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AbstJ$et-:-Long·t~ trials ~ere earried out with_ratS !~ ~'¥.h;· ~~~te<t,:~jtJ.;h;j~; Qj;dlSJ~~ 
o~~ *'" lm"<Sti'lldle!!tiraml\,. '!he d~culty· of ma!f!laliJIDi}~ cpnstan~ ~esl.dtli¥ ~~~eLQ, ;: ~~;~= · ;. 
fuJIDgant m the feed was·overcome by adoptmg suitable storage. and feedmg procedures.:'JbQ ·amo\,\tltS ' ~ · .. ~ ·.: ~l 
of fumigant actually consumed acoowtcd for 00-70",{ of' the. res'idue ' lnitially preSerit'-iri )hc : masli;"::·~·~l ~T 
Triglyceride accumulation in the liver waa the mg$t.IICn5itivc· sign of chronic · poisoning witli '~';~~l:l 'Y_'=:l 
tetrachloride and was appan:nr aner only 6 wlc or treatment with a dally dose or about 1% of the · · 
LD,0• Ethylene dichloride caused only a slight increase in liver fat at very high doses. Carbon tetra· 
chloride and ethylene dichloride were .eacb administered to. rats .for 2 yt . .in ·fUil'li&e.te4 mash at levels::: _ .. _,-,.~ 
~low th~ obviously harm1i.1l on~. C'.r~th , femliry, _repr~uction a,nd biP,Chemical .~J.S , ,W~ .. used ·:l,:;.• !714 ·~· 
as criteria for establi$bil1g the no-effect levels. On the. ·basis of, these data,, a~tabl~:-~.Y.)~t.ta~es~;·.=rrt-~~~~ 
of 10 rog/k:g body weight for carbon tetrachloride and 25 mgjkg for: ,ethy~~e Oich~~ri!fe. are p~opp,~~;i~,.~~i'; ~ 
The respective tQletanCQ 1u'C 100 and 250 ppm. The prQpoaed toletanoes :~ ;human food are_ ,dl~l;\l~- ; ·.i ~ • ., 

... . . ,. . . . .: ·::· ·:.<,. ·; . · ~ :·:: · : ~,/i.":;: ·:; · ··:::: ::·::~<~~-:;~~,;~:!..:.'(Lf~;;-:(~;t(~~ 
' INTRODtJCTION iio-c:£:{'e~ level~ . of reSidual fuinigari.tsJ~~ Pian 'ali4 ;~j 

mats: are Iackin · Tlie . l968: Join(FAO :.Wor~g 
PattYf\VHO! EX~rt ' cO:inmittee.: M~g :.~ndluaed 
that the available toxicologieal eVidenCe .~ insUffi
Cient to. enable calcul.a.tion or,~ aoc:ep'U!ble dally. ~~ . 
take for several fwni . ' :ii.rid reoonlniended thRt 
lo • .· reediii·: ~~ii ~;:'CiU-nC<J ~o~t ifi•hv" . 

Fumigation of cereals with· haloallames is a com
lon practice to prevent ~rage losses due to fr1sect 
•fcstation. The mo3t frequently ~d fumigant£ in 
1is group, methyl . bromide, ethylene dichloride 
lichloroethane; EDC), ethylene dibromide · (dl'bro
•octbane ; EDB) and ~bon tctra.obloride (CCI~) 3.l'e 
ighly toxic to living organisms. Despite their volati
ty, all fumigants except methyl bromide leave un-· 
n:mged re!lidu«:, which persist for \lP to ~vera! 
IOntbs after fumigation (Bielorai & Almnot, 1966; 
llomucki & Bondi, 1955; Scudamore & Heuser, 
973). ReEidueE of EDB in cereal er.llin wP:n~ fn~md 
) affect egg weight and egg production in laying hens 
~ond~ Olomuck.i & Calderon, 1955) and spermato
~P:.<~is in th~ bull (Amir & Volr.o~ni . 1Qfi'i). T.evels 
slow as 1-2<'/o of the LD~o were effective, when fed 
aily in the fumigated feed 'for several weeks. · 
It wa_q r:JP..llr th11t the · rumigant residues ID erain 

auld cause chronic poisoning, differing in effects 
om acute poisoning and specific for each species and 
l!Dpound. The chronic effects are of special impor• 
tnce in animal nutrition since, in contrast to man, 
le animals are fed unprocessed grain. Although bak· 
1g or cookini reduce the residues in human food 
> low levels, the safety of the repeated consumption 
f such levels is still to be proved. Data indicating 

ng term g .. . . . . . . , . ... . .. .... .. , .. ;,, 
mammalian species: .Orie 'or llie .'ftilsoiis ror"~thcflac~ . 
of such research is the difficulty: of ~a.iiltaining\Coli;- . 
stant · residu~ .lyvels Jn .. a .. fumiga~ .. food:·:, K~maga, . 
McCotusrer; ·spencer .. & ·. TprkC1S<Jil'; (1~69);!u~:v.t:t~ 
coi'rectly ' 'that "oi.het:·rne'thods : ~r doSing · : ~~~~P~ 
repreSentative of riorina:l OOil;d.it.io[ls· of censUJilptioll. 
Fur U1t: stuuy' iiow 1cportcd; . 5pecW '6ti;)rage· and f~ed~ 
jl').g procedures, suitable for' long~term trials,' were 
established, and rats were fed over a 2~yr perio~. with 
m~h fUJJ.Li!;al~ ~ ith BDC or CCI~ .. , : .·: , ,,· i : ·~: : ; ~· : ; :., 

··· ·' · ·. :.··.1.: J'::. · .. : 
. .. : · · ·.·. : :• 1 • 

Fumigation of the mash. In preliminary expernne11ts 
designed to demonstrate the no-effect ' levels, , 3-kg 
batches of commercial mash were fumi8ated in special 
~9.:-litrc fumigation containers (Alumot & Calderon. 
1965). The levels tested were 15(}....520 ppm for CCI4 
and 3()0-1600 ppm for EDC. For the 2~yr trial~ com
mercial mash was fumigated for 48 hr in hel"lllCtic8.1ly 
sealed 3-litre containers. The follow~ residue lo.vels 

Contribution rrom the Agricultural Research Organiz.a· were assayed: EDC; 250 ± 30 ppm (low ·level) ·and 
:on, The Volcani Center, Bet Dapn. Israel; 1974 Series, 500 ± 40 ppm (high level); CCt"· 80 ± S ppm '(low. 
o, 274-E. · level) and 200 ± 20 ppm (high level). :. ·.· ,~, : .; : 
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The fumigated mash ·was allowed to aerate ror 5 reasonably accurate elimination of infertile males and 
min, to enable the 'free' fumigant to evaporate from females after four trials. 
the air .spao:!i between the m~h partidc.s. It was then Fullvwiu~ tuatiu~ tht:: t::Apc:rimemal animlil.s were 
distributed eith~r into rolyvinyl h<l~'l:. coated inside retumed to their original cages. Females were 
with polyamide to prevent losS of fumigant by sorp· weighed twice a week and when they had gained 60 g 
tion on to the polyvinyl, or into g12l.l$ jan ~~lea her• they we~ placed in individual ~ges until pattulition. 
metically with a plastics screw cover. TI1e inside of · At parturition, litter size and weight 'll'el"e recorded. 
the cover was inlaid with a polyamide sheet. The food After 10 days with the dams, the pups were again 
was stored fo• 7-10 day11. and checks of tit~ tt::siuut: t;uuulcd, tbc litter:; wt::rt:: w~:ighcU, and the dams were 
concentration showed that · about 5% · was lOl!t returned to the communal cages. 
between the beginning and end of the stomge period. Biochemical tests. T~talliver fat was determined by 
The rcsiduC3 were determined by the cold-extraction the: method of Folch, l.ee5 & Sloatle Stauley (1957), 
method of Heuser & Scudamore (1969). · involving homogeniution of 3-g liver samples with 

Feeding procedur#!. Following studies designed to 20 vols chloroform-methanol (2: l, v/v1 filtration and 
dotermina th11 feeding proeeduro tho.t involved mini- cv11pomtion of the ~!vent in a rotary cvaporato1, 
mal loss of fumigant, the animals were fed weighed after which the fat was dried at 60°C to constant 
portions twice daily from 11- 12 noon and from 7-9 . weight. For triglyceride determinations, the extJ:acted 
p.m. The evening pQrtion oompritled 8<1'/. .of .the dnily fat was dissolved in 25 m1 ebloroforn;l, lllld aliquvU; 
intake, since mts arc nocturnal animals. About 66% of this solution were treated by the method of Van 
of the feed was consumed during the first hour ~fter . . Handel &. Zilvcrsmit (1957). Phospholipids were 
cii~trihntion. ·and ~ctically no feed . remained 'after determined after wet dig~tioo by th~ colorimetric 

· the .. ~P:d,.Jl~~ -·~g ~~~-daY. ~he ~~_ had . ~thod for phosphoruS (Gomori, 1942). 
· ~coess ~· ~6.;ilfort ~r 'cmly ~ri.d~beca.me ·.a.c:~~omoo · . . ,For senim analyses,' 'the animals were killed by . 

. . . ~0 oo-jDg"_ i(quiCklY..~:Arty ,rer,:Oui.inirig·' fn<'ld WM . . decapitation, blood was oollc:cted and left to co~-
- rcr~l!'va!i~#~e,ac)l. re~r.~d.· ~~ished .. W~kly:_ :t:wru~ : late, and serum~ obtained aner centrifugation ror 

gant residu~ .in :t!ie ~sh were tested at the beginning . 20 min at SOOO rev/min in a Servall centrifuge at s•c. · 
of the dimihution,.stnd Afl~r 1 11 ncf ? hr in. the feed Most of the tests were performed oo the same day, 
troughs._ .Since·the. amount eaten and the residue level.· ... and some of the:m on the ~ext day, if the pl'ooedurc 

:were knbwri, :-tbe·,arnount.-of fumigant actually •con· '· · allowed storage in a refrigerator. Total protein was 
. . sumed wils'ci.Icu1ated·witli fair aecuia:cy; lt'compriSed .. determined by the biuret reaction ·(Weichselbaum, 

60:...700/a~·ofJ'ttie''residile'· prescilt/iititially ;ii( ."tlie "feed ;• 1946), albumin · by ' the ·procedure using bromcresol 
· ·P.ril~Vsf!«i;}':;droups·•q(s~: wearu~g·rafii :aged ::·green, described in Technical Bulletin No. 11 (British 
4. wk. ~-~ted "ciief cc:inlainiiig 'tSO, 275 . or 520 ppm . Association of Clinical Biochemists, ScieJlti1ic and 
Ca4 for · ~ w.k (m.ales) 9r S wk (females) at .the end Technical Committee1 glucose and urea according to 

··. • of which .the animals were weighed and k:illed and the Technicon Autoanalyzer .method (Technieon In· 
~~\~er~'W~~·;~nalfsed}ol: ~~ lipidS; ·:tri~yCeri~ strwnent Corp., Method File N-16 b), cholesterol by 
arid ·phospholipidS {the ' la.tter Jn the fetnales ' oilly). the Liebennan-Burchardt reaction . (Rappaport & 
~liver !_ipic§ _~~re ~tetlTIJI.led .. ~~ Jjy_~.L_w.eights Eichhorn, 19601 \lfic acid with Folin reagent accord
~cre . ~"f,de~ .~.&!;.Q!lPs of. ~~ rats fed dietary levels ing to the modification_ of Eichhorn, Zelmanc?wski, 

· ~~~a.> .?~~}i<~~ -PP~~t~.:. ~~ or)~ P}:lm for I..cw, ~utcnbcrg _ & . Famas (1961) -and transammases z .. y.-!r)lli<I. J.iepa,ti~S tpgly~dc. )c;vels .... ,we:re .alsq according to Rc1tman & Frankel.(19S7). 
~stir~ :m!;t~e ~~ts '.f~ ~6~. ,Piml:. ·,· ;: .· -~ .: •• ~ .: ·:: , . St~tt.sr1cal. evaluatio11.; All results were subjected to 

· · ·"--· , ... ,, .... •·!' "-·~ ··· ·"" 1 · • • • ·· ·· '· ·· • · . .. ..... .... ..... .. ... .. .. ,. d. analysis .0 f
1
variance, and _ the multiple range te&t or 

.· ..... · ~';f.;~~~~fY~~:;!~~·[~~.;:r~~1 ' :/:./:: '.i::•c:~::;·:,·:-- :: ~ .~ -~: Duncan (1955) was used to evaluate treatment mea~. 
· .. !•:: ~~l~~~;!~~~f!~e_._;.ra: ii:t\J-:i[se. J~d ; ~:<::_·.,.:_ '. . . ' .. 
:::: :: · : ·d.itiid;~e'fut&':tivl?" "naY ··~ "&ith i8'·: arimla!s ~ . .... . .. · · · 

lll:ll:'f: : -,;:··~t· : .. '.:;-_.::_: ·:-.. --~·::.l:r!i!.!L1 .~·· 1"·) "o· );q·'-· ·M·' 11gr;e· s-'1 dn~d- l·j,e'ma:·. les·· · ···w': er' · e.! 1ho· \:·.:..:A · ' .. · .. · • - · · • ... · RESULTS 
• ·1,1'·:'.:.-,,.· . .. .. . ~~ ~- J?.%-~. UP. •• . .., .. 'l"' . ·.~·,. , .1' . .·· ., ·• ~ ... · , , , . . . . . : 

· · ·· liqlw.ald.)' ·w -~wiul~~t'o;l" ~.ay~"c:acll huluing ~ix ani· p;._llliminlD")' .S'tudill.~: · ." 

·., ', .. W~~~~~~~1~o~~1 :~~~t!ia~ ··:J!i; .nr;~~sra;;r~.m:~ :0~ :~:n~~~~; 
· .. ···. , . . _·Up· 'to·· wk'"iJ and fu "1c*rf' lsecond ~r9m .~t .:,Of the .oontl'O~.(~C avem~ total wc;igbt • 

• • · .: ·; , • I • · gain of ~e rats . after 6 ~I.e . Qn. ~i~l. ~as. 17)·3, 176{), :: 
ReDro.rtuc;tton t~;~l,;#~~;~~- ~m th~ experimental 16~ :8 ~nd -_151.~ .gJor~ntr~l. and ascending C04 -~ 

old· fezn:~les were =ted with.un l~yel"c, r~~Gp89tively, Tho, ~ghoGt QQ. lt:vcl, 520 ppm, :: 

~r · .• 

ll3M3N d 

depressed ;weight .gain. significantly, (P < (){)5) com- ~ 
~ .. ~ith . the other ,groups, .· The corresponding : 
val~~ .fo~ .. females ,afWr .5 wk on trial. were 9.2, 94, 
9.4,and ·92 g, the weight gain being clearly unatrected 
by:the treatment. 

The mosr charACteristic s~ of ca .. poisoning was 
evident.in the liver, in which total lipids and triglyoer· 
_ide . ~evels ~ere significantly higher in. the ca.-treated 
animal~:, exe~t tht: . ern up f~ 1 'iO ppm, tb:tn in the 
.coiit(ols: ·rhe le':i::ls ·or phospholipids were unchanged 
(Table 1). The calculli.ted amount or C04 consumed 

89t>Ll99909 
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Table 1. Det~inlna:iun of fat in the liMrs•of malil ·and j,~le · rat,:fed'jor :6~·aiid .- 5 
wk. reJpectiPI!lY, o11 .diet.s Ctnftaming 0-520 ppm CC/1 · • · .. ·. 

Di~Wj' . : · · > 

level,-
(ppm) 

0 ... · . .- . 

lJO 
275 ·.·· .. 
520 

Mean levels:(m&'g:liver, wet weilih.t) of, · 
. ' . ·.·· · .· ... 

Total fat Ta i&;ly.:eridc:s Phospholipick: 

.. · .... 

Values are _mc:ans for group$ of six rats and those markc:ct WJth asterisks ditrer slgnld- . . ... : .. ,. · 
cantly from the control value: ·•p < 0·05;'·••p < Q-Ol'.i-. · :· : . .. · - ~! ' .... ,'·. ;.·'·"' : .. ·~ .. · .. ,··.,,:-.. :-- · '._, _: . . --~ .· -::.·:: . . :. ''>· · · .. -~-- ~~::. .... _· ·;_:: ·--~-2.; :, ;;~: ·:; ... ~i . ;.:f :,::·t\~'ii~:t~~ : .. · 

ily by the rats given thci·h;gh cti ievel app~ached ,:;~:~d- th~ -~~tAiit)/~~t~:·6r ih~':'j,u~ - ~ere' u~riafrectid -. 
~ of the LD50 for this species (abo\lt 5 8fkg body . ~ by the tn:atmcntS:'--.' .. - ~ _:_ :'·: '•: _·. , .. _,: :-;' •·:-' - : ~· ,' ~\·:G'1 _ :_ . 

light). . . . . · . "~·!f_· ~ : 1n yr ?;- t~ fertility of t1)e feiDales dt9PJ~f'Steidi!y ·. 
The rats fed EDC iii.' the mash did not show ~·:.~ · atl:er ' five pregnaricies _oilly a fc\V feinale$ 'froin 
.anges in liver fat with dietary levels of EDC below ·; :.- each gro~p.conceived. SeVen ma'rings were ooiiducied . 
00 ppm (Table 2). With 1600 ppm, a fat ar.r.nmn- . durint the whole period ln the. seventh, the 'feaiales ' 
lion of about l.s<'/o was noted, an increase much had to be assigned to young control males, due · to 
Jaller than that induced by levels of CC14 several high mortality among the experimental males at the 
:ceQ lower. . --. · ... . -- --- -- · .. -- . ---~end:-of the 2-yr ~- .·: ,.;: :-::.,:.....:.-. ...: .. _ '.· · -·· ~:,; - ;·,, '··.".:': ·· 
The reproducti-ve activity of male and female rats . The distribution of sterile'·~ales atter,fo\lt mailligs· 
u not affected by either fumigant. . . . . . .· was normal, witli one . jri ' the: control,· high~q::tl - 'ilnd 

· · · · · · · · · ·· -· . · · · · . low-EDC 8foups :and·,-tw6'Jil'. ·tlie<'high:1IDc·~~-tid . 
ong-cerm study . . . law~co~- groups. .the .treattnerifS ilad:· n'il;·:'etreci~oll 
On .the basis of the ai,6ye preliminazy·~~r~~. . male fertility . and,. in' genefal seeme(fto''iiiv:J~~'.effeCt . 

10 fwni,sant-rcsidue level,s 'r.hMen for 2-.Yr. trials w~e . 'oii ' th~ :i~iictiv'e _aci:iVit{o( tb:e' 'rati'.~f'eiih'ff' sex. 
) and 200 wm for CCI.. and 250 and 500 ppm for ·· Froin ilie age of 14--riiOn~· ·an tlie arurbals ~g~-;l 
DC. The rate of growth '!{ the male and female rats . to suffer from. chc.oni~.· ~;espiratocy disCase, and . ~e 
~ordtt:l in Tahle l Nolsil:Ilificant differences were mortality rate increased (fable 5). The. females were 

>und between the different groups either in . growlh more resistant to such illness than the:: nJalt:l!, but no 
r in feed consumption and feed efficiency. effects of treatment were obsei-ved. -. • · - · · 
T.hP. l"P.ffi'MIIctive findings in the fe::males are pre·· After 2 yr, survi~g ariimalS were -~ed .- aiicf the 

. .... 

!nted in Table . 4. The differenCE between :-the' ' biochemical tests for generai.m<:U\bvlic alid u-YU !~-· . 
igh..CCI.~ group and the other' groups in the number·.- tions were carried out. 'Ple'·.resuJis (fable 6)-showed · .. : ):-C.: . 
f JnrturitiOnS Was due 'to ·a-vety low· parturition~<: .. XIO 'slgrlificant diffe'rr::nbes 'between tbe'C6tttrol and the -.· 
entage in the fourth pregnancy. In the fifth preg- , .. treatment group's exccp~ f~l . lhc: :~"P~tcin ~4lluee, · 
ancy, the high-CC14 group returned to normal ·and which were significantly '(P, <: (}()5) hi~er: in 'tlie ina1e . 
ile number of parturitions was higher than that in rats of the control. and l9w-CC4 gioups_thaJi in those . 
ne control group. The difference may be regarded,' of the other g.-vups. nl~ most.pronouru*l diffcren= . 
hcrefore. as incidental. The size and weight of litters was found in the globulin fraction, indicating a more 

Table 2 Weight and fat conten: of 1h11 lioors cf rtUs fed EDC in the dlei at leVtris':;.•: · 
· · of 300---600 ppm for 5 wk (Trial 1) or 1600 ppm for 7 ~k (Trial 2) · · · 

_Liver content (mg/g ~t liver) of 
Li~r weight 

Di..,mry (l: /100 i: body weight) 
level 

Total fat Triglycerides 

(ppm) Triall Trial 2 Trial 1 Trial 2 Trial2 

0 (control) :N!\1 j ·41 6(;-0 67·0 16 
300 3-93 63-Q 
600 3·81 65·0 
1600 ?, - ~3 76-Q• 28• . . 

.. . . ... .. 
Values are ·means for groups of six rats and those marked with· an ·asterisk differ 

siwificantlv (P < G-05) from the: control value. · 
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Table 3. Mean body. wll!l}ht~ .of male and fmu.le rats fed mash ftmti9ctted with 

,,. · I 

.. . : .. • 
: · ~ ... ~:-1: :_~~~ -~~·:.: • . - ·~·-; .. · ...... ;.·. 

·~~~~~?~L :;~,\; .,./ ·.: . 
· · ·;·~·r·~ :.• 7.;::- ~: )!_·~-.:-' : ~:··~ f' 
··:· : ~!'! .'' '~~~ .\ ·.;r l ·· - ·: - .. 

· ·- · 

. .. EDC or CCI4 

Body weight (g) of r•ts fed. diet containing 

Duration of 
treatment 

(wlc) 

0 
I 
2 
3 
4 
s 
6 
7 
'g 
9 
10 
11 
12 

-.~; : 13 

No 
fumigant 
(control) 

130 
160 
192 
218 
244 
271 
237 
313 
328 

• . 310 
354 
362 

·-· . 370 
' ,· ' ·376 

CCl.(ppm) 

80 200 

Mul.:s 
131 
160 
190 
218 
250 
215 
301 
314 

. 334 
346 
362 
366 
373 
380 -· 

130 
158 
1R4 
210 
239 
263 
290 
304 
322 
337 
348 
356 
362 
367 

EDC(ppm) 

250 soo 

131 
160 
186 
216 
249 
274 
"}.')'} 

314 
334 
J45 
360 
367 
376 
384 

130 
159 
190 
216 
246 
268 
292 
306 
323 
334 
354. 
362 
368 
376 

. ... : b~. ~ ,· ·:<: ., . \ ~o ,., .. F~Ies llO 110 110 
·· i . · · 133 · · · 133 130 I33 1n 

· 2 ~ . . : 1:53 · · · " 151 ·, 152 ISS 152 
3 170 ltl'l 169 170 /170 
4 189 . 186 186 188 187 

"·~·:·: ~:i~ -~.;;; 1 •:· ;:: ·:.f: . . : · 5.. . -· .202 : .. : '201 ·· · . , 197 Z02 199 
·. ;.·.~ . -- ! .r ·:.: .. · ...... :· .. ! ~~·· ·-· ----~~------------------~ 

41~:;;:;\~~·-Y: ;. ·:: •:.'.)~~! : .·.:·· . · · .. tl~ · ·: ... -· . 
. advanced stage · of 'chronic disease m· these .than · in 
Ftlie other~&imnals:!·This' was'eonfirmed by a P.Ost-mor· 
):ni·~~ation .t?r~the · respiratOry 'systein. ··. · .. , ·. 
. ::':'The''. bioche:iriicil ,-tests 'did -not re-Veal any' effect 
·either oii'liver function; as . indicated !by. tra:nsaminases 
·- · -...;~·.:··- - • . , • •: ;; l ·:· • - ,:. • ' \ : .: ' ' ~..... · '::': ·: 

and cholesterol valueS", o~ on kidney function, 
shown. by the urea and arrir. ~r.id levels. In .additi• 
to the values given in Table 6, serum levels of chic 
ide; -~Urn and potassium were determined aJ 

foun(,i to be (in mequivj!itre): 1011 11nd 10), 142 2.1 

·.:.;.: 
Tabic 4. Reproductive per[ormanCI! of female rau fed ma$h fumlgared wich E.DC or CCI~ 

.. 1 . .•· . • -. 
. : '\.---. 

: . -~ - •.. . - . ·-- : :. if . ~ , : .. ... . . • _, _: . . 

. ::.;'.:· . ..... •:: ' \ .';· .. \1.. !. ::; __ . . 
Yatues lor groups fed diet contail1ing 

·.i;! ; .. i._ •• ; ... . • J: .. :t~ ,( ··_: :· .·, ::- •. ;· .. _, :,·:.:: -:; :: : , :· .. :.. ·.: · _.-: No . 
· =;-;, :-~· i-i · -: -. .-; .' .;.:., _- · : .< ~~~~ _.,./ .. · :; · : ~ r.!,·i.:\-">! . :·.·,..; ~ ;,; .... :n-;.,! : .. ·· ,_. lfum.isant 

. CCL. (ppm) . . .· EDC(ppm) 

.. !~~gl~::;~ii~~J;l:-;; .. ·:,;;".f~ .,;;'0•tt= .•.. ·. :;
0 

~;;~~ ::! ' " No. 'witb - liiters(%-- of.to~) ' 1.·':,· : · ; !. · · ': • . : ~ 72 •· · ·89 
--~m_-.:,7ii' .: Mnn' Htter·w ,,, , .•. ~ • ·. ·,. ·.· to·3 12 

200 . : iso 

18 ! ,· - .. . 18 
72 83 
67 . / 83 
11 ·8 u·~ 

'
1 

;. · i~• · .:·:· ·.:· Mortality of young {"/.) ; 
:'~' · . at birtli . 1&4 0 S·S 0 

.. · .. ~i~i,~E~.i~t~.n~.~~f.:. ;f:;::::Ji1:' , .;: .. ;, ;, 

. . .. . ,~~i~~:~.~;~~!~.~~ \·:~: ~ ;~;:~;:;~.L~~-~· -I; ·~~~:~:_. ·:~:·~~-, :': 'h~:gnancles 2-5 

·t ~~. :~r:~~;,~~: ~~~;~~~~~~~~'~>'---~-~~-:: .. ~~~-' . .-: · ~ .. 
~h-~ · :;_,:,'. :;. No ... wl~blitt~s. (% ~f :otal)•.,: ... ·.:.: ... : 53 
.. : . Mean,.litter Size-· -·· ....... ·· -- -- ~ 

Mortality or young (%) at 10 da.ys 9-8 
. . Mean ,bocty weight (g) ol yolUlg: 

... ·. •·•;.,;;) ., ; :;::, :.:·:at birth · · ··.. · 5·i · 

72 
.70 
64 
9-2 
23 

s-s 
15·9 

72. 
56 
44 
9·8 
11-3 

. 5·4 
14·3 

72 
71 
8-8 
ll-1 

soo 

5-4 
. 14-3 

72 
67 
64 
9·8 
13·7 

5·5 
lS·S · · ·1'-"'·'·"·i·:: . :.;:·: •:at· weariing;.~ ···(:- :: .: .. :•r ;· : · ~ :· 142 · :. 

·:· }•.: i~ ~~~ ');'. .. . . ...:·...:·_· ----~~------------------
~::·. :. :-: .:,.~t;n: :·;-.~ii~~ .No. ·, pf;/emales.- producing-. lltters · , declined ·sharply , in . pregnancies 4 and s· (i.e. i11 females more 
· · :;l ~·~.: . .-~ r. !:. · !;; ! ,th\UI. l yr.old).; :.·- , 1 ,. : : ~· .. : .: 1 ;:. ::·.:t:·i. .. ... : ;- . . 

..•.. ·. \ 

~· . ~ :. ~ 
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Tul"'"u~ of chlorina~ flunjpnti by- ;,.u, : ~ ._;: :'• ,,,/i:·:i-:.-::}j .. : 

Table 5. Sur11i11al of mtJle andfemtllt :ralll fu PlldJh fomtgiued •.With'<EDC tRi; CQl~l fnnr~ )~·:f j~ff,:~b,t, .· • · 
~.· · :_, ..... .. · • .. i ,, : , . , Q 2~yrfccd~ .·~~~·:' :::i:;•·_:•': ~: J-~u:~.-r:~; ~~~l~·::~~.;~~;·;~f~t;~~~~ , :::: 

. . ... . , . . No .. of survivors_.~ ,8J:OUJ?~/~ di.,~t~o~~~g.~_.~-~!~idf.~?~,_n \ ;..-:~r.n~~ :'~h : -~ ; · .. .. ,·.~ .:····· : ··-, .~ 
004 (ppm) . E.oC (J'Pm) '' . . ,; , ... . ro·w ;If. 

Duration No fumigant_ . . '· .. , • ... . "' :, . f! ... , .. _ , :· ' ') · 
of ... . (c:onti'Ol):!~ .: :.:;,: •: 80. : : ,r. · . . _~ .200 y;;. :::-. ' 2SO .L· · ". -X.l ·$()0'!" ' ' ~ ?.. ~ . • •1 ~-~ . , . . .... 

study : : ·. . . .. ,.,; · .. ... .' . . . · ... · · ·: •· ··•· \:, ~ - .r .·· .:·" '..t. ~ .. ·~ -t:'"''.n. · ~l ·:·~~ ~.:.c ~7r. \'\~ fi!~ .~:···:::; :, .' ':'· ·J...' 
(months) . ·. M :" I F .• ·: ; M ··:'<f F . • , :.M· ;,;L m: L·,M· !;~ t ; .F. . -'!1_; ~.( · ~~F;JJ:l ~O.,!\NiJ ::.'1.~~'8 .. :·.<.•-' 

-· ·. ~ . . ; •. .. ... .. :w' • •. ,; ...... ~ . :; .. :~ . - - ,¥~. : . ~ ... :. ;~x::.i ~ITW~t'Jtio• ·;: _.· .: 
\ .. o . ··. 1a . -.~ ::18. ~·:~·. 18 ... ~~ tK _ . . ~t 1R ..! .. {~8{ .. ~ ( l.Sr,f; ;as~t( . ·,;1~~~l.:~;tl8)cr~.;;b:.~~Qb·.Jj~~::·: .. :~::·:.: 

9 . .. , . ·. ·· t7 : .. "17 :-:;:•: 18 ·· :<. 18 ·~ ·· 18.: ::;:ru !i • :u)~~+181:,; . ~ ~ 1&-i--'i::•~B •. ,J ·. r;;:::; m~i1~nirf:·': · .,.,_,,,,_,,""""' 
• 12 , . 16 ·.·· t6 ";., '·< 11 ~: 18 .-;~ 17. ·.~-tls~0• ,· ·.:rs : . ::.~18 :; k~Jsj,.;:..1a·.:~~:~~;;.:~c;-.; .. q·~~-·:·· : ::._: 

• "' oM ;.• J lv • • . ~ w · loo."l . 8.,,W , • ivW'1~J· ' ••••• ••y .... lo' ; )•~j,\ ',_ . .,_ ... . . A·,·c .·.i•·'·,o;..~;.;;,.;•: 
lS .. , : 16 ' ~ > 16 .r:.• 16 .•;:· ""17 ·: .. :lo .,, -t18,, . . ,.13 __ , ·~ J ; ~.1! 4il·;:. . · ~..:t ;:.1r;.~ · . ...-,rT~t . .-_;..0'· ~ ., .-.. 
18 1s : .1:5 ·.-··'·· 15 ·-: ··. 16 · :·:' ir:·.-·· ·16.:'· · i<l ' "".11 ' · ·u'. ·~ .. i'B· .. ···.:-: :·~~ ' ·~ .~ ·. · . ·· ...•. .,·r . ·• , . .. . , ..• ,. · · 1 .~ -r " .. .. ,,., ·r· .. ,r. . 1':")') . 
21 7 .12 ·' .. 8 r •. .• :to ··' 6 ' '· ' ''· 10 : ~ 3 ''' ' 12 '' 3 ~'Q '1~.: ··. --:'" _ •·:~ - !"' '! .· . . 
24 4 9 3 s 4 . 7 . 3 12 2 10 • . ~:::.:·t; ~:;~1!J . 

--------------- ·· . . ... . •!\\ ,•. , . :· ;. /'~ .~ ; .• :· ;.~ 
• · ... 1 .· . : ·:.-;;; , :.:.'..i:r!!:'i . r:rr:ii ~~ ~ r)!'i.·''JlciJ ~~jJ !!.f~·it t: tJo!_ ni ~ !:;.tgi~~1 . .· .. 

. and 6·7 and 7-6 respectively,: in fc:males and males of.furitigant:for'the experimeriiilarumats. :fhe·ta.iCu.Iaf •. ' . 
Ill sroups. No btty Jj~ w~re tiP.tP.Ctr..tl in ·the . tion •is as followS: • the "miDdmaPle\reti~or·eal'·fecF·tO -
ted animals: · · · ·- - ~ .s;-;,.,... ·· · ;rats<Wfthout'bilriirlUl· 'effei::t-idtiriri' ,tfic:i~_yr:·maPwas ·. 
: Seems th.a t the leveJ.S Of fumigantS: ~ did nOt . 200 pj;un; y~ung aria' a~uJrr:cat(·Jcijumed -·~1y"fr01~f 
;:t the growth, heaith or r..iptntiuctivi:oi" activitY of 10 to: 30 . g !feed.' aceoramk to ·~ ai!;ef:and sm<:.thef 
male or female ratS. · . . .. . ·. _: ~ . .. .. . . ... . weighei:t'fr'om aoout· lOO g-' a.t:tlie·_jleginniii"g· t.O aoolii . 

400 g at the end of "t!ie' exjjerlinen~!_it~,Can be~ i::alcu! . 
Jated~ tl:iaF the • ·cct. 'i1 dose-:.. c:drisumed ':1, With•V·ibc 
high·CC14- diet ranged from· 15'· to ' 25 mg/kg bOciY' 
weight; as only about 70% of the dose was actually 

·'· . .... 
DISCUSSION 

'he difficulty of dealing .with volatDe compounds consumed because· of desorption of tbc ·residues dur
he mash was overoome by finding S1orage oo~di- ing the eating period, the · I1!tS'·~te 1lrom 10 to ' • 18 :~ 
IS that caused minimal changes in fumigant levels cdJks~body weight ·Aceo!ding. tobritf:na~ of'iroWtlr, 
. by training the animals to eat the funiigated mash sexual development,::rcproductive'·actiVit)''lirid·general 
ing a relatively short period o( time.: Although clinical ,symptoms, these levels· were: completet.Y-sa·ft!: 
re are some .approximations in calculating-; the The acceptable· daily intake;·and( tolera.ii'cifpiOpc)~ . 
,unts of residue oonswned, the m~thods s=n suit- therefore, are :10 mglkg ·.body'· weight · arid• ;100' pj)m·\ . 
:for the purpose of establishing the no-effect level$ · iri ·the ·cliet; · Tespective1y~ :.: .-; ; .. _,. ;.,y.~~ l::.•:" m :,,: i.•·,::,;d · 

. , .r,, ·,:: ,• } ~,~;,· .:. ·. ,·;_· .)r.::: ,:: ,; .. , · ~ --::- ·:.· · .: -'·1'• .-,~~ :~ ·~ j :• .. i_:·i ; \~ ("; '_ .~ !,~;·-F~ · . 

Table 6. Tumyuzt serum cuu:tlym tn 'r~ts fed mail~ fiUnl{/aied ~ith ED'c or cci;/d('i:r;- ~• :•t ; ;;O:~r~~ :.~:·,1~ 

Setum .. 
component · 

.cose (mg/100 ml) 
tein (g/100 ml) 
umln (gf!OO ml) 
obulin (gfiOO ml) 
:a (mg/100 ml) 
c :1.cid (mg/100 ml) 
llc=sterol (mg/1 00 ml) 
IT (JU) 
T (lU) 

tcose (mg/100 ml) 
•tc:in (s/100 ml) 
•umin {g/100 ml) 
1bulin {g/100 ml) 
Ia (mll/J 00 tnl) 
.c acid (mg/1 00 ml) 
olesterol (m.s/100 ml) 

. IT (fll) 
'Tau} 

.128·0 ± 15·i 
7·6 ± ()-()9 

· 3-~ :t o-OG 
4-1 ± ()-12 

46·5 ± 4·0 
vn ± 0.06 

. 103-3 ± ."3·3 . 
103o8 ± 12-8 . 

2Q-O ± 2·9 

97·5 ± 5•0 
6-9 ±O·W 
3·8 ± (}35 
3·1 ± ()-33 

43-8 +5-3 
1-60±()-11 
87-3 ± 9·6 

119·3 ± 26-Q 
1,-9 f J•(i 

Mean values* for groups feddiet·contaiDing-.::!:o ·_-;;. ._· .. ;, ; .. ,,·,_:' .. , 
. . .·. .•· · ' .. . .. . . 

., I · .MJIJ ·~· •· , ,.• :J: .) · , . ; · .;· , , ; . ;,i,': ... .t •:,r,! ·.;.,;:\ · · .. ... n . ; , ,;;~ t !f~::J: : :,.:! ·~ 

139-o ± ~3:o ···. · i02-s ± 6-s"; · .~· ; 94·J· ·:.i:::-i2~:·~, ~~; · 109-tl"±Yio ~·~ 

•. 

· H ±·o-s · ... 1-1 ± o-13 · ·: .. : .. 6-9 ·:t.·o!3s·,,:(_,~····7:o ±~o-o5~ ' 
35 l. 0 ,-. 3·3 + (}()6' · ' : 3·0 ·~· o-::f• l:; :::· ,;~~- 3•2 · :!; · 0 ;L:~ ;: 
4-{) ± o-s 3-7 ± o-u 3·85 ± o-55 : · '3·8 ± o-: .. .~:. 

48·5 ± 7·5 45·8 ± Hi 5o-o ± s.9 · 42·5 ± 5.5 
1·34 ~ o-os 1-48 ± o-06 1·31 ± o-os . ; HS ± o-os , 

166-S ± 20-5 . , 115~1. ± 12·1 -149·3 ± 12·S .. : ·.· . 131 ~8 ± 31·8.:'-i. 
1005 ± 1()-5 ' .-.. 109·3 ±.13-4 . . 89-Q ± 13-Q '•; .· 69-5 ± 8·5 : ··1 
. 22-5 ± 2·5 19-Q ± 2·9 • . ·• ·16·7 ±.1·7 .· 22·5 ± . .2·5 ., . 

.. .. ·-·· ... · ~ ·J~ ;~ . ..• . " '(·"' 

Females ., .. 
89·7 ± 2:3 94·6 ± 3·6 91·8·± H 1 ()(}8 ± 9-Q .. . 

7-6 ± 0.34 7.() ± o-18 ,.,_ ~ 0.40 7{) ± (}36 
3·5 ± (}JS 3-6 ± (){)9 3-2 ±.0·23 3·S ± (}~0 · 
4-o ± ()-18 3-4 ± ()-17 4·0 ± ()-39 3-3 ± (}40 

SQ-6 ± 5·5 43-4 ± 1·5 . 47·0 ± 1-9 45·8 ±5-4 
1·87 ± ()-29 1·47 ± ()-22 . 1-45 ± D-O:i 1-60±<>-09 
65-6 ± 4.7 &6·7 ± 9·4 76-S ± 16·0 J03-Q ± 2()-7 

145-o ± 25-4 158:6 ± 25-4 123-8 ± 2()-2 115·8 ± 18·3 
2()-:i ± o-.s 2~ -8 ± :)~ 14·1 .1.':!·4. 15-() ± o.s 

GOT,.. Glutamic-<>xalacetic transaminase : GPT,;, orutlimio-pyruVic·ttansiuninasc 
' M~nc ± SEM for gro\lpS or !Mee or fouT mllll'!~ ~nd foW. Or five females.. . . . ; . 

:· ... 
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:._1,1,0' . ·l: E:· AtuMOT, ' E ~NACJn'oMr; . E~: fo1ANost;. P. Hol.STittN,. A. BoN 1>1 and . M. HliltZB5JI.C 

The ~t proof.~'ofthe reliability .of .. the · method · Amir, D. & Volcani. R.. tl965~ Effect of !lictary ethyl~ 
seems to ~ the appearance of fatty livets after · $--6 . · dibtomide Oil. bull semen. Naturl!, Lend, 206, 99,. . . 
wk on diet$ c;;ontaming · 275· ppm · CCI4; Rat$ ou .. this · · Bialorai, R:~cheJ. & Alumot, Eu,sani:~ (1966). Detmrtina~iOtJ 
diet consumed about 40 roglkg body weight daily, · · · or residue-s of a fumiganl mixture in cereal grain by efee. 
an amount close to 1% of the LD

50
• . . ~~~-capture gas chromatography. J. agric. Fd Chem. 14, 

03WIJ.i, Amano & Shimamoto (1?67) administered Bond~ A. & Alumot. Eugenia (1974). Mechanism of Action 
CC14 to r.us orally twice weekly at doses from 38 of Halogenated Hydrocarbon$ Uscd a:~ Fumigants OCJ 
to 200 mg,Jkg body weight. The calculated daily dose Animals. Report to the US Department or Agriculture. 
given to these rats .was in the range used irt the ptc5· l'rvjcct No. AlO.MQ-8, Grant No .. FQ-ls-266. 
ent.feeding experiments;-After 8· wlc; the rats devel- Bondi, A., Olomuclti, Eugenia & c..lderon, M. (195S] 
oped dose-dependent fatty livers and, at. hlgh level~, · . Problems connected with ethylene dibromide fumigatioQ 
histoohemionl ob~mges w'ere obseryed in .the livm. of C@I'P"1k TT -FI'.f'.tHne P.YJ.'II""imp,nr~ 'Qiilh layins heco. 

The proposed acceptable ~ily intaKe 141d tolerance . J. ScL Fd A.gric. 6. 600. 
for EDC, calculated on~ the same basis as those ,for Duncan, D. B. (1955}. Multiple range and multiple F .tests. 
CCI,., are 25 mglkg bod.y weight · and 259, ppm, 're- Biometrics 11, 1. · . . bichhorn. t•.,-:£elmanows.k1, S., LeW, t!., Kutenbcrg, A. & 
spectively. . . FanW, B. (1961). Jmprovcrncnt or the uric acid deter. 

Kenaga et al. {1969) calculated. the safe.residues of mination by .tbe carbo~tate method ror serum and urine. 
fumiganti in food from the threshold limit values, the J. clln. Path. 14, 4SO. 

:- a1;mosphericcon~n~tio~ consi4ered safe for. indus7 Folcb; 1., ~.M. & Sloane Stanley; G. H. (1957). A sinl: 
. ~iaL:w9rk¢rl! ~ :toJ .b~eathe (o~:, many ... ~ .. : Using··a ·. ple method f()r isolation ,and purification of totallipi!U 

· :· !Elr~ty:f:u;tor 9UO • .thr.y, r-alclJJated:.that. the safeo, levd; from animal tissues. J. bioi. _Chem. 226, 497.. . 
·. ~;Q~~:a\§Q:~gji¥1~; .c9ns\l.llling .~. g ~reaL .Pro:- ?.omhori,bG. (ld9et~2~ ~ ~qd~i:ation _othf thbe •-~1tor~iriC .. :· !iuc.tsfda.y~ )\'Jl$. 49. ~ ppl;lj (or ;J;O~ aiid itl59 ppm for · .• P osp __ orus .. enruna.uon .or use WI P o~ ectnc coJ.: 
· ~l"v"' 'Y1. · · - •• ·· bl d~~1.,· · ~t.. · , .•• orimete·t. J. UJb. clin, Med. Z7, '9S5. · 
~ lJ"J,J~: JeSl).c(:tlV.e : .aocepta e:. ~ : IDI21Lts ·were lJ~<, S. 0. & S...l'\liuuuu;, K. 'A , (1969}. DctCillllnatioa 
Q;33.~~n.~:1-i~•~Y:~w,eigh*i' ·: 'til !:-::~ · ; :U , :: '-; · .; )~ of f11migant residues in cen:als and otbcr foodstuffs: A . · .. · ... ~ . 

~,(W~ [PrOW~i.'l,;;_t9l.erance ; of JO,:ppm.;for ; CCl,i a.nd multi-detection scheme for gas chromatography of sol· 
~DC in humanOfood. The daily intake, calculated on vent P.~tr:~ r.r~ .T 1\ri Ftl At;..i<'. ,0, 566 . 

. ~.e .... a~.OVI: ~~is, wil~ ,be .9'07 mgllcg · b~y .weight, Joinl FAO Working P~/WHO Expert Committee 
. . wb.ich ·>~ :.abpu~J; lO(htim~- ~ ,than ·' the: ~.oceptable ., (1968~ Evaluations of Some Pesticide:. Residues in Food. 

9.&-ily:inta.k~ fc;Jty~, (~jl)sc;fAJ~ot;; Meidl¢t', ·· ·, . Th~ Mo~ograph:! . .Joint Meeting of the FAO Working 

~ JJ~ls~~'.&.;I{~~g,:1).97~;,~.)S#etY· facro~, .o{;l(X) .,. ~Cid~ ["~es,~en~~a,~~=bc;~=~~A~ 
.· ; : j,li ".,l,;lS.~'D.Y:i~PPlied ·.~OJa~1'9.~0'~; data.::·,A) ev!cl . · · PI; : 1968/M/9/1; WHO/Food Add./69.35. " 
tQfJ:O·JrnJ;D:,of.~gant,j~ not._.1*ely to pccur in ~real 'tJ' · · _;, • · · 

fc ds (i h
, . . . . th ... ..,_enaga, E. ·E~ M"'-ollist~r;· D . D~ Spencer, H. C. &. Tar 

: .. ,.CJQ .:s.OJY ~P,~CQI11l!1W.Ptl()n. : smce. ese : are . gener~ ~ : kel:!on, T. R:·(196!}). A Propo$11.1 for a Method of Calcu~ 
· aJly-;.·~ICed;!<:lr. <,;ba,!c:ed,.:;, ;I)le _.~d:ue ! level.ili ;bread : • . lating· the , Acceptable Daily Intake o( Fumigants for 

. . -. ·.: baked frOm·fuinigited Wh~tCoD.Wning .. lO ppm:.~04 ~.~!.Man ·. Using Established' Threshold .Limit :Values . for 
was less tblln U·:> ppm (.HOndi & Aluxriot, l!/'14). ~un1- Vapors. Unpublished report. The Dow Chemical Co, 
lar results were reported by Dutch scientists (Wit, Midland. Mich. 
.Besemer, . Das, .. Goedkoop, Loosjes & Meppelink, Olomuclc~ Eugenia & Bondi, A. (1955). Problems con
~969). The nonnar;, fumigation::practi~ ·. seems ~to: .be . : ::. ncctcd .w~th clhyl~nc dib~mi~. fumipt~o of cc~cab, 

~ ··· · -a -harmless procedure·for·IIllUh- 7"- _;r:---.'-· :---~- - - · . .. J.~rpqon of ethylene dibrom,de by gram. J. Sn F~ 
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