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might result in a similar degradation. 
However, only two cott~pounds contain· 
ing carbon-14 in the: acid hydrolyzate 
were: revealed by the pap~r chromato­
graphic technique \vhetl aqueous phenol 
or 1-butanol, propionic a~:id, and water 
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Toxicity of Certain Chlorinated 
Hydrocarbon Insecticides for 
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The immediate toxicity of four polychlorinated dimethanonaphthalenes-aldrin, isodrin, 
dieldrin, and endrin--compcred on the basis of oral administration to rats or rabbits 
or as applied and maintained vpon the skin of rabbits, depends more directly upon their 
spatial configuration than their empirical composition, Repetitive applications of aldrin, 
dieldrin, or DDT upon the skio of rabbits exerted toxic effects decreasingly, according 
to the use or type of a vehicle, in the following order: in Ultrosene, in o vegetable oil 
(aldrin and DDT in olive oil and dieldrin in peanut oil), and as dry powders (no vehicle). 
When fed for 2 years to rots of either sex at levels of 2.5, 12.5, or 25.0 p.p.m., aldrin, 
dieldrin, and DDT do not appeor to shorten the lives of the onimals, the rate of mortality 
among the test groups being comparable statistically to that in corresponding control 
groups. The rates of growth of the test groups were equal to or in excess of that of 
the controls. The weights of the livers of the test rats, in relation to their body weights, 
were somewhat on the high side. Dogs are more susceptible than rats to the toxic effects 
of aldrin or dieldrin. In prolonged periods of feeding on diets containing aldrin or diel· 
drin at 1 or 3 p.p.m., dogs of either sex do not appeor to be affected adversely. In 
the reproduction of rats, the feeding of a diet containing dieldrin in the concentration of 
2.5 p.p.m. reduced the number of pregnancies, but hod no effect upon the number of off­
spring per delivery and only a slight effect on the mortality of the suckling rots. At this 
level, aldrin had little or no effect. 

T HE IMMEDIATE TO:>e:rCITY of four 
polychlorinated dimethanonaph­

thalenes (aldrin, isodrin, dieldrin, and 
endrin), when riven orallY to rats or 
rabbits, is mo~ clOJw.ly ~lated to the 
spatial configuration than to the em­
pirical composition. Alddn and isodrin 
have the same empirical composition 
and so do their respective epoxides, 

dieldrin and endrin, but in !patial con­
figuration aldrin and diddrin, and 
isoddn and endrin, !arm closely related 
pairs (Figure 1 ). 

Aldrin (Compound 118 or Octalene) i.!J 
the coined name for the ins~:eticidal prod­
uct containing not l~:!S than 95~ of 1,2,3,-
4,10,10 • hexachloro- 1,4,4a,5,8,8a- hexa­
hydro - 1,4 , tndo,txo - 5,8 - dimc:thano-
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naphthalene (commonly referred to a~ 
HHDN) and not more than 5% of rdat<'"O 
compounds. 

bodrin (Compound 711) is the tl)in,•tl 
na;mc for 1,2,3,4,10,10-hexachloro-1 ,4,4a.-
5,8,8a • be,.;ahydro - 1,4 • endfJ,mJo - 5,8-
dim~:th~U~.on3phtbalene. 

Dieldrin (Compound 497 or Ocraloxj is 
the coined na;me fo~; the in5ceticidal prod­
uct cooUining not l~ than 8S% of 1,2,3,-
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4,10,10 - ~achloro - !"U - 6."' - cpoxy-
1,4,4a.5.6,7.8.8a • octahydro - l,4 - tnd~,­
txo·5 ;8-dime.thanonaphthalc:nc: {commonly 
~detrc.d. lO as HEOD) a.nd not morr than 
!3 ';(, of related productS. 

:E.ndrin (Compound 269) i$ the coined 
::::.me fo.- 1. 2.3.4. 10.1 0-hexac.hloro-<rxn-6, 7-
C:;>Q"-Y - l,4,4a;s;6,7,8,8a·o::tah}·clro - l,4-
tlf.du,£ndo-5,8-dimcthanonaphthalc:.o.e. 

V &lues reported herein for aldrin and 
dieldrin a<e in tet'ms o£ HHDN and 
HE:OD. n:specti•-~l~-

In aldrin and its cpo>'idc. dieldrin, the 
upper si..x-mcmbered ring is attached to 
the l~wer ruc-member~d ring by replacing 
the md~ hydrog~l'lS of the upper riog­
that i~, tho~c- hydrogens awa~· from the 
bridg~ of the· Uj.lpt?r ring-whereas the 
l.•W"'' sl,-rncmbc-rc:d ring is attach~d to 

the: upper six-membered l'ing by rep)ac• 
i~ the t::ro hydrogens of the lower ring­
i.e:., tho~ hydrogens of the lower ring 
which are on the same &ide of the: lower 
ring as its methylene bridge:. The epo 
oxygen of dieldrin is exo to this latter 
bridge:. Th~ ll'thal dosages (LD;,o) of 
aldrin and diddrin. as determined bv 
the method of Bliss (2), for young femal~ 
C.oaworth ra1.-~, each giw~n a single: oral 
dose of one of thes" compounds as a 
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solution in peanut oil, are 45.9 and 38.3 
mg. per kg. of bod~- weight, re$pc:ctively 
(Table I). The to:oticity o£ the com­
pounds. with the: tnd(i-mdo configuration, 
isodrin and endrin, when determined 
and expn>sscd corrC$pondin~~;ly, is con­
siderably grfat~r, the: le1;hal dosages be­
ing 16.4 :~.nd 16.5 tnt::- pt':' };g;. (Table I). 

Fe1nale rabbits (1.9 to 2.5 kg.) "''ere 
also more suscc::ptible to isodrin and 
epdrin than to aldrin and dieldrin, the 
approximatt l.Ds~·~ oong: isodrin. be· 
tween 5 a:ad 7 rng. pC"r kg.; endrin, 
between 7 and 10 mg. per kg.; aldrio, 
between 50 and 80 mg. pu kg.; and 
dieldrin bet\,·~:cn 43 m1d SO mg. p;;"-r kg. 
The data on rabbits gi·•rn t~Jdrin ;:nd 
dic:ldrin Wt"re ob~ilinC"d by Borgmann (3), 
,,·ho also 3$isted in the: \,·ork on th;:o 
·withdrawal of food. 

The epoxide of aldrin or isodrin was 
found to ha'·e approximately the same 
to~icit)· as lh;:o parent chlorinated h;·dro­
carbon. On the other hand, aldrin 
dihydride and isodrin dihydride, formed 
by the reduction of the double bond 
between c:hlorine-free carbom bY hvdro­
gen, were about 1 '1c to 1, ' 1; time; as ·to:>~:ic 
as the pan:nt substanc~s, the approxi-_ 

mate lethal dosages (LD..o) for rats falljng 
between 420 and 620 mg. pc:r kg. and 
180 and 280 mg. per kg., respectively. 
A ~imilar diminu~iort in toxicily (for 
rabbits) had been found to at~nd the:: 
saturation of methyl and ethyl acrylate to 
th~ propionatts. 

Effect of Proceu of Manufacture. 
Aldrin h!l-$ been prepared by two dif· 
fc:rent procedure$, one involYing a 
"thermal" process, the other dC~:gnated 
as the "Stl'aus" proress. The aldrin re­
sulting from the ::itraus procc:55, now 
obsolete:, was several times more toxic 
than that obtained by the thermal proc­
ess. '''hen aldrin wa~ siven to young 
female: C:arworth nu~ as a 1 or 4~ sohl­
tion in Utras~ne. the LD~o in terms of 
aldrin, as dt•trrmin1•d bv th(' mc-thod of 
Bliss, was 74.9 and 25.0 mg. per kg. for 
the thermal and Straus materials, respec­
tively (Table II). The relatively high 
toxicity of the Straus product was attrib­
uted to the presen~ of impuriti~ of 
greater toxidty than that ofaldrin. Ball, 
Kay, and Sinclair (1) have found also 
that aldrin prepared by the Straus 
method is more: toxk than that prepared 
by the thermal method. 

Figure 1. Relation~hip between toxicity and 5patial tonfiguration of four polychlorinoted dimethcmonophthalen~s and 
c:ertain derivatives 
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Effect of Solvent. Either recrYlltal­
Hzed aldrin or t~chnical rrvtltallinc '[hi,'~· 
mal :.tldrin wht:u 15iven by moJuth as a 
.~)lolli•m in Cli.r~M!:1(~ \\J :"DIIIllj r·('lll:\k 

'C;;;l'W>Jrth rats was less toxic than re­
ct'ystalli:zed aldrin giv..:n simi!m·!v in 
pl"anutoiL The LD.q !_Bliss) va!u('S.I'>'<:re 
oJJ), c.~.l, aroo..l ~5-'J 1n~. per kg., re$pec­
tively (T.abk Ill). This relationship 
was not uniqu~, a similat' elff:ct huvin~ 
bec~n c>b:ierved when r;tf)bits wo:>re given 
toxaphene in p~anut •>il and in Cltrascne. 
The toxicity of aldrin was greater (LD~~. 
18.8 m~. per kg.) when it ""·as ad· 
ministered orally in an aromatic extract, 
TS-213-R (arornatic solvent marketed bv 
Shell Chernico1l Corp.), but bc:c:auk 
fatalities resulted from the solvent alone 
the toxicity could not be attributed en­
tirely to the aldrin. 

On the basis of its content of aldrin, 
formulated wett<ible powder containing 
2.5% of thermal alddn had about [he 
same toxicity as recrystalli~ aldrin, 
when given in peanut oil to weanling 
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female (~rwofth r:Jt!J. The lethal do:;­
:t!;•:S (LD:, .• }. in tenm of aldrin. were 
3?.:: o~nd J5.~ mg. per kg., respectively. 
Ball ;wd 11tlwrs (,f) obtai11c:d tlu: o;vrre­
sponding v~!ue of 44.8 rng. per k~, wh~~:n 
this wetLablt: pcw.;der was given in corn 
oil ru female rats w~if$hin; 175 ~r:1m~. 

.Effect of Sex and Age. Young 
female: taLs appear to be 5lijJhtly more 
susc.~ptih!e than young male r;1~ t? a 
single: or.U do:!e vt any one of these. lour 
insecticides (Table IV). The greater 
susceptibility of female rats 6 mcmths of 
a~, over that of yourl;cr female rats, to 

the coxic effects of endrin and isodrin was 
unusual and dOl'S not lcnd itsdf to rf:ady 
exp!anacioo. The reverse and more nor­
mal relationship between age and 
11U5Ceptibility was obtained in the case of 
males (Table rv). 

Application upon Slcm of Rabbits 

ltnm~diate To:Ccity. When main­
tained for 24 houD in contact with the 

Table I. Immediate Toxicity of Four Polychlorinated 
Dlrnethanottaphthalenes Given OrQIJy to Reds 

iGiven 10 amole Cc...,.orlh rob, 2S ro 31 de~ys of age QJ 0,1 fo 2.0% (w,fv.l .solution of i~sec!icicle 
in peanut oil] 

Spatial Fidvti:~f 

hcryno/lized Canflguraflan of toft, Limit~ 0.05, 
lns<>(fillide Hyr:lrocori>on Mg. K8 . Mg,fl<g. Slop& 

Aickin mdo~.<o 45.9• 35.8-54.2 5.01 
Dieldrin ~TIIic-uco 38 .J~ 32.7-44 8 6.985 
t~odrin endo-mdo 16.4 12.6-21.5 3.952 
Endrin ~rul.,..!'l!d~ 16.8 13.0-21.7 3.39! 

• E.'Cp.ressed in terms of 1,2,3,4,!0,10-hexa.:hloro-1,474a,5,8,8a-hcx<ohvdJ;"o-! 4-<ndq tJCQ-5 !1-
dirnethanonaphthalene. · ' ' ' 

• l::~tpr~sed in t~ o{ 1,2,3,4,10,10-he:uchloro-.-.\'1>·6,7-epoxy-1,4,4a,5,6,7,8,8a-oct~ 
byd~;o-1 ,4-endv,!xo-5,8-dimethanonaphth.alene. 

Table II, Immediate Toxicity of Impure Aldrin Obtained from Different 
Proceues of Manufa(turing 

(Given to female Ca,.,.,.orlf> rat., 25 to 27 days of ag•. 60% (w.fv,) solutionl of thermal or Strqu< 
aldrin as obtained in manufacturl'lg, wilhovt auriflcaliOn, were diluted wilh Ullrqsel!e 10 contain l or 

4% of aldrin] 

Fiducial 
LD..,, Limit. 0. 0 5, 

Moteriol Mg.fK.g. Mg./1<9. Slop• 

Tnt:rmal aldrin 7 4 . 9• 6 3. 9-87 . .,. 5. 7? 
Straus aldrin 25. O• 21.8-28.8 5. 87' 
Impurity in Straus aldrin 0. 71 o. 63-Q. 80 .., •-

. • ExpresSed in t~rm:~ of 1,2,3,4,10,10-he~achlorc:rt,4,4a.5,8,8a-hexahvdro-1.4-(7za'u.~.r.,-5 1.!-
dlmt"thanonaphthalo>n~. · ' · ' 

Table Ill. Effect of Solvent on lmmediata Toxicity of Aldrin 
!Given 10 '•"'ole Carwol'lh r<>U, 25 to 29 dey' of age) 

FiJIIcia/ 

Grr,rde of A/(hin 5ol-.eflr LDJ¥'' timil• O.OS, Slape Mg. I( Iii· • Mg./Kg. 

Recrystallized Ultt>8.3en.: 63.0 51.8-70.5 5.78 
Tech.cryn.therma.l Ultfasene 67.7 59.1-80.3 5.95 
RecrJf$tallized Peanut oil 45. 9 35 6-54,2 5. !}1 
Tec:h. cryst. thermal TS-28-R~ 18. 8• 14 }-25. 5 3 . 51 

. • E:'tp~sed in t~nns of I ,2,3,4,1 0, lO·hcxachloro-1.4,4u,5,8,8"·he:<ahrd,-o-1,4-rndo ~.\'11-5 8-
dl>nethanor..aphthillrnl!'. ' ' ! Aroi_Il!ltic so!~ent (Shell C~emical Corp.). 

bo •1!o:.ct.:~ty due zn p~t to tOXJClty Of30lvent, an a.omatic extract obtained from petroleum 
1 mg range 310° to 400" F. ' 

404 AGRICtHTURAL AND fOOD CHEMISTRY 

PAGE 03 
·:.'~ 

.;, 
inta•:t ~kin of female rabbi~ accotdin~~ 
thr 5ll'l~vc> l''l'hniqlle of Draize, \'Vry(XI;srd 
and C..1hTrv (..!). the toxicity of thto d~·. 
po;w;kc·.; of n•o:rystallized aldrin, clieldr~. 
isr>drin. ~ndrin, or DDT, ground to paii 
(!)1)-md1 :lcn:cn, appeared to be sorn.e. 

v;hat rdated to the structure of the com. 
pounds, d1e substances with the t114o. 
mdo t·r)nfi~uration being the more toxit 
(T;.~blc: V). Th~ minimum Lethal d0s. 
ages lay between 0.60 and 1.25 grams per 
kg. for aldrin, 0.25 and 0.36 gram per kg. 
for diddrin, and 0.060 and 0.0')4 ~r~m 
per kg. (or cndrin; the lowest dosag~ of 
isodrin applied, 0.094 gram p~r kg .• ,.. ;~ 
l<:thal tr1 t\,·n of three: rabbits, wh~rc·:u 
rabbhs, without exceptioo, tolerato:a 
DDT in the dosage of2.5 grams per kg. ;:i1 

R~;petiti'l"e Applications. The ~ 
effects resulting from repetitive conta(t 
of these materials with the skin of rabbits 
\ovaS enhanced in varying degn:e b~· the 
use of solvents. When maintained on 
the skin of rabbits for 2 hours on each oi 
5 days per v.reek for 10 weeb (50 applka· 
~ions), the dry powde~ of aldrin, dieldrtn. 
and DDT were severalfold less toxic than 
when applied in Cltrascne or in solution 
or suspension in a ~~table oil. l"h· 
high~~t ll)lerablc d(ISa;{e ;md rh~ Jm,·t•::r 
dosage that resulted fatally in some r,f 
the rabbits in groups of three or four 
are ~iven in Table VI. \'l:n<"n a.pplic~ 
as dry powders, aldrin and dieldrin are 
more toxic than DDT, but less toxic 
than endrin. The high mortality ~­
oulting from repetitive applicatiorl6 of 
aldrin and dieldrin in Ultrase~ occurred 
in association with alterations oi the 
skin by the solvent, which may have 
promoted percut<lneous absorption of 
both insecticide and solvent. 

Rats In a prdiminary cxperimcnr ~:nn-
dttcted over the period of I; 

momhs, rats were fed on diets ~ontain­
in~ recrystallized aldrin. dieldrin. oJr 
DDT in concentrations of 2.5, 5.U. 25.0, 
75.0. and 300.0 p.p.m., respectivdv. AU 
of the ra~ of either sex fed on diecs con­
taining aldrin or dieldrin at 300.1) p.p.m. 
died within :! weeks. but the incidence 
of mortality in all oth~• groups was not 
si'!'nitl~·•mt[y dilTr:rent than th;n a •• 
countert'd an1ong- corn:~p•'ndin~ 1:onu··l! 
groups. 

In another experiment, groups of 40 
male and -40 female Canvorth r<~ts, 27 or 
21:i da rs elf age, were given diets c:omain­
in; .:1ldd,i, dif'ldrin, <><DDT in tilt: co::­
centm•ions of 1.5, 12.5, and 25.0 !J·J.l·ltl., 
respectively. Since dieldrin aod DDT 
were incotporatt•d as a.lcoholic soi\Jtinns 
into P1.1rina Laboratory Chow Pellets, 
two groups of 40 (male and female) wel'e 
fro on thi, [ype of pellet, to which 
alcohol, but no in~cticide, had been 
added. A.s it was nece~ary to give 
aldrin in a ground diet, additional con­
trol groups of male and female rats were 
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Table IV. lnflue11ce of Sex and Ag~J of Rats on Su~captibility to Toxic Effects of Recrystollh:ed Aldrin, Dieldrin, 
lsodrin, or Endrin 

Se" 
fC'male 
Male: 
fe•u~<k 
Male 

Age 

25-31 d~)'$ 
~5 -31 davs 
(i. 0 months 
6.0 months 

Aldrin 

45.9• 
49>·< 

Oi~ldrin IJolrln . ·-· .. fn~ri; 

H>. S 
28.6 

38.3 1 () .4 
47&.< 2"'. 3 

) 1 '7 
42.1 43.-t 

• hpressed in terms of 1.~,3.4, 10.1 0-hcxachlo>'<> 1.4,4a,5,818a-hexahydro-! ,4-~ndo,,xo-5,8-dimc:thanonaphthal~nc:. . . 
• E~:pr!:!!cd ia t•.;"rnu of ! .1,.\4.11),)•)-hi."Xachl,;J">-,·~~·6 .. -r-r>n"y-1, 4;4>.~,~.11,: .!>,!la-r>C't«hvdro-1 ,4-,.,,Ju,r.~o-S,Ii-thmf'UlH.nonaphth<tlcn.-. 
' R"t~ llpproximatdy 2 month• ol a~,. (.';\. 

T::ble V. Immediate Toxlc:lty ~f Aldrin, Dieldrin, lsodrin, Endrln or DDT 
Mcsiotcsin"'d in Contact with Intact Skin of Female Rabbits by Method of 

Droize, Woodard, ond Colvary 

{Applied C>! recry•tallized dry powder that passed I 00-rt>esh ~ere en. Mointvin•d undRr rubber 
•l~>ne for 2.4 hours) 

Spatial Mini11111111 tet/lal 
ln•aclicide C::o11flguration DoJoge, G./Kg. 

DDT 
Aldrin mdo-tx~ 

Dieldrin ,..,;~-1:11:0 

hodrin end&-md~ 

Endrin trulo-mdo 

given the ground b~ic diet (without 
aldrin). • 
Wh~n fed over a period of 2 years to 

tats of either sex at levels of 2.5, 12.5, 
.00 25.0 p.p.m., re&pectively, neither 
dieldrin no:- DDT caused a signific;~nt 
increase in mort.alitv over that en· 

· ~ntered in a group of corresponding 
CQDl.rols (Figure 2). This was also true 

· r>f males fed on aldrin at these levels. 
The incidence of mortality among fc:male 
,._,~ t~:d un a diet rontaining aldrin at 
25.0 p.p.m. was significantly greater 
:h~n that among the controls, at th~ 
·!:'ld of eirhtt 79 Cll' 1 UO wed .. ~. Th(' 
'-Vrresponding effect was sustain~ by 
f"'malc l'll.ts fed (Jn aldrin at 2.5 and 12.5 

>Z.5 
0.60-1.25 
0 .ZS-(J. 3<i 

<0.094 
0.060-0.094 

p.p.m. only at the 1 OOth week. Tht 
interpretation o! the data on females is 
difficult, bec::atlk the mortality in the 
control groups fed on pellets aod on a 
ground diet varied widely, the latter 
being considerably less (1 0%) than that 
encountered normally in controls fed 
over a 2-year period. Therefore, if the 
results obtained on the aldrin-fed females 
are compared with those obtained on the 
controls fed on the pdleUi in thj& exper­
iment, no significant di1Teren(;e oc.:urred. 
Th~s it is believed that aldrin fed to fe· 
male rats at .levels of 2.5, 12.5, or 25.0 
p.p.rn. OV~!' pi"riodS e>f 2 )'1'3l'S did rlOt 

induce any increase ln mortality. 
The a\'CT<Jg<: kngths of survival (Figure 

3) ,..r ,.irht"r m;~li" o~ f~>mal<" rat.~ ff'd Otl 

di<>t~ r'J11!;,inin!( diddrin or DDT at the 
lcvrl uf 25.(1 p.p.m .. ur u!' mc:k 1·ats 
ft:d vn di\"l~ .. :'J!ll;.tjniJ"Lt: ~:li:; r.·onc.·t·::tnn;nn 
o{ aldrin. "'·ere not ~i[.('nificamly kss than 
[hose of corresponding ~ontrob. Male 
rats fed on a diet containing DDT at 
25.0 p.p.m. SUI'\'h'ed ~ignific-antly longer 
than did the c-orresponding controls. 
The aYerage periods of survi,·al. ex· 
pressed in weeks, for fi"male rats f~d on 
aldrin at kv~ls of 1.5, 1 ~.5, and 25.0 
p.p.m., were !lJ.S. 91.1, and !!5.1. 
respectivdy. Thi" values associated ,,·ith 
levds of 2.5 and 2;).0 p.p.m. WcTe' 

significantly less than th~ exceptionally 
high figure whic:h characterize-d the 
c;om:sponding comrols (100.7). 

The growth of all of the expuimental 
groups fed on diets containing aldrin, 
dieldrin, or DDT was as grr-at as that of 
the ~:orresponding controls. For e"­
arnple, after 40 weeks the female rats 
fed on control pdlets had achieved 
an averag-e gain in weight of 201 grams, 
wherea$ the average gains of groups of 
female rats f~.cl on dieLS cont<~ining aldrin, 
dieldrin, or DDT ranged from 197 to 
220 grams. After 120 weeks, the male 
rats fed on <.:umrul pt"llt"LS had gained 312 
graii19, and the groups of .m..ale rats fc:d 
on di'!'t$ rontaining di~ldrin or DDT had 

figure 2. Percentage of mortality among control rat5 
C'ld rots fed on diets tontai"ing aldrin, dieldrin, or DDT for 
2 years 

Figure 3. Average length of survival of male or femal& 
rats fed on eontrol diets or on diets containing aldrin, dieldrin, 
or DDT 
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~o7 to ~13 <''""· The ""'of 
these periods rcprcs~nts that in which 
the r;;~.tc nf ~mwth is at its maxiuuun; a 

t
'·.'.'' , subSequent decrease in rat~ characterizes 

the longer period. The curves in Figure 
4 rcprest:nt the avera~e wei;ht :;tt weekly 

t 
intervals of group~ of male rats fed on 

. diets containing- dieldrin at 2.5, 12.3, and 
~3.0 p.p.m., as well as male rats fed on it. '_o_n-tr_o_l_r_e_l_le_ts_. __________________ ~ 

j 
. I 

TCJble VI. Toxicity of R~crystallized 
Aldrin, Dieldrin, Endrin, or DDT 
Mcdntained on Skin of Rabbits for 
2 Hovrs pet Day S Doys per Week 

ODT 
Aldrin 
Dieldrin 
£ndrin 

DDT 
Aldrin 
Dieldrin 
Endrin 

for 10 Weeks 

Range of Minimum Lethal Oosas• 
Ory powdru In In 
that oa~terl yegelable IJitro-
100-me~h oil ~ene 

Total Dose eer Day, :\-!.1!'· 

60~?00 300-600 > 1 00 
10()..300 25- 50 <1.2 
100-300 50-100 <12 

<75 

D~ily 

213-489 
35-123 
40-163 
<30 

DO$e, !\·fg./Kg. 

109--257 >46 
JO · .:!6 <4.8 
19- 50 <5.3 

Mter male rats had been fed on the 
diets containing dieldrin for 18 momhs, 
the average ratios of the weights of their 
livers to their body weight were sig­
nificantly greater than that of the corre­
sponding controls. The ratios relevant 
to the levels of dieldrin in the diets were 
as follows: 25.0 p.p.m., 3.29 grams of 
liver per 100 grams of body weight 
(P < 0.01); 12.5 p.p.m., 3.13 grams of 
liver per 100 grams of body weight 
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Table VII. Fate of Dog" Given RecrydCJIIit~d Aldrin in Diat or in Capsules 

... ~~Y._O~SC?J8 in R!!.."!~~ Se .. anrl 
Body weight, food, Number 

mg./kg. p.p.m. of Do,J 

- ~ -?. 1 so F (\1 
3.1) -4.5 ~--J M t2J 

F (3) 
.) -3.0 2s-so :VC(31 

f' (2) 
0.? -1.8 10 M(3) 

F (2) 
0.12 -o.25 3 M (2) 

!:-' (2) 
0.043-0.091 :VI (2) 

f 

(P = 0.05 to 0.01); and 2.5 p.p.m., 
1.92 grams per 100 grams (P = 0.05 to 
1).01). (P is the probability th<H the 
experimental and control values are from 
the same universe.) The corresponding 
value in the control group of males was 
2.55 grams per 100 grams of body weight. 

After either 18 months or 2 years, the 
average ratio:s of t.l'!.e weight of the livers 
to the body weight of male rats fed on 
dther aldrin or dieldrin at 2.5 p.p.m. or 
DDT at 25.0 p.p.m., or of female rats 
fed on either dieldrin or DDT at 2.5 
p.p.m. or aldrin at 12.5 p.p.m., were 
significantly greater than that of the 
corresponding controls. This wa~ l"Ot 

true of male~ fed on DDT at either 2.5 or 
12 . .5 p.p.m. 

During the 2 years of feeding there 
were no deaths among these animals 
that could be attributed directly to 
toxic effects of the insecticides. Rats 
that were killed after 18 months or after 
2 years exhibited minor, and from the 
histologic viewpoint, nonspecific:, de­
generative changes in the hepatic cells 
that have been deS<:ribed as being char­
acteristic: (?)of the effects of the absorp-

(2) 

Period !lf ~ 
Time an Diet Fot. 

10 ,j;,.~ Di<'d 

?-15 d:l~"S Died 
.:l day3-
3 . .! months Dird 
1~ davs-
6. 7 months Di~d 

15.6 months s ... n-h·,,<~ 
15.6 mOnths Sutvi·.·,..,; 

' 
tion of the thlorinated hydroc;ar~ tY(i} 
of compound. At the end of 2 yean. 
the alteration of the liver cells occurred 
with more frequency in animals fed on 
diet3 containing DDT than on those cnn­
taining aldrin or dieldrin. 

Dogs were more susceptibk 
Dogs than rats to the toxic effects or 
aldrin or dieldrin. Diets that con­
tained aldrin in the concentration cf 1n 
to 50 p.p.m., when fed on 5 or 6 days of 
each week, induced fatalities after p<:­
riods of f<"eding rar.ging from ~C\'':ral clay~ 
to several.months (Table VII). You;•gcr 
dogs appeared to be somewhat l"!l"T'" 

sus":"~ptible than older dogs-fol' ~· 
ample, two males and one female, each 
given the first dosage of 3.0 mg. of aldrin 
per kg. when they were 11 days of age, 
died after being given 2, 23, and 24 d.OSc:s 
(5 do3e5 per week), respectively, but a 
male dog which was 1 9 months of age 
when the aldrin wa~ fu3t incorporated 
into his diet survived but was killed i.Q 
a moribund $tate 3.2 r.oonths later; this 
dog had been given dosages equivalent to 
2.1 to 3. 1 mg. of aldrin per kg. on 6 days 
per week, over this period of time. Two 

Figure 4. Average weekly weights of male rab fed on diets containing dieldri11 to extent of 2.5.0, 12 . .5, 2.5, and 0.0 p.p.m. 
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Figure 5. Growth of male control dogs ond male dog~ fed on diets containing aldrin 

'.'\htr males and onl" ft?"malc, t-ach ~i\·~n 
rhe initial dosage of 1.5 mg. ofaldrin per 
ke;. when they were 11 days of ag<-:, died 
<llter 12 <O 26 doses, but two others, a 
male and a female, which were. 2.1 
LUonths of age when aldrm wa.s first 
introduced into thc:ir diet, died after 5. 7 
,.nd 6. 7 months, havin~ been given 
do~agC"s cqui,·alc:nt to 0.9 tO 1.8 mg. of 
aldrin per kg. on each of 6 days per week 
ove{ that period of tim~. 

Each of two mak and two femak 
beagles was so fed that each of three 

~~ Weighed tneals per day on 5 days per 
,,.~f·k contain0d aldrin at th~ lt>VI'I of ~ 
· p.m., a~ did also the first m~:"al on thC' 
sixlh da\'. Th~ other meal~ were 
\·. ·+~h<·d, .but c-cmtained no irJ5e.rticidt, 
These dogs, anc:l a similar group, fed 
Vn il. die: <:ontaining aldri1l at I p.p.m., 
~!Jn•Jvtd 15.6 month~. at whirh timr thn· 
\\'t:rc:- killed. . . 

Do~ given dieldrin in their diet t<J the 
~"lent of 25.0 or 50.0 p.p.rn. r>n (, d&y; 
):.>t'r Week ditd after a {c:-w da,·s to l .. > 
months; o~her dog9 sur..-iv.,d for fJJ• 
nlonths, when thrir food wntain,~d l (' 
;;!.m. (Tabk· \:III;. G1_·o~Jp~ <~f fc,~: 

.agle5 fed on dJ(~b cnnran)ong d~t~ldnn 

at 3 and 1 p.p.m. survived 15,7 monr.hs. 
as did also corresponding groups of dogs 
fed on DDT at 1 0 and 30 p.p.m., or on 
lindane at 15 p.p.m. (Table VIII). 

The: rates of growth of th~ ~xpcori­

mental and control beagle dogs (eligible 
for regim·ation '''ith the Amo:rican 
Kennel Club) were not different, as 

txami ne':d by i nsp~"Ction ofl:he slope~ of the 
cul'\·es which represent th~ir gro·wth d\tr• 
ing the lllOSt rapid period. The curves 
in FiglJre 5 presc:m the: wc:dcly changes 
in '''t.ight O\'er this and subsequent pco­
riods of the: four male dogs fed on aldrin 
at levels of either 3 or 1 p.p.m., and of 
two ~:ontrol male: dogs. The average 

Table VIII. Fata of Dogs Given Rt:!c:ry!:talli:red Dieldrin, DDT, or Lindane in 
Diet 

Doily Domga in R4/ofion lo Sex ond 
Body weight, Food. N11111b4r Period of 

lnmcticid" mg./kg. p.p.m. Qf Dog• TimR on Di<tf Fate 

Did ch-in '1 .8 .5t) r (! i 5 dap l)ic-cl 
2.0 -4.2 25-50 M(t'> 11 days-

F f3) 1 . 3 month~ D\l'd 
0.73 - 1 . (J j(J :\1 ( 1 ) 

F (I i 9.0 month.q Sur1·ivt:'d 
IJ.l4 -1,1 2~ 3 )\f (2 1 

r (,. 
-' 15.7 months Sm·,·i'·"'d 

I) (133 .. 1• }II ~f ( 2• 
f 12) 1 S. 7 xnonth~ Sur,•h·ed 

DDT 1.:! ... -'"- . .:1 )0 ~1 (21 
F i J ~ l; . 7 month~ Sur,·iw·d 

0.45 -11.1>1 10 :\I I 'J' 
r \i! 15 6 months Sur,·ivc:d 

I>. hu -·i (i 1 ~ '.1 !::! ' 
r !2 }.) (, JThJ!ltJJ~: ~~~~·,·h···r! 
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weig: (expressed as pel"-
• centa~Se oC the: initi~l wei~ht over the 

' ~ntir~ period) of the dogs f~d on aldrin 
~· was 45.0, on dieldrin 4'),2, on DDT 57,3, 
!A and on lindane 5<J.2 (controls 48.4). r ' The beagJej fed on diets containing 
~r· aldrin at ) p.p.m., or dieldrin at 3 or 1 
ft: p.p.m., had livers that were signifkantly 
1·· l<1rger than those of the controb; this 
..... was not true or ~agles fed on diets con• 
r taining DDT at 30 or 10 p.p.m- or 
~. lindane at 15 p.p.m. (Table IX). The 
I corresponding ratios for the kidneys, 

heart, brain, spleen, or fat of all groups of 
beagles fed on one of che four insecticides 
were nor signific·antly different from tho5e 
of the controls. 

Table IX. Average Ratro of Weight 
of Liver to Body Weight of Dogs 
Fed on Diets Containing Rec~taf­
li:ed Aldrin, Dieldrin, or DDT for 

More than 1 S Month' 
(Two malo!! bl!!agles ond 2 fe111ale beaglos gt 

eoch l.vef) 

Aldrin 
Alddtl 
Dieldrin 
Dieldrin 
J)DT 
DDT 
Lindane 
Controls 

P.P.M. 

3 

0 p <0.02. 
t Deviation large. 
• Oevi3tion smill. 

1 
3 
1 

30 
10 
5 
0 

Ratio of liver 
fo llod)r Weight, 

G./100 G. 

3.84-
3. 37• 
3.51• 
~.;n•,• 
2,71 
2.n 
2.95 
2.68 

Pis the prof».bility that the experinu:ntal 
and control values are from the same 
universe, 

No change occurred in the relative 
numbers or types of the formed elements 
in the peripheral blood of the do~ fed 
on di~~ containing aldrin, dieldrin, 
DDT, or lindane over the period of 15.6 
or t 5. 7 months. 

Male and female dogs that died after 
the ingestion of aldrin and dieldrin over 
1rariou1 periods of time exhibited d~ffttse 
de~nerative changes in the brain, liver, 
and kidneys. 

After being fed on diets containing 
aldrin in th~ concentration of 3 p.p.m., 
female dogs were found to have minor 

CTR PDP HEAL T~' 

changes in the Iivef, characterized by 
JQQJ hyaline (droplet) de~en~ration of 
the hepatic cells and vacuolation of the 
epithelial cells lining the di~tal rrn3..! 
tubules. Of the two male dogs, one had 
hepatic lesions compafable to th~ 
found in the: femal~, and the other had 
slight renal tubular degeneration. 
When fed on dieu containing 1 p.p.m., 
the males h<~d normal viscer<.~ and the 
females had vacuol<ltion of the dina! 
re11;1l tubules. 

Two male dog:~ and one female, fed on 
diets comaining dieldrin in the con~ 
centration of 3 p.p.m.. had no toxic 
changes in their tissues, but one fC"male 
had vacuolation of the distal renal 
tubules. The dietary level of I p.p.m. 
induced no gro!IIJ or microscopic ab­
normaliti~ in the viscera of either male 
or female dog!. 
Do~ given DDT in their diets at 

levels of 30 and 10 p.p.m. had normal 
\'iscera except for chronic inflallmlatory 
proce~; the same was true of dogs 
given lindane. 

Control dogs had normal o;iscera but 
for the O<'casional occur~nce of inci­
dentallow-gr~e inflammatory !~ions. 

EFfeds on Repr'Ode~ctive Capacity 

Ald1",W,, dieldrin, and DDT, at levels of 
concentratio~:~ of 2.5, 12.5, and ~ 
~· were incotpOrated into the diets 
o£ rats (Carworth, original group) for 
three generations, in the manner de­
scribed by Fitzhugh (5). Two sets of 
offspring were obtained . from each 
generation of these groups, and groups of 
comparable controls. The pre:~ence of 
dieldrin in the: diet at the level of 2.5 
p.p.m. or of aldrin at 12.5 p.p.m. re­
duced the number of pregnancies, but 
no such effect wa:, induced by aldrin at 
the levd of 2.5 or of DDT at 25.0 p.p.m. 
(Table X). When dieldrin was fed 
over several generations at 2.5 or 12.5 
p.p.m., the early evidence or reduction 
in the number of pregnancies tendcc:l to 
disappear. Ball, Kay, and Sinclair (1) 
omerved an ~::frc::t:l un the C5ttuS cycle O{ 

female ..-ats fed on diets containing aldrin 
in concentrations comparable to those 
employed in this experiment. 

~·o reduction in the number of off­
spring per liner was noted when aldrin, 

~Hrin, o' DDT :~~:, ·.~ 
diet up to £he level of 25.1) p.p.m. . ~:-: 

The incorporation of the:sc:: iruc:t:titiQe, ~ii 
into the di~t:l of pareut rats. during tk . 
period of suckling, had an effect on ~ 
incidence of mortality among the oft'. ~­
sprin~, being seve~ in the case of a!~ 
o~ dieldrin at 12.5 or 25.0 p.p.m., butOJtly . ··: 
slight to moderate in the case of ei~ ·'1 
aldrin or dieldrin· at 2.5 p.p.m. or in · ·· 
[he case of DDT at 2.5, 12.5, or 2S.o·.,.., 
p.p.m. 

The incorporation of aldfin, dieldrin. 
or DDT into the diets of parent rats had . ·: 
no effect upon the weig-ht of the voum ~· 
weanin~. 

The complete withdrawal of food m,IQ 
rats previously fed for 7 to 18 mooth8 on ·' 
diets containing aldrin or dieldrin at 
levels of 5, 10, or 15 p.p.m., did not 
result in the release o( aldrin or dieldl'iq · 
from the adipose depO&its to an ~~ 
sufficient to induce symptorns of intoxitl­
tion of any type. 
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Table X. Effect of Aldrin, Dieldrin, or DDT In Dief5 of Rats upon Reprodudiva Caf'(lc:ity and Suclcllng Off$pring 

(Recl)"laflb:e:! ;rQd!M Uiecl) 

Number of deli~·eri~ 
Reduction in nuohl.~er of pupsilitrer 
Incidence of mortalifv among off· 

~pring (I to 21 d~ys ~ -
Weight of young, 21 days 

• Slight effect. 

AI<Jrin 

2.5, ~~ 5 
25.0, .>25.0 

.2.5•, 12.5 
25.0, >25.0 
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/1ighen /)osoge wifho11t fffeef, onrJ Lowest 0Qsa~ with Elfecl 

Dle/Jr;,. 

<2.5, 2.5 
25.0, >25 0 

2.5•, 12.5 
25.0, >25.0 

DDT 

25.0, >25.0 
25.0, >25.0 

2.5•, IZ.S.• 
25.0, >ZS.O 


