 ,2-dibromoethane {Rannung, 1980} t The results presented for 1 ,2-DCE support 

I 
-~ · 

the finding !'> of Alurnot er a { t 1 976 ) and Rao 
ei al ( 1 980) for different routes of admin­
istration. 

The results for l , l . i -TCE we;e aiso un i­
formly negative. at the ~oncent:-ation s tested . 
The 1, l, l --TC E teratoiogica l findmg~ of trm 
Stud) agre~ \I'I t b those ob: ained hy S~hwetz 

er al. 1. 197 5) in both mice and rats exposed 
to 875 ppm l ,l , l-TC E for 7 hr per day on 
Days 6 to 15 of gestation. Calculations in­
dicate that the inhalation dose ( mg j k:g / day) 
was in the range of the low to the middle 
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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 l,l,1-TCE 
are 4. 3 and 1.5 ppb, respectively (U .S. EPA, 
197 S ). For a 70-kg man consuming 2 liters 
of water per day, these concentrations rep­
resent doses of 1. X !0- 4 mg \ .2-DCE / kg / 
day and 4 X l0- 5 mg i,l , l -T CE/ kg/ day. 
Using the highest concentratiOn of ;!ach 
haloaikane ava!lable to a J5-g mouse con­
suming 6 ml / day. a 'Tlouse wou!d r<!ceive 50 
mg !.2- DCE/ kg j da:; or lOOO mg · !. l.l· 
TCE/ kg / day. The highest doses of i .2-DC E 
and l.! , I-TCE admin i.sraed to mice in the 
presc:nt study are approximately fi ve and 
seven orders of magnitude, respectively, 
greater tilan the por.ential average human 
dose (assuming exposure by the drinking 
water only). These differences between av­
erage animal and human e;;:posures are ·Nell 
above the ''safety factor" of two orders of 
magnitude generally used when extrapolat· 
ing from a highest no-observed-effect level 
in animals to man. 

On the basis of these results and other 
published reports, it is concluded that the 
concentrations of 1,2-<iichloroethane and 
t , l, l-tricbloroethane in the drinking water 
pose little hazard to human reproduction and 
deve1opmeiit. 
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