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Effccu of 1.2-Dichloroc:tbanc and 1.1. 1--Trichloroc:thanc ill Drinlcin! Water on Reproductioo 
UICI l>c-Yelopmc:rn in Mioc. LA!'IE, R. W .• RIDDLE, B. L. AND BOP..ZELLECA. J. F. ( 1982). 
To:xicol. Appl. PlulrmtuXJl. 63.. 409-421. A multi@eneratioo reproduction study was modified 
u; include scrccnin! for dominant lethal anci teratorenic effccu of 1.2-dichloroethanc ( 1.2-
DCE) and I. I .1-trichloroc:thane ( 1.1.!-TCE i in drink.in~ soiution i Emulphor:deionized water. 
i:99. vf,·). Male and female ICR Swis.< mJ<x received either 1.2-0CE at concentrations o( 

/"" , () 0.03. 0.09. or 0.29 mg/ml or :. L •-TCE a; concentrations of 0. 0.58. l.-:'5. or 5.8:> mgfm1. 
t Tnesr conccmrauons were dcsi~ne<! tc y1elc dail} :.2-DCE dosct: of 0. 5. i5. or 50 mg,'kl' 
""'""'·and l.l.l-TCE dOfie!' of 0. 100. 300. or l.OOO mg/kl!. No taste aversiol! wu evident for either 

of tht chemicals at any concentration. The~ appcarco tc he no dosc-<kpcndent effccu on 
feniiit~·. f!CSlation. viabiii:.y. or lac-.atior. mdice:;. Pup survival and weif!hl ~ain were not ad
versely atrccted. 1.2-DCE and l.l.l-TCE failed 11' produce sil!nificant dominant lethal mu
tations or terata if, either of t~ two gc:neratiom tcstc:C . 

.2-Dichloroc:thane (ethylene dichloride: 1.2-
)CE) i.!: usee industnaHy a~ a soivem.. chem
:::al intermediate, and gasoline additive; it 
'.uod agriculturally as a fumigant of stored 
:rains OARC, J979a). 1.1.1-Trichloroe
~;~ne tme~hyl c:-,loroform; 1 .l.i-TCEJ is 
.sed as a degreaser and chemical interme
:::.iate (lARC, 1 979b ). Both chemicals are 
:>und in drinking water (U.S. EPA, 19'75 1. 

3ecause these chiorinated hydrocarbons are 
:biqui\Clu!' in the environment. men and 
..o:omer. may he exposed to them during their 
·eprodu::tJve years. A review of the literature 
·eveaie<i a paucit~ of da1a coocermng the 
:tiecu of these chemicals on reproduction. 

1 Thi5 invcstif!atioD was supponcd ir. pan by EPA 
-'rut R-80648!. Presented in pan at the Annual Mc:ct· 
"'o(tbc Society of Toxicology. San Diego, California. 
\ta/' 181. 
~nee b) NIEHS Training GrantlT32E507087. 
1 To whom rcqucsu for n:prinu should be addressed. 

Human exposure to 1 ,2-DCE may result 
in central nervous system depression. an
orexia, nausea, abdominal pain, and dys
function of the hepatic, renal, and hematic 
systems (IARC. l 979a). 1.2-DCE is muta
ger:ir in Salmcmella i_rphimurium straim 
TA100, TAl530, and TA1535 and causes 
sex-linked recessive lethality in Drosophila 
meianogaszer ( IARC. l979a: Rannung, 
1980 ). ]'i(• genetic effects were observed in 
Aspergiliu.< niduians. in various strain~ of 
Escherichia coli. or m the mou~ micronu
cleus test ilARC, 1 979a: Rannung. 1 9ts0 ). 
Metabohcally activated 1.2-DCE binds to 
proteir. and to DNA (Banerjee e: ai .. 1980). 
1.2-DCE administered by gavage tc B6C3F1 
mice (195 mg/kgida:y for high-dose maies 
and 299 mg/kgjday 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 

•. • P'REP._R,...TlOl'l OF Dosi~'<G SoLUTlONS 
(:.; • .·~ .,.:.t r•·-----------------------------------

1'. • ..... 

Cvmpound 

! .. >D•chioroethanc• 

l.l.l· T:;cniurocthane' 
(l.l.J·T"CE) 

Group 

'< a1vc ~om rot 
=:.:nuipnor 'ehicic -::mtrol 
:...>w -~unc::mrauon 
\11 id ~onc::n-;auon 
:-: ign ~unccnu:mon 

'-iat\'e -;ontroi 
.rdioxane· E.m uionor 

vehtcie cumro1 
Lvw .::om::mr:lttcn 
vtid .:on.:::ntratjon 
Hi!!h :::oncentrat:on 

C onccntrallon 
1 :ng; rnl) 

ow• 
0.00 in EDW• 
J.'J3 :n EDW 
J . .J9 ;n EDW 
'J . .:9 :n EDW 

DW 
0.\}0 :n .). :' Tl!!/ml 

p---.!ioxane :n EDW 
0.58 :n EDW 
1.75 m EDW 
5.8~ in EDW 

·-
Q 

• .. 

:5 
!5 
)i) 

() 

\) 

1•JO 
300 

1.000 

• Caicuiato::d vn :.ne basis vi .1 6 mi. mouse.- Jay .1vera~e :luta .;unsumpuun for .1 35-g mcus.:. 

• Airincb Chcmtcal Co .• ·"lilwauilec. W'sc.; 99 + % :>ure. 
' Aldrich Chemical Co .• Milwaukee, Wi!IC.; 97% pure. milibtted with 3'\ j?-<iiounc. 
• Deionized ;,vatcr. 
'1% Emulphor in DW. 

of 95 mgfkg;'day by gavage for i8 weeks 
also developed an 1ncreased incidence of 
squamous .;ell -:arcincmas in males, mam
mary gland adenocarcinomas and fibroad
enomas in females, and hemangiosarcomas 
in both :.exes (National Cancer Institute. 
1978 ). The tumorigenic effects were not seen 
following lifetime inhalation exposure to l ,2-
DCE (~altoni, 1980, cited in Guengerich 
et a/., 1980). ·mere is no indication of car
cinogenicity in humans (IARC, 19i9a). Ooe 
reproduction study (Alumot et a/., 1976) 
concluded that there were no advene effects 
on male or female rats that received 12.1 
and 24.5 mg 1.2-DCE/kg/day 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 lS, 75, or 150 ppm of 1,2-DCE 
vapor produced no adverse effects in rats. 
The same gToup (Rao et a/., 1980) found 
that 100 and 300 ppm of 1.2-DCE vapor 
caused no teratogenic effects. even at ma
ternally toxic doses. in rats and rabbits. 

1,1,1-TCE causes central nervous system 

,:pt-
···~ 

depression; hepatotoxicity has been r~ 
only at doses near the LD~o (IARC, l ":n9b). 
\,1,1-TCE is wea.icly mutagenic in S.U1'110-
ne/la typlaimurium T A 100 with and wlthoat 
microsomal activation (Simmon er al., 1971}. 
Thereisnoindicatioothat 1,1.1-TCF ;;1-
cinogenic to mice, rats ( N ationai , ,,Jet 
Institute, l977), or humans ( lARC, \ :r79b). 
No data on the reproductive effects of l.t~l
TCE were found in the literature. Ft!rAI cfc. 
velopment in mice and rats was not alfe:ter 
by 7 hr of exposure to 87 S Pl'Dl 1,1, 1-"Ig 
on Days 6 to 15 or gestation (Scbwetz etii 
1975). Aimormal fetal development andJ 
tal death were exhibited by chicks ex~ 
to 5 to 100 ,~&moll,l.l-TCE injected into"' 
air space o( the egg (Elovaara et al., 19{1 

No studies ~th either compound 11M 
b~en reponed in whi.;h the drinking wale 
was the method of exposure. The follo~ 
studies were therefore performed to detc 
mine whether 1,2-DCE or 1,!,1-TCE woa 
affect male or female reprodu\.-tive functil 
or fetal development when Jdministered su 
chronically in the drinking water. 
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k.ece~ve 7 llik oi c m1ct ant randomize 

A:cl irnate for :: wk 

Treat for 5 wk 

14 wk F/D 

bndOM~ze, N:te Rt-rendomize, rt-metr 

Cast r.ne !'Ia 1 es u'ec <or 
conn nant i et.ha i s tudJ 

21-0..y survival study Zl-O..y survive·, study 

llecropsy F/lA 

Rrst F/0 2 wk 

Rllndo.ly cull 

ltrst f/0 Z wt 
I 

~ 

fellli! i e~ usee for 
uratolo!l.l' Hudy 

(f/lC) 

lrut F /lB for 11 wk 

l!andomi ze , 111 te 

Cas~ F/2/. 

21-Diy survivtl study 

llecropsy i'/ZA 

Rrst F /~6 2 wt. 

! 
I 

' 
l~ wk F/le 

Re-rentiom'Zt, rr-mete 

~ies usrd for 
d0111i nant 1rthe l ~ tud.v 

fe.ales used for 
teratology st.ud,-

( F/ZB) 

FIG. Flowchart of the modified multigene~ation:'reproductioo protocol used in this study. 

METHODS 

.4.rumal h~J.rbandry. Seven-week-old ICR Sw1ss mict 
Flow LabOratories, Dunhr.. Va.) wert acciimatcd for 

: weei:s. r~ndoml' ass1gnec tc groups. and mariccd by 
()C clippm~. The mict were housed on sawdust bedding 
n polycarbonate cages. Toe environment was mair.
<uned a\ :: tc :::3~( w1th 4(i to 60'l relative ilum1dity 
ne 1:;: hr of hght per da.'. The m1cc were allowed food 
Punna Rodent Laborator~ Cho-.. SOOt) and dnniung 

•Otulton (sec bciow) ali iio11um Ma1el; were housee sir.
;;ly; fem&JC$ were kept three per C31C, exccpi dunnf 
··anuntior; anci laCUttior .. when they were housed one 
"lei ~ ·-. Malc:J and fema)C5 wert co-housed ( L3, rt
'~ . ) for 7 days at each mating. Litters were 
"'C~l ::! ! days of age. 

Preparauor. of drink in~ soiiJiioru. ! .~-OCE (Aldrich 
Chemical Co .. Miiwaul<ec. '":isc.; 99~'fr Pure) and l.· 
l.l-TCE 'A.id~1ch Chemical Co .. 9"'% pure. mhibited 
with 3'fr. r-dio,;ane l were (iissoived in a I 'fr soluuon of 
Emuiphor El.·t::!O \GAF Core .. Lmden. N.J.) in de1on· 
izcd watet. Thi~ vehicle Wll!. necessary due to the i1mi1cd 
solubilit~· of the lCSl materials 111 water. No aversion 
I decreased flu1d consumption; to the vehicie or either 
haloalkant was observed. Fresr, annkm~ soiutiom were 
prepared tw1cc wcckl:'f, accordmg tc· the soccihcauons 
Ill Table i. anG were plaec<l m :::!5-ml aml>c:r glass bot
ties wtth cork stoppers anC: stamless steel d~inkmg tubes. 
Levels of 1.2-DCE and l,l.l·TCE were based on acute 
male oral LD,., data (unpublished data). The htghcst 
concentration was chosen to provide a nominal daily 
dose (based on a 35-g adult mouse consuming 6 ml 
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TABLE 2 

REPftOOUCTlYE Pt.RFORMANCE OF ADULT MtCE INGESTlNG 1.1-01CHLOROETHA.NE ·~ 

--------------------~---------o-R __ I_.I_._l_·T_R_I_C_H_L_c_R_O_ETH ___ ~_N_E __________________________ ,~ 
L1tter 

Fi!A F'! 8 F/2.4. 

C.1moo•md 

1.1-DicnJOr(}(:thane 
( i..2-DCEl 

1.1.!-Trichioroc::~hane 
( 1,i.l·TCE) 

Concentration 
'mgjml) 

O.JO' 
0.00" 
ll.'.l3 
J.J<l 
0.2':1 

O.O<Y 
').'.)()" 

:us 
: .. ~ 
.:5.83 

Fl" Gl• 

90.0 ·~:.l 

91.J ~:.! 

39 J ~·:.o 

8.:.3 33.J 
90.0 :35 . .! 

90.0 9'2.6 
Q6. 7 n.s 
?6. i 89.7 
'11).() J:.: 
'i:.s ·~.0 

~' Gl F! Gl 

iO.O . ' .. ~ i6.2 :o}I).Q 

76.7 ·s.2 86.2 ~6.0 

89.3 i4.0 B. I 3U 
62.1 ':l•lA :r:.:3 i )0.0 
70.0 90.5 3~ , ..... '"8.3 

73.3 90.9 85.: 12.6 
90.0 66.7 70.0 iJO.O 
s:. 7 87.5 84.6 90..9 
8~ . ., EJ "'"'., -.l~ ... 

85 . .! 78.3 94.~ \•JO.t) 

.. 
• Fl (Fcnility Index) = (!'io. females .Jregnant,'no. females mated) X 100. 
• Gl !Gestation Index)= f'lo. females wtth live iitterstno. females pregnant) X !00. 
'Naive ·:ontrol. 
J 1 '\ Emulphor vehicle control. 
'G. i 7 'Tig,'ml p-dioxane in I% E:nuipilor. 

wlution per day) alJprr>J<imatcly eouai to 1 /1Oth the 
LD~ :-.tid 'lnd low doses. respectively. ·01ere ·lne·ltaif 
Jnd one log umt lower than the nigh dose. 

E-~Pf!rimetUai d~:rip. F;gure I .iepicts tbe multigcn
·!ration renroouction study ·nodificd •.o include screening 
.Ji ,jominant !ethal and terawgcnic .effects. Tc:st ammals 
were contmu~sly :naintain.ed on drink;ng soiutions con
taining $pccificd ;;onccntn~tions of !,2-DCE and l.l.l
TCE or on appropriate IJaive and vehicle .:ootroi :!IOIU
tions (see Table I ). The· F /0 nua: were randomized by 
com-puter into test groups of I 0 males and 30 femalc:s.. 
acclimated for 2 weeks. and then placed ou the app~ 
priate test regimen. After Jj days on •.be test solutioas. 
the 14-.. c:::k old F /0 mice wen: randomly mated top~ 
ducc the F /I A litters. Two weeks ;>ostweaning of the 
F i I A iitters, the F iO '!dults were reranoiomizcd and 
rematcd to produce the F i I B linen. Pucntal :noct for 
the sa.-nnd ~neration was dra'Wn randomly from the F / 
1 8 ljtters. F /0 females were rt!!'>tcd ror ~ weeks, follow· 
ing wcantnll of the F I 1 B pups. T:lc F /I C mating was 
for dominant lethal and tcratoiOIIY scrccnina as de
scribed below. 

At weaning, the F /I 8 litters were culled to 30 females 
and 10 males per !P"Oup. Matings between iiblings were 
avoided. The F.: l B weanling mice were placed on lp
propriate rest ;olutions. and at 14 weeks of age, were 
randomly :nated to ?J'oduce the F: 2:\ !itters. Two weeks 
post weaning of the F nA pups. the F i I B adults were 

:-andomly !l:mated (F,I'!B mating) for dominaiJI la.!aal 
and terata~ sc:rcr.ning. 

.~duJt ob.,ervaJiom. Weekly !lady weight and twia=
wcell..ly ;hid cooswnption data were coilec-..ed liv '·"'! .. f 1 
0 :~nd Fi! a adult mice throughout ·he nudy. t ~ 
Staustical .... nalysis System (R.1icigh. ~.C.), me:m~~ 
duid consumption per mouse Nas ::aicuiated md -. 
lyzcd for significant (p :S 0.05) :JrOUp dilfer:aa:s widl 
Duncan's multilJIC ranee test. Mcaa body w~ wat 

.lllaiyZEd similarly. 
.~.duh reproductive pcrformaacc was ~-~ 

caiculatioa of fertility aud ,atarioo iadices (fl ud Ol 
respc<..otnrely; Colliaa, 1977). · 

Adult pcnxDtaiC !llOrtaiity "as calculated .c tk·1rit. 
mination of each ~neratioa (2~ weeks of dosiq for.,_. 
FJO: Z4 for the FjlB). Mice faund monbund Gr ~&o 

riDc;ed at the ead of the study were IICCI'opied.. ··~~. 
Liner oburvGtiotL T..,.euty~-day suT"Fivaa thiliii:i 

were performed on liners from the F I 1 A. F!ra. iMI 
F ;:.\ matings. Litter >ize was ~ecorded on Days 0. 4 
7, 1-4., aud 21. Litt.cts •ere !'10domly culled to M Jl!iJi 
each 'lll Day 4 (C~ 1977). Oft'sprina ~~ ~ 
coilec-.ivdy oo Days 7 aad 14 ~ individua.lly • PI; 
21. v:ability and lactation indices (Vt aDd U .~ 
tivcly: Collins. 1977: Fitzhu~h. 1968) wen: ·::alculabllll 
The statistical sampling ;mit for litter sumvaJ llndic 
was !ne liner (Gaylor. 1977). Litter size and viabiit 
and \actation indices wen: tested for group dfccta Ill 
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To..BLE 3 

MOR':" .. LITY "MONG AnUlT MALES AND FEMALES INGESTING 1.~-DKHLOROETH"NE 
OR I,J.1-1RICHLOROETH"N~ 

Concentratioo 
Compound 

I.:· Dichlor:>ethanc 
(1,2-DCE) 

I J, I-T richloroetbane 
( 1,1,1-TCE) 

• .._her 25 weeks of dosing. 
• After 24 weeks of dosing. 

·,c control. 
.::.mulphor vehicle control. 

(mg/ml) 

0.00' 
0.00" 
0.03 
0.09 
0.29 

0.00' 
0.00' 
0.58 
1.75 
5.83 

•lui mg/ml }Hlioxanc in J'l Emulpbor. 

the K.ruskai- Wallis '!? approximation. effects were lo
e&Iiz.ecj b~ Dunn's approximation tc a distribution-free 
mKltiplt comparison (Hollander aDd Wolfe, 1973). 
Mean pup weighu wen t.nalyz.ed ill the sam~e manner 
12. t.ht aduh body weights. 

F /C percentage f. l B pcrcemage 
mortality" mortality" 

Males Females Malc5 Females 

00 3 ~ ~0.0 7.4 
0.0 3.3 0.0 0.0 

20.0 13.3 0.0 3.3 
0.0 6.7 0.0 3.3 
0.0 G.O 0.0 0.0 

20.0 20.0 0.0 0.0 
ltl.O ' . .;; ... , 0.0 0.0 
0.0 10.0 0.0 i.4 

10.0 6.7 0.0 0.0 
20.0 13.3 0.0 0.0 

All pu~ from each litter were sacrificed anc necrop
sied at the conclusion ef each 21-day survivai study. 

.Domimm; iethai screerun1. ln the F;'l C and F !I B 
matings. treated maict were co-housed ! .3 w1th 9-weel
oiQ naJvc, nullip~rous fem~ies for 7 days l Green et al., 

TABLE 4 

MEAN LnTD SIU AT BIRT~ FOa l.rrrERS OF MICE )NGESTl'NG 1,2-DtCHLOROETh"NE 

011. l.l,l-TRICHLOR<>E'TMANE 

Compound 

i .2-D.::hloroethanc 
(U-OCE) 

1,1,!-1 nchioroethane 
(1,1.1-TCE.) 

... ~ · ··an pup5 per litter :t SD. 
- \.._ ..;vc CQntrol. 

Concentration 
(mg!ml) 

0.00" 
0.00' 
0.0:.< 
0.09 
0.29 

0.00' 
0.00" 
0.51! 

5.83 

'· """'E.mulphor vehicle control. 
~ • 0.17 mgj ml }Hlionnc in I 'l> Emulpbor. 

t. 

13.1 = :;,: 
12.0::: 2.:; 

13.2 ~ 3.: 
12.9 ~:., 
11.4 ::!: 2.i 

12 '7 = 2 4 
12.1 ~ 3.~ 
I :.1!: 2.4 

i~.o = 3.i 
I 1.8 ::: 3. I 

Liner 

F'iB 

13.: = 4.5 
12.i ::: 3.0 
;:_:; == 4.1 

10.5:!. 4.4 
10.4::. 4.8 

i l 4 = 4.1 
13.3: 4.3 
i !.::: = 4.!< 
!0.3::!: 5.::! 
10.6 :t 4.1 

F '~A 

I 1.8::: ~ 4 
12.: ~ :.i 
IU::: 3.8 
1~.3 ~ :.! 
I :.t. :t 1.9 

12.8:!: :.:: 
11.3::.3.4 
1:.: = :.~ 
12.9:: :::.: 
12.1 = 2.2 
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TABLES 

MEAN POST...,AT ... L Boov WEIGHTS' OF OFFSPRING OF MICE !I'"GESTlNG 1..:!-01CHLOROE1"HANE ~*. 
OR 1.1.1-TRICHLOROETHANE J .... 

F 'A 

)O¥ )n '4 !)a~ :I iJa'f' 

:.:-oc:: ::oncentratlon 
m8/ml) 

0.00" •.3 : '.J -.. : ~ .J '1.\J : ~-" •.S = 
Q •)()' ·-~ : 0.~ .. ' :-J' " .. - '' : .. )-: 
0.03 0 = 1.o -.. = ··-~ 

:o.; = :.J :.\1 
0.•.>9 .-·' :: o.- -.. : i,i 0.~ : u ~.J 

o.;9 ~.l :: 0.6 -. i :: !).9 !0.:" = 1.7 •.9 

:.i.i-TCE .:on.:cntratlun 

•m1Jmil 
~.00' •. 8 = 1.0 '·' = 1.J 10.9 :: 2.• S.2 
•lOO' •.3 :: \),j 1.5 :: :1.":' 11,5 = l.j ~.8 

u.:o .4.3 = u -.i = ,).6 IQ,; :: -~ ~-· :. :s •• 7 = a • '·"' :: '' !0.9 : i.i .l.O 
UJ l.l :: •l6 7.! :: 0.9 tO. I - 1.1 •.7 

• ~r.nn ouo .)OQ\' ·.wca,nt 'Ill = :iD. 
• ""''atvc .::on1r01 . 

.- : ~ F.:muaphOr "JehicJc ::ornrol 
1 1'J.!7 -niJml ,..dioxane •• :"- ~muiflftOI. 

19--:r). F·!rnalcs Nt:re sac:ificed 14 days from ~he mid
..,cck •Jf <:o-i10using, :heir :ncri were expo5ed. and tbc 
~umber •li :"t:tal imoiants, -:arly :~nd !ate !'C50rptions, and 
VIable ~etuscs were ::ounted. F.:males ·~ithout implan
tations Nen: disregarded "xcept ior ·:aiculation of the 
femiity ·ncicx ( FI: C.1ilins. 1977). ·r:.cse data were used 
to -;aiculalc :.~rnumber of reproductive !nuic::s !_secT .1bles 
~a and hI, ~ well as the t'tequcocy of dominant :etbal 
factors ( Ehlina e1 lll .• 19711 ). Statistical anaiyses :1f :.he 
dominant ~ethal reproductive indices were performed 
a.~ins two by two .-:onlingency tables., with a .:oJRCtioll 
for ::ontinuity. 

T erawlogy Jcru!'lillf. Abo in the F /1 C and F /1 8 
matings. the treated females wen: co-housed 3:1 with 
9-week-oid naive males for 7 days. Females were ex
ammed each mornmg for \:Opulation plugs. The discov
ery of a vasinal i)IU@ marked Day 0 of gestation. F'lilure 
to find a vaginal plug durina tbc week of matinl dD
qualificd tbc female from the teratology screening. Fe
males were ~crificcd on the 18th day of go:station. thcu 
uteri were cxpcliiCd. aod tbc number ol implants, r. 
sorptions, and viable and nonviable males and females 
were counted. fetuses were individually weighed and 
examined for gross defects. In the -:vent that oo grog 
malformations ·>~ere found, every third fetus ·•as fixed 
\n &uin-~ !luid for subsequent serial scctionin@ and cx
mJination ior 'liSCcrallnOmalies. l;1c remainder of the 
fetuses were ?repared for skeletal visualization by evis
~eration. removal of soft tissue in 1'\ KOH. and naining 

-
= 
:: 

= = 
:: 
:: 
t 

titter 

""'9 F'~ 

;)ay ,4 Da~ ;I r>a, - Jav • )a,. 21 

•1.8 1.7 ~ u ;~.0 : :.3 ). -:: ' . = -·- - : l.J .. 
•1.:: ~.0 :: o.• J-'·· = .&.i •. J : ·16 . = .. -.. = 2.9 
)A i.~:a = o.· ::.:: : !..} .. -= ~~ J = :., I : .:.1 
'1.8 .,_j = 1.0 ;;,.J = ... .. . : :.] = :.~ - l.1 ... .. : 
J." --~ : 1.1 I :.J : :..J ..• = ·J.S ).o = J.• 1.:1 % I ..I 

:.9 3.7 = l.l 13.1 : ).6 lA : '1.7 u = i.:' ·.:; 2 u 
0.4 .,_! :: o.s 10.4 :: I.J H : ·l: ~.: :: i.l -.. :: 1.1 
:.o . 

3 = ... ' ... : . .. ' : ·J. ' ' : ' : I .. 
'1.8 8.1 :: I.! 11.6 : 2.1 l:l :: i.i o.\1 : ~ • 7 ~-~ .t u 
0.6 7.0 % 11.6 !O.J :: u J.'J :: 1.2 ~.'J = .:.o ~.!' ;t,. 

with aqueous alizarin ,-cd S I Barrow 1nd T :.l'flor, l'M9: 
Wilson, I %5 ). The ~umber of ·Jisceral .tnd skelEtal 
maiformations ;were :abulated. _._ppropriate :statilrical 
tests wen: performed \Gayior. 1977). 

RESULTS 

Adult Findings 

Statistical analysis indicated no sipil
cant treatment-related reduction in IIICii1 

daily fiuid consum-ption by the test animal 
'ecciv\ng either baloalkane. Body weignts !;J 

F/0 male and female animals treated -.;aJ 
1,2-0CE and 1,1.1-TCE were not aft"~ 
by either compound (data not shown). F/11 
body -Ncights for 1 ,2-DCE- and 1,1,1-TCE 
treated mice (data not shown) also ck~ 
strated no compound or dose-related effect! 
The difference between F /0 high .:nnccntra 
tion 1,1,1-TCE-trcated and contrryl femal 
mean body weights follow.ing the F 1 lA ma1 
ing ap-peared to be due to a ftuctuatiOD i 
the fertility index of the high-dose groa 
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TA.BLE t> 

St!P.V!V .. L )'-/[)ICES FOJ< U-:-""ERS Of MICE lNGE.<;iJ"~G :.2-DICHLOI<OEiHANf OR 1.1.1-TRJCHLOROETHANF' 

U>mpound 

l.:-OichiorocthanC' 
(1,2-DCE) 

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

Conccntr2tion 
(mgfml} 

0.00" 
0.00' 
0.03 
0.09 
0.29 

O.()()" 

o.oot 
0.58 
1.75 
5.83 

vr• 

Q~.: 

97.5 
98.1 
94.3 
93.0 

92.3 
94.1 
97.4 
85.9 
91.3 

FilA 

Ll' VI 

94.8 IJfi 9 

98.2 94.0 
97.8 96.'7 
97.5 97.0 
c~ ~ 
~ ' ... ()3.1 

97.0 96.4 
97.4 90.2 
97.5 91.8 
93.2 94.1 
95.7 89.6 

!...itter 

F/lB F/2A 

Ll VI u 

90.4 R!s.5 86.3 
94.4 89.6 81.3 
96.4 91.8 95.0 
99.0 89.~ 86.8 
t;•-.. t.: ~;;:.:.; 89.6 

97.2 92.3 76.4 
94.0 92.3 87.5 
85.5 81!.0 88.0 
94.0 89.6 83.0 
92.1 83.0 80.0 

• The F _; l C and F ,'::?.B pregnancia were interrupted for dominant lethal and teratology studies. 

"' r: Dav 4 litter size )i-
VJatJilit~ index! "' "' - j/N ; N ~ No. liners 

,";', L (Day 0 litter s1ze )i ~ ,. 
' Ll (lactatior. index) = 

r (Day 2 I littet size )i ., 
L: . k D . j/N .; N = No. liners. Pup~~ kept at Day 4 :s; JO. 
•·• Li.PUJIII epl 8< 8)' 4)1~ 

• Naive controi 
' l 1ft Emulpho< vehiclt control. 
I C:. Ii mg · ml p-dioxanr ir, I 'l Emulphor. 

(Table :n That is., the smaller percentage 
of pregm:nt females in the high concentra
tioo group skewed their mean body weight. 
This gap in mean body weights was nar
rowed in suhseouent weeks. Fertility and 
gestauon mdices are presented in Table 2. 
Aduh mortality is summarized in Table 3. 
The rea~on for the sporadic incidences of 
increased mortaiity could not be discerned 
at necropsy. At scheduled necropsy (after 
\\'eek ::4 or ::5 of dosing), neither cheJLical
nor dose-rei&ted gross pathology was ob
served in either generatior.. 

Liner Findings 

nata from the three 21-day litter survival 
~ ,~ (F /IA, F fiB, and F/2A) are shown 
i~bles 4 to 6. 1,2-DCE and 1,1,1-TCE 
appeared to produce no significantly adverse 

int::-agc:nerational or transgenerational ef
fects on mean litter size at birth (Table 4 ), 
mean postnatal body weights {Table 5), or 
birth to Day 4 sunival and Days 4 to 21 
survival (Table 6). Values of the F /2A post
natal body weights (Table 5; and survivaj 
indices (Table 6) were decreased from the 
F! 1 A and F /1 B values with few exceptions. 
The reason for this decrease ih not known. 
The decrease occurred among all groups. so 
i: is not believed tc be treatment relate-d. 
Necropsies of weanling male and female 
pups from each lmer yieide{i 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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RESULTS OF DoMINANT lETHAL ScREEI'<ING IN fEMALES MATED TO ~ ... LES --· 

-----------------------------!_N_G_E_ST_l_N_G __ l_.2_·_D_IC_H __ Lv_~_R_O_ET_H __ "_N_E _________________________ ~ 

Fi:B 
\<latiRl! 

f/lC 
Ylaung 

F/2B 
~ating 

Concentration 
'm~]; rnl) 

.)_JO' 
•).JO" 
;).'.)3 

\)_J9 
0 . ..:9 

!'l. oo· 
0. •JO" 
t)_QJ 

0.09 
0 . .29 

~umber Fo:rtility Resorp- live 
~regnant index• Implants• :ion~ "etuses• 

1i 56.7 !4.1 l.4 il. 7 
19 63.3 1~.0 0. 7 , .. 

I) J 

~6 '>o . .:i '4.0 1.6 1:!.4 

-- "6. ~ 1 .J . .5 0.9 l 1.0 
-~ 56.7 lJ . .: 0.6 12.5 I' 

I ( 6: . .5 ~ .:.: !.0 I i.2 .. 8J.J i i.l> 0.8 .o.s 
90.0 I:.J 0.9 I L4 

:a ,o_o 1.:_ .) L7 lO.J 
!O I)' -· .,).J i•P l).l :0.8 

TASLE -b 

OF/Lf DF ~ 

2J:2!6 ~.:~ 
... "'tto: .... 
I;;,-~- ~ ~ s 
:;6,1')8'" 8•8 
:tjJl: ;6, ~ 

l ,,.-:! 3 -:'.10 

15 ;11',8 ~!l, 

19.:71 9/16 
:::J, ]1)9 i4/IJ 
J,(),:4-· t-:.;t: 

' ·: ~.,. _, '.- ~~~~ 

RESULTS OF UoMINM•T LETHAL SCREENING 11'1 fEMALES !\ItA TED TO !\ltAL!!S 
INGESTING l.i,1-T~ICHLOROETHANE 

Concentration "iumber F'!rttlity Resorp- Live 
t:n8,:mn ;>regnant ;ndex• lmolan~ 'ion~ fetuses" OF/LF DF:;,: 

n. JO" !4 58.3 13.9 1.0 12.9 14/181 7;7 
').()()" !: 3U IJ.2 1.9 I t.3 41.':41!• 14i8 
0.58 19 'i3.J t3 . .! 0.7 12.5 ui:Js• ~-10 

1.75 11 7 ... 3 12.8 0.7 12.1 15/':5.&&• 3;13 
5.33 15 30.0 13.7 0.9 12.8 !3,1192· g_,·7 

0.00" 1'7 56.7 126 1.1 1U 19/196 II. 6 
0.00" ! ~l ?3.3 !U 0.6 I L3 I L':t4 !f)r9 

0.58 27 90.0 l:.!.J I.J 10.3 35;':9:• :•)! ,-
r 

1.75 :!8 -}3.] I LSI 0.8 11.2 21/313 r:.- lo 
~-33 25 33.J 12.0 0.7 11.3 17,::8J 12. lJ 

•1ndiccs defined: 

f T . d number of females pre!!nant 
cru lly '" ex = number of females available X IOO; 

F 
't.f total .1umber of dead fetuses D . • . 
' :otai ,,umber of iive fetuses · 

F 
total number <>I' females with one or more dead fetuses 

0 :;,:1= · 
total number of female~ with zero dead fetuses · 

OF • :otai ~umber of females with two or more dead fetuses: 

~ ~ = tot.ai :1umbcr of fcmaia w1th lcsa than two dead fetuses · 

DF:;,: 2 

b.l\ 

-1.39 
! . ( ,_ 2.00 
5. ; ~ --i.ii . 15 uz --
! 'I.! 

' 
.. 3 . .21 

5. ·~: -:. !4 
!9 S.lJ 

J '6 J.O: 

l OF :!:2 fl. 'I 

-'! 10 
8.--\4 l.2.i7 
2/17 }.i)~ 

5,/16 ~.35 

5;'10 0;93 

5/12 
! :·~ 

~':I -·-· "''~4 1.04 
.&'"""'' : ,.., 112 

r (mean live fetuses, treatment') l 
FL% (frequency of dominant lethal factors) "'LI - \ mean live fetuses. naive 

1 
j :-<. !00 l Ehling tl al .• 1971).'--

• Mean ~alue per dam. 
'Naive .:ontroi. 
• I% Emulphor vehicle cuntrol. 
• 0.17 mgjml p-dioxane in !% Emulphor. 
• Si!!nificantly different from ;ontrol at p -s 0.05. Vehicle controls were compared to nai~e controls: :reatment 

groups were compared with their veh1de controia. 
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TABLE 8a 

RESULTS OF TERATOLOGY ScREENING ll'i fEM'-LES INGES7l"'G !,2-DJCHLOROETH-.NE 

Concentration No. of Fecundity Resorp- L1ve 
1 mt;iml) litters index• lmpiant.•' tions~ ietuse~" DF.'LF" DF ~ J• DF 2. 2• M:P 

fi/C 0.00' 9 90.0 12.0 1.8 10.2 lf>/92 4lS 1/l< 49:51 
malin& 0.00" 8 100.0 12.1 5.6 1:1.5 4i/51• 61~ '. 

61 .... ,. 59:41 
i.;: 0.03 10 100.0 14.9 2.5 12.4 25/12!• 6/4 5/5 48:52 

0.09 f, 100.0 13.8 5.3 8.5 32 '~1 511 3/3 48:52 
0.29 8 80.0 13.4 1.0 1:.4 t-.'99• ~ .. ~ 2,6 43:5' -,I"" 

"' F/28 0.00' 9 100.0 14.1 1.0 13.1 9/118 7/2 2/7 47:53 
mating 0.00" 6 100.0 !4.5 

., ., 
I 1.8 J"!/71• 3/3 2/4 39:61 .... 

0.0:. 4 100.0 16.0 0.8 iS.: 3/bi• ......... i/3 5!~43 

0.09 9 100.0 13.1 ., .. 
10.5 24/94 St4 2/7 4t::54 .... 

0.29 6 85.7 13.0 o:; ... " .... ~ 5fi4• 5/l 0/6 49:5: 

TABLE 8b 

RESULTS OF TERATOLOGY ScREENING IN fEMALES ]NGE..<;OiNG 1.!.1-TR.ICHLDROETH'-"'E 

Concentration No. of Fecundity Resorp- LIVe 

~" 
(mglml) liners index• lmplanu' tions•· let use~• OF/Lf" OF;;: I' OF ;a 2• M:F" 

F/lC 0.00' 5 100.0 13.8 0.8 13.0 4/65 .:._ .. ; 2.!: 52:48 
mating 0.00' 4 100.0 16.3 0.5 15.1! 2/63 i i~ l ,'3 4{>:54 

0.58 0 
1.75 9 100.0 14.3 4.9 ~4 44/85• ~ /'2 5!4 41f:51 
5.83 !> 71.4 1:.: 2.:? 10.0 II/SO• 4/1 4/ l 62.38 

Fi2B (l.OO' 4 100.0 14.5 u 13.0 6/S~ 3/1 1/3 4t>:54 

matin& 0.00' 5 83.3 15.0 1.0 !4.0 5;'70 4/1 lj4 S4:46 
0.58 II 100.0 14.1 1.5 12.6 lt>jl40 !,!4 11!0 41:59 
1.75 6 7~.0 15.":' 3.0 12.7 18j7':!• 2;4 I '' ' - 43:5i 
5.13 5 100.0 15.2 1.8 13.4 9/67 5!0 2 '1 1- 34:61:1 

• inciice5 defined: Fecund it~· index "' perccntagl" of copulation plu!'·positive female~ bearing live fetus( cs) at 
...,critacc.. For cienm~ions of DF,"LF. DF ~ I, and DF ~ 2 see fomn:n::~. to Taoie •. M:F ~ ratw of hve male 1c 

female fetuses expressed as a percentage of the total number of live fetuses. 
'Mean value per dam. 
' "'a!ve control. 
• I~ Emulphor vehicle control. 
'0.1 ":' mg/ml p-dioxane tn I% Emulphor. 
• Siitntficantiy diffe~ent from control at p s 0.05. \-chicle controis were compared tc natve controls: treatment 

vou~ were compared with their vehicle controls. 

ia and b. Statistically significant effects in 
the ratio of dead to live fetuses (Df /LF) 

.. _.ere observed in both generatJonf:. for both 

.~-compounds. However, these effectb. which 
~--.•· · ·e both increases and decreases compared 
:~\... ...ontrols, do not appear to be dose related. 
~):'two cases, greater effects were seen among r ••hick control groupo than among the 

treated groups. The frCC!uency of dominant 
iethal factors (Fl%; Ehhng el al., 1978) for 
both cnioroalkanes in both generations was 
minimal (-7 to +12) when compared to the 
results in females mated to males receiving 
0.05 mg,'ml cyclophosphamide in drinking 
water for 14 weeks (F l %, cyclophosphamide 
= 62, data not shown). 
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TABLE 9a 

DIST1UBUT10N OF VISCERAL AND SKELETAL M,o.LFORMATIONS AMONG fETUSES/LlTnllS '.--:: 

OF FEM,o.LES !NGESTlNG 1 • .2-0CE .......... 

-------------------------------- 1 
F l1 C litters Fi2B litters 

C.mc. ; ffil!/ mi): 0.00" 0.00" ].03 0.09 0.29 0.00" ).~ O.J3 :).'.)9 ).29 
T-1tal :"'o. "'etu~s, •.otai -..o. 

:jttcrs: n.<~ 51/8 121 f 10 51,6 99•8 l \8/9 -:-; 6 !;! ·q ~4.<1 '4/b 

Visceral maiformations 

T~Jtai ~umber e~aamncd JJ.!J jQ .. ~ J.6/9 18/4 29/7 j8.9 44i5 20<4 :9 ~ 24/6 
:-! ~·dro.:epiH•ius !ltO •J.: I} ! 1 '.).'1) Q,r) J;Q •J,I) •).1} ,) 0 0,'0 
Ceil. oalatc !)/0 •),1) 'liO lltO 0/0 a,o O,'l o,.o o:o o;o 
. .>,:r:ai. vemricular. or ;ardiac 

:-avoer•.roohy 0 I) J,l) : 0/0 -J,I) o:o 1/1 ),1) 1,'1 0,'0 
\-lairotation -.1i the hc=art 0 I) J.l) iJ;O 0/0 OiO o;o JiO :).1) 0/0 o;o 
Hy<lronepnrosiS l / 1 \)10 0/0 0/0 o,o o;o 0/0 0/0 •)/0 OfO 
Diiatc::.i :~na• ~I vis I) I) 0.1) ., ., 

1'1 0'') !) '} ') ') 0'1) _, I 

Daiated blallder 0/0 a,o OjO 0;0 o;o OrO o,o 1: I !),0 OjO 
C.-yptorch tdism; mal positioned 

testis 11 I 0/0 0/0 o;o OfO o;o OfO 0/0 0/0 0~ 

Skeletal maiformationa 

T.Jtal number e"amincd lcl 80/9 J.7/5 41/4 6.5/S SG/6 
Dv~plasuc skull O;Q l1f0 o;o ()/0 1/l 
Dysplastic supraoccipital 

:cgion l . ., 
•I.;. 3/2 oJjO 2/1. ljt 

'\<ficroal!nathia 0/0 o;o 010 0/0 il/0 
.~ymctric :acrncbrac Z4/6 9f4 :!/2 9/5 l..S/6 
Bifid ~tcrnchr;ac ~i3 1/1 "1 .. ·: 4/3 5/3 
Hypoplastic ster.,cbrac 3/1 0/0 0/0 o,·o ·1./J 

bua ribs l:' i),Q ., ., 
:2 .:,,.;;. 

W.1vy ,·ibs 0/0 =1/0 '),Q ! 1 if/o 
• 'iaivc :ontrol. 
• ~~ Emulphor •chide control. 
' F i 1 C skeletal spcc:mcns Ncn: lost due to a l)n:paratioa erroc. 

Teratology S.:reening 

Maternal ingestion of \,2-DCE or 1.1,1-
TCE produ~ed no apparent adverse repro
ductive effects (Tables Sa •J.nd b) or in
creased inciaence of fetal visceral or skeletal 
anomalies (T abies 9a and b). No F I 1 C fe
males consuming the lowest dcsc: of 1,1,1-
TCE were found with copulation ptugs. Al
though some females did become pregnant., 
it was im~ss;ble to a~er.ain when preg
nancy bc:g:m and.. hence. no teratologJcal 
ex.aminations "No;:re performed on this group. 

DISCUSSION 

l,2~DCE and 1,1,1-TCE are industrially 
important cilcmicaJs wbicb also are f.oond 
in the drinking water. Since people of re• 
productive age may be expcsed to ~hesc ma
terials, an evaluation of the etfee-~ ol 1;2;; 
OCE and 1,1,1-TCE oo !'el'roductioa uid 
development was indicated. Mice were Q· 

posed for a :ninimum of 6 weeks prior to tbc 
mitiation of mating. The total duntioo of 
exposure ior the F /0 and FilB adults. re
spectively, was 25 and 24 weeks. Adult re· 
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TABLE 9b 

DJSTllJBC-:-Jo!' oF V:scER.Al "'"o St-E:..E\AL MAi.FORMA":"ION~ AMONG FEnJsES.'L:TTERS 

OF FEMAi.ES INGESTING 1,1,1-TCE 

F I! C liners F /2B htters 

Cone. (mg/mi): 
TOI.al No. letu~/total 

No. Iitten: 

o.ocr 

65,15 

o.oot 

63/4 

0.58 1.75 5.8: 

OjCT 85/9 50/5 

u.OO" 0.00" 0.51\ 1.75 5.83 

53/4 70/5 i40/ll 77/6 67/5 

V 1SCCral malformation~ 

Total number examined 23/5 211• 29/i 18/S 18/4 23/5 49/10 27/5 23/5 
- Hydroc.cphalu5 0{0 0/0 I I I 0)0 0/0 0/0 0/0 0/0 0/0 
Cleft palate o;o 0/0 OlO l /! 0,10 0/0 0/0 0/0 0/0 
Alrial. ventricular. or cardiac 

'ltypc-nropby o;o 0/0 0/0 0.'0 o;o 0/0 o;o 0/0 0/0 
Walrotatioo of the burt 0/0 o;o 0/0 0/0 o;o 0/0 IiI 0/0 0/0 
H ydroncphrom 0{0 0/0 0/0 0/0 o;o 0/0 0/0 0/0 0/0 
Dilat1:1Ci renal pelvis Iii o;o 1/1 0/0 1/1 0/0 1/1 0/0 0/0 
DUat.al biadc:ier o;o o;o 0/0 0/0 0/0 0/0 0,10 0/0 0/0 
Cryptorchidismimalpositioncd 

1esb5 o;o 0/0 2/2 0/0 OfO 0/0 IiI 0/0 0/0 
!"'''• 

J 

Skeletal maliormal10n~ 
~ow .... >J:v 

Total number examined (d) 35jA •7/5 91/10 50/S 44/5 
DyspU.stic skull 1/1 0/0 !/I 0/0 OJO 
Dyipla.nK supraoccipital 

rqior. 1/1 0/0 0/0 0/0 4/1 
Micrognathia 0/0 I! I l/1 0/0 0/0 
.'>symemc sternebrae 16/4 13/3 16.'9 15,'5 8/3 
DiDG s;.c:rncbrac 1 " / I 2!1 10,•5 4 ... 3 2/1 
Hypooiuuc sterncbrK 2/1 l /I I /1 OlO 1/1 
Extn rib!; 0/0 0/0 0!0 1/1 0/0 
'olaV) rib!; 0/0 OlO 0 10 l '1 0/0 

4·~ • Naive control. 
• 0.17 mg/ml p-dioxanc in l 'l Emulphor . 
.- '";""rt~re v..ert nc ;uug·pusi!.!Vt :·err.aies ir: !hi~ grou~. 
• F '1 C skeletal specimens were lost due to a preparation error. 

productive performance. litter survival and 
gro\V':t,_ d::lminant lethal effects, teratogene
sis, and ~eneral pathology were evaluated. 

No dose of 1.2-DCE produced deleterious 
effect~ on male or female repiOductive func
tion or on offspring development. These neg
ative findings contrast with the genetic 
toxicity demonstrated by i,2-DCE (sc-.e in
troduction) and with the severe reproductive 
/ -dty demonstrated by a close structural 
~· 1,2-dibromoethane CRannung. 1980). 

~:The reiults presented for 1,2-DCE support 

I . . 
. 

~:. 

the findings of Alumot ez al. ll976) and Rao 
ez al. \. 1980) for different routes of &dmin
istration. 

The results for 1.1.1-TCE were aiso uni
formly negative at the concentrations tested. 
The l,l.l-TCE teratoiogicai findings of thif
stud~ agree .,. .. ith those obtained hy Schwetz 
er al. ~ 19'75) in both mice and rats exposed 
to 875 ppm U.l-TCE for 7 hr per day on 
Days 6 to 15 of gestation. Calculations in
dicate that the inhalation dose (mg/kgjday) 
was in the range of the low to the middle 



~ .. 

~-· ... [¥' .. !~ 
-~ ,. 
....... ,. 

...... 
.-: 

1 .. . 

.. 

420 LA~ E. R1DDLE. AND BORZEl.LECA 

doses used in the present drinlUng water 
'itudy. 

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 I, U.S. EPA. 
19"'5 ). For a 70-kg man :;onsuming 2 liters 
of Nater per day, these .;cncentrations rep
~esent doses ·>f I ;'( 10-• mg ! .2-DCE/kg/ 
day :.1nd Jx·I0-5 mg i,Ll-TCE/'.c:gjday. 
r_:sing •he hi~nest ·:cnc:entrat:cn Jf :=ach 
haioaikane avai.Iacle to a 35-g mouse ·..:c-n
suming .S .nljday. J neuse would !"!!::eive 50 
mg !.2-DCE/kg,'day -lr lOOO mg.\.!.1· 
TCE.lcg;'day. The highest doses of l.2·DCE 
and LLI-TCE adminisr~red tc !nice :n the 
present study are lpprrJximately five and 
seven orden or mag!litude, respectively, 
gn:ater than the pt;r.entlal ;1venge human 
dose {assuming exposure :,y ~!te dri.nicing 
water onfy ). These differences between av
erage animal and human ~~pcsures are ·Nell 
above the .. safety factor" •Jf tv•o orders of 
magnitude generally used when extrapolat
ing from a highest no-observed-etfect level 
in animals to man. 

On the basis of these r~suits and other 
published reports, it is .:oncluded that the 
.:oncentrations of 1 ,2-.jichforoethane and 
1.1, 1-tricbloroethane in the drinking water 
pose (ittle hazard to human ::-eproduction :md 
development. 
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