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INTRODUCTION 

The action or seY('ral orgnnic compounds in the vapor phase upon 

rice weevils, flour b('dl('s, ~rnnary weevils, and the Indian-meaL moth 

was t('sted ill It preyiOHS investigation,1 and the results were reported 


~ in D('partmcnt Bulletin 1313. 'fhe object of that investigation was 
:: 	to find a material free from the fire hazard of carbon disulphide that 

would be suitable for killing insects in grnin. When the tests were 
made in glass flasks about 30 of the 100 compounds tested were more 
toxic to the rice weevil thlUl was carbon disulphide. In tests made 

- when grain was present, especially in box cars loaded with wheat, 
only ethyl tlcetRte and ethyl formate gave uniformly good results, and 
because of its lower cost and greater availability the Ilcctate was con
sidercd preferable to the formate. A mixture of 40 volumes of ethyl 
acettlte and 60 volumes of carbon tetrachloride was rccommended 
as a fumigant snfe from fire hazard at fumigating temperatures, that 
is, up to 900 F. 

In order to make ethyl acetate nonfiammn,ble at temperatures up 
to 1220 F. (50 0 C.), however, the temperature at which the under
writers' laboratories ('oncluet tcsts to determine whether 1\ vl\por will 
pl'Opagate a flame, it is nCCCSStlTY to tldd cllrboll tetrachloride to the 

I NF.IFEltT, 1. E., COOK, F. C., ROARK, R. p., TONKIN. "-. n., nACK, E. A .. nnd COTTON, R. T., 
FumOATION AO.<tNST (mAIN WEEVILS WITIl V.\IUOU5 VOLATlI,E OIlO,\NIC COMroUNDS. U. S. Dept. Agr. 
lIul. 1313,·to p., Ill\ls. JO~5. GIFT 

7U80o-3\l-l 

APR 2 5 1930 
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('xt('nc of iO per cent by volume of the mixture. Ethyl acetate h~s 
only I~ moderate toxicity .t.o iIlse~ts eA-posed to its ~T~por, a!ld the addI
tion of cllrbon t('trachlonde, which has a low toxH'lty to msects, pro
duces It mixture having all ins('eticidal value lower thnn that of ethyl
IH'('tate nlone. 

Furthcrmor(', wh('at that has been fumigated with the ethyl aectate 
mixture may Ita vn Il sour OdOI', resulting from acetic, acid formed 
by hyd rolysii;; of th(' ethyl acdnte. This odor is similar to that of 
ferm£'nLing grnin, and somdin1('S causes the wh('at to be elnssed as 
SamplL, grad£'.. . 

The experiments h£'rewlth rt'ported were conducted lJl order to 
deV('lop £'fT('eti\'c fumigants more suitnble for treating infested grain, 
nnd for US(\ in .fun~igllting ngainst}nsccts infesLin~ foods~u(rs, e1.othin~1 
Cllr(H'ts, and funllture. Some 01 the eompOlln(ts previously mvesl;t
glLwd and llluny additional organic compounds wel'e thoroughly
tested. 

TESTS IN ONE-HALF LITEU FLASKS 

METHOD 

In ord('r to s('lect the more promising fumignnts frOIll the large 
numher of compounds to be t('stecl, an initial series of tests wus illlute 
in }:i-litOl' Edt'nmey('r {I asks. By fumigating on It sll1all scale it was 
possible to mllke 30 01' 40 fUllugations in a day nnd thus test possible 
fumignnts more quickly thnn if trillis WNe made on a large scnle. On 
account of its resistunce to fumigants the rice wee\'!1 (Sitophil'1l8 
oryza L.) wus Ilsed exclusiYCly in these small-scnle tests. Tho 
weeyils \\'('1'0 confined in cotton-stoppered glnss vials containing 
crackcd ('om, 10 wC('\'ils to cneh yilll. One, or in some cases two, of 
the yiuls \\'er(' plnred on tIl(' bottom of a }~-liter Erlenmeyer flask, 200 
grams (nppmxill1l1 t('ly 250 c. c.) of wh('at wns put in, nnd the cnlcu
lntt'll qunutity of fumigant was ndcled. 'rhe f1usks were made air
tight with rubhl'r stoppers and ll110wed to stand 24 hours at room 
temp{'mtur('. which aYCl'aged Ilbout 25 0 C. At the end of the 24
hour fumigation period the percentage of dead weevils was deter
mined. To avoid reporting as dead uny that were only stupefied, 
1111 specin1011s \\'('re rc('xaminecl ufter 24 hours anel also after 48 hours. 
11any sppeirnens were kept for 30 days nftor fumigation, but none 
revived aftpr the 'is-hour period. The p('rccn tnge of dead wee\rils 
reportpd in Tnble 1 is thnt determined at the end of the 48-hour 
period. 

This s('ries of experiments differs from that reported in Department 
Bulletin No. 1313, in that all the fumigan ts woro tested in the'presence 
of wlwat. Inasmuch flS under prncticnl fumigating conditions abo. 
sorpti\'e mnterials nrc always present, it was believed that tests in 
the presence of whent, which has a great absorptive capacity for some 
vapors, would determine fumigants of low toxicity more quickly 
than if the tests wo!'c mnde in flasks con taining no nbsorptive materinl. 

The compounds selertNI for testing WNe obtnined for the most 
part from the Enstman Kodak Co. 'A few materials were synthe
sized in the laboratory. In all cnses, compounds of the highest 
possible purity procmnble WNe used for these test~. 

The liquid fumigllnts were applied by meRns of It pip('tte graduated 
to 0.01 c. c.. The dosag('s are th('re.fore known within 0.02 cubic 
ccntimcter per lit.er, which is equivalent to about 13 mg. per liter. 



3 TES'l'S OF VAlUOUS ALIPHATIC COMPOUNDS AS FUMIGANTS 

(0.8 pOllnd per 1,000 cubic feet) for a material of low specific gravity, 
such as n-pentanej or to about 66 mg. per liter (4 pounds per 1,000 
cubic feet) for a mnterial of high specific gravity, such as methylene 
iodide. The solid fumignnts were weighed to the nenrest milligram 
and ndded to the flasks. In geneml, in this series of tests, where the 
minimum lethnJ dosage of the fumigant 'NilS determined to within 
0.01 c. c. per }~-liter fl!lSk, the results are Ilccurate to within about 2 
pounds per 1,000 cubic feet. For a more eXllct determination of 
the minimum lethal dosage of a fumigant, tests on a larger scale are 
neressnry. 

Each fumigant was tested from 5 to 30 times over a range of dif
ferent concentrations. No fumigant was tested at a concentmtion 
of more thnn 0.5 c. c. per liter. Some fumignnts killed 100 per cent 
of the weevils nt the minimum dosage it WHS possible to employ, 
0.02 c. c. per liter. In other cases IllHny dosages were tried, and the 
minimum tbnt killed 100 per cent of the weevils during nn exposure 
of 24 hours was tnken as Lhe minimum lethal dosage. 

As some fumignnts were tested in quantities varying by 0.05 c. c. 
per H-litm' flusk, the lethal dosllge of these compounds is not known 
c1oscl' thnn 0.10 c. c. per liter. Only compounds of low toxicity, 
howewlr, were testNI in this way, as the object of this first series of 
tests was to sell.'ct the fumignnts worthy of trial on a large scnle, 
rather than to determine the eXllct minimum lcthal dosage of the 
compounds. 

EXPERIMENTAL RESULTS 

The results of the tests nrc given in Table 1, which presents in 
addition the following informntioll rl.'garding ench fumigant: Empiri
cal and structural formulas, synonyms, molecular weight, bolling 
point/ specific ~rayity,2 concentration of fumigant, expressed in 
milIigmms per liter, Ilnd percentage mortality of weevils after 24 
hours' exposure. 

• Dam takon from NATIONAl. RE5~:ARrn COCNC!L. INTERNATIONAL CRITICAl. TAnI.ES OF NUMERICAL 
DATA, PHYSICS, CHEMISTRY AND TECHNOLOGY ••• Y. I, 415 p., lIIus., Now York and Londou, ID20. 
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TABLE I.-Empirical formula, synonyms, structural formula, molecu.lar weight. boiling point, specific gravity, concentration of fumigants, ~ 
j

and percentage mortality or weeviln after exposure for 24 hours 
1-3 
t.".lWeevils)01!ni- akilled1\10Iecu., Boiling , Specific mum :IIEmpirical afterCompound with synon)'IIlS Structural formula lar point at gra"lty lethal Zformula exposure .....weight 76 mm. 20°/4° oosage of for 1M afumigant

-1
hours ~ 

~MD. per IX! 
° C. liter Per centPentane____________ •• _____________________________________ I Cll,e IJ,Cll,CH,Cll,_________________________ __ BOalI" 72. 096 1 36.2 O. 631 '316 40 

(r.Itxturo; largely n-pontano)
Alnyl hydri<1o ~ 
Pontan 1-3 .....
N ormalcs pontan Zn-Pcntann-lJoxane ________________________________________________ ••• 1 Cll,Cll,CH,CII,Cll,Cll,______________________ I 86. 108 .....0.11" till. 0 .660 1330 60 C>Dipropyl 

.t-jITexan 
N ormalcs hexan cj
n-IIoxann-lloptano ________________________________________________ 1 CH,(CII,hCII,________________________________ .1 100.12(h1I" 98.4 .684 200 100 
IIoptyl hydrido ~ 
Methyl hoxane t;;j 
Dip~opylmethane t.".l
Heptan 

Normalcs heptan

n-Hoptan ~ n-Dctnne___________________________________________________ I CH,(OII,)oCII,___________ • ____________________ .1 114. 144c.n,. 124.6 . if:)i I :l54 60 
Dctan 
N orl1lales oclan ~ n-Detan 

cIOn" Derano_____________________________________________________ I (CH,),CH (CH,).CII(CII.It---------- __________ .I 142. 176 11lO.0 .722 13!!1 o Z 
1-32.7-Dimethyloctane

Diuoamyl 0 
2.7-Dimothyl-octan ':jAmylene_____ •______ •_______________________________________________________________ •_______________________ .• 70.077

C,II.. .7 1350 o 
Mixture of: > 

18opropylethylene_____________________________ __ ____ (CII,hCIICH=CH, _________________________ ___ 20.2 
Trimethylethylene________________________________ . _ (ClI,hC=Cll C II, ________ _______ _____________ __ 38. 4 ~ .....BS-Mot.hylethyiethylcne_ _ _ _ ______________ __ __ ______ CHFC (CH,) C,II, _____________________________ 31-a:l a
2-Pontone_________________ •_____ __ __ _ _ _ ___ __ _____ __ _ crr,CIf,CII=ClIC II, _ _ _ _ ______ _ _ __ ___ __ _ __ _ _ _ _ 36 C!Ioopentano____.__________ ______________________ __ ____ (Crr,j,CHCH,CII, ___________________________ •. 28 

KUuOiehcs Amylen ~ 
Trid\othylethylono·OewBhnlichcs Fuselehmylen _________________________________________ 1 (OH,hC=CHCH, ______________________________1 70.077Oall .. 38.4 .668 1334 40 

2-Mothyl-2-butene ~ 
Pontal 



Penlena 
"mylcna
jJ-l&onmyleno
2-Methyl-huten-(2) 

Cill" 

C,IT" 

Cll,Er, 

CIIEr, 

eEr. 

C,IT.Er 

Trimothyl-Athylcn
Il-Mothyl-Il-butylcneI Oety lono. ___________________________________________ •______________________________ - ____ --- -- - - ---. - - - ---
CnprylenQ 

Mixturo or:
a-Ol-tylcDQ iOcteno-(I)-_.---- _______________ CIT,(CIT,hCH=CH,.Il-Oetylene Oetene-(2)) _______________________ CU,(CII,),CH=OlI Cll•. 

Oelylen
Caprylcn

1\Ii,tllre oC: 
Octo,,-(1) a-Oetylen 
Oclon-(2) 1l-0etylcn 

ID i i'~i~~~~r~ i(7n----.--------.----------------------- (OIT ,) ,C Crr=0(orr,),________________________ -
1\[ethyleno brom ido. ______________________________________ • oU ,Er, _________________ •_____ •______________ •_. 

Dihromomcthnno IDihrommethun 
MethylenhrolllldI BrOlll<lrOrlll. ____________________________________________ --- orrEn_______________________________ - __________ 

Tribromomclhnne 
Methenylbrolllido
Formyl tribrolllidc 
Metkon,,1 tribromide 
Tribrommethan 
MothenylbremiuI Cnrbon tetrabremi(re ________________________________________ C E r , ____________________________________________ 

Tctrnbromolllethnno 
Totrabrommcthnn 
KoblenstotTtetrnhromld 
'l'otrnbrolllkohlcnstolfI Ethyl bromide__________________________________________ •__ • CU,Cn,Er _____________________________________ 

Eromoetbane 
Monobromootbano 

112.12 

112.12 

173.85 

252.76 

331. 66 

108.955 

125 

102.6 

97.8 

160.4 

189.5 

38.0 

.7197 

_715 

2.46 

2. 80 

3.42 

1.43 

1360 

215 

738 

231 

60 

172 

.0 

100 

100 

100 

100 

100 

~ 
U1 
>-3 
U1 

0 
"'.I 

~ 
l:d ..... 
0 q 
171 

>
t"' ..... 

'" r:It 
>
>-3 ..... 
0 

0 
0 
~ 

'" 0 q 

~ 
171 

c,n,Er, 

C,ll.Er, 

JTydrobromiQ ether 
Bromic ether 
Erom-tlthan 
XlhylbromldI Ethylldenc bromido_________________________________________ 

1, i-DillromO!'thnne 
1. I-Dibrom-tltflnn 
XthylidcnbromidI Ethylene dibromidc_________________________________________ 

1.2-Dibromoethano 
Ethylone bromide 
Dlbromoethnno 
1.2-Dlbrom-nthan 

Orr,CIlEr,. ____________________________________ 

OIl,ErOll,Er___________________________________ 

187.86 

187.86 

110 

131.7 

2.0!i6 

2.182 

617 

87 

100 

100 

Ii> 
U1 

I;j 

~ ..... 
~ 
Z 
>-3 
171 

I The nlluimum dosa~o tested. C11 
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TABT,E I.-Empirical formula, synonyms, slructural fOT/mlla, molecular weight, boiling point, specific gravity, concentration of fumigants, 

and 11crccIllage mortality of weevils after exposure for &4 hours-Conth1Ucd 
~ 
oI I 

I 
I Mini- ":~e\"i1s ::Il

Molecu- i Roiling Specific mum ~'N:d Zlar I r,,,im at gravity lethal r ....Empirical Structural formulaCompound with synonrms weight I 700 mm. ')JJo/4° dosage of expo~~.fe o(ormula fumigan t for -,

I :>hOUfS t" 
1__________________ ,_______________•_____________1___ 

I:d 

C,U.lln Ethylene dibromide-Continued MU. per ~ 
Xthylendibrmnirl Per cem t;j° C. Iit.r
X, hyl.'ubrolllid 15t 2.064 1 1,482 0 8

c,n,Dr. 81/ m.-'i\:trabrolll o~thnof'_______ - -- ---.- --- -- ---- - -- ---- -- ---- (54 mm.)
en",,""D"...................................\ MO." I 


1,I,2,2-'l'etrnhromot.'thnne Z 
Acetyleno tetrf ',romid" .... 
Muthmann's liquid C> 

tV 

Acotylentctrnbromid 1. 353 81 100 
1. 1. 2. 2-Tetrabrolll-uthnn 

n-Propyl bTOlIlido____• ____• ______ • ___...............-----.-- C IT,CII,CII,Dr__•••••••••••_._. ___ •••_._ •• __ .--' 122.07 70.0 q
Can,llr 
I·Dromopropnno
I-DrolIl-propnn UJ 
a-llrom-propnn
n-Propylhromid t:1 

t;jprim.-Propylbromid (CIT,),CIIDr__._.._________...__• _____......____ 122.0i 50.6 1.310 262 100 
Isopropyl hrolllid,' ________ •____________• ____ ---------------- '"d 

2-Bromopropnno
2-Drom-propan
/1-Drom-propan 

C,lI,llr 

[sopropylbromid ~ 
t;jsek.-I'ropylbromid 116 100Crr,CHDrC IT,Dr___• ____......__________ ---. --- ')JJ1.88 140 1.933 

C,U,BfI Propylono uromido __________ •_----_. --. ------. -- -. --. ----.-- Z 
1,2-Dibromopropnno 8 
Propyll'nc dibrolllidc o
1. 2-Dibrolll-propnn >:j
Propylondihromid
l'ropylcnbromid CIT,CIT,CIT,CH,Br_______....__________________ 136.90 101.6 1.275 102 100 :> 

Cdl,Dr n-D u tyl bromicw _____ • __ -- --•• -----. --- ---- -- --..--- -- -- -- - 
1-ilromobutano §
l-Rrom-butan 

I 
on-Rutylbromid

prilll.-Dutylbromid 01.5 1.264 126 100Isobutyl bromide _____________ • __.......______......• _______ _ (CII.),CHCH,Br._.........................____ 136.99

C,lI,Br 

I-Drome>-2-metbylpropano

a-Drome>-i.obutane 

I-Brom-2-methylpropan 
 1:':1a-BrOJ n-uobutan 
Isobutylbrornid 

http:expo~~.fe


C,H,Ur 

C,H,Dr 

C,U,lln 

I &tc.-Dutyl hromldc __________________________________________ 
2- Bromohutnne 
2-Bro01-hutun 
uk.-nutylbromidI tat.-Buty] bromid~, ...____________________________________ 
2-Bromo-2-mHhylpropane
fJ-lIromo-fsobut80f' 
2-Brorn-2-IIlNhylpropnn
fJ- Brom-isobutnn 
Itrl.-Ilutylbroin ld I a-lllllylt'nll bromi<i[' __ . ______________________________________ 
1,2-TJibromohlltnna 
a-nutylrllo dibromide 
L 2-Dihrom-hutfin 

Cu,cn BrCII,elI , __________________________ .__ ; 
136.99 

(ell,) ,C Dr___________________________________ •_. 
136.W 

I, • ICII,CIf,ClI BrCIT,nr .__________________________ : 
2J;i.~!J 

1 
91.31 

733 

166 

1.251 

1.222 

1.820 

3i5 ! 
I 

I 
22-:1 

'910 

100 

100 

SO 

~ 
(f) 

>-3 
y; 

0 
":! 

~ 
c,n.Utt 

C,H.Btt 

C.TI,nr, 

C,HIIDr 

C.H,Dr 

CH,C!, 

a-Hutyll!ndihromld II fJ- Blltylrn~ hromldll,_________________________________ ._.___ • eu,CllDrCHUrCII1•• _. ______ ••• _•• _. _________ i 215.802, :l-Dihrolllohutnur 

I 
fJ-Butylcnc t1ihromido 
I'sellc!ohutylcnc dibromide 
2.3-0Ihrom-hntnn 
P-Butylcndihromid
,Psl'nuoblltylc'Hlihromicj II IsolJutylcno bromide _________________• _________________ .. ___ 

215.80C fT,C Ur(Cll,) Cll,Ur___________ ••_______ .._____ , 
1, 2- Di hromo-2-methyl propnne 
a p-Dlbromo-i8obutnno
UntrlcDO isobromido 
Dibromoiso!Jutnnc 
1.2-Di!Jrom-2-mcthylpropan 
<1' p-Dibrom-iaobulall
!.<ol)tltylondibromidII, 2, 3-'I'ribromobuluuc______________________________________ CII,CIIUrCllDrC n,Dr___________ •___________ •• 294.80
1. 2. 3-Tribrom-bulan

Isoamyl bromide____ •• _.... _. ______ ••____..____ ..._.._______ (CJr,) ,cn Cll,CII,Br_. ______.. _____ ..__ ._.... __ 1514-1Iromo-2-methylbulnno
4-11rom-2-mcthylbutall
I.,oalllylhromidI Allyl bromido_. __ •_________ .. __ ••_.._....__ .. __ • _______ .._._ C]1,=CIICll ,Dr_____..___ ._. ____ ...___ •__ ....__ 120.955:l-llrolllopropyiello 

I 
3-Bromopropcnc
3-Ilrolll-propcn-(I)
AllylbromidI Methyll'llC chlorirle ______ ..____ •_..______ •__ •__ •__ •_..__ .. _. ClI,C"_. ______ •________ ._._______ .. __ •________ • , 

84.931
])ichlor~lIll·thano 
Methyleno bi('hlorlde 
Dichlormethan 

158 

140 

113 
(19 mm.) 

121 

il.3 

40.1 

1.83 

1.759 

2. lOa 

1.215 

1.398 

1.336 

'91;:; 

281 

11,095 

146 

J 28 

428 

80 

100 

0 

100 

100 

100 

:::; 
I-< 
0 q 
(f) 

:>
t"' ..... 
>tI...,. 
~ 
~ 
0 

0 
0 
~ 
"d 
0 
q 
Z 
t:;j 
rP 

:>
00' 

":! 

S 
""H 

CHCla 
]I I cthylonchlorid Chloroform _. _____ •__________________ ...______ •________ •__ .. 
~rri('hloromethnno 
1Ilcthenyl chlorido 
'l'richlormcthnn 

C H C h ______________ •_________________ • __ •______ 
1J0.38 61. 2 1_489 298 100 

~ 

~ 
8 
00 

1\1othcnylchlorid 

I The maximum dosage tested. 'Tho minimum concentration tested. 'I: 



TABLE I.-Empirical formula, 8ynonyrrnr, structural formula, molecular weight, boiling point, specific gravity, concentration of fumigants, 00 
and percentage mortality of weevils after exposure for 24 hours-Continued 

~ ! '\' "I o
Mini, I' ~\JS ~Molecu, Boiling Specific mum kIlledEmpiricnl Compound with synonyms 	 Structural formula Inr point ilL gra\'ity lethal after ZI I ...,formula 

weight 1760 mm. '20°/4° dosage of( eIPos~re o 
;.. 

_____'___________________________________________:___________I_fU_m_ig_n_n_tl_h_Oo_rU_~_s_ 	 t" 
t;:j 

°C, 	 Ptr CCllt),[{;it~a I 
C! 
t" 

CCIt 153. 83 76.8 1. 505 638 i lOO
Carhon tetrachloride,,_________________..___________________1 c('1,.__ • ________________ • ________________ • _____ _ 

'l'elrachlorometbnno 1 ~ 
Porchlol'olllethano 8 
'l'etrachlormelhan 
KohlonslotItetrachlorid Z 
'rotrnchlorkohlclIstotT 	 .... 

c,rr,Cl, Ethylideno chlorido.•• _........__ ..___ ._._..".""".".. ,,! CU,C/TC'],________...." .. __ ... __.. ,, __.....__ __ 9S.917 573 1.174 5&1 100 	 C> 

Ni. I-Dichlorocthano 

1. 1-Dirhlor-llthau C!Xthylidenchlorid
C,1:,C]' E I hylene dichloride. __ ..._._._...__..__ ._..____ •______ ......1 eu,Cl-CIhCl •• _____....._.______ • __ ...._...___ 08.047 83.7 1. 257 220 100 U1J.2-Dichloroethane 


Ethylene chlorido 

Elayl chloride 
 ~ 
Oil of the Dutch chemists 
Dichloroclhnno 	 ;t;
Dutch liquid ~ 
I. 2-Dichlor-~than 8 
Xthylenrlichlorid ~ 
Xthylcnchlorid t.:tj 

Ohler hoililndischon chemikcr Z 
Eln\'lchlorifl 8 

c,rr,UrCl Ethyil'nl' chlorolJromide.,,___ •________ • __________ • __________1 CII,Br-CIT ,C1. __ ._._________._._•• ___• __ •____ ._ 143.405 103. i 1.79 143 100 o
I-Hromo-2-chiorOOlhnuo "'J2-0hlor-l-Jlrom-Uthlln ;.Athylcnchlorobromid(',u,o], 'I'richiorocthane________ •_____ • _. _. ____________.. ...________ I CU,c.'ICllOJ, __ • __________ • ____________________ _ 	 o

133.307 113.5 1.443 404 100 ~I, 1,2-'l'richloroothano 	 .... 
Ethylene 1lI0nochlorochloride o 
)'Ionochloroothyienc chioride q
J\fonechlorinated Duteh liquid
Vinyltrichlorido ~ 
1. L 2-'I'richlor-lllhan 	 q

r,rr,Cl, 3 urn.-'l'c!rach loroothnntl ______ •_____••______• _. __•___ •___ •. __ I 0 rr('I,crrCit__ •__• _________________________ •__ _ 
167.85 146.3 1.600 384 100

J, 1, 2, 2-'1'ctrn.chloro{~thano 	 ~ 
AC<'tylono tetrachloride 



Tetrachloroethano 
1. 1,2. 2-'I'I'trnrhlor-Ulhnn 

Acotylrntl'trn('hlorld 


~02.~S ; 102 342 100C,ITCh rrn~~l?~V~~?ti~~.m~nu·· •• -- •• ----------------------------. ---I 
I 

Cll Chl' ('h. ----------- ------------------. -- --.-
I 

, 
I 

1. ilYJ 

II 
~ C,Cl. IIe.\nchloroethnno____ ._••••_••••••_••••••--.-.- ••-----.-.-.1 C ('he CII_ •••, _ •• _•••••••_•••••• -'-'" .-.-•••••• 2311. -;:; IS5 2.001 I ' ,.00 0 ~ 
~ j)(orchlorO(lthnno rr. 

800 
<0 ('url>oll trlchlorid" rr. 

0 Carholl h('xa!'i,loritl<. 
'r[llrn,'hlorool hylell(' llil'l,lorlde 0I J [pxIl<'hlor-uthllll "'Jw 

0 l't'rchlorUthllll 
("ITTCI ,'-]'ropylchlorido._•• __ ••••• ____•• ___ •• ____ .• _____ •__ •__ ••• __ C1 r,c1r,e II,CI ..._______________ •______ •____ •__ "iR. 512 I 46.6 .890 445 100 <: 


!-Ohioropropullu >
~a-ChloroproplIlle 

t.:> I-Chlor·propnll 0 
a-Chh)r-prolll'll 

I I ...... 

Cl
}'ropylrhltlrid oH,CII Cl C H,__________ ••• __________ •_________ • 100 
2-0hloroprop!llw >
iJ-Chloropropll!1l' ~ 

C,H,CI I8opropyl chlorldo ..._•••• __••• ______ •••___ • _____ •_____ ----- 7S.512 36.5 .860 430 rr. 

......
2-0hlor·propun .."tl
/l-Cl,l()r-propun tIlI.opropylchlorld oIT,OliCi0 (I,Ci. ______________...___________._Propylene chlorIde. __ ...________ •__________________... --.-•. 112.962 96. S 1.166 140 100O.IT,Oh ~ 1. ~-])Id'loropropallo ...... 
]'ropylrllc dichlorido a 
a-/l-Diehloropropano a1. 2-Dichlor-proplIll 0 a ,6-Dlchlor-propRII ;s:l'ropylOlulit'hlorid 
Propylt'llchiorid "tl 


O.IT,C!, I 'l'rlmothyh\ll(\ chlorido ••• ____________••••___••_._••_______ • 112.962 125 1.201 330 I 100 0
010 IT,0H,0li,OI.._______________• _______ •_•••• 

I, :l-Dichloropropallo Cl 
'rrimothyl"lIo dichlori,le Z 

t:) 
a, (od'" w.w'-) Dichlor·propan UJ 
'l'rillwthyl",ulit'1,lorldI 'l'rinwthyll'nchlori<i >
1. 3-Dichlor-prop~1I 

. n-BlIlyl t'illori!lo.... _________________• ___________________ .. OU,OII.CH,CH.C1____._._____._••____________ • 100 UJ92.527 18 .884 265·O.IT,OI ....,I-Ohloroilutnno 
1-Chlor-lmlnll 
1l-Bntyll'illori<i S 
7)r; III.-Bntylchioriti ...... "" I lul.-Bntyl chloritltl ........ -__________._••••_._.___________.. (OlI,).CCl. ____• ________ • __• __._.___••••_______ 92.527 51 .840 34 100
(4H,OI en 
2-Chloro-2-ml'lhylpro\lnue . >
/l-Chlor-;soIJllIIU'.' Z 
2-0hlor-2-!Ill·th\'lprOpBU 8 
/l-Chlor-i8obnt."" UJ 
ttrt.-Butylchloriti 
'l'rilnothylchlormethan 

1 ThIlmBJinlulll dosage tested, ~ 

http:OU,OII.CH,CH.C1


.....
TABLE 'I-Empirical formula, synonym:;, structural formula, molecular weight, boiling point, specific gravity, concentration of fumigants, 0

and percentage mortality of weevils after exposure for 24 hours-Continued 
8 
[::j 
nMini- IWeevils ll:!>folecu Boiling Specific I mum killed 

gravity lethal nfler ZEmpirical Compound with synonyms Structural formula tar point at .....2fjO!4° dosll.ge of texposureformula weight 760mm. n 
_______________________________________ Cumlgnnt' fur 24 > 

1___ ___ ______ ___1 _h_OU_CS___ t" 
1 1 1 to 

~fO. per
• C. /iter Per cent 

g 
noB u tylidrno chloridQ________________________________ _ Cn,C1I,CII.eIICI,___________ ----- _- -- --- - --- -- 1~6. 98 P13-115 1.1 220 100 t'"

CdJ,CI, t".l
I, l-Dit'hlorobutnno 8
I. l-Dichlor.bulnn ..... 
Bulyiidonchlor!(J ZIsoamyl chloride. __________________________________________ _ (OIT,), OIICrhCIhCL ___________________ ------ 00.1 .893 107 10010G.MC,ITI1CI ..... 
4-Chioro-2-rncthylbutp.ne <:> 
4-Chior-2-nwthylbutan -to,j
!8oamylchlorid eHCI=CnCI __________________________________DIl'IlloroothyloM ________________________________________ --- 96.931 , 55 1.25 600 100 qC,IJ,CI, 
1,2-DichlororUwno 
Acetylene dichloride rn 
a P-DichloroethyJcne 
L2-Dichlor-Hthen 0 
8V11l.-odcr a P-Dichlor-fitbylen t".l 
Acotylon-<lichlorid .,

'l'richloroethylone__________________________________________ .1 cnCI=(' 01,__________________________ .________ .1 131. 38 88 1.4i7 650 100 t;:e,ITCh 
'l'richlor-Uthan ~ 
'l'richlor-Hthylcn 8TcLmchloroothylenu_______________________________________.1 ChC:CCh ____________________________ : ________ 1 165. S3 120.8 1. fi~3 tl-l9 100etCh ~ 
'l'etrncIIloroothcne t.:J 
Perchlorothylono Z 
Carhon bichlorido 8 
Carhon dichloride 
'l'otrochlor-1!then 0 

':J'l'etrachlor-Uthylen
PcrchlortLthylcnMethyl iodide ____________________________________________ _ crr,l _______________________ •____ •___________ --- >141.96 42.6 2.2i9 146 100 
Io<io!1lethnno ... CR,1 0.... 
Jodmcthnn ..... 
]\!ethyljodid n:\[othylono iodide _________________________________________ _ CH,l.___________________________________________ 267.88 1)80 3.325 • 67 100cn,l. g
])i1odomc'~.;lno 

8DiJodmotlmu q
lod ofarml\fothylonJodid ____ . ______________________________________________ _ C ill.___________________ - - ______________ -- - - - - - 393.80 (I) 4.1 1500 0 !:;j 

'l'rJiodomcthnno t".lcur. 
Methenyl iodide 

"'1-: ,..."f ': ~ _.--:--, 

http:4-Chioro-2-rncthylbutp.ne
http:dosll.ge


CsH.I 

Formyl trUodlde 
'rrljodmethan 
Methenyljvdld
Jodoform 

Ethyllodldc _-----------------------------------__________1 OH.orrtI_________________________., __. __________1 155.97 
Iodocthnne 

72.2 1.9331 '39 100 
~ 

Monoiodoethano 
Jo(Hlthnn ~ 

C.U,I 

c.rr,I 

c..rr,I 

Athyljodidn-Propyl iodlde. ___________________________________________ .1 orr,ou,orr,I__________________________________ 1 l00,!19 
l-Iodopropnne 
...-Iodopropnno 
I-Jod-propnn 
...-Jod-propnn 
n-Propyljodld
prim,-Propyljodidrsopmpyllodldo. _________________________________________ -.1 (en.),OllI. ___________________________________ .1 169, 99 
2-Iodopropnno 
~iodopropnno 
2-Jod-propnn
p-Jod-propnn 
Isopropyljoditl 
aek,-l'ropyljodidn-Dutyl iodido______________________________________.... _. __ 
l-lodobutnno 

oIT.OU.Oll.0rr.I________________...__________ . IS-), 00 

102.4 

89,5 

127 

L 747 1 

L7031 

L617 

'35 

68 

97 

100 

100 

100 

o 
!oj 

< 
~ ...... 
o 
c::l 
Ul 

:.
~ 

~ I-Jod-butan 

c.rral 
n-13utyljodid 
prim.-13utyljodld18obuty! lodldo __________________________________________ __ (eU.),errorr.1._____________________________... 184 120.4 L605 64 100 

C 

C 
l-Iodo-2-m,\thylprop8no 
...-IOIlo-i8obutnno ~ 
1-Iod-2-,methylpropan 
...-Jod-isobutan 

"d o 
<l.U,I &tc,-l8obutyljodid13 u tyI iod ido. ___________________________________ ____ ___ 

2-Io<lobutnno 
On.OllIOll,ou.______________________________. 

1&1 117.5 L595 64 100 ~ 
C.U,I 

Mothylethyirnrbinlodlde 
2-Jod-bulan 
..k,-llutyljodld 

tert,-MethylUthyil'nrhinjodidButyl iodidu__ •__• _____________________________________ 

2-Iodo-2-melhylprop8ne 
P-Iodo-isobutnne 

(OU.).OI. ____________________________________ . 184 98-99 1.370 1 2561 100 

Ul 

>
Ul 
I:j 

~ 'I'timethylcarbiniodldc 
2-Jod-2-mothyi propan 
P-Jod-isobulan 
ter/,-Butyljodid 
Trimothylcarbinjodid 

.... 

~ 
~ 1 The maximum dosage tested. lThe minimum concentration tested. Boiling polnt-els•• 60; trans., (8. • Decomposes. 

~ ..... 



T ABLE I.-Empirical formula, 	synonym', structural formula, molecular weight, boiling point, specific gravity, concentration of fumigants, ..... 
and percentage mortality of weevils after eX1;osure for 24 hours-Continued t..:l 

~ 
WeevilsMini· killed

Empirical 	 Molecu· Boiling Specific mum afterCompound with synonyms Structural formula lar 	 ~ formula 	 poist at !!ravity lethal ....exposureweight 760mm. 'JI)°j4° dosage of for :l4fumigant hours ~ ---------------- t:J:j 
.V,. p~r

° C. liter Porum
C.llu[ I.wamyl iodide ..••••..••••••••••••••••••••••••••••••••••... (CHI),OHOn,On,!•••••••••••••••••••••••••••. 198.02 148.0 LilO 151 100

4-foclo-2-nll't.hylbuta'!le 	 ~ 
4-Joc!-2-Mcthylbutan

Isoamyljoclld 
 ~ 

C.n.f Allyl iodide •..••.••.••..••••••••••••••••••••••••••••••••••• OHo=CHCH,I ••••••••••••••••••••••••••••••••• 187.97 lOS. 1 1.848 '37 100 Z 
3-lodopropyl,'no ..... 

3·fodoprQPcne 0> 

,...lod@propyleno .to:> 

3-Jod-I'rop''fl-(I)

,...J od-propyl.'ll 
 ~ 
.<\lIyljodirl

OIl,O Mothyl alcohoL.••••••••••••••••••••••••••••••••••••••••••• CIl,OIl••••••••••••••••••••••••••••••••••••••••. 32.031 64.5 .792 1596 0 ~ 
Methanol 

Carbinol 
 t! 

i 
t;;JWood alcohol 


Wood Sl,irit 

Wood naphtha 

Methyl hydroxide

Mothyl hydrato

Cohlln blan spirits 

Columninn spirits 

Metb~),"lkohol 	 z 
Holzgcls!. . ~ 

O,nIO Ethi:lt~~g~tl •••.••••••••••••••••••••••••••••••••••••••••••• CH,CR.OH •••••••••••••••••••••••••••••••••••• 46.046 78. 5 .789 1790 (() o 
"".l

Grain alcohol 
Fermontntion alcohol >-
Cologne spirit
Rpirits of wino 	 @ 
Athnnol (j 
Xtllylalkohol
Weing·ist 

c.rr.o n-Propyl nlcohoL•••••••••••••••••••••••••••••••••••••••••• Cn.CII,Cn,On•••••••••••••__••••••••••••••• 60.002 97.8 .804 1402 60I-Propanol

Ethyl carbinol 

Propyl alcohol 

l'ro[lllnol-(I) 
 I 	 I 



c:.0xy-propan 
Athyl-carbinol 

CanaO 

C.II••O 

prim.-Propylalkohol
n"':PropylalkoholJoopropyl alcohoL __________________________________ •______ _ 
2-Propanol 
Dimethyl carbinol 
I80propanol
Propanol-(2)
/l-Oxy-propan 
Dimethyl carbinol 
uk.-Propylalkohol
Isopropylalkohol

n-Butyl alcohoL ___________________________________________ _ 
1-Butanol 

CH,CHOHClll-_______________________________ -' 

CII,CH.CH,CII.OH__________________________ .I 

60.062 I 

74: 077 I 

82.3 

117.7 

. 78~ 

.810 

220 

1.j()5 

100 

o 

8,
toT 

~ 
o 
I:j 

~ 

CiIIlOO 

C.H••O 

C.H••O 

Propyl carbinol 
Butanol-(l)
a-Oxy-butan
Propyl-cnrbinol 
prim.-Narmalbutylalkohol 
n-ButylnlkoholIsobutyl alcol1l'1. __________________________________________ _ 
2-Methyl-l-propanol
Isopropylcarbinol
2-Methyl-propanol-(l) 
a-Oxy-/3-mcthyl-propan
isoproflyl-carb nol 
prim.-i&ohutylalkohol
18obutylqlkohol..c.-Butyl ru.~nhoL ________________________________________ _ 
2-Butano{ 
Methyletllyloorninol
Butylone hydrato
Butnnol-(2)
/l-Oxy-butan 
]\fcl.h,.l-llthyl-carhinol
uk.-NormnlbutylalkohGl 
8ek.-Dutylalk~holtert.-1Jutyl aloohol __________________________________________ 
:}-~[cth,.I-2-"ropQ{101 
'l'rimethylcnrbinQl
Dimethyl ethanol 

(CH,), Cl!Cll,OH_____________________________ 1 

CII,CH(OR)Cll,Cll,_________________________ .I 

(Cll,laCOII__________________________________ J 

74.977 I 

14.0ii I 

74. 077 I 

107.3 

99.5 

828 

.862 

.808 

.789 

100 

162 

i9 

100 

100 

100 

o 
c:f 
111 

~ 
:>
::i. 
n 
c 
~ 
toO 
o 

& 
Ul 

:> 
111 

~-Mcthyl-propanol-(2) 
/l-OxY-/l-mcthyl-propan
tert.-Isobntylalkohol 
tert.-Butylalkohol 

~ .... 
lThe maximum dosage tested. The minimum concentration tested. ~ 

t'l 

'"""" ~. 



----------------

......TABLE I.-Empirical formula, synonyms, structural formula, molecular weight, boiling point, 8pecific Gravity, concentration of fumigants, H>-and percentage mortality of weevils after exposure for 24 hO'l(rs-Continucd 

..:; 

Weevils ~I Mini killedMoleeu- Boiling SpecIfic mum afterEmpirical Compound with synonyms Structural formula lar point at gravity lethal exposure ~ formula weight i60mm. 20°/4° dosngeof ~for 24fumigant o
hours t> 

t< 
td},{g. per 

° C. liter Per em! o 
Clr.{ClI,),Oll,01I______________________ -______fl-Amyl alcoh 01 _____________________________________________ 88.092 137.9 0.817 1409 0CPIuO 

l-Pentanol E 
Butyl carbinol 

PonlanoH!)

a-Oxy-pontan ~ 
Butyl-carhinol .... 
prim.-Normalnmylalkohol 0>, 
fl-Amylnlkohol !~(OHlhORORsOR,OR_________________________I30amyl alcohoL ___________________________________________ 88.092 130.5 .812 195 lOOC,HuO 
2-lIfcthyl-4-hutnnol ~, 
Isobutyl carbinol 
Fermentation amyl alcohol !P 
Fusoloil 

Grain oil 
 t::I 

t.:.rPotnto spIrIt

2-l\1othyl-butanol-(4)

prim.-Isonmylalkohol ~ 

Isoamylalkohol________________________________________
seo.-Amyl alcohoL OR,On (OR)OR,OR1OR.__________'"________ 88. 092 119.& .809 194 100OPI120 g2-Pentanol 
Mcthylpropyl carbinol 
Pentnnol-(2) Z 
1l-0xy-pentan 8 
Methyl-propyl-cnrhinol osek.-NormlliamylaikoholDiethyl carblnoL_________________________________________ (C,R,hOROR__________________________________ "188. 092 115.6 .815 196 100 
3-Pentanol t>O,RuO 

Pcntanol-{S) 

oy-oxy-£entan §

DIHthy carbInol 
!ert.-Amyl alcohol __________________________________________ (ORa)IO (OR) OlI.OHa ________________________ -- o88. 092 101. 8 .809 65 100OPI120 
2-Mothyl-2-butanol

Dimothylethyl carbinol ~ 
Amylene hydrate

2-Mothyl-butanol-(2)

DlmcthyHlthyl-cnrbinol ~ 
tert.-Amylalkohol

Amylenhydrat 




CaliuO I 'te.-Butyl carblnoL _________________________________________ 1 cII,Crr,CR(CR.)CR,OR______________________ , S8.002 I 128 .S16 I 163 I 100 

C,UIIO 

2-;\lethyl-1-butanol 
:MethylcthylcarlJincarbinol
Inactive amyl alcohol 
Amyl meohol, active 
AIJIY~ hydrnto
2-"10tllyl-1>u lanol-(l)
Sckunolirbutylcnrbinol
McthyJHthylmrbincarbinol
d-Amyl alcoholI n-Ue,,},1 alcohol. __________________________________________ 
l-1kulDOI 

CII,(CIII).CrrIOR _____________________________ !02.11 155.S .S2O 1410 0 

~ 
UJ 
1-3 
UJ 

0 
I::j 

C,UllO 

]'('nLyl carbinol 
llexunol-(I)
a-Oxy-hexan 
P~ntylcarbinol 
~rirn.-n-1Jcs:;lalkoholI ]'fct ,:;lbut:;l {"arbinoL ______________________________________ 

2-IIcxuuol 
CII,crr(am (Crr,llCII1.. ______ ._ • _____________ 

102.11 1 131.0 .803 (J.l 100 

~ 
!:d ..... 
0 
c:! 
UJ 

C,U,.O 

C,IIuO 

C,UIIO 

C,II"O 

CIUllO 

HOlaual-(2)
p-Oxy-hexan
""c .-n-lIexvl alcoholI Dimethyl fJ-r.rOPYI rnrhiooL________________________________ 
2-Methy -2-poolllnol 
1I-0xy-lI-mcthyl pentano 
2-Methyl-pentanol-(2) 
/l-Oxy-II-methyl-pentan
Dimethylpropyl(mbinolI n-Uejltyl nlcohoL________________________________________ 

1-lIeplanol
Ifoptylic alcohol 
IfcptanoH1J 
.....Oxy-heplnn
llrim ,-11-1feplylulkohol I DI-n-IlTopyl carblnoL _________________________ ._____________ 
4-lIeplanol
&-Oxy-hrplano
l1eptnlloJ-(·1)
&-Oxy-hcptnn
DipropyHarblnolI '.rtict h)'] rarbinol. ..____________________• ___________•_______ 
3-~thyl-3-pcntnnol 
a-Athyl-prnt!lllol-(3)
,..Oxy--y-tlthyl-p(·ntun
'['riethyl-cnrhinolI n-Oetyl alcohol __ ..__________________________•______________ 

1-0018nol 

(CU,llC (OII) CIT1CIl,CJJ,. _. __________________ 

CIl,(CU,hcrr,OR_____________________________ 

(CIT,eu,errI) ,eIT OIl __________________________ 

(ell,err I) Ie0 IT ________________________________ 

ellI(en,) .cn,o R. ______________•_____________ 

lG2.11 

!lO.12 

110, J2 

!lO.12 

130.14 

122 

175.8 

155,4 

142 

194 

.823 

.817 

. 82[} 

,840 

.82; 

GO 

140!l 

, 410 

134 

1414 

100 

0 

30 

100 

0 

>
t"f,.... 

~ 
1-3 ..... a 
a 
0 
l!:: 
'"0 
0 

~ 
t:::f 
UJ 

>-
UJ 
I::j 
0 
"":::l 
C'J 

~ 
a-Oxy-orlana
Oc(nnol-(l) 
a-O.w-{Jcl!ln
prim;:'n-Octylnlkobo) 

1-3 
UJ 

..... 
I The maximum dosage tested. C)l 



____________________________________________ _ 

TAllLE I.-Empirical formula, synonyms, s/ruclural formula, molecular u'dght, boiling point, specific grat'i/y, concentration of fumigants, to

and percentage mortality of weevils afler exposure for 24 hours-Continued Ol 

Em!,jricill 
formula 

----.~ 

C,II"O 

C,TI,.o 

C,ll,O 

C,II.llrO 

C,IhCIO 

Compound with synonyms 

d I-.~c.-OetyI alcohol. ______ •________________•____ •______.... 
2-0NBnol 

J\lNhyln-hClyl earblnel 

/l-O,y-o('lllno

Capryl nlc-ohol 

Caprylic nlcohol 

Su_-odylie nlcohol 

()(olole skohol 

OetnnaH2)

fJ- Oxy-oct!ln

:.rclhyl-hexyl-mrhinol

.ek.-II-0clyI1l11<0hol 


11-:\('nprylnlkoholony I nlcohol 

I-:-':onnnol 

a-Oly-nonano

1'onnnol-(1) 

a-Oxy-nonnn 


Allyl nlcohol_ • prim .-11-:\onylnlkol101 _________•___________________________________• 
1-Propenr-3-o1

Vinyl carbinol 

l'ropcn-(i)-oH3)

-y-Oly-propylcn 


Eth)Allylulkoholkno brolllohydrin.____________________________________ _ 

2-Brollloothyl nleohol 

2-llrom-Hthnnol-(I)

Olykolbromhydrin

fJ-Drom-nlhylulkohol
Ethyl!'no chlorohydrin _____________________________________ _ 

2-Chloroolhyl nl('ohol 

2-Chlor-!1thnnol-(l) 

(J-Chlor-a-OIy-!1lhnn

/l-Chlor-llthylnlkohol

Olykolcblorhydrin

AthylenchlorhydriD 


Slructuml formula 

cu.e11 (011)Cll,Cll,C11,C lJ,Cll.____________ 

err .(crr ,';Cll,0Ir_________ • __________________ 

~ 
cI I I Mini- IWeevils 

Molecu- I Boffing Specific, mum kiUed 2lar i point at Il!rSViIY ' letbal after .....
weigbt • ,60 !lIID. 20°/4° Idosage of' exposure c 

, boursI IfUmigant "or 24 >
t"

1---1---1----;------ t::d 
!.[v- per 

° C_ iiIu IPer ce1lt 
_ 130. 14 I I,K 5 O. Sl9 1&1 100 E 

>-3 
Z 
. 
C> 

~ 

~ 
UJ 

_ '=' 144.15 I 215 .528 I 1414 I 0 tzj 

~ 

~ CIIFCBCIT,0II____________ -___ -_-_____ - -- __ --
58. 04°1 .855 I 1,1 I 1009i.O 

Z 
>-3 
o 
":;1cn,nrCII,0n _________________________________ _ 

124.055 I 150. 3 1. 655 I ;.:;), I 100 > o 

a ~ C II ,CICR,0n ________________________________ _ q 
t'

SU.49i I 128. 8 1. 213 I 242 I 100 

>-3 q 

E; 



100 Propylene chlorohydrln. _•••__ •__ ._..__ •.•__ •. __ •• _._._ .___ CIJ,CIlC!Cn,OH. __________ •_________ ••__ • _. ' 94.512CaU,ClO 	 13-l 1.~~ 89: 
2-Chloropropy! alcohol 	 I'
2-Chlor-propanol-( I)

/'I-Chlor-a-l)xy-propnn

/'I-Cblor-llropylalkohol 

~ prim.-J'ropylonchlorhydrin ~~ 

t; C,U,ClO Trimethylene chlorohrdrln ______________._. __________.• _._. CIT,CICIl,ClI,Orr _•• ____ . ___ .•_.•• _•.•• __ ._._.1 94.512 IW()-152 1.132 1500 o U2 

I 	 >'33-Chlor-propanoHI) 	 ,c.::> U2
0 	 ,-Cblor-a-oxy-propnn 

r-Chlor-pr~pYlalkohol • oEplchlorohydnn •• __ •____________________________________ •__ ! Cn,Ci________________________________... _____ •. 1 9_. 497 L c,n,clO 117 LI'l-1 '24 100 >:j 
0 a-Epichlorohydrin II 

Chlor-mHhyl-2-l1thylen-<sxyd (' IT 	 < 

I 	 o 

;>. 	 f >0I 	 ::;;1 ell, 
~ c,n,ChO I, I, I-Trichloro-Im.-hutyl a1coho!. ______ •___ •_______ • __._ • .' (Cll,l,C(OJT)CCIs_______________ •____________ .' 1 .... 43 Hi6.4 • ___• ___ ._. 1500 20 .... 

1. 1. I-Trichlor-2-mcthyl-propanol·(2)

a-a-a-Triehlor-(j-oxy-methylpropan 
 c:l 

U2Ac(·tonchloroform

Chlorctono 
 >
Acetone chloroform t< 
/trl.-1'richlorobutyl alcohol ...... 

C,nIlNO /'I-Dinll'thylnmino ethyl nirohol _________________ •_________ '_1 CII,(CIT,),:-;' C IT,O IT. _- ____ ------------ -----._ -,.----_. __ _ 135 .ssco 1443 o "., 
>-::l 

OlmNhyl-(/'I-oxy-llthyl)llmin ;;=1357 10C.li"O 	 DiC~ii~c~ther-. --------------- --------------. ----------.-- '_1 r,ll.O C,lls_______________ - --- ---.-.------•• --- - ,4. 0" 34.5 .'}4 >'3.... 
flul phllric ether 1 	 o 
l~thyl oxid/) 
_~ nnesthesia cthnr o 
Ethyl other 
Aether 	 ~ }.[cthyl n-blltyl etber______•___ •_____ •_. ___________. __ •____ .' CIT,0 C.U,._____ •_____________• ____________ •. __ •c.IT120 	 88. 0!l2 70.3 • ,(}1 3~2 100 'tI

Ethyl n-blltyl ctlll'r____________ . ____________ ..._.• ___ •__ .• _-' e,1 I,OC ,I C, ___ • __ • __ •• _. ________ . _______ • ____ ._.(',11,,0 102.11 01.4 .752 2~6 100 o 
(,,11,,0 102. Il 88.5 .7M 226 100 c:l
(',[1,,0 ~:~~~~~yi~~~lr~~-t~-:~--~::::::::::::::-~:::::::::::=:::::::-: 'I' ~::f1~'d!ll;:::::::::::::-::::::::::::::::::::::: 102.11 89 • ,47 224 100 

Dipropyl ethcr 	 §
I,oprollyl ether____________________ •___ . _________ ._..___ ••• __ ccn,hcn°CUecn.),.. __________ . __________ ..• -' 102. 11C.liIiO 	 353 10068.7 • i35 	 U2 

Dii.opropyl ethfr 
C,UllO 	 n-nutyI ether_________________________________ •________ . ____ c.n .oc.n •..__.____.__.__.._._._. _. __ .. __ .__ .__ 1385 60 >130.1·1 140.9 .769 

CIOlinO 158.17 1U0 .i'H '3S, 0
1I-Amyl other ____________________ •__ •• _________ . __ •_______ _ (' ,illl OC',1 J11 .• _______ • ___ •___• ____ •• ___ •• _•• _•.. 	 U2 

boamyl ether _________________________ . ____ •____________ • _ ((Cll.),CllCIr,ClI",O _____ ._._. ___ •• ____ ._.. _. 

Dii,oamyl ("ther

Amyl oxide 


CIOlinO 	 158. 17 172.2 • iSS 1397 0 >:j 

~ Am~'1 ether 	 ...... 
Diamyl ether 

Am\'lie ether 


c,nuo 	 Ethyl nilyl (·ther --- . _____________________ •__________________1 c,lT,ocH,crr=crr.·_··· ____·····._···_·····_.1 86.077 5i.6 .765 1383 90 ~ Ethyl no glyml lIIonoetbyl etber___ • ___._._••_.__ •• _________ Cll.OllCIl,OC,lI... _•• ___•____•••• __......_•• __ 90.077C.li,.O. 	 135.3 .935 1468 0 
Olycol etbyl ether 1 t6 

I The maximum dosage tested. .Tbe minimum concentration tested. ..... 
~ 



~ TABf.E I.-Empirical formula, synonyms, structural formula, molecular u'!?ight, boiling point, specific gravity, concentratiun of fumigants, 
00and percelltage mortality of lceevils after exposure for ;'24 houTs-Continued 
~ 

Empirical 
formula 

c,U,O 

C,H,Q 

C,TIsCIO 

c,n,chO 
c,u,nro 
c,n,ChO 
c,u,cI,o 

CtU.O, 

C,UIIO, 

C,TIuO, 

C,UIOO. 

, I I Mini· I":f.'Cvils 
~rolecu. Boiling "peeific mum killed 

Jar pOInt at ~ra\"lt}· lethal x"ft~r 
f wetght 7CU nun. 20'/40 (I(Y.:a~e oC' e. pO:;~lreI I fumigant I i7;u~ 

Structural formulaCompoimd witb synonyms 

____ ,__1___ 

I I I I 
Ethylene o~ido ...•. 

..-./l-Oxido-iithnn 

Propyl,'no oxillo_..._. 
u- Propylcn" oxido 
"IethyHlthylcno.'ryd 

! I JIO. PtT

ll~{J........-.----..-.---.-.........----..---.1 4·1.0;)\ I o~u .. ! 0 SS7 i 111<{20 I Per cer~ 
CIl,
CIJ,CIL •• _ .•••_____ .• _.......... _.• " ___ ' •• _. ..__ ......1 :J .00 

IS: I 
100 

I >0 I(' II, 
Chloromothyl Nher •••. _..____ ....._ 

Chl.oromethyl methyl Nlwr 
.ym.-DI!'ltloromethyl (·thor ... __••__ ...... 

CH,CIOClJ,._..._...... ....••.••... hO.4U7 1 
C If,CIQC]f,CI. _•..._.. __ 

Dichlorolllcthyl ether 
/l-Bromocthyl ,·thyl ether .....___ •• _._. ___ ._.___• ____ ._... C I J,IJrC II,OC I J,C Ill .•. 

2-llromoethyl ethyl etht·r 
ti-/l-Dlrhloroc( hyl ether._ ...... __ ••.• _____..._•• ___ ._ .._... .1 CI I,CIC fI,OCJT,CII,CL ......._........ . 

2-Chloroethyl ether j 
a-/l- Dirll.lorocthYI ethcr•• , _. ." ....._______..____ """_' "I: CH,el CII ,CIOCI! ,cn•.. -. ----. ---- --.--- -- .. 

I, 2-Dichloroethyl ethyl ethcr . 
a-/l-Dichlor·ditithvlllther I 
u-/l-Dkhlor-(a-1Itho,y)-tithan
Dichlorocthcr 
Dkhlorocthyl oxide I 

:o.r( '~f~~l~~;ien~-dii;iethyi-cil;;;----------'--"- .-.----- '--"j C n,(0 CH,),....---- .---------•• --.--.----. -'·1 
}'ormlll I
Met.hylencdimr.thyl rster 
Mrthylendimcthylnto I 

Eth1l~iIiyiene-dietii)'i ~;tiirr ---.---.. -----.... -- ---- ....-..; cn,(OC,TIIj,._ - .......--------.--.----.. ..... ·t 
Acc~hiideii;'-diciiil:l-ell;~i:'- .-..-- --.---. --.---...---- .• J (,JhC II(O C,II,»__ ..--......----...-------... '-1 

Diethylacctal
Ethylidr.nedir.thylic ethr.r 
D:ethylaldehydc 

Di~~~r~nd~~~dc.dilniitii~~iiicciai-----.-...-..-.-••--...--.. CIf,Cll(OCU,)'__ ._._._•• __ •______ ._••• _••••_••! 

I 
IH.!I·r; ; 

1~2. 99 

142. gS 

H2.U8 

76. 062 

104.09 

liS. 11 

00.07i 

1.OG3 

lOG 1.31.5 

128.2 1.370 

178 1.213 

145 1.174 f 

~.. .502 

89 .S~1 

102.2 .831 

6-1.4 .866 

6;'8 

t 27 

':)4 

188 

1431 

:HO 

332 

:H6 

0 

100 

100 

100 

100 

40 

)00 

100 

100 

t=J 
n 
~ 
~ 
0 
>
t' 
I:;j 
cj 
t' 
t' 
t=J 
1-3 
Z 
..... 
C> 
~~ 

q 

!Jl 
t:1 
t=J 
~ 
E 
~ 
t=J 
Z 
1-3 
0 
»j 

;>
0 
::0 ...... 
0 
cj 

~ 
a-a-DimothoxY-Uthan ~ 
AthylidcndimethylUther 
Ethylidcnedimothyl ester 

t=J 

-



0 
Cll,O I Formnlrlehyole ___ -------__ - _________________________________ f llCllO _-- ---------- ____________________________I 

30.015 I 21 J 200 Il\Il'lhnnal • ---------.! 

C,ll.O 

C.11,O 

C.llsO 

C.ThO 

CsTIIOO 

Csll"O 

ClllCbO 

O,ollll·than 
Ameisensllurealdrhyd 

Oxym"~hylene I 1 

H.03l I 
Formalin 
l'ormnlith 
Formic aldehyde . 

1 Acetaldehyde ______ --------------------------------- --- --- C rhCll0 _ ----------------------------------- ..1 
Xthannl 
(lIonthan 
};ssi~"'llllrral(lrhyrl'_Ie"" ..,,,,",,,,,,",, I
Ethylaldl'hyde 
Ati'ti.. nld"hyde
Ethnnal 
Aldehyde 

I Propionaldrhydo___ ---- - __ •___ •_________________________ ._ CH,C'II,Cll0 __ ---- ------------------ --- ____ I .58. ().j6Propona) I f 

a-OIe-prOpnn j J 
Propyl JI!cj,'hyde I 

Proll;onic 3lth'hyde r 
Prop; Ii!' aldehyde I, ,1II-But) rat.li'hyd,' __________________________________ ..__ • ___; C'I1)CII,CH,CHO ______________________________ 

72. OM 
~~~ I 

-0 wo !...Oxe-lomanI 180hutyrnldrhyde - _____________ ________________________ _____ (Crr,),Cn C I [0________________________________ • 
.-. - J:'l,·thvl propnu. I I ' 

"",Oxo-ll-mNhyl-prOllan ! 
Isohutyl ald. hydn 
Isohutyryl aldl'llyde :I Jsomh'rnldrhyd(' --. - -. - -__ - _______________________________ . (CHshC IICB,Cn°____________________________ ; 

S6.0..
2-:\It·thyl--l-hutfillol I
~-O.,e-Il-mNhyl· hutnn 
/ .•aprop;'lncrtnlclpllyde
l.!oyalpfl(· nlddlydtl 

/sQ\'nlcml
1 llellt~!~~~ii:~-'" _•. --------------.- ...---_________________ ., (',rr11('HO____________________________________ •• : lH. Jl 

Oen3ulhic nltlehnle 
Heptannl 
ll!'l'toir nld~hytlo 
Ol'nnnthnl 
n-(lxo-heptnn 
Onnnthnldl'hyd i
On31lthol IChlornl, . _________ •_____________ , __________________________ C ChCll 0 - ____________________________________1 

Hi. 38TrjphloronrNnldrhyd~ 
2.,2.2-Trichlor-nthallol-(I) 
'l'richloroBcctic nld<hyd(l 

I 
20.2 .781 

48.8 I .807 

I 
! 

75.7 ; .817 

I . • 
94 

1
61 

J 
92.5 j .803 

I 
155 .850 

98.1 1 1.512 

I 

469 

q().j 

J 4091 

79 

1402 

1425 

454 

100 

0 

0 

100 

90 

0 

100 

>-3 
l=:l 
VJ 
>-3 
VJ 

0 
'::j 

~ ....... ...... 
0 
q 
VJ 

:>
t"'..... 
"d::: 
:>
>-3 ...... 
0 

0 
0 
i!: 
"d 
0 

~ 
t;:j 
VJ 

:>-
U1 

'::j 
q 
i!: 
8 
:>-
Z 
>-3 
VJ 

J The maximum dosage tested. I The minimum concentratIOn tested. ..... 
1:0 



0 
TA1ILE 1.-Empirical formula,synonyms, structural formula, molecuiar weight, boiling point, specific (lravity, concentration of fumigants, ~ 

and percentage mortality of weevils after exposure for 24 hours-Contiuued 

I >-3 
t;:J 
C':!Mlni- ":ee\"ils 
~ 

Empirical structural formula .Iar !'~"nt at gTII~'ltl lethal I exposure Z
~rolecu- nOiling i:pccific I mum ~N:~ 

Compound wltb synonyms .....formula "elghti •00 1Il1ll.' 20 /4 dO~!lge ofI ior ~4 C':!I ! fumigant hOll~s ;:. 
t"' -------------------------------1--1--1---- t:d 

.\10. per 
cc. liler IPer cent 

C1 
Arro)ein _________________________________________________ . C If,""CIT CIT0 ___________ -_____ ------- -----. -. 56.031 .52.5 0.8-11 I 168 lUOC,IT.O ~ 

t:Jl'roponal
'rOxo-propylen _ H 

>-3 
At'rylnluchyue I ZAC'rylic nldehyde .....Aerald"h~'c1ea-l\!(.thyl-I/-ethylncroleln_________________________________ .' crr,CIT,cn=c (CIT,) cn0 ____________________ - OS.Oi7 137.3 .858 I 257 I 100 0>C.n"o 
l-Ethyl-2-mcthylacrolein I I "" 2-:.rethyl;pentcn-(2)-al-e l ) , . _ cj70.0-10 I(}I • Sli9 I 344 I 100C.IT.O Cro~~f~~~I(i)~~i':(ii-------- ----- ------------------------ - i Cll,CIT-CnCnO - - ----. ---------------------·1 

UJ
a-Oxo-,6-blltylen I ' 
I/·!\!cthylncrolcin ' !Acetone. __________________________________________________ • -' ('IJ,COCH1- __________________________ -- ----- •. .7915 I 390 I 100 t::58. (}I0 50.1 
Dimethyl ketone 

J'ropanonll 


CaII,O t;:J 

I/-Oxo-propan '" 
Dimethylkotlll
hl·topropano ~ 
l\!l'lhylacotyl I I t;j
Pyroacotie ethor IEthy I mt.thyl ketone _____________ •__________________ . ______ • c,rr.c0 CIT,. _________ ••__ .---- ---- --- --.-. --- --' 72.062 79.6 • 805 I 2·12 I 100 ZCdI,O >-3Butnnon" 
I/-Oxo-blltnn o 
1/-Keto-hutan I:j 

Athyl-ncetyl ...
l'ropionslIur(>-mcthylkcton G'.l 

. l\[cthylcthyl ketono DlCthyl ketono. ________________________________________•__ •• ' Cin.c0 c,IT,_______ •___________ - ______ -- -- - --- . 86.077 101.7 • 814 I 103 I 100C,ITloO i:l 
3-PcntnBono C':! 
'rOxo-pentnn 

.glll.· Dimethyl-acetone 

l'ropion

? h\tarotone ~ 
Propion" ~ 
Ethyl propionyl t:J 



I Mill hy) n-propyl hton~____________________________________CaII..O 
2.... Pentnnono 
Il-Olo-p~nt!ln 
l'roJ1yl-n('rtyl 
!!lIttl'r.;lIlire-mcthylkcton
Athyl·!\rctonI :!I)!'I hl'l n-Imtyl kutono.. ____________________________________C,UnO 
2-( h\t-nnono 
Il-{)xo-Iwxnn 
n ''\'nleriansHuro-mcthvlkt'lon 

C,UnO I :!I[dhyl i,..hnlyl klltoM _ . : ___ . _____________________________ 
2 -1\[I'thyl-l-prntnnono 
~Ox,,' fJlIIl'thyl'pclltnn
lsopropy In('t'ton I Dlpropyl ketono_ .. ______________________ ••__________________CrUIiO 

4-.1 It)ptnnollo 

~-()xo-hCI)tlln 
DI-7I-prollyl ketono 
lIulyron

CrUIiO I 1\irthyl 1I-lIlIlyl kctonr. ______ •_______ •__ ._••• __ ••__ •_______ 
2-1 Tt'p(,lInOIW
Il,()xo-h('ptllnI Dl-II-I.ut)'1 kr-tono ______________ ._ •_____________ .___ •_____C,I1"O 
5-1'onnnono 
.·Ox(}-no/ln/l

DihutylkNon
I Di-/l-IIIII)'1 h'tono__________________ • __________ •_____________Cun"o 
6-l:ndernll()llo
,-()xo-uUllcrnn
Caproll
Dinrnyl kotono I Chloronrl'ton~__ .... _________________________________________ ••C,Il,CIO 
ChloroprOJlnIlOIlO 
a-Chlor-fJ-oxo-propnn
ACI'tonyll'hloridc 
l\fonochloroneutono 
1\lonoehlllritllllcd net'tone I Mosltyl o,j,I,' ________________..___ •___.. __ •_______ •________ 
2-M t·thyl-2-pcIII Oll-l-ono 
IsopropyJldcn-acotoll 

C,U..O 

C,U,O. I Diu(:otyi. -' ____ ._ ._.___ ._.._._____ •_______________ ......___ 
Ilutallilioll 

Il--,-])iox(}-hutnn

Dhnothyl glyoxal


C,U,O. I .Ace! ylnc"ton~. ___ ..•• ___ •____..____ ....__ ..________ •_______ • 
l'elllnndion-(2.-!l 
Il-~l>joxo-pl'ntnn 
Dinrctylmcthan 

I The mnxlmllln dosnge tested. 

I CfhC OC,1£,____________________________________ 1 

CIfI C 0 c,n,. _______________________________ •___ 

C IT,COCI [,eUeeH,), ____________ •_____ . ______ 

e,n,e0 c,U:. _•________________________________ 

CThCO C',n11___________ • _______ • __ • ____ • _______ 

C' ,n,coe,fl•.. _._______________________________ 

C''UnCOC,IIn __________________________________ 

C rr.CI C OCJh __ • _____ • __________________ ._.___ 

(CU,).=C=cucocn,_____ .. __ •_______ .....___ 

CIl.COCOCU.___ •_________ • ___ .....___________ 

CIl,COCII,COCIl,___..___ •• ______..___ • __ • ____ 

56.077 

100.ro 

100.[0 

114.11 

114. II 

142.14 

170.17 

92.497 

9S.077 

86.040 

100.062 

101.7 I 

127.2 

110 

143.5 

150 

175 

226.3 

121 

135 

88 

137 

_812 I 97 I 

.830 

.803 

.821 

83 

64 

131 

.822 

. B2i 

.820 

2.10 

1·110 

1413 

1.162 116 

.803 

.975 

.976 

52 

1488 

195 

100 

100 

100 

100 

100 

0 

0 

100 

100 

0 

100 

8' 
l'j 
U1 
8 
U1 

0 
>:j 

-<>
~ 
H 
0 
c::l 
U1 

;.
t' 
H 
"d 
::x::;.
8 
H 
0 

0 
0 
l?,..., 
"d 
0 

~ 
t:l 
U1 

>-
U1 

>:j 

S,..., .... 
t:;')
;.
~ 
8 
U1 

~. 
I-"



--------

TABLE I.-Empirical formula, synonyms, structural formula, molecular weight, boiling point, specific gravity, concentratio1l of fumiga1lts, t-.j 

and percentage mortality of weevils afler exposure for &4 hours-Continued - t-.J 

Empir/en: 
forllluln 

crr,o, 

C,IJIO, 

(',IJ,C] 0, 

C,Il,O, 

CIITIO, 

clrr,o, 

1\lolecu
('olll/Joulld with synonyms Structurnl formula Inr 

weight 

--~~~ 

Formic Iwitt. ~. IrC () ()1r_________ •. _________________ .• ________ _ 40.01;'
':\J'('thulIsl1un1

.Anwisl-'n!olHnrn 

J\('idum fOTmir'um 

,\('1<1 hydr()!;1'1l rllrho~ylic I
,\ cotic udel _. ________•_________________________________ •__ . _ - elI ,COO IT___________________________________ ._ 60. n:l1 
AthnuSiium 
~tethlln-('nrhonsi1tlrt) 

}:s~igsUtJro 

Acidlllllll('Oti('ulII 
Acilllllt'thllll!'cllrhoxylic
Vinognr ndd

Chlorol1(,I'I;" I\('id •.• ________________________ ._.___________ . CII,C]COOII______ _ 
94.481

Chlornl hnlls!!um 
Chlor,'ssig~iillr<. 

~I OI~()rh/.oroll"'·tic !wid
ProplOlllc '1l'Id ...• ___._____________________ ..____________ •. IC1J,CII,COOIL_____________________________ ._ i ;·1.0-10
PropansitlJfl1 

XUu\lwllrhOlls!iuro 

M l'lhyll'ssfgsliure

1\((.thylucl'tic odd 
 I 
lII('loclonic urid 1glhylrnrhonie add-11-Tl Iltyric ndd ___ . _________________________________________ _ CH,C] r,ClI,coon_________________________ .• 1 

88.062
Blllnnsfilln' 
J>ropnn-crrnrlJom;fluTu 
XthYl'ssigsliuro 
11... Buttrrsliuro 
jlml"rsihlrll 

l'ropylforlll i(' neld 

11111 \'fi(' ndd


18ohulyri" lIrid. ____________________________________________1 (C IhhCIrCOOll_ ._______________ •__ •_______ . __ 
88.062l\ I ,.thylpropnnsi1uro 

Pronnll-/l-('llrbolls1iure 
J)illll'thyl~ssih"'1iure
I.obullcrsfiuro
• 

Boiling Specific 
pOint at 

IIgra"it~-
760 IDID. 20°/4° 

° C. 
100.5 I. 220 

118.1 1. ().j9 

189.5 1.370 

141. I .992 

103.5 .9.19 

154.4 .0·10 

f Wee\'flsI
:Mfn - killed 
feWII~ _ after 

dosngc of expos~rc 

fumigant: ~~u;! 
-~-------

-"[g. pte 
iii" Per ct1l1 

1610 0 

1525 0 

1[,00 o 

1490 o 

1·1SO o 

14i5 o 

~ 
£ z 
H o 
~ 
C:l 
cj 
t:" 
t:" 
t::I 
~ 
Z 
...... 
C> 
t>:l 

~ 
U2 

t:::I 
t::I 

~ 
~ 

t-3 
o 
>:j 

:.
In 
~ 
o 
cj 

~ 

t::I 



C,UIOO, I n-Ynlrri,· m'j.).. ~ •••••••••••••.•••••••.••.•••••••.•••••••••• I CTI,ClI,ClI,C U,COOII .•••••• ,.~ ~ ~ ~ ~"'~ ~ ~ 102.08 : IS, .942 I 14.1 I 0 
JJrnlan~aun\ 
HUlan a" ("nrhon<Uuro 
l'rop~llssib",atJn' 

c,nlDo, 

C.rr"O, 

C,IT,Br,O 

C,H,('I:O 

n-y nlHjno:,~1un\ 
I'ropylucl'lir acid 
N orlllul valerie ad<l 

!lIoml('riC neid. ~ ••• ~ ................................... 
2·;I[Nhyl-bulnJl<'lun~{4J 
!J·).[rthyl·propun-a- ('urIIODsuuro
!J- ;Irpthyl·n· but l(·rs!lure 
}$opropylrssigsaun' 
J"olJulyl.unrisen,,({uro 
J$ovnl~rinnsi1uH· 
Ppuloil' arid, primnry 
\'uIt'rinnic at'itl 
,'all'rie acid, anhy,jrous. 
"nlrrie acid, monohydmto
}sobutylcurbonyl 

I dJ.,.;I1ethylethylnr'·lic ne\(L _ .............................. ~ 
2-).lclhyl-hutnn~(lur!l-( I) 
llulun'!J-rnrhonsilurr 
a-:\Irthyl-bultcrsiluro
;I[Nhyl-UthykssigSfiure 

I llromon('Nyl hromldo~ ..............._.................... ~ 
BromUthnnoylbromid 
llromncet\,lhromid

I C'.hlorOIl('ctvl chloride..................................... ~ 
C h lorn i h81I0Ylehlorid 

(CII,I,CII C U,COOll......................... ~ 

('H,C'IT,CIT (C'IT ,1 C' 0 OIT••.•••.••••••••••••• ~ 

CH,BrC'O!lr..•••.••••••••.••••••••.••••• 

ClI,CICOCI . ~ .••••••••.•.. . ~ _......  ... - ...... . 

102,08 

102. OS 

201.85 

112.931 

170. 7 

1.4 

150 

105 

.U37 

.941 

2.317 

1.~95 

1469 

J {il 

I 1,159 

1.48 

0 

0 

0 

0 

,.::;
l;3 
if; 
8 
if; 

0 
'=j 

.... ..' ....::;:: 
(3 
c! 
if; 

>
t' .... 
"t: 
~ 

~ .... 
(') 

(') 

C,UC'hO 

e,ChO 

e,Tr,CIO 

e.II,CIO 

e,IT.CIO 

C,n,CIO 

Chlornc·t.tylrhlorill I
I Dic'hloroat'Nyl chloritl~ ..............._....... .............. Cl! CI:COCl •••••••••• -•• ~ .................. ~j 14•• 38 

D!rhlor!1thulloYlchlorid , I iUic'hloraCNykhlorid
I 'frirhloroarNyl dllorirl~ '".. ~ ••.•••••••••.• ..... •••.•••••••.•• ('('hC'OCt. ~ ••••.•..••••.••••••.••• ~ ........... ~ , 181. 832 . 

Trieltlor!lthlllloylchlorid , i'l'rlchIOrtl('Nylchlorid ! 

92. 497 1I Propionyl t·hloridl· .......................................... ' C.II ,<'0Cl.. . ~ ................................ 
l'ropnlloylchlorid . 
Propionylehlorid . 

In-Hulyryl ('hloridc.......................................... C,Lf;COCI. ••••••••.•••••••••••••••.••••••••• ~ 106.51 
Bulnyl c-hloricie I
llutnnovlc.hlorid 
BUlt~rsjhtrl'('hlor!d 
Butyrylc'hlorid

I n'YIlIo'ryl chloridr ~~.'"...................................... , C.ITICO('I. .••.•.••••..••••••••••••• ~.~ ••••••••• 120.53 
l>rntllnoylrhlorid 
11-\'all'rillnsHun'chlorid 
n-Vnlcf\'lchlorid •

I J80mll'ryl clilorid" .......................................... (CJJ,),CIlCIl,COCL•.•••••..••••••••••••••••• , 120.;'3 
2-;Ilethyl-butnno~·ichiorid·(4) I II~oynl(·rinns!lllrcrhiorid 
J.o\·IlI"ry]('hlorid 

108 

liS 

so 

102 

12S 

113 

1.56 

1.029 

1.065 

1.028 

'''' I 
.9SS; 

1,80 

J 815 

1533 

151·1 

1508 

1495 1 

0 

0 

0 

0 

0 

0 

0 
~ 
>,j 
0 

2 
t::: 
rJJ 

>
rJJ 

~ 
c! 
!?........ 
0
;..-
Z 
1"'3 
rJJ 

'-'J 
I The maximum dosage tested. e,.:) 



TABLE 1.-E1fl,pirical formula, synonY1ll$, structuraL formula, molecular weight, boiling TJoi11i, sllcriJ1c yrat'itYt concentration of fumigants, t-:l 
~ 

and percentage mortality of weevils afler exposure for 24 hours-{.:ontinllcd 

~ 

Empiric,,1 
lonuula Compound with synonyms structurnl lormula 

Molecu
Inr 

weight 

noiling 
point lit 
iGO nUll. 

SpocUle
\:Tn\,ity 
200/4° 

Mini· 
mllm 
lethal 

dosllge of 
fumigant 

Wee"lIs 
k\l1ed 
alter 

exposure 
far 24 
hours 

c 
t:I: 
z .... 
c:.
t' 

C,(,I,O, 

C,lI,D, 

C,lI,O, 

C,H,O, 

C,IT,O, 

c.nlOo, 

C,11100, 

C,11"O, 

c,nuo, 

c.u,o, 

C,U.CIO. 

c.rr.Clo, 

Olnl&!~;I~II~;:~rirliio~r(i"---- -------- ---..- - - -------- - .. ,i (CO ('1),._____________________ - -- --. - - --. - --

Jllothyl formnlO __________ •.. ________________•______ .________ . HCOO(' Jr, _____________ -- -•. -- .• -------•• -----.O,,,I,,!t'hlorid I' 

AlIwispnSiiuremothylC'stC'f I 
Eth~{[l~~£f!~~~;;~th}1~io;---- -----·-------·---------------1 II COO (,,1 fs. __ •_________ -. ---.---- ·------------·1 

Alhylfornuat
Fonnie Qth~rn-Propyl 10rmBto ____________________ ._. _________ •_________ • _, II (' 0 0 C',lI,____________________ •_______________ • t 

l'ropylformlnt i 1 
I8oPJ~~rr~~~~n~~~~iiit-----""------------- -- .- ----- -- - - -', n COO (: JI ({' I 13),____ •---- ----. ---------- - --'1 
n-Dutyl lormuto ____________ •_ . ____________________________ ., HC°oe.nt __________________________ - --- .--•. 

JJutylformillt !Isobutyl formnt" •• ____•______________________________________ ' Ir('OOC Ir,CII (crr.12.-------. - _______... __  .-_ . 
Isobulylfofll)lnt I

Etllyl orlholormnl(\ .• ________________________________________ 1 HC (0 C,IJ,la..___ -- .-------------------- -- --. 
'rri!1thyleslH d~r orthoam~lsQlls!\urQ 
'1'rillthylorthoformint
Orthonmolsonsiiurcllthylostcr
Tri!ltholY'lIIt)t/mli

J80llmyl lormllto ________________________________________ .. _. _I nc° ° en,Cll,C II (Cll,h. ______ -------- ----.
A7IlclsonsiiureiBolllllylc,stor
lsollmylforllllnt 
Am~'1 formatoAllyl formnto •• ______________________________________________ I nco°cn,crr=Cll,__ _____________ •--------.
~\meisonsUurenllylostor
Allylformillt

Mothyl chlorolormnto____________________________________ --.1 CIp0 0 cn.-____ ---- ---- - - -- - - - ---
1\1othyl chlorocnrbannto 
Kohlcnsl1uromothylostorchlorid
Chlarnmo\sollslluromoth),lostor 
Motllylchlorlormln&Ethyl chloroformato_________________________________________ I CI COO C',n._. __ .• ______ - -___ •  - -- ---- -- -- -. 
Ethyl chlorocnrbonntu 

1~6. DIG 

1JO.031 

74.040 

SS.Q{]2 

8S.062 

102.08 

102_08 

J.18.12 

116.09 

86.010 

94.481 

IDS. 497 

00. 
lH 

31. 8 

54,3 

81. 3 

71.3 

100.8 

98.2 

J.l5.9 

123.5 

83 

il.4 

95 

Mil.T)er 
liItr . IPer c<1I1 

1.4SS I 17H 30 

.975 

.\J06 

.901 

.8$3 

.911 

.875 

.897 

.871 

.948 

1.230 

L 139 

39 

72 

i2 

53 

109 

35 

90 

70 

38 

198 

251 

100 

100 

100 

100 

IOU 

100 

100 

100 

100 

100 

too 

b:j 

Cl 

~ 
~ 
Z 
.... 
C> 
t>:l 

~ 
r:J) 

t: 
t:.1 

~ 
8 
t;;.o 

~ 
Z 
8 
o 
J,j 

:.
c;) 
~ .... 

~ 
~ 



KohleoslluroHthylestorchlorid I I I
C'hlorarnolsl'DSilurolithylostcr

('nrhllthoxychlorld 

(,hlorkohlensilur~Hthyl~stcr ,


"" (',n.CI,o p, Chloroc{hyl chloroforrnnto .•••••••••••••••••••••••••••••••• , C'IC 0 OC'IJ,C' IT ,('L....•..•.•..•.""""""" _.•.••.... ];;(Hr.o 1. ~ 4RO 100-I {'hlornrnl'is(·nsHuro-(tJ·chlor·fil hyl)-t\~t~r I : t;at; ('dlr('lo, n-I'ropyl rhloro(orlllllle ••••.•••••••.••••.••••••••••••••.••.. CICOOCII.,CI!,CJ".•••••••••••••••••••••••••..1 122, "I,' . lin j' 1.083 1&12 20 
t<:> 1l. Propylehlorol'llrbonllto 1 ~ 

('hl()rorrll'rSl'nsfiurl·propyl~st~r I U2" ('t1I,CJ,(J,I y-C'hloropropyl ('hloroforlllnt~•••••••••••••••••••••..•••••••• C'ICOOC JI,C IJ,(' ........................ 1 1[,6.!1Il ' r.~·iiO I 'J , fo{)(J 1 10 


I 
o 
vo y-ChloroproJlyl (')lloro~nrboDate . I ' (~ltllll.) i ~ 

C,II;!'IO, Isopropyl chl(Jro(orlllot~•••••••••.•_•••••••••••••..•.••.••••• , ('1('00(·11('11112............... ......... .' 122.512 ,.:1..[.-1 I 1. 08 1 :,jQ 70
f.,al·ropy, chlorol'lIrhonntc ·'WIIIlIll.)iI ~ 
('llonUlll1isCJl$iturt'isoproJlylt;'I.;.f('r

II- <,,11,(,)<), n-nulyl <'llloro(orlllulp ..... ,. ............................... CICOOCll,l'IJ,('II,(·IJ,............. . ......l 13fi :,:1 I 11~.U II 1.07H l,i:m o C:l 

II-/lutyl dlloroC'llrhollll\l1 ' , o 

C',lI,nu: c:jJ,.ohnfyl ehl()ro(orllllll~ .....................................1CICOOCIJ,t'II«'lI,j,.......................... 1:1t..:.3 I' lao I. (1·10 , ;20 20
/.,"hUlyl ('hloro(,llrhonnl~ , U2 
('hlornm~is~nsUurl'i.ahlll yh'slrr !

C.HIICIO, J.!Oalll~'1 ChlOrO(Orlll"I.~ •• , ................................ CICOOCIJ,CH,('II(('I!,I" ••••••.•••••••••••,,' J,;t.).:,1 I Jr." I. 02·f 1.";12 o >
1.,oamyl ehlorornrllonnl!' , ~ 
('hlommt\is~nsnt1n·i.!(Jnrnylf\st<'r lC.IT,O, Mrtllyl ne,elato•••.••••__ .................. __ ............... CIJ'COOCU,................................... ; 71, O~(J l!o-i 100 ~ 


• U33Essigsiiurolllethyl~strr
!>! rth vlnc-'<)tnl ,

C.U,O, ~ Ethyl ar~iato ............................................... ClJ,COOCl!,CIl ............................... ; ~"-(Jr.2 77w 1 i , SU9 I!'O 100 C
A ('cl ie other , 

J,sslgfithcr C 

Alhylacctat

],ssigsfiUrt'!ithylcslcr ~ 

Afilh(lr ut'eti<.'us 
Yirll'gnr naphtha

C,lTlOil, 1l·l'rop> Inl'elate · ..........................................1 C'/T,COOC'lJ,CH,CIT" ....................... . J(j~.II" WLr. ,V 100

11 I'ropyl·ocC'1l1r, "'~i I ~ 

{',Ihr,o, 130proJlylllcrtlll!1 __ ........................................ CIJ,COOClI(CIJ,,, ..• , 102, t:~ S(I · h77 110 100 t::I 

].,opropylnrl'lat U2 

L',II "Il, 11 lJutrl ,"·!'Illft............................................ crr,C'OOCII,('!!,CII,('I13 _................... IIftl,!1 126, !i :'!I!! 100
n,IlUlyl·nrclat •hf,Z I >

("lll'O, ]sahulylm·otnto•••••••••••.....•.•••••••.•..•.•.•••••••••... cll,cooerr,('ll(C'lhh .••••••••••••••••...••• ; IlIl.fltI IIS.3 ! · ~;I I ,~; 100 
U2 

/",,11111 ylne,'tnt :
(',II"n, sec.-- UlIlyl nCrlall' , ........................................ CIf,C-OOt' /I iCl!'l t' IJ,l"J, .•.••••••••••••••• ,,; tW. (Ill 1]2.2 i I 

1~2 100 d•!i71l !;;o<.<£1:.- Butyl'acelat
C; 1I 110, isramyl o(;~lnIO •• ,·.·.......................................1 clI,eOOc-'ull................................ .' no. It ~ 1\: t) :::::
I·t~, 5 i J7~ 100 

]soalll~'I-aC'Htllt o 
Amyl nc(.tato >
Banllna oil ~ 
.\ mytnrctic ether 

C,TI"O, 11·1.1 \·pl.ylllt'cf ote •..•••••••••••••.••••••••••••••••••••••••••• CH,CO OCrIIII... .............................. I1 155.14 .8i4 1437 o tfi
1Ol.5171-1 r('ptyl'acdnt 

1 'l'he malimum dosage tested. ~ 
Clt 



TABLE L-E7IIpirical formula, synonyms, structural formula, molecular we-ight, boiling point, specific grQl'it!/, coneen/ralio,. of f1Im/ganls, ~ 
~ 

and percelltage mortality of weel.'ils after exposure for 2.~ hOlln-Continued 

~ 
)liui· I\\ree~iis 

;\[olecu.1 Builin? $-pcc.'iflc mum killed £ 
lethal after z

lar point ut grUyilY 	 ....Structural formulaErupirlcnl Compound with srnonyrus 	 ~lOJ! -10 dO~1\ge of f elpo:,ureweii-"ht 761J !HUJ.formula • fUlDlgantl (or 24 ~ 
,'___' .'___ I hOUr<,-- g 

t< 

• c 	 I -\[g. per t<1~3 0 ,- liter IPer cwt'j J -4:15 0 t< uc...Octyl JlcNatc •••• __ • __ •••• _____••____ •_____ •___ •______ _ cn,('OOCUWlh)(CU,>sClh.•••.•••..••..•• ..l j ,2.15 t'.lOlOU"Q, 
;\Il'th~ illl'xyll'urbill-ac,'tat 	 i ::3
Cnpryl-at·l·ll\l 1:;.!.9;J 130-13:1 1.. 5 l I iSO 60 

(',U.llrQ. llrolllOo",llly I acetate.. _. . .. "••• ___ ----- -•. -- -------- ---- C I beGOt' lI,llr••••..•• ···-·---··-···-----.· ..1 z 
" ES$ig.;~lIn'-(hrom-muthyJ!-I·stcr 	 >-'l' I13COOC11,C II,Br. ________ •______•__ • __ • __ .. : lfiri. \171 ,U 1..;1l I '30 100 

C>(',lI;iJrO. 2-BromOl'1 h~'1 acetate••.••.• ____ ••• ---------•.-- ---. --- ----. (~7' llllll.l' t..:>p-Brolllo etllyl ac~t!lIe j
p-Brolll-Ulilyl-acetnt I 1. 17"i ! 47 100C!1 ,C 0 () OU,l' il,C!. _____..-- --- .----------- ... , 122.51 i 14:; 	 ~ 

C,IJ,ClQ. 2-C' hlorOl.1 11),1 acetate .•.• _. __•• ----- ••• ---- •• - --- ----- - ---.  ; 
Il-Chluro l'thyl tlrNul" Ul
/J-Chlor-Hthyl-tlcettlt I 	 I~,). 9~7 ~. ______ ••. I IlOO o3-11roUlopmpyl acetate. _________________ •___ . ___________ .___ CH,C00orr,e 11,(' II, Br . - -----. -.-- --- -- ••--_.' 	 1.2 i 

(',!l.BrO, 	 t='
-y-llrolllo propylacctuto I 	 ' , :10 100 t;j1[,2.9.j

(',ll,llrO, lIili ~~ 1:,!J 1.;,[.1 , :10 100:'lctllyl hrollloaceu'tc __ •________• ___________________ •_____ ._ CI hBrCOOC' If, ...... -.----.-----.-------------' 	 I.~ ! 
Et lIyl hrolllotlcctato ______ •_______ •___ -- - •• --_ .-- -- ---.- -- ___IC lI.llrC 0 0 CU,I: I I , .• - -. ----.-- -- - - - - --- ---- •• ' C,lhUr(J, 

Bronwsslg('st~'r Hl~.-I9j' 1:1U 1.::2 i 73 IVI)
)lcthyl chloro:I(""ttlto. ______ •• ___________________________ ._ C I r,CICOOOII•• --------.----------------------C,l1,('lO. 	 i ~ 

l\Iethyl-ohloraCl'1 at 	 : 1:!2. ,jl 1-1;,..~~ 1. l.iU 93 100 :;;-C thOIco 0 orhCH,. _.___ •__ ._ --.- ---.---- ----.'C,1I,CIO. Ethyl chloroacctatl' .. _•___ - •• ---- --. ---- --- -- -_. -- - - -------- l;) 
Xthyl-chlomcciat !22 100ClI,CICOOClI(Olh),. ______________.. ··._····· ' laG. ;'26 HO.•i I. IX' 	 %

Isopropyl chlorollcctato _______________ .--- -- --- --.- - ------- 
I.oprollylchlornc,'ttlt (j{j 100 

C.H.CIO. 	 1-3 
Wi. 5 1.06sU.-Jllltyl chlorotlcetutc_. ________________ - - - - ------- --. -.--- OH,CICOO Oli (ClI,) CIT,CIf,. _____•.••._.•- ---! 1:,0..,341 	 oC,II"OIO, "=.l..k.-lllllyl-chlomcctllt 	 100c rr,C'iCOOOlT,(' U,CH,CIT,___ •______ •• ___ . __ .f 1;'!.534 I Ii:, J. OBI 210 I 

C,lT"OIO, II-Butyl " .. lanJacetllt" ell CI,COOC Il,C 11,·_·_· __ •• _______ ·_··· _____ ·-1 J~ld. tlG ! l;;.'{• .2 1.:!S:! t 2;i6 lliO :>
Ethyl dil'hloroacl.tat" ___________ •___ -.----.-----.------ •• -.0.11,0\,0, 	 ('('],coo ('!1 ,(' Ib._•.• _____ . _______ · __ • _______ _ 1:11.41 1I~') l,aS:l ' tilJ:.! ; IliO Q 

C.U,CI,(J, Ethyl trichloro3cetllto___ • __ .-- ----- -- --.--- ---- -- -- ---------	 j~lJ. UU !lit) 1.3~:l lliO ;:dC I I,e I [1Ir(' 0 0 (' Ibe I f,._ --- -.- -.•--..-••• ---.-: I 	 .....C.H,lIr(J, Ethyl l-hromopropioullte .• ------- •. __ - ._------------------
Ethyl a-hrolllopropiolltltl' 	 ! qdl-a-Brom-propion:itlufUlithyll'sh'r 

2-llroJU-prop8J1si1urL~( IHil hylo"'tcr t<
I 	 17: I 

(") 

180. (19 1:l5-I:m 1.4 so >-3C.IT.llrO, Ethyl 2-bromopropiooate. _. -- .•• ------.---. ------- •• -- - ---  Olf,BrClI,OO OOlI,O Ie, .. _----- -..------. -- ---I' 
Ethyl/J-bromopropiootlto 	 1(5001111.)\ C 

;:d3-Brom-propnns!lurc~(l)-iithyll'slt'r 
t:;l1l-13rom-propiollsl1urcilthylestcr 1.114 1557 90Ethyl 2-chloropropiooato. _- - __________________ •____________ OH,ClClJ.COOCH,CH._. __ ._•••_•••• __•______ 136.5-l I 102.5C,R,CIO. 

Ethylll-ehioropropiooat" 	 I 



CtU,NO, 

OllIlO, 

O,U,.O, 

CllinO, 

C,B,.O, 

C,H,.O, 

CII],oO, 

Clll,O, 

C.llIDO, 

C,llIDO, 


C.II"O, 


C,UuO, 


C,U"O, 

CIH"O, 

C,UIIO, 

0,11,,0, 

c,n"o, 

CIUllO, 

CIUllO, 

3-0hlor-propansliure-(I)-Uthylester

(J-Ohlor-propionstlure!!thylester


I Ethyl cyanoacctatc••.••..._................................ OH,(CN)Coo(',n,.•••••••••....•..•••····•·•__1113. 06 206 
l\ralonsliure-!1t hylestcr-nitri 1 
C yallessigsilurc-ilt h y1~stcr 
OYllnllssigester 

~rl'thy1 propionate__ •••••••••• __ ••••_•..••_•..•••••••••_.... cH,crr,CoOcll,_ ••••••••••• _••• __ ._••••__ •• _, 88.062 iD.9 
Mothy1propionut ! 

Eth~:l propion8Io----•••••••••••••••••• --••••••••••• -•• --- •• - Oll,C Ir,OOOCII,CIT,._••••••• _._.._. ___ ._._._.; 102. ~S flU. I 
Ath,'lpropionat ;

n-l'ropyJ propionate. __•••• _••.•••••_.••••••••• _•. __ ..•••_.. C11,C11,COO('.11,(, lJ,C II,. __ ..__ ._ .. _.• ___ • __ .1 I Ill. 00 12:l.~ 

- l'r~py1pr,'?Piollat I .. 
n nut.,l proI JOllatll. --••••. -.----•.. --..------•••- •.•..• -.-.1 Cn,Clf,COOC.u._......._......___..._...__ .__I . )30. II 146 


lJutylpropionn~ , 
Isobutyl propiontlt".-- ••.•• -..•.-. _•..•._._. ____•••••_._.••1 C11,Cll,OOOCll,CH «(:1 r,),.••_._.............. I~O. 1 I 136.S 

18olmty1[1ropionat
1.011111:,1 propionnte.-.•--••• _••• _••. _•. __ .. _••• _•••_•. __ •••._ OH,CH,('°°C,II11 __ • ____ • ___ • ____ • __________ • _ 144. 12 I CO. 2 

I8oBmylpropionat
Methyl lactllto. __... ___.....___ ••••_____________ • ________ .__ CIJ,CU(OlJjC 0 OCH, __ .••_____ •• __ •• _____ •• _. 101. 062 IH.S 

a-O~o_propionsi1urenlethy1psh'r 
III ilchsUurcmethylest,'r

I Ethyl luctnto_.... ___ •..••••••••... ____ ..••_.._. __ .•••••___.. Clf,Cl [(oIl) COO C ,IT,_. __ •••••___ ...•_••.•.••. 118. O~ 154 
a-Oxo-propionstiuro-Ut hyl~ster 
l\fiIchsliurclithylesterIMethyl n-butyr8to.•••••..••••••.•.••. __ ._.__._.••••••_•••• _ Oll,Cn,CH,CO () C 1 r, .• _._ ••••••. _•._._ ..•••.•. ]02.08 102.3 

E th~f~t~~~~~;~~~t••••_._••.•....•••••••_. _••.••••••••_._._. CU,CU,CH,CO°('J I,C]I, •....__ ..•_••••_. ____ J 16. 09 ]21.3 

Xthylbut~7at

Butyric ~ther


I n-Propyl n-but,7310•.••••••••••_.••••••••• __..._•• _.••••••• CU,OIT,CU,OOOC,1l, ••••••••• ___ ..•__••••• __ . ]30.11 .143 
1'rol'yl n-butyrato
Prol'y1butyrnt

I n-ButyJ n-butyrato•.•••••••••••••••••_••••••••••• __ •••••••• OII,On,C H,COOC,U,••••_••••_._._ •••••••_..• 144.12 Hili. 4 
Butyl n-butymte
ButylbutyraleII .•obutyl 71-butyrnte.__ .•..••_...•.•.._.. -..-.••. -...-.-.-.- C,U,COOmr,c 11 (Cll,),. -- ••---••••••.. -•••• -- 114.12 156.9 

Isoa~:~?~,~~~f~~;~t~t. _•••••••• ___ .•..•_..••_.••_•.••.._...... C,1l,O°°C,H II••••••••• _•••_••_••••••_•• ___ •• __ J;'8.14 178.0 
J"nalllylbutyrat • 

Ethyl isohutymto. __••••••••••• _•• _. _.....___ •. _.. __ ._.... _. (C IhhcnCH,C°Oe,fIs•••••_.••••..._._ •••••. 110. CO 111. 7 
Xthylisohlltyrnt
lsobutyric olhorI1801Jlltyl i8obutyratQ._••••_•••••••••••••...••. ____ ._•••.•.... (OU,),OUOH,COOCU,CU(CU,h._ ...••__.... 144.12 148.7 
Isobuty1isobutyrnt

l\[ethyl 71-"ruernt e ••. _..•..••••••••••_••_.• _... ____••_. __ ._. O,U,Oo,cn,.•...••••••••._. , __•••_••.•_•••_••• J1(•. O!l 127. :I 

E th~I[~t-~?~~~!~~i~.'~~: ••••••••••••_••••••••.••••_••••••••__•. O,1l,0o,cn,oII,•.•_••_._ ••_••.••••••••••••_••• 130.11 145.5 
Athylvruerianat
};thyl valerianate 
Etbyl valcrillto 

I The maxImum dosage tested. I The minimulll concentration tesled. 

1.063 

.917 
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.870 

1.08 

1. 031 

.808 

.870 

.870 

.8f'2 

.8GO 

.882 

.8i1 

.875 


.910 


.8j7 

t 532 

183 

125 

124 

lH2 

li4 

43;, 

'540 

15}6 

180 

~(H 

Q40 

'-136 

143:1 

1·1-11 

87 

203 

2:i5 

1439 

0 

)00 

100 

100 

00 

100 

100 

0 

0 

100 

100 

40 

0 

0 

10 

100 

100 

100 

70 

~ 
UJ 
1-3 
UJ 

0 
Io:j 

<: 
> 
~ 
H 
0 
~ 
UJ 

;> 
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~ 
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C 

C 
0 
~ 
"d 
0 
c:j 
Z 
t:::I 
UJ 

UJ
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TABLE 1.-Empirical formula, 8ynonym8, structural formula, molecular weight, boiling point, specific gravity, concentration of fumigants, t:-.:I 
and percentage mortality of weevils after exposure for 24 hour.~-Continued 00 

t;3 
CI I Jllini- w~C\'i1s 

};mplrical 	 IMOlecu-1 Boiling Rpecific mum ~N:1 ~ Compound with synonyms 	 Structurnl formula lar point at gra\'ity lethalformula 	 .....weight iliO mm.1 20°/-1° 	 dosage of expo~ure C 
fumigant bO~u;! ~ 

---------------- t:7j 
],[y. per 

° C. /iter Per cent 
C,UIIO, 158.14 185.8 0.885 1443 0

n-B IItyl lI-valrrato __________________________________________ C.H,CO,C.H t ___________ • _____________ • _________ 

Dutylvalerinllnt 	 ~ E til yI isovalr.rate________________________•___________________ (CU,),CHCIT,CO,C,l1 •. _________________. ______C,H"O, 130.11 135 .866 173 100 
Xihyl isovnlr.rianat 

(',11,,0, 11-Propyl isovaleralo __•________________•____________________ (CIT,),C rIC: H,00,C',lT1. __ • _____________________ 	 14:12 
~ 

144.12 .80:1 0I80butyl iso\'nlorato _____• _______________•_________. _________ (C U,),CUC II,CO,CH,(' !f(CH,),________ . ______ 1;'.';. nI 	 ....C,IJ,,(J, 	 158. 14 IflB.5 .85·' 1·127 0Isoamyl isovalornto___________________•______________________ 	 ())
('"H"O, 	 (CIT.hCITCIT,CO,CH,('H,CH(CH,j, ________ ._ 172.Ifi HJ.\ .870 '·m;, 0
c,rr"o, l\Iothylll-cnproato__ . __________________________________•__ ._ C,HIlCOOCH.___________._•••••_•._. _. _•••_. __ 130. 11 lW.,j .U(H 1452 0 

~t>:I 

Hoxnnslluromethylestor
Pentan-a-carbonsUuremethylcster 	 ~ 
Normalcapronslluromcthylrstcr 	 m
Mothylcapronat ,C,U"O, 1Et.h~.I n-caproato_.__ •••••••••_••••_. _. _••_•__ ••_••••••••••• _I CiB"11 cooC,IT • __ ••••••••••••••••••_•••••••••••• , 114.12 166.6 , .875 , 1·138 , 0 
Athylcapronat 	 ~ 
Ethyl caproate
Ethyl capronate 	 ~ 
Caproic othor 

Capronic other 
 ,CIHIIO. , ;lIothylll-hoptylate_ •••••••••••••••••••••••••••_•••••••••••• , C.ITnCOOCHI .••••••••_•••••••••••••••••••••••, 144,12 172. I , .881 , IHII 0 
Onnns!1uremethyloster ~ 
lloptansUuromethylester 	 Z 
llexan-a-carbons!1uremethyloster 	 8 ,C,ll"Oj 1Ethyl n-heptylate•••••••••_•••••••••••••••••• _•••_•••••••• 1C.UnCO OC,HI-. __ ••••••••••••••••••••••••••• -_I 158. J.I 187. I , .872 , ' 436 1 0 oOonanthic othor I:I;j
Cognnc oil 
Oenanthylic other > 
OnansliurcUthylostcr
lloptansUure!1thylester 	 ~ 
llexan-a-carbonsllureathylostor c 

C,H180, , Mothyl caprylato ••••••.••.•..•••••••••••••••••••••••••••••• , C7IT"COOCITI_ •••••••_••••..••••••.•.••.•••••• , 158.14 , HI2.U, .887 , 1444 , 0 
Octans!1uremethyloster

lleptan-a-cnrbons!1uremothylestor

n-CaprylSUUromothlelostor

n-Octyls!1uremethy ester 

C.U,O. , Dimothyl oxalato .•••___._._ ._._. _____••••"_••••__._••••••.•1(COO CIT.), •••.••••_••••c.c•••••••_-••••••••••••1 118. 046 1 163.3 1 1.120 , 1500 , !l IMethyl oxalate' 	 . . . 



C.fIIOO. 

c"n"o. 

C"I,O. 

C,U,.o. 

C,IT"O. 

C.UIIO. 

C,fIIiO. 

CIII1"o. 

C,IJIOO. 

C,l/nO, 

CIIIIOO. 

CfIlN 

C.fI,N 

Oxalsnurodllllctllricster I I 
D iC~~~l'~~::?~f:_a~~~__________________...._____.______ ._.._", (C°0 C ,rr,), ••__________•____•_______________ ._. 

Ethyl oxalnto 
Oxnlsl1urcdlllthylcstcr
Dillthyloxnlat 

DIl.!oalllyl oxalate._ ••••••••_•• _•••.•••••••_•._•••••••.• _. _.. (Cll.hcrrCJJ.ClI,0,cco.c n.c IJ .ClI(Clf.h.. 
160alllvi oxalato I'
DU8oliinylolalat 

Dimethyl carbonato____• ,_ .••_••.•••••• _.~._••••••_........ _ COCOCll.),•••••••___ ._. __ ._..••___ ••• _. __•••••• 

Die&r~~rgr~;,!{.~~~:~~ •••••••_•• _•••••_•••••• __._•••••••.•.•1coco C.ll,) ••• ,._ ••••••••••.••••••_••••••...•••. 1 
r:thyl carbonate I
Carbonic other 

Di-~~r~r*J~g~~~:~~~~•.••••••••••••. _.•••••••••••__ ••• _. COCOC.ll,h•••••••_. __•••••_••.•••_•••••_••••. _. 
Dipro!'ylcarbollat I 

DI-n-butyl carhonato•..•••••.••_•••••..••••_..•••••..._. ••• CO (0 C.11,), •••••• -•...••._•• _.•••••.•• _•••• _. --I 
. Dlbutylcllrbonat . I

DIt.obutyi carbonate _____ •••• _____ ._.______••___•.______•. __ CO (CCn.hCli C11.".__ .••• __ • __ . __ •• _. ____ •..•. , 
DU8obutylcllrbollat , 

Dibonmyl carbonate_ •• _••••• _______ ...••••••••••••••.•••••• CO(OC'UIl)s_._••••.•••••.••• _•••. _••••••_. __ •• \ 
Dii8oamylcarbonat , 

Ethylidcno dlacotalo•••_•••___••_•••_•••••••••_•••••.••••••• CII.CU(CIJ.COO)•.••• _ •••__.•••••.•....••••••• 
Diacotat dos .-\t'etaldehydbydrnts 
AthylidcnSlykOI-diacotat 
AthyHdendiacotat 

Ethyl (J..p dimethyl acrylate••••••••••.••.••••••.•••••••_••••1 (Cn.hC=ClICOOC.lT5_ •••••••••••••••• _""" 
2-JIlethyl-buten-(2)-sl1uro-( 4)-l1th rloster 
(J-),fetbyl-a-propylen-a-carbousUuro-Utbyll>stcr
(J-fJ-D imothyl-acryIS!1uro-l1tbylcstcr 

E lhyl acetoacetate••••••••••••••••••_.__._.____•••••.• ______1ClI.CO CJJ.C°°C,llI••••• ______• __ •__ • _••••• __ 
fJ-Kcto-butten;nuro-!1tbylcster
Acotcssigsllurcl1lhylcster
Acctcssigcsler
D!acotic elher

Methylamlno (33 per cont In waterl ______._.__ •____________ .1 CrhNfIl_______•. ________ ._________.•______ • ___ • 
AminolllOthan 
Carblnamin 
),Iotbylamin

Ethylamino._ ------------ ____________•______ •_____.._______I Cll.Cll.Nrr,_________ . __ ••• ____ ..•_______ • __ ._. 
AmilloUlban 

146.08 

230.17 

90.046 1 

lIS.08 I 

146.11 

1.4.14 

174.14 

202.17 

146.08 

128.09 

130. OS 

31.04. I 

45.062 I 

186.1 I 1.080 I 

265 .968 I 

89.7 1 1.069 1 

125.8 I .979 I 

168.2/ .968 

207.7 .024 

100.3 .910 

228.7 .912 

169 85q 

155 .922 I 

ISO 1.025 I 

-6.5 '- _______.1 

16.61 .689 I 

'[>40 
I 

'484 I 

15351 

106 I 

14&1 

1462 

1460 

1456 

1426 

203 I 

'513 I 

'167 I 

'345 I 

0 

90 

100 

0 

0 

10 

0 

0 

100 

0 

0 

0 

~ 
U2 
t-3 
U2 

0 
I:j 

-<:>
=='.... 
0 
0 
U2 

~ .... 
"tl.... 
~ 
t-3.... o· 
0 
0 
!;-'.... 
't! 
0 

~ 
t:1 
U2 

:>-
U2 

"'.l 

S 
~ 

C.ll,N 
Xthylalllinn-Propylamino____________________________________________._1 CfI,CfI.Cll.Nll._____________ •________________ . 
1-Amino-propan
a-Amluo-propaD
l'ropylamin 

LU.Oi7 I 48. 7 I • i19 I 1360 I 0 

!;) 

~ 
t-3 
U2 

I The maximum dosage tested. 
tv 
CO 



T ABLE I.-Empirical formula, synonyms. structural fOTlIl1Lia, molecular weight, boiling point, specific gravity, concentration of fumigants, 
(wd percentage mortality of wtcvils after exposure for 24 hours-Continued 

o ~ 

>'3 

I 
to;I I .. 111 Ini- I":ee\:,lIs @

:\Jol~cll- Boiling Rpedfic mum I ~W~; ZEmpirical Struclurnl formula illr POIilI at grllVlty I,'thnl' ....Compollnd wilh synonyms 
weight .tiO mUl. :>o0j4" dosage of' uf~i:'s~re oformlll" \ :>


________ .. ________ :nl:":_ll~ t"' 

t::i 


\ 

.\fl]. pa ' g
c C. IiItr ,PeT cent 

l.opropylnlllln~ .•. ___ •__________ • ___ . __ •___ •_______________ _ (C 1 r,hCIl N rr, ,, _________ . __ ........._____ -- .. :,~t 077 1 31 O.G~·I t"'
c,n,;.;' ~;S I 100 t;:J 
~- ..\lI1ill()_propnu >'3 
{3-,\ mino- propnn ! ..... 
boprcJm hUlllU Z 

11- BIIlylnlllino ..... _.....___________ • _____..________ ---- - __ .... ClI,C lr,C lI,e H,XH, ......... - ____________ .. . ;3. tl'J3 ,0 · ,40 13.0 !
C.I!II~ 
I-Amino- blltlln C> 
....Amlno- bulan L:> 
prilll.-:\ormnllJutylnmin ,! I qlllltylalllinboblltyltunirw ..... ____ ...... . _ .. ________________..___ ---- (C 1I,1,CII ('lhX.I, __...... __ ••.. __ ... __ ...... I ,3.0\13 68 • ,30 i :!94 ! 100

('c1(I1~ ) 

l-Amlllo·~-m('thyl-propllll I UJ 
a-AIIlmo-{3-methyl-propllll t:;/SQblllylnrnlll8ec.-lIl1tylnlllinu. ____ •___________________________________ •• _ 215 I 100

C.HII:-< (·U,..UN",m,C"' ......................... i .3.0113 0.1 • .18 ~ 


I 
..."2-AlIlino-hntnn 

{3-Alllino-lJutnn 
lItHhyl,'thyknrhin-nlllln ~ 

>'3uk.-Normnilmtylllmill 
.d:.•JllItyhunln 

~ 

C,Il"", n-~\ rnylurninl' ~. ~ .. ... ____ .________________ ... ~ .. ____ ,. __ -- ------~ . ('[ "Clr,('lr,Clr,('n,~H, .• _..... _.•.. -----.-.\ n'.IIlS IIH 0 t;3 
1-Amino-Jl!'ntnn ,00 I 13~ I Z 
a-A mino-pontun 
prim.-1'>orll1ulnmylnmln "" o
n-Amylnlll!n ':j100!:qnll1ylllmln~ .. ____ ............ _ ________.._._._______ ... (,lhC II (CIT,)C 11,(,1 I,XH, ...____________•__ •. ! 6'.IU, .. {')1 f 300 I
..... 05C,Il"", 
~-Amino-2-11wt hyl-llUlnn :>
6-Arnlno-fj-ll1ethyHilitan o 
I.,oitutyl['nrblnumln !::lI ....
/8onrnyhlllllnA I Iylam 11\(1•• _•• _____________ •_____________ -_. - - -..-- -- -- ('1I,=cn ClI,:,lr, .. __________________________ .1 57. (;&2 : .53.21 ~ 'j'G1 I;:SI ro o 

CIIl;~ c:a-A rnlno-propon-O1 
-r-Amino-a-prollyl~n ~ 
AHylnmin 1 

C,lhN Dinwthylilll1ino (33 per cont in waterl ______________________ _ (C n ,hX1I ____ ------. --------------- ------ --- ---I 45.0(j~ -.. 4 I • GSO '~O I 0 d 
!::l

DIIIl('lhylnmlu t;:J 



C.HuN I Dil'th~'lllmh1l' ............................................. , (C,II,1,:\1I 73. (YJ;! , ill 1421 JOODlnthylnrnin ; flO. 0 : 
C.II"N Di,"".proP}. hun.lnn......................................... )' 1C.II:hNII 101.12 ""]-- I!DllJrOpyltullin 110.7,' · .as 100 
("Il"N DIi.!CIprop},ln,mllC' •.. " ............................".. (CIII'('II) vII 


lJii.!Oprop) Inmin ; (' Ihi "' ................... . 10112 .722 '0 100

<"lIuN ,- t"l

D!,"•.hULYlnlllilH'. •• •• ·• •••.•• ·· ......................... 1({'.II.',XIl ................... "'n 1~'9 I'; .74 13iO \lO (fJ

f)lhlltY!(IUlln 1:: I 

>-3 

1-3(',H"N llii,ohtllyJI\'nhll' •.• ................ ••••••••.•••••• I ((('lI,I,CIlC!1,hNIL ••••••. (fJ
120.15 138.8 .745 224 100 .. n,l.ohut) Illlllin I . ., , .
I'JGIl"N DlIsOIuIlylnmhll' ...................................... : «( III12( lie 11,( II,)NIL. ........ . ]57. JO 100 I .. 707 , 3S-1 

o 
o "'.j 
(',!fuN 

llii.,OIlIll)·hllnin ' 

Ii DilllJylrunhll' ........................................... «'II, -('IIClhhNJI 
 07. S6 .72 288 fuo -<JJinllyllllllin III(,~II.N Trin:ethylnltlirll' (:13 per cenlln wu((·r}..................... (CJhlsN.................... . fJ{).077 :t 5 .M!! 1331 o t:: 

.I'J'rilltlt lllylullJin ~ 


(',II"N 'I'rh'lhYlnIllIIl~ ••• __...................... .............. (C,lf,hN.. o
101. 12 80.5 .728 21S 100'l'riiHhylnrnin ! q
C.II"N 'l'ri-11·propylnlllllll·................ ........ ............... I «"lhhN••..• (fJ

143.17 If/G .757 Z27 100
'l'rrprop) III III in I

CuU"N 'l'ri'lI·butyllllllirll' ........................... __ .......... (("II.lIN. >
It.5.22 21-1 · ;i8 '3SU o t< 
C"lIuN ·I'riisolllllyinmirit'. .......................... «'.!lullN..••. 

'I'nhulylrllilill 
!:2i~ 20 237 .7SS 130a orrrii.!()l\lUYlnlllin ~ ~ 

C"II"NO ·1't'lrrllll~lhylllllllll()uillm h~'drn'ide 10 per renl ............ «,]hl,NOJ[. 
 III. JlJS (.) 1 [)() o >trt.\h'nllH'I hylumlilofliulIlhydroxicJ
C,II,N j ~ A(,l'lol1ilril" .... , ......................................... C!l.CN.................................... . 
 n031 S!! .783 1:102 00 oMl'lhyl ('YIlIlitl!} 


Xlhullllitril o 

A(·,'1 onllril o 

;\1('lhyl('Yllnld ~ 
....C.lhN l'roplonitrih· ... ' ........................................... I e I r.e lI,eN.................................. . fj5.Q-ti 07.1 .78:1 23.5 100 "C

gl hyl ttynnido o 
Propnnnllril 
I'rnplollj(.rrl I §J 
XthyIt-YllIlid 8

(',,1,N (fJn-Illllyronilrih' ............................................. [1 ('I "(' !I,e1.I.eN............................. .. 
 118 238 1001I-l'rop)'I\'ynllhlo 00.002 i • i04 
lllllllnnilril (fJ

> 
Ulllyrollilril 
l'ropyl('Yllnid

C,II.N 11- \'IIh-rollitril,·. •. .......................................... e II.Cll,CIl,('ll,CN. _........................ . 
 83.0•• HI .SOI 224 100 
'/I. \"II"'ryl nllrilo I s 
1'(\ntnnnitril ~ 
11-\'lIll'rillllslllm'"iI ril o 
1/-\'nl('rani! rll >C,lIuN bO('llpro.nilrill' "" ......................................../ (ClI,),CIlCIJ,Cll,CN.......................... 0•• 00 J55.5 .S06 ~
81 1002·~ll·1 hyl'll('II1nnllilril-(5) 

I,<oblll y 1l'~si~s!i\ln'll llrll dJ 

l,ocnpronilril 

I The maximum doslII(o test."d. ( Decomposes. CI:) ..... 



TABLE I.-Empirical formula, synonyms, structural formula, molecular weight, boiling point, specific graL·ity, concelltration of fumigants, "" ~ and 1JCrceniagc mortality of weevils after exposure for 24 hours-Continued 

g ~ 
MIDI· I'km~dls 

.,:; 

Molccu-' noiling Specific 	 Zl~t~~1 after
Empirical Compound with synonyms 	 Structliral formula lnr ; pOint at grnyity 

dosage of eIPos,:'re 
.... 

formula weIght 1 700 mll. 2Oo/io 	 n 
t 
t::I_,"-'-I'::::! h~~ ::

.Ug. ptr ' C! 

Chloml CyanOhYdrin .•••••••••••••••••••••__ ••••••••••••_•..! chCrurOH,ex.- ••.•.•••••.••••.••••.•••.•• ..! 174.40 °2~ 1_________ lit,'~oo; Per CWlo ~ (',11,ClsNO 
2,2, 2-Trirhlorolnetic oltrile 	 tWO o ....I 	

t-

CYllnuric add .. __ •••____••____ .... __ ••_•• ____ ••••_........._ (n eXOh•••• _._•••_••• __ .._· •••••• --.--.------. 	
>-3 


("lhN,O, 	 l~~; I'---iiii:ii'l 1.130 1570 00 Z
Clh:-;'O, Kitr~'li~~~~~~~t;I;n----...--....-.--... ---...--. '---'--.---.--- CI11XO,-- ••••------ ••_- -- -. -- •• -. -- - •• --. --.-  ..... 

Nitroethan~... _••••••••• __ • " ____ ' __...... __• _____ ._... __ .1 cn,crr,~0,... _____ . ________ . ------------- ...-. i5~ 047 114.8 1.056 211 100 C'JC,II,XO, 
Nitro-lilhan I 	 l-.J 

75 .911 91 100n-nutyl nftrito ...._____..... ______ • __.....----...--•• --.--. 'I cH,Cn,CH,e IJ,OXO.... __ •••••.•________ ••. _. 103.071C.!I,XO, 
n-Ilutyl,'ster der snllpctricrn snure 	 87 100 ~ 11._O'J 00 .872[.oamyl nitrite _••.•• __ ... __ ...... _. ___ .............__••• __ (CJI,hCnCIJ,Cn,oxo....... --.--.---.------.
C.lI"NO, 	 U2/$onmylestcr der snltpetrigeo snure 

bonmylni!r!t 
 t::
Amylnitrit 1. 105 1553 80 i:<j 

C,lT,~O, E tby I nitra t (' .... __ •••••• __ • ___ -. -- --. -- ••• -- --., -- •• - ••- ••• - C11,C11,OXO,._.__...•••· ..•__ ......·•••......1 01.047 88.7 

Athyl('st('r drr snllpeterslluro 
Athylnltrnt ~ Snltlll!lrrnthcr 	 100(ClI,),C11Cn,CJ.l,ONO,. _._................ .. 133.O'J 148 .996 239 


l.oamylcs!rr der saltpetersllure t.=.: 
1,oRmylnitmt 100 Z 

(',HIINO, bORmyl nitrate. ____ ....____• -------.- ..----.... ----------	 ~ 

Dlnertyl monomOlhollme__... __ ..___.....__• ________.._.•••1 CIJ,COC(NoCnl)ClT,....._•• ________• ____ •• __ 11.1, OS !J25-!2i .9 00
(',H,NO, 	 ·fi. WI 1'.. .. _____ .. __ .9 90 100 >-3

a-.M ethyl hydrOlylamlno.. • __ .... __ ' __ ...____ . __ ••• __ ••• __ • Cli,ONn I. --....--. --••• --.- --- ------- •. _ ••• --.ClhXO oO-:\(.Ihylhydrolylamln "-'j
a-)(elllylhydrolylalliu 

1\[etbolylnmin 2li 100 ::
62.111 36. 2 .840

C,If,::) Ethyl mcrcRPtnn....._•••••• __•.•..• __ ........_______.._____ 1 C,TJ,SII..•-•••--- ..--------•••••--------. -- .-.-	 o 
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DISCUSSION OF RESULTS 

In considerin~ the results of the Jumiglttion t('sts upon weevils in 
)~-litt'r ~lnss f1m;ks, it should be bome in mind that the tests were 
conduded in the presence of a relntively Inrge quantity of wheat, 
which hns n. large ubsorptive capacity J01" the vapors of many com
pounds. Th(' millimum lethnl dosage is greater, therefore, than if 
no ",hent \\"e1'e pres('nt. 

The ('Xllct minimum lethal eoncentmtion of compounds in the vapor 
phllse would hav('. to bl' c\etCl'mined in.the absence of whellt or any 
01 h<'l" II bsorp 1iYl' mn terilll, nnd ullcleI' eUTcfulIy controlled conditions 
of tl'lllpl'mtun' llnd humidity, ul1d to compare the toxicity of com
(hlU nds IH'('\Il'fit('ly t ht' COI1Cl'n tration of yltpOl' should be expressed ill 
tel'lllS of gl"llill-Illol('cul('s pel' lit('r, or molal' percentn~e. The mini
lIlum Il'tllnl dose of ench eompound ns d('terminecl ill these tests, 
h()\\,l'Y(,I', inrlu(\('s th(' II'ue minimum 1('t11111 conc('ntratiou of vapor 
plu:; lite qunnti!.'" of materilliabsol'b('d b.'" the wh('nt plus the quantity 
lhnt fnill'd to Yolntiliz('. '1'11(' l('sts in this se)'i('s were mndc for the 
soh, purpose of l'Ilpidly su)'n'Ying tilt' fi('ld of possible fumignnts suit 
nblo fo), the d('sLruction of insects in gl'llin, but it is believed thllt 
the following information obtained on the relations between the 
dU'lllicnl-pil.\'sical properties of orgllllic compounds find their toxicity 
to rice wl'('\-ils is of vlllue. 

On fil'eOllnt of 1h(' 'l'x(l('rim('ntnl ('ITOI' of the tests, results within 
20 pel' C('nt of ('neh ot\1C'r are l'lltl'(\ as equlIL 

nt:LATIvt: TOXICITY 0.' THE .'LlI'IIATIC COl\U'OUNDS TESTED 

IfYDItOeA llBO:s'S 

Of nine h."droClll'i>OTlS il'stl'd, only two, n-heptllne find diisobutyl
('11(', IdllNL nil tilt' weedls, nnd o\r(lll these were not highly toxic. 
AliphnJie hydrocllrbOl1s of th(' methane or ethylene series do not 
nppear promising as g1'llin fumigants. 

BnOlllOES 

{Tnd('r the conditions of th(' t('st the order of toxicity of the bromine 
substitution products of hydrocarbons is liS follows: 

or IlIcthnnc, cnrbon tdmbromide>bromoform>mcthylcne bromide. 

or cthnnt', ethylene>t'thyl>et.hylic\ene. 

Of prO)Jnlll" n~propyl>1, 2-dibromo>iMpropyI. 

or butane', lert.-bu tyl>n-bu t.yl=isobut~'1>il.wbutylene>.~ec.-butyl. 

Of th(· straight elwin bromides, n-)Jro)Jsl=n-ilutyl>dhyl. 


The Illkyll'I1(, l'Ildirnlappears to b(' more toxic. than the correspond
ing tdkyl ou('; for t'xnmpl(', the toxidty of allyl bromide is greltter 
thlln thllt of n.-propyl bromid('. 

Two of till' bromides, tert.-butylllnd allyl bromides, killed 100 per 
(,('II t of the w('(.'yils nL the minimum 3 dosllge tried. 

TtL1'!lbromoethllllC, 1, 2-dibromobutane, 2, 3-dibroll1obutane, and 
1, 2, 3-trii>romobutltlle did not kill all the weevils at the maximum 4 

dosngc tried. 

I Th~ minimum dosll~o of enl'll rOlllpollud tested wus 0.02 e. ~. per liter. 

I '1'ho mllxilJlUIll doslIge of each rOlJlpoulH1 tested was 0.50 c. C, I,cr litor. 




36 'l'ECIINICAL BULLETIN 162, U. S. DEPARTMENT OF AGRICULTURE 

Cm.ORIDES 

The order of toxicity of the chlorine substituted hydrocarbons is 
as follows: 

Of methane, chloroform>methylcne chloride>carbon tetrachloride. 

Of ethalle, ethylene dichloride> penta=tctrn=trichloroethane>ethylidene 


chloride> hexachloroethane. 
Of propane, 1, 2-dichloro> 1, 3-dichloro>n-propyl="sopropyl. 
Of butane, /cri.-butyl> 1, I-dichloro =II-butyl. 
Of ethenc, dichloro=trichloro=tetrach loro. 

The following reilltions arc also significant: 
Isoamyl>n-buLyl>lI-propyl. 

1, 2-Dichloroelhane> I, I-dichloroeLhene. 

Trichloroet hllne > trichloroethene. 

Tetrachloroethane> tetrachloroet hene. 


Only one aliphatic chloridp tested, hexachloroethane, failed to kill 
100 per cent of the weevils at the maximum dosage used. 

IODIDES 

Fhre of the twelve Illiphatic iodides tested killed all weevils at the 
minimum dosllge tried. Iodoform was the only iodide that did not 
kill all weevils Itt the mll:-.:imllm dosage tested. 

The comparative toxicity of the iodides is as follows: 

n-Propyl>isopropyl. 

IsobuLyl=scc.-butyl>n-butyl. 

n-Propyl> II-butyl>i.~oamyl. 


"-
In toxicity to weevils, chlorides, bromides, and jodides rank as 

follows: 

COMPARATIVE TOXICITY OF CIILOItlDES, BROlllDES, AND IODII'ES 

Suhstitutlon product or- Dcrlvnth'o 	 Onl~r or toxicity 
Methane ____________ _ 	DL ________________ Iodide>ehloride> bromide. 

TrL _______________ bromide>chloride. 
Tetra________ ______ bromide>chloride.

£thanc _____________ _ 1\1ono ______________ Iodide> bromide. 
1, I-Di.____________ bromide=chloride. 
1,2-DL____________ bromide>chloride.Propanc ____________ _ Mono :11. __________ Iodide>bromide>chloride. 
Mono (21. __________ Iodide>bromide>chloride. 
1, 2-Di .____________ bromidc=chloride.Butane _____________ _ n-Butyl ____________ Iodide=bromide> chloride. 
Isobutyl. ___________ Iodide> bromide. 
scc.-ButyL _________ Iodide>bromide. 
tert.-Buty'-___ ___ ___ bromide>chloride.

Pentanc _____________ _ IsoamyL ___________ Chloride>bromide=iodide. 

Ethylene dibromide>ethylene rhhrobromide>ethylene dichloride. 

ALCOHOLS 

Twenty-four alcohols were tested. Ten, namely, methyl, ethyl, 
n-propyl, n-butyl, n-nmyl, n-hc),:yl, n-heptyl, di-n-propyl carbinol, 
n-oetyl, and n-nonyl alcohols, failed to kill all the weevils at the 
maximum dosage tried. The order of toxicity of the other alcohols 
is as follows: 

tert.-Amyl=methyl bu tylt'IU'binol=dimethyl n-propyl carbinol> 
tert. -butyl> triethylcarbinol > isobutyl =sec.- butyl =sec. -butyl
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r\ll'binol ·"'sec. -octyl=llllyl>isoamyl",=sec.-nmyl=diethylrnrbinol=
i~~OI)l'oPYI. 

None of the stI'lli!,;ht rhnin IH'imnry alcohols wns effective in killing 
weevils, The bI'llnehed ('hnin primal'}' alcohols (isobutyl alcohol, 
isoamyl nlrohol, Ilnd sec.-butyl cnrbinol) were efl'ective, but less so 
thltll til(' s(I('ondnry nnd tcrtiary nleohols with the Sllll1e number of 
rarbon atoms. Of the 5 lllost toxic akohols, 4 nre tCl,tillry, Ilnd 1 is 
11 scroncinl'Y 11lcoho\. 

The fo\l;)wing ol'(lol's of toxici ty wCl'e nsrcrt.ained: 
Isopropyl '.., n. propy!. 

[(·rl.· Bill \'l "lso1>lI t \·1·;.~('('.··11lI! \'l "Il-1>u t d. 

Irr/.· A1II)·I."'>s('c. ·1 ni t .l'knrbi nol:S i,~o:lIl1yl~ec.··amyl =diethylcarbinol> II-amyl.

}'Il'l hy 11)11 tyl('llrili nol··di lIlel hyl·· n-propyll'arbinol >n-hcxy!. 

Tril'lhyl!'ltrilinol ·!li /I. propylenrbinol or t! ·hcplyl alcohol. 

8('(',--0('( rI ·'n ()('l \'1. 
All.l'I··'i,~()prop.l'l'~ nprop,\'l. 

I'ri mllry 1I1('011OIs. isol HI t .\·I~""~rc.-blll,\'Il'l\rbillol>isoamyl. 

l:i('rOIHIIlIT :L1('oh()I~, nil'! hyllJu tylcnrbi 1101 >sec. ~blltyl=sec.-octyl> sec.-Ilmyl=


diplhyll'uriJiliol-isopl'oIlYI. 
Tl'rlial'), alc'oliol/<, [l'r[.-Alnyl=dilllethyl-n~proprJr:lrbinol>trieLhylcllrbinol. 

Tho ('ompnl'ntiYt' toxi('ity of the hnlogen substituted 1l1cohols is as 
follows: 

Epil'hlorohydl'ill ", propylell(, ('hlorohydrin >ethylene chlorohydrin>eLhylenc 
ilrolllohydl'in> I rillH't hylcHc ehlorohydrin or trichIOl'o-lcrt.-blltyl alcohol. 

Epi('hlOl'ohydl'ill \\'us frr('cli\"c ILt the millimum dosagc tried, but 
ll'in1l'thyit'lI(, ('hlol'ohydl'ill lind trirhlol'O-tert.-butyl alcohol failed to 
kill nil \\'l'c\"ils ('\'('11 at tIlt' l'Iltf' of 0.50 c. C. pcrlitcr. The substitution 
of chlorine or brolllille for hydrogPll in t'thyl and ll-pl'opyl nlcohols 
I'cHliltNI ill nn illcrCIlHC ill thcir toxicity to \\'{'('vils eO\'Cl'cd with whellt. 

A~IIN() AI,COIIOLS 

.B-Diml'lhylnmillo t'thyIIlIcohol, tht' only 11mino alcohol tested, failed 
to kill nil wot'vils whclI applicd nt the rnLe of 0.50 c. c, pel' litcr. 

As n c1nss, tho ethel'S were wenk in insecticidal action. Of 11 
test('d, S fniled tl) kill 1111 wccv-ils at the maximum dosage of 0.50 c, c. 
Pt'L'!itor, The toxirity of the othcrs mny be compnl'ed as follows: 

Di-II-Jlrt)pyl.=rnelhyl~/I-!lmyl=ethyl-n-blltyl>diisopropyl=rnethyl-n-butyl.
Di'1/ propyl> diisopropyl. 

ThCl'(\ is no consistcnt rclation between the toxicity of the ethers 
ftnd thcil' ('OITCspollding nlcohols. For example, 

I.~opropyl !ll('ohor>diz',~opropyl ether, but 

Di .n- propyl ether> Ii - propyl alcohoL 


OXIDES 

The two oxides tested wCl'e highly toxic to weevils in wheat, 
Ethylcne oxide hll~ Stich II. high vnpor prCSStll'C at room tClllpcl'Ilture 
(25 

0 
C,) thnt it wns diffieult Ilccul'lltely to pipette smltil qll!Ultities 

of it. Its eXllc!, toxic c\osngc is shown by the tests in the 500-eubic-foot 
fumigaling vault, p. 4£1, 
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Of five halogen substituted ethl.'l·s tcstl.'d, two, 2-bromoethyl ethyl 
ether Illld 2-chloroethyl ethor, killed nt the minimum dosl1ge tried. 
Chloromcthyl methyl ether fltiled to kill 1111 weovils at tho maximum 
dosl1go, nnd the di('hloromethyl etlwr had low toxicity. 

Tho position of the substituting IUllogen atoms affects tho toxicity 
of the (·ompound. li'or example, 2-chloroethyl ethor is much moro 
toxic than 1, 2-dichloroethyl ethyl othor. 

Ethylal, acct!11, and climothylll('ctal Ilro about equally toxic, tho 
minimum lethal dosngo of el1.('h being 340 mg. pel· liter. :~·"Iethylal 
failed to kill all weovils at the mn,ximuill dosllge oC 0.50 c. c. per liter. 

Fonnaldohydo, applied I1S the aqueous solution formalin, propion
aldehyde, n-bu tyraldehyde, isovlllcrn.ldehyde, Ilnd heptalc1ehyde 
fniled to kill nll weevils Ilt the mllximum dosllge. 

Isobutvraldehyde is tbe most toxic of tho aldohydes tested. 
'rhe following relations w~rc detormined: 
Isouuiyruldehyde>crotollnldehyde>n-butyrnldehyde. 
Acrolein> propiOllnldehyde. 
Acrolcin>erotollnldehyde. 

KETONES 

The order of toxicity of the ketones follows: 
Dipropyl ketonc>diethyl kctolle>dimethyl ketone. 

Di-n butyl and di-n-nmyl ketones did not kill nil weevils at the dosage of 


0.50 c. e. per Utero 
l\lcthyl i,~ouut;yl kclolll'>IIlcthyl n-butyl ketonc=methyl n-propyl ketone> 

methyl II-umyl kctone=cthyl methyl ketonc>diuiethyl ketolle. 

Of all the ketones tested, Illosityl oxide is the most toxic to weevils 
in wheat. 

One of the two dikctones tried, diacetyl, failed to kill all weevils 
at the mIL\.-1mUIll dosage. 

ACIDS 

Not one of the nine acids tested killed Ilny weevils nt the ma:-..-imum 
dosage of 0.50 c. c. pOt· Ii tel'. The vapors of these neids nppear to be 
taken up by whCt'tt and thus fail to roach the weevils undomeath. 

ACID CHL()lUln~S AND llROMID~JS 

Nino compounds of the acid chloride and bromide class killed no 
weevils when tested in n dosage of 0.50 c. c. per liter. Whent nppenrs 
to retllin the vllpors of these compolluds in tho SnIllO mnl1uer that it 
does those of the acids. 

FORMA-TES 

The order of toxicity of the formates is ns follows: 
Methyj,,=isobu ty\=allyI> isopropy I> ethyl=lt-propyI=isonmyl > n-butyl. 
Ethyl orthoforUlutc is slightly less toxic thun ethyl formate. 
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CIILOIIOFORMATES 

Nine chloroformnte compounds were tested. 11ethyl chlorofor
mnLe WIIS found to be more toxie thnn ethyl chloroIormnte nnd this 
in turn wns more toxic thnn n-propyl chloroIormnte. 

/3-ChloL"Oethyl chloroIormnte is less toxic thtUl ethyl chI oro
formnte. 

Six chlorofol'Inntes Iniled to kill nIl w('evils in wheat even at the 
mnximum dosnge. 

ACETATES 

Ten esters of ncetic ncid were tried. Two, namely, n-heptyl nnd 
sec.-odyl 1l('('Ult('S, fliiled to kill nil w('evils Ilt the l11n::\-1.mum dosage 
of 0.50 c. ('. per liter. The order of toxicity of the others is: 

Isobutyl = -n-propyl>sec.-butyl = isopropyl>isoumyl = methyl = ethyl = 
n-butyl. 

IIALOOgNATgD ES'l'glU; OF ACE'l'1C ACID 

BromomeLhylnnd 3-bromopropylncetntes did not kill nIl the weevils 
at the maximum dosnge. 2-Bromoethyl ncetate killed 100 per cent 
of the w('evils Ilt the minimum dosage applied. The toxicity of 
2-bromomethyl is grNlter than lllllL of 2-cbloroethyl. 

ES1'~;HS OF HALOOENATED ACETIC AND l'ROl'lONIC ACIDS 

The following are tho orders of toxicity Iound for the esters of 
halogeTlnted aectic and propionic acids: 

!.Iethyl bromoacetatc> Illethyl chloroacetllte. 
Ethyl bromoacctut.e>cthyl chlorOllccillte. 
Methyl chlorollcelat.l'>rthyl chloroucetate>n-butyl ehlorollcetate. 
Ethyl chioroncelllll' >dhyl dichloronct'lule>ethyl triehlorollcetute. 
Ethyl I-broll1opropiollllie>ethyl 2-uromopropionntc. 
Ethyl broJllonceilllc>et.hyl I-broillopropiollllie. 

CYANOACETATES 

rrhe only ester oI CYlllloflcetic acid tl'icd, ethyl cynnoacetate, 
fniled to kill 100 per ('('ut of the wecYils at the mnximum dosage. 

I'ROI'ION ATgS 

Among the propionates th~ following order of toxicity was 
obsen'cd: 

Ethyl=n-propyl>mcthyl=isobutyl>isollmyl. 
71,-Butyl propioIliltc fnilcd to kill nil wccyils at the ma~:imum 

dosnge. 
I.ACTA'l't:S 

Two esters of In(,tic (a··!Jydroxypropionic ncid) were tested, 
methyl tI~ld ethyl. Both proved inefrective nt the mnximull1 con
cCJltr~ttioll of 0.5'0 e.c. pel' liter. 

n--lIUTYRATES 

Foul' l'st('l'S of n-butyrie u('id, n-pl'opyl, ll-butyl, isobutyl, nnd 
isolllllyl, fnill'd to kill all w('('vil~ lit thl' mllximuJl1 dm;nge lIsl'd. Of 
the othcr two, the toxieity of tho methyl is greater thnu that of 
the etbyl. 
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ISOBUTYRATES 

Two esters of isobutyric acid were tested. The ethyl is more toxic 
than the isobutyl. 

n-VALERATES 

The methyl ester was the only 1/.-valerate that gave a 100 per 
cent kill. Ethyl Ilnd n-butyl n-valerntes were ineffective. 

rSOVALERATES 

The ('thyl ester was effecti\Tc, but the n-propyl, isobutyl, and 
i.soamyl esters failed to kill at the maximum dosage of 0.50 c.c. 
per liter. 

CAPROATES, HEPTYLATES, .U'D CAPRYLATES 

None of the methyl and ethyl esters of the cllproic, heptylic, 
and cilprylic acids killed ~OO per cent of the weevils at the maJl:"imum 
dosnge of 0.50 c. c. per liter. 

OXALATES 

N either the dimcthyl, diethyl, nor diisollmyl esters killed any 
weevils even at the maximum dosage. 

CARBONATES 

Six esters of carbonic acid were tested. Only the diethyl ester 
gave a 100 pcr cent kill. 

DIACETATE AND ACETO.\CETATE 

Ethylidelle diacetate and ethyl acetoacetate were ineffective. 

ACRYLATE 

The only eater of an unsuturated acid that was tried, ethyl (3
(3-dimethyl acrylate, was e{l"ective at a dosage of 203 mg. per liter. 

COMPAUISON OJ,' TOXICI'l'Y OF METHYL, ETHYL, AND ISODUTYL ESTERS 

The relative toxicity of the methyl, ethyl, and isobutyl esters of 
different fatty acids is shown in Table 2, which gives t.he minimum 
lethal dosage of each. 

TABLE 2.-Toxicity of methyl, ethyl, and isobut.yl esters of certain fatty acids to 
rice u'eevils b11ried in wheat 

JllinilllulU lethal dosage (lIIg. Minimum lethal dosage (mg. 
I cr Iiler) lor 24 hours' ex· per liter) lor 24 hours' ex· 
I,osuro 01- posure 01-

Acid Acid 

JI[ethyl I Ethyl Isobutyl ~(ethyl Ethyl bohutyl
ester estl.!r ester eSler ester ester 
.-- --_. -----

•\Ig. • UU • '''g. JIg. MU•Formlc••••••••_____ :10 i2 MU. 35,II n-ynler!c___________ 255 (')t'lA l'Clie. _. ___________ I~i 180 rl 1;3 (I)Propionic__________ 125 ~7111.0\"lllerI~----------1n-CnllrOlc. (1) (')1/4 _________J8:! (I)n-Dutyric-_________ ISO 264 (') n-IlePlYIic_________j (I~ (I)
l.obutyric._________ 87 263 Caprylic ___________ (I(') ('l ~l 

I Ph·.·tenths cubic ('cl1timeters, IIPIJro.<imntely 450 mg., did not 1<i11 100 per cent 01 the weevils. 
, Not tesled, 

http:isobut.yl
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W From the data in Table 2 it is evident that the esters of formic acid 
are markedly more toxic to weevils in wheat than are the esters of the 
higher acids. .... 

The esters of the bmnched ei'litin acids are more toxic than those of 
t,he corresponding straight chain acids having the same number of 
carbon atoms. For example, 

Ethylisobll tyrute > ethyl n-butyrnte. 

lsohut,yl -isoiJlltyrate>isobutyl n-butyrnte. 

Ethyl iSOvlllemtc>ethyl n-valernte. 


EFFBc'c 01' I-LU,OGEN SUllS'l'ITU1'ION IN ESTERS 

IN TUE Acm RADICAL 

Tho eRters of chloroformic acid are decidedly less toxic to weovils 
covcred with whcat than are the corresponding esters of formic acid. 
This is Ilttributed' to the great instltbility of the chloroformates. 
Apparently most of their vapors arc absorbed by the wheat before 
they come in contact with the weevils. For instance, 

Methyl fOl'lnnte>ll1othyl chloroformate. 
Ethyl forlllnte>ethyl chloroformate. 

The introduction of a single chlorine or bromine atom in acetic 
!lcid greatly inerellses the toxicity of the esters. For example: 

Methyl chloroacetnte> methyl acetate. 
Ethyl chloroncetatc>ethyl acetate. 

The introduction of two or three chlorine atoms in acetic acid, 
hmyevcr, dccrcllses the toxicity of the csters. In that cllse the follow
ing is t,he order of toxicity: 

Ethyl chloroacctate>ethyl aeetate>ethyl dichloroacetate>ethyl tri
chloroncetnte. 

'rhe introduction of a Ringle bromine atom in the alpha position into 
propionic Ilcid incrcllscs the toxicity of the ethyl ester, but in the beta 
position decreases the toxicity. 

Ethyl I-broll1opropionate>ethyl propionate>ethyl 2-bromopropionnte. 

IN TUE ALKYL RADICAL 

No consistent relations in toxicity seem to hold when halogen is 
substituted in the alkyl radical. 

Methyl ncetate>bromomethyl acetate. 
Propyl acetate>3-bromopropyl acetate, but 

2-Bromo and 2-chloroethyl acetates>ethyl acetate. 

The following compnrison shows this inconsistency: 
2-Chlol'oethyl acetate>ethyl chloroltCetate, but 


Methyl brollloncetll.te> bromomethyl acetate. 


AMINES 

PRIMARY AIIIINES 

None of tho primary aIninos exhibits much toxicity to weevils in 
wheat. The following comparisons were made: 

/sopropyl>n-prop.vl. 
sec.-Bllt;yl>isobutyl>n-butyl.
I soltll1yl>n-amyl. 

http:sopropyl>n-prop.vl
http:brollloncetll.te
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Four out of ten primary amines failed to kill all weevils when applied 
at the rate of 0.50 c. c. per liter. 

SECONDARY AMINES 

The following order of toxicity of the secondary ammes was 
observed: 

Diisopl'opyl>diethyl>di-n-propyl=diisobutyl>diallyl. 

Diisoblltyl>di-n-blltyl. 


TERTIARY ....!\lINES 

Three out of five tertiary amines tested, namely, trimethyl. 
tri-n-butyl, and triisoamylamines, failed to kill all the weevils. 
Triethyl and tri-n-propylamines are about equally toxic. 

QUATERNARY AlIHNES 

The only quaternary ammonium derivative tested, tetramethyl
ammonium hydrox-ide, failed to kill any weevils in wheat at the maxi
mum dosage of 0.50 c. c. per liter. 

COMPARISON OF PRIMARY, SECONDARY, AND TERTIARY AMINES 

An exact comparison of the amines can not be made, because so 
many tested failed to kill 100 per cent of the weevils. The toxicity of 
diethylamine, however, is greater than that of triethylamine, which 
in turn is greater than the toxicity of monoethylamine. In general, 
the secondary amines appear to be more toxic than the primary or 
tertiary amines. 

NITRILES 

The nitriles are tox-ic in the following order: 

I socapro>n-valero propio=t-butyro. 

Acetonitrile was not effective in killing 100 per cent of the weevils 
in wheat at the maximum dosage. 

Chloral cyanohydrin und cyanuric acid killed no weevils at the 
max-imum dosage. 

NITRO COMPOUNDS, NI'l'RITES, NITRATES, OXIMES, AND HYDROXYLAMINES 

In toxicity the nitro compounds, nitrites. nitrates, oxilles, and 
hydrox-ylamines rank as follows: 

Nitroethane> Nitromethane. 
n-Blityl nitrite=isoamyl nitrite. 
Isoamyl nitrate>ethyl nitrate. 
Isoamyl nitrite>isoamyl nitrate. 

Diucetyl monomethoxime and a-methylhydrox-ylamine are about 
equally toxic, the mininmm lethal dosage of each being 90 mg. per 
liter. 

MERCAPTANS 

As a class, the mercaptans are extremely toxic. Ethyl mercaptan 
killed all the weevils in wheat at the minimum dosage tried, 0.02 c. c. 
per liter. The order of toxicity of the mercaptans is as follows: 

Ethyl>isobutyl>n-propyl>n-butyl>isoamyl>isopropyl. 

As shown in Table 3, the mercaptans are much more toxic to weevils 
in wheat than are the corresponding alcohols. 
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TABLE 3.-'1'oxicity of mcrcaptans and alcohols to rice weevils buried in wheat 

Minimum lethal dos· Minimum lethal dosago (mg. per liter) age (mg. per Ilter) (or 24 hours' expo· (or 24 hours' expo
Radical sure 0(- Radical sure 0(

l\lercoptan Alcohol Mercaptan Alcohol 

.Mg. ,'fg. "[g. Mg.1\ lethyl•••••••••••.•••••••.• (') (I! "-Butyl .•••.•••••••••••••••
Ethyl .•••••••••••..•••...•• 
 67 (')'17 (2) Isobutyl ••••..••••..•••••••• 33 160n-Propyl ••••••• '" .•••••••• 48 (I) isoamyl •••••.•••••.____ .••• &l 195I.opro!lyL•••••••••"""'" 160 220 

, Not tested. 

I }'Ive·tcnths t'ullie centimeter, approximately ·100 mg., did not kill 100 per cent o( the weevils. 

I Minimum dosago tried. 

SULPHIDES 

The comparative toxicity of the sulphides is as follows: 
n-Propyl>isobutyl>ethyl=methyl>aUyl. 

The sulphides are distinctly less toxic to weevils in wheat than are 
the corresponding mercaptans. For example, 

Ethyl mercaptan (17)">diethyl sulphide (410).6 

n-Propyl mercaptan «1S)6>dipropyl sulphide (24<1).0 

Isobutyl mercaptan (33) a>diisobutyl sulphide (334).0 


DISULPHlDES 

Only two disulphides were tested, methyl and ethyl. The methyl
is more toxic than the ethyl. 

The disulphides are much more toxic than the sulphides, but some
what less toxic than the mercaptans. For example, 

Methyl disulphide>methyl sulphide. 

Ethyl mereaptall>ethyl disulphide>ethyl sulphide. 


SELENIDES 

The only selenide tested, ethyl selenide, was more toxic than the 
corresponding sulphide, ethyl sulphide. 

MISCELLANEOUS SULPHUR COMPOUNDS 

Butanesulphochloride, dimethyltrithiocarbonate, and mercaptol 
did not kill all weevils at the mpmnllm dosage of 0.50 c. c. per liter. 

The other sulphur compounds tested, namely, thioacetic acid, 
thionyl chloride, and perrhlorometbyl mercaptan, were only slightly 
to moderately toxic to weevils in wheat. 

Tmo- AND [SOTHIOCYANATES 

The following oreler of to:xicity exists among the thiocyanates: 

Isopropyl> methyl>ethyl. 


• .Minimum dosngu tried. • 1\linirnum lethal dosage. 
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The isothioeyanates arc more toxic thun the corresponding thio
eyalllltes, ethyl isothiocyannte, for instance, being more toxic than 
ethyl thiocyanate. 

Ethyl and !111yl isothiocyanates killed all weevils at the minimum 
dosage. 

SULrlllTES AND SULrUATES 

Ethyl sulphite, the only sulphite tried, W!1S more toxic to weevils 
in whe!1t th!1n W!1S methyl sulph!1te, the one sulph!1te tested. 

CO~IPARATIVE TOXICITY OF AI.KYLS 

The difference in toxicity of the methyl, ethyl, and n-propyl deriva
tives is, in general, so slight that the results of the tests are not 
su!li('iently accurate to establish the proper order of toxicity. Further
more, these tests were made ou a basis of milligrams per liter rather 
than milligrnm mole('ules per liter. It was noticed, however, that the 
n-propyl derivativ(\ is more toxic than the isopropyl deriv!1tive in the 
bromide, chloridc, iodide, cther, acctate, and mercapt!1n, whereas the 
isopropyl derivative is more toxic in the alcohol, form!1te, prim!1ry 
amine, and secondary amine. 

The gencrnl ordet, of toxicity of the butyl derivatives is as follows: 
lcrl.-Butyl>isobutyl-sec.-butyl> n-butyl. 

Every tert.-butyl derivative tested (bromide, chloride, !1nd alcohol) 
was more toxic than the corresponding n- and sec.-butyl derivatives, 

The isobutyl derivative is more toxic than the n-butyl in the iodide, 
alcohol, aldehyde, ketone (methyl isobutyl ketone> methyl n-butyl 
ketone), formate, acctate, pfopionate, primary amine, secondary 
nmine, Ilnd mercaptnn. n-Butyl nnd 'isobutyl bromides are about 
equally toxic. 

The unsnturnted radical, nIlyl, appears to haye more toxicity than 
the 1J,-propyl radical. . 

The nllyl is more toxic than the n-propyl in the bromide, nlcohol, 
aldehyde, and formate, but n-propyl sulphide is more tOCl.-ic than 
nllyl sulphide. 

MOST EFFECTIVE FUMIGANTS 

The fumigants shown in these tests to be the most effective are 
grouped in the following list: 

PART l.-E'umGANTS LETHAL IN THE MINIMUM DOSAGE ApPLIED (0.02 C. c. 
PER LITER) 

lITg. per Mg. per 
liter liter 

Ethyl mcrcaptan _____ Lcss thnll__ 17 Allyl bromide ________Less thUll__ 28 
Isopropyl thiocyunatcL ____do____ 19 2-Bromoethyl acetate_____ do____ 30 
Ethyl isothiocyalllttc ______ do____ 20 Methyl bromoacetatc_____ do____ 30 
Allyl isolhiocyallatc_______do____ 20 Ethyl bromoacctalc_______do____ 30 
Mcthyl disulphide ________ do____ 21 n-Propyl iodidc __________clo____ 35 
tcrt.-Butyl bromidc _______ do____ 24 Allyl iodidc ______________do____ 37 
EpichlorohydriIL _________ <hl____ 24 Ethyl iodidc _____________ do____ 39 
2-Chloroethyl clhcL ______ do____ 24 l\fcthyl iodidc ____________ clo____ 46 
2-Bromocthyl cthyl cther__ do_ ___ 27 Methylenc iocliclc_________ clo_ _ _ _ 67 

Ten classes of compollnds are represented in this list of 18 effective 
fumigullts, nllll1cly, 2 bromides out of 20 tested; 5 iodides out of 12 
tcsted; the 1 cpichlorohydrin tested; 2 halogenated ethers out of 5 
tested; 1 halogenated ester out of 4 tested; 2 esters of halogenated 
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fatty acids out of 19 tested; 1 mercaptall out of 6 tested; 1 disulphide 
out of 2 tested; 1 thioeyanate out of 3 tested; and both isothiocyanates
tested. 

'rhirtecn of these 18 eompolmds contain halogen, and the remaining 
5. contniu sulphur. 'rhl'PO of tho sulphur compounds also contain 
III trogell. 

PAII.T 2.-AoIlITIONAI. l!'U~!lGANTS J...E'l'IIAL IN DOSAGES LESS THAN HIO MO. 
PEI( LITEU 

1I1~. per Mg. per
lilt!r literEthylene oxide •• ______________ _ 20 Di-tsopropylutninc ______________ _ 72

I80bll lyl IlH'rcaptltn ____________ _ 63 Methyl ehloroul'ctatc ___________ _ 73lerl.- I3utyl chloridc ____________ _ aI isobutyraldchydc ______________ _ 79Isoblllyl forlllllte ______________ _ as Icrt.-Butylllicoho\. ____________ _ 79Allyl forll1ate __________________ _ as Ethyl disulphide. ______________ _ 79Methyl formnh' ______ • ___ ••• __ _ :m I socllpronilrilc _________________ _ 812·-Chloroet.hyl :l('c!n(('. ~ _____ .. __ _ ,17 It-Propyl bromidc _____________ _ 81n-Propyl nwr('aplan _______ . ___ _ ,18 Methyl n-blltyl kctonc _________ _ 83Mesityloxide. ________________ _ 52 Ethyl 1-bromopropiollnte. ______ _ 84I sOlm)pyl fo1'1 I1nt('. _. ____ • _____ _ 53 Isollmylmercapt:uL ___________ _ 84Propylenc oxidc. _____________ _ 5·1 Ethyl isobutyrate ______________ _ 87Carbon tclrnhrolllid<' ___________ _ 60 isobutylllcctatc _______________ _ 87Isobutyl iodiclC' .. _ ~. __________ _ {H Ethylcllc dibromidc ____________ _ 87scc.-I3l1tyl iodide _____ ... __ ••. __ 6·1 i,~onll1rlllitritc________________ _ 87Mclhylblltyl!'nrhino\.. __ .• _. _•• _ 6·l Propylcne chlorohrdrin _________ _ 891\-Icthylisobulyl kl'lonc _________ _ {H n-Propyl ncctutc ______________ _ 89Methyl thiocyunnle ... _______ .. 6,l Diacctyl Illonolllcthoximc _______ _ 90I('rl.-Amyl ail'ohol. _ ._ .. __ • __ _ 65 n-l\Jethylhydroxyl:ullinc________ _ 90
Dimc! Ityl n-prupy lcnrbinol. ___ ._ (!Q I Ethyl.~rtl~of~mnntc------------- 90n-BlIlyllllcrcnplan ____ ... ____ _ 61 II -But) I mtnlc ________________ _ 91Isopropyl iodidt'. ______________ _ QS 1 E.'t.hYI chlorollectate ____________ _ 93Isoamyl formlltl' ____ __ 10 l\1t'thyln-propyl ketonc ________ _ 97Ethyl formah' .. ___________ ._ 72 n-Butyl iodidc. _______________ _ 97II-Propyl forllllltl' _____________ _ 7'2 Ethyl thiocynn:ttc_____________ _ 100 

TIlt' C'frpcli\'p ('0111 1}()1I IHls in pnrt 2 of this list represent the following 
proportion of PIlCh ('In;;s: 

Thl'C'o bromidc's Ollt of 20 tC'l'ltNI; 1 chloride out of 21 tested; 4 
ioditks out of 12 tC'stNI; 1 sC'('ondllry alcohol out of 8 tested; 3 ter
tiary alcohols out of 11 tC'stNI; 4 kdones ou t of 11 testNI; 1 secondary 
nminc out of S tC'st£'d; 2 nitritps out of 2 tested; 1 nitrile out of 5 
tested; 8 fc}['[nlltr;; (including 1 orthoformflte) out of \) tested; 2 ace
bltes out of 10 tc'stC'd; 1 igobutymtc out of 2 tested; 2 lllonochloroace
tates out of :~ tp;;trd; 1 broll1opropionate out of 2 tested; the 1 oxime 
tested; the 1 hydroxylnrnine tesl('d; 1 halogennted pster out of 4 
testC'd; 2 thiocyaulltcs out of 3 tested; 4 I1lNCaptans out of 7 tested; 
1 disulphidC' ou t of 2 tt'stpd; and both oxides tested. 

Of tiWS(' 4H cOIllPounds, 13 contn-in halog-pn, 8 contain nitrogen, 
7 ('ontuin ::;ulphur, 2 eonblin both sulphul'llnd nitl'Og(,ll, and 22 contuin 
only ('urbon, hycirogen, nnd oxygen. 

Of the 30n compoullds lpst<:>d, 2'1:3 were eithel' nontoxic uuder the 
conditions of til(' test, 01' more than 100 mg. pt'r liter wus requircd to 
kill the insec t=-, 

LEAST ~;n'ECTln: FCMWA:-ITS 

The following mnterials fnilpd to kill !lIly wt'eyils lit the maximum 
dmHIf.{O of 0.50 c, ('. per Ii tpr: J)t'('U/l(', It lIlylc[l(', sym.-tetmhrol1lo('thane, 
1, 2, 3-tribl'olllobutnnc, hexH('hloroctitnne, iodoform, lIl('thyl alcohol, 
'It-butyl alcohol, n-amyl nlcohol , n-hexyl aieohol, n-heptyl ulcohol, 
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n-octyl alcohol, n-nonyl alcohol, trimethylene chlol'ohydl'in, fJ- i 
dimethylnminocthyl alcohol, di-n-amyl ether, diisoamyl ether, glycol 
ethyl ether, chloromethyl ether, formalin, propionaldehyde, n-butyr
Il.ldehydo, heptaldehyde, di-n-butyl ketone, di-n-amyl ketone, 
diacetyl, formic acid, acetic acid, chloroacetic acid, propionic acid, 
n-butyrie Ilcid, isobutyric ncid, 1~-valeric acid, iso\Taleric acid, dl 
methylethylacetic. acid, bromoncetyl bromide, chloroacetyl chloride, 
di-chlol'Ollcdyl C'hloride, trichloroacetyl chloride, pl'opionyl chloride, 
n-butyryl chloride, n-valeryl chloride, 'iso\'aleryl chioride, n-blltyl 
ehioroforlllat(', isonmyl chloroformntc, n-heptyl acetntc, sec.-octyl 
a('etllte, ')'-brornopropyl flC'etnte, ethyl cyallon('etnte, methyl lnc
tatC', eth:vllnettltC', n-butyl n~blltyrnte, isobutyl n-blltyrnte, n-butyl 
n-ntlernte, n-pl'opyl 'iso\'nlemte, isobutyl isovaleratc, isoamyl iso
vnlernte, methyl n-capl'oate, ('thyl n-(,tlpI'Onte, methyl n-heptylate, 
dhyln-heptylnte, methyl n-C'llp,-yI!lte, methyl oxaln.te, ethyl oxalate, 
i.~oall1yl oxnlnte, di-n-propyl carbonn.tC', di-n-butyl cnrbonate, 
diisollmyl enrbonn.te, ethylideu(, dillcetnte, ethyla('doncetate, methyl
tllllint', ('thylumiIH', n-pl'opylamine, n-butylnmine, n-amylall1ine, 
dimC'thylanline, diisoamylamine, trimethylamine, tri-n-blltylamine, 
triisoamylnmine, tetrnlllelhyltunmonium hydroxjcle, chloral cyano
hydrin, cyanuric acid, n-butanesulphochloriclc, and mercaptoL 

These 85 nontoxic compounds represent the following proportion of 
the Ynriolls ciassC's: Two hydrocarbons out of 9 tested; 2 bromides 
out of ~o tested; 1 chloride out of 21 tested; 1 jodide out of 12 tested; 
7 primlll'Y Ilkohols (nlt strnight C'hnin) out of 12 tested; 1 chlorohydrin 
out of 4 tested; the 1 amino nlcohol tested; 3 ethers out of 11 tested; 
1 chloro-ether out of 4 tested; 4 nldehydes out of 10 tested; 2 ketones 
out of 11 tested; 1 diketonc out of 2 t('stecl; tIl(' 9 I!.cids tested; the 9 
Il.cid bromicit-s IlIlt! ('hlorid('s tested; 2 C'hloroformates out of 9 tested; 
2 acetates on t of 10 tested; 1 brominated ester out of 4 tested; the 1 
cynnoacetnte tl'st('d; both Inetates tested; 2 n-bntyrates out of (j 
tested; 1 n-Yltiel'llte out, of 3 tested; 3 i.~oyale1'fite:;: out of 4 tested; 
both cn.proates t('steel; both heptylates tested; the 1 n-caprylate 
tested; the 3 oxnlates tested; 3 carbonates out of 6 tested; the 1 
diaC'etnte t('stc-el; the 1 neetoacetate testeel; 5 primnl'Y amines out of 
10 test('d; 2 seC'ondal'Y nmin('s out of 8 test('d; 3 tertiary amines out 
of 5 lestl'd; the 1 tl'lrnmethylammonium d(,l'iYative tested; the 1 
cyanohydrin tested; the 1 eyltIlurie acid tested; the 1 sulphochlol'ide 
tested; and the 1 miseellnneous sulphUl" compound tested. 

CONCLUSIONS 

A stud~~ of the 66 most toxic and the 85 least toxic compounds 

from f1 total of 309 tested agninst weeyils in the p"esence of wheat 

under conditions where the compollnds could come in contnct with the 

weevils only in the yapor phase indicates: 


Apparently no relation exists between the boiling point of compounds and 
their rC'lath'C' toxicity, C)(cC'pt that most compounds of high boilin/! point (above 
1500 C.) han! too Iowa vapor prcssure at room temperature (25 0 C.) to furnish 
a toxic concentration of \'apor. 

BrulH'hecl chain radicals arc marc toxic than arc straight chain radicals. 
Chellli<'ally inert compounds, that is, paruflin hydrocarbolls, have but little 

toxieitv. 
Some compounds that arc hi!-(ltly rellcti\'c chemically, stlch IlS aldehydes, acids, 

Ilnd Ilcid chlorici('s, do not kill weedls in wheat, probably bccause they arc 
absorbed by the wheat and fail to reaeh the insects. 

http:enrbonn.te
http:carbonn.tC
http:oxaln.te
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Compounds belonging to the following classes life the most toxic: Iodides, 
bromides, mercllptans, thioc,Yllnntes, isothioc,Ynnntes, disulphides, oxides, epichlo
rohydrill, b.:.~logellllttJd ethers, hnlogennted esters, lind formlltes. 

GERMINATION TESTS 

METHOD 

In order to determine the usefulness of a fumigant, its effect upon 
the germinating qtllliity of seeds must be known. To obtain informa
tion regarding the nction upon wheat ~erminl1tion of the vnrious com
pounds tested ns fumigants for the rice weevil in this investign.tion, 
careful g'enniuation tt'sts wpm mnde upon the when t, before Ilnd 
after 2'1 hours' exposure to el1eh fumigllnt. In most ('USCS the fumi
gated wheat was treated with the maximulll dosage of fumignnt 
tested, nnmely, 0.5 c. c. per litel: of space half filled with wheat, 
equivltlent to 1. 25 c. c. pel' kilogrnm of grnin. These germination 
tests were mltde in duplicate upon 100 kerllpls of wheat by the seed 
testing 1l1bomtory, liuI'cau of Plnut Industry. 

EXPEIUMENTAL RESULTS 

The fumigants tlu.t lowered the compamtive germiulltion of wheat• more thnn 10 pCI' ceut are gin't1 in Table 4. 

TAllLg ·1.-[?u1lti(Junls lhallower the (Jcrmiltl/lion of wheat 10 pcr cent or more of 
check 

, Gcrmi-I Qermi-I I 
dr~~Ji:;:i.l ~}nr~:~i. 

. :'ffni- gliled' I Mini- gated 
FumIgant DO~lIgl' IIIUIII whcnt I nCJ'n~p mum wheat 

applied lethal ex- Fumigant applied letlllll ox. 
dosage, pf<'S$NI Idosage pressed 

I 
.Il' per· I as pcr

rt'lllng:e , centngo 
of check " of check 

I------------------:---- ----------'.-------------------1 
lam. wr am. prr II jam. ptriom. ptr
i k~ of ku. ,f; kg.o{ ku.o{ 

tlhcai WlllUl l I Per cent ! lL'hwt u:hclli I Per ce1lt 
AII~1!Jor.o.m.ltle_ •.• -_-_-_-_-_-_~_--__- O.:l I '0,., OOZ, 2 Chloroacetip ncid_________ 1.2;' >, 1. 25 32 

- - 1. 7 4 I IlrolllOlIl"ctyl bromide____ 2. U >, 2. UO 17 
l\Iethyl i()llidc._._._._____ .6 '. II" 1 I' ChiotOlll1llyl chlorido,.__ 1.5 >'1.87 21 
_~lIyllodido .. _______ .____ .3 '.0'.10 80 I llichloroaretyl chlorillo__ 1.5 ·>'1.95 85 

Do_.. _-.. _______ .... I. 4 '.O'JO 27 I 'I'rfl'hlorOIlI1lLVI ('hlorhlc__ 1. 0 ;>l~. 04 SU 
l\Icth)'ltlicohoL______ •••. 1 :Uj >'.UU 89:: ll-lIl1lyryl dlioridc_______ 1.3 >'I.:lS SU 

])0_ ......__________ •• la_ I >'. \19 00 11- \'alcryl chioritlc_______ I.:l "'>'1.27 S5 
Ethylllll'OhOI •• _•• ______./' 10.3 >'1. !IS [,(), Isomler),1 chlorido_______ I" >'1.24 88 
ll-Uutyl IIlcohol. _" .____ 5.5 >'J.OI 65 I Oxaiyl chlorido___________ 1. U ,>, 1. S6 COS 
2-I~romoethyl.I\lcnhol._-- 2.1 ".SO·~ [,(), Allyl forllllllo_____________ 1.2 1,.1 87 

:~~:!l1~~llly~~~t'il~~:loilier:: I:~ .47 7~' :.lctl~~;t_c:~I~r::~~mn~~\-:~: I:~ :~ ~ 
JlO_______________ ... _[ 1.5 .,17 JO I Ethyl ('hloroform:llc •• '.7 .1i3 420 

Ethylene (.dde .075 '.05 01"-I'IOllyl rhiorurormlllc_. 1.·1 ,>'I.:ltJ J3 
f)O .... ~_:-::::::::::.1.oI '.II,i 0 ,1I-llutyll'hllll'o(orn".tco.. I.:l ;0.•".35 74 

PropylerlCoXldc. _________ , 1.1 .13 () , Isohutyl (·hluroform.lto___ 1.3 '>'1.3 711 
.l-·ormalin • ~._ ..... ~____...... : 1.15 :;.3. 0 (jt) Bmnwcthyl U('ot:lhL~~___ 2.0 i>ll.SS 70 
,"'OlllldehYdo_· __________ 2.0 ,>11. 17 0 ~-lIrumucthyl m·Nalc____ 2.0; '.07 81l 
lleptuldehydc.________ ._. I. I 1,..>'1. Of; 87 ,,(-l3romopropyllll'Olnln__ • i j>' I. 5 is 
AcrolcIlL ... ------------- 1 1.1 I 4') 1 1)0.__ ••••__ ._ •.••• ___ 1. 5 >'1. 5 b8 
Crotonllltiehydn._______ . I I. I . HO 1 Methyl lllonocitiurou(c
l'hloroal1ltono___________ • I. 4S I • ~'U 0 11110.___________________ .3 . IS 13 
Di!l('Olyi. _ •• _____________ i 1. 2 ·','1.22 I Do_______ .._. ___ .____ 1.5 .IS I 
Formic ~cld_" __ ' ____ ' __ '1 .5 1>'1.5 SU Elhyllllonochloron{'Ct!lto_ .3 . Z! 1(1
l.o\·ulem·,It'III .... _ • 1.2 />'1.17 87 Do .. _. ___ ._, .. _.. ,_._ 1.5 .ZI 2 
dl-:'Iethylclhylncl,tic f j . j Isollropylmonochloro:t('e.

IldlL_.. ___ •• __ .• --_._.1 1.2 ,>11. IS SS ,I 1"10. ____ ._. ___ • __ ._._._ .:1 '.05 16 
1 Dlllu In this poltllnn "rc mklll1llccl front tl~urC.5 in mininllllll·icthnl·dosnge ('nlulIlll or TullIo I. 
, ::'I!nillllllll clos.Wv l<'''llld. l'lllli\'alclll to 0.02 c. c. pcr Iitcr or 0.U5 c. c. per kil0!;rtllll of \\·heul. 
• MlUhuUUl doslIgtl tC.'ilcll, cllul\'uiout to 0.5 C. c. \ler liter or 1.25 c. c. per kilognuu of wheat. 
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T AIILtJ 4.-Fumiganls that lOlUer lhe germinal'ion 0/ wheat 10 per cent or more 0/ 
check-Continued 

GcrmI· 	 (lertuI· 
!IIILion , 	 natIon 

orruml·' orrumI· 
Mini· gated I Mini· glltcd 

Dosnge mum wheat i Dosnge IllUIll wheatFumlgnnt 	 FumigantallpHed 	 lethnl ex· , IIpplit'<i lethal cx· 
dosagc 	 pressed dosage pressed 

as (lcr· as per·
centllge ccntago 
orelleek 	 oC check 

--------1------ ---1---------------

I
Gill. per'Gm. ptr 

GI1I. IJu.Gm.lJtr, ku. of Iku. of
ku. of I ku. of ' whellt whtllt Per ctnt 

I$opro(lyl monochloroncQ·' /Chellt whenl' Pt" ctnt (ethyl n-Cllprontc•••••••.. 1.1 >'1.1 80 
tato••••••••••_... ._ .• 1.5 '. U5 ' ~ :-Icthyl OXltlllto ••••__ •••• 1. 4 .>31. 25 30 

n-UuLyl monochlorotlt'C· 1.3 I gthyl 0111I11tO ........... . 1.·1 >'1.:15 50 
tlllc •••••••••• oo........ .5 G I.mllmyloxllillte .•••.•_••• 1.2 >31.2 80 

Ethyl dlchlorolll'Ctate.... 1.0 .0 22 '\DiioOlUllylllmille••••...••• .U5 >'. UO 77 
Ethyl trlchlorolll'CtlltO.... I. i 1. 7 8!l , 'I'rlothyllllllillc ........... • II .55 8\1 
~tethyl lUOIlOOrtUIlU1l.t'O- 'l'ri-lI-blltyJnn\ine~~____ ~~ 1.0 >'.117 M 

tlltO ..... __ ...... _____ ~ .... ___ ~" 2.07 26 ' ~rrlj"Otunylnmjllc___ .. _.. __ . 1.0 >'. US 71 
Do••••••••••••• oo.... 1.0 '.07 I', EthylniLrlllo............ , .8 >'1.:18 2 

Eth\,llUouohromol\('Ctnte .4 '.07 41 ,I lI-Uutylnitrilo...•••••••• 1.1 .2:1 51 
bo.......... ......... I. U '. 07 ~ i l\Icthyl sulphide•.••••••• 1.1 I.OIi 89 

Ethyl prollionnto.... ..... • .. .31 80 'I 'l'hiouootlc ocid .••••••••.• 1.3 .M 89 
Ethyl ..-lJromoproplo· I Thlon),i chlorido._.•••••• 2.0 1.1>1 U 

IllltO•••••.•••••• _....... 1.0 .21 82 '. n-llutllllesulphochiorido 1.35 >'1.5 87 
oo••••Do••••••• _•••• _ I. 7 . ~l 23 i PereWoromethyimer"'lp, 

I.anmyl n·lJutyruto...... 1.1 '>'1.1 80, toL••.•..•.•_•.•. _••••• 1. 25 • flO 7 
ll-Uutyl 71-v,t1ern(e....... 1.1 '>'1.1 I 85 ;: ~rethyl sulllhllto ..••••••• 1.7 I. Ui 31

-._--.-_.!....._
'Minimum dosngc tested, e'luh nlcnt 10 0.02 c. c. (ler liter or 0.05 c. c. p'r kilo~rlllll or whent. 

'l\\axitnulII dosllge tested, ellui"alent to 0.50 c. c. [ler Iitcr or 1.25 e. c. per kilogram or wheut. 


DISCUSSION OF RESULTS AND CONCLUSIONS 

Several of the compounds tested, for example, acids and acid 
chlorides, injure the germination of wheat and al'O not efl'ective 
against weevils. 

Some of the compounds that lower the percentage gerinination of 
whent were tested in excessive doses, for instnllce, a-epichlorohydrin. 

Only a few of the matet'ials thnt hold promise ns insecticides must 
be used cautiously upon seed gmin. These arc certain iodides, halo
gennted alcohols, epiehlorohydrin, halogenated ethers, oxides, and 
esters of llltioO'enated fatty acids. 

The bromides, with the exception of allyl bromide, chlorides, for
mates, sulphides, disulphides, thiocyanates, isothiocyanates, and mer
cap tans, in dosages more than sufficient to kill all weevils in wheat do 
not injure the germination of the grain. 

TESTS IN A 500-CUBIC-FOOT FUMIGATING VAULT 7 

METHOD 

Of the 66 compounds that under laboratory conditions wel'e 100 
per cent toxie to the riee weevil at dosages less than 100 mg. pel' liter 
or 6,24 pounds pet' 1,000 cubic feet, only a few possess the desirable 

! Det:tiled accounts or the lests with tho most promt.lng oC the rumlgants wit! he round ill the (ollowing 
publit'ntlons:

COTTON, It. 'I'., nnd HO.\IlK, H. C. ~:TJIYl.ENE DlClIl.ORIDE-CARnON n:TIl ICIILOltllH: mXTUR~:; A stOW 
NONU\,IlS.\tll.f.: j so:-a;XI'I.OSIYJo; .·el.llnA~T. Jonr. ECOll. I-:nt. 20: 63fJ-u:m. HJ!!', 
--lind Ito.utI{, It. ('. ~"t:"J(HTION 0,' ST()IlED'I'1l0Jlt:CT (NS~:CTS WITII n:JITAIN ALKYL AND ALKn'~;N;: 

~'01"1ATI~S. Indus. nnd engin. CIII'III. 20: 380-382. 1028. 
.--nnd ItOAIII', It. C. ~:TJlYI.KNK OXIDK .\S A ;'U)J(GANT. IndUS. Ilntl En~in. ('hom. 20: 805. 1928. 
1t0AIIK, H. C., Ilnd COTTON, It. '1'. FUMIOATIONTESTS WITIlCEUTAIIi AI.!I'IIATICCIILC)lIlm:s. Jour. Eeon. 

Em.21: 1:1.H42. 1928. 
--nncl COT'rtlS, It. 'I'. INSE~"'ICJJl.\1 .'CTIllS 0;' SOliE ~:sn;RS or IIALO(i}::UTEU FATTY ACIDS IN Till: 

",HOR I'II.ISK. Intius. nlld Engln. Chom. 20: bl2-514. 1928. 
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q\lI1li l ics of chcllpncss, efl'ccti n'l1css, comll1CTcill1 aVllilability, and free
dom from fim hnzlll'd Ilnd injurious cHect upon man or mcrchllndise. 

Hoventecn of the compounds thllt possess some or all of these quali
fieations w('re s(,lect('d as wOI·thy of further tesling. A series of exper
illlcnts with thcsc WIIS conducted in a commercial-type fumigating 
vnult which WIlS of \'cry tight construction and had a capacity of 500 
cubic f('ct. The fUllligllnt to be tested was poured through a trap 
door in the top of th(' \'twlt into It shallow trough suspended close to 
tho ceiling. Tho vault WIIS tl1f'n closed for 24 hours. Tho insects 
Il:i('d wNe tIll' Inryne of the c1oth('s 1l\oth (Tineola b'isellielllL), of the 
hluck cnrpet l)(,ptle (AUagenlls picells), Ilnd of the furniture beetle 
(.:!lIthrenU8 rorax) , nil species highly resistant to fumigants. The 
lurYlte W('I·(' pillced in cotton-stoppered vials and. buried in pieces of 
overstufr('cI furniture. Tn tlll t('sts 20 sp('cim('ns of the clothes moth 
Ilnd 50 sp('cim('ns of ('ach of the oth('r Sl)('cics were used. 

Tn udditioll to t11f'se [csts compnl"lltive tests with carbon tetra
chlorido Ilnd curbon disulphide were mado. 

EXPERIMENTAL RESULTS 

Tllbl(, 5 cnntuins data indicating tho rclative toxicity of tho various 
compounds or mixturcs of compounds tcsted. "\Yith the exception of 
cnl"bon diflldphidc Ilnci cthylcne oxide, the yapors of the compounds, 

• or It mixtul"c of It compound and carbon tetl'llchlorid(', uSNL in tho 
('xp(,l"illleIl t tll"e nOllflnllllllllblc and nonexplosi '·0 whcn heated to ] 22° 
F. nnd 1I11l}' thcl"efol"c be considered tlS fl"ee from fire hazard. 

'1'" ur.P. 5. H('sults of fl/lIllvalio'l les/s on illsecl.~ in a 500,clIbic-foat vault 
-------~ ---------------;;---;--

}'umigant I
__________~ __ __ Minimum 

I - 'rem· , lethnl 
Cll~,,~ ParIs Purls perno I dosR~o forI 

COUlI)Ound 1)\· Compound hy turo /' an exposure 
'·01. \"01· of 24 bours 
umo ume 

- 1------ 1- I ;POlLnd8!OT 
, 1,000 cubic 

o F.. I } t 
Chlorhlcs_... ("arhon totrnrhlorldc •••••••.•••••••• ,.••• _._. _•••••••.••• _•••••••••• Si. j U 30 

__ .do __ •. .• -- .••••••••1 1 I Ethyleno dIChIOrldO•••j 3 I ~~ I 6 
.....do•••••••..••••••••••••. .1 I: .. __ .do••••••.• " .. _... 3 '''' 12 
•__ •• do .... _, ••••••••••••• : 7 lal.-Rutrl chloride... :I 83 12 
'l·rirhloroelhylono............. '••••••••••••••••••••••••••••_.......... 8.1 12 
TOLnlchloroethylcno.•••••••••••••••••••••••••••. -••.•••••••••1....... 85 30 

Iodldcs ••••••• Carbon totrnchIOritlo ••.••••••: ' 3 Ethrllod!de __._...... 1 85 6 
Alcohols._••••..• rIo •••• __ __ _ ••.•••••••• 7 lert.-nutrl nlcohol.._. 3 85 20 
Oxldcs_. __ ••.1 I':thylono oIlde .••••.•••••I.,•••••••••••••••. _••.• , •••••.••••_. 75 1 
Formnlcs..... <"arhon tctnlChIOrldO .•••••••••, i I n-Proprl fonnate..... 3 85 11 

••• _.do .... _•••••••.••• ___ ••••• 3' 1.opropyl formato..... 1 85 14 
_••••do •••••••.••••••••_•••••••I, 3' uc.-Ilutyl formnte.... 2 85 8 
•••••dO •••••••••••••••••••••••• , 3 180butyl formato...... 2 85 9 
•••••do................. ••••••• 3 180nmyl formate....... 2 8.5 7 

Acet8t~q •• _--r....do.•••. _ . -- _.... -- -__ •••• 7 18opropyt ncetate. ___•• 3 83 L5 
1>1ollochloro· , :'I.lh~l monochlorOAcetnto ...............__ •••••••••••••••__•• "'.'.' 8.1 1 

acetatell. It:.~J~)~~:J,;.~~~I,~~;groc;'~:~~tntii::I::::::: :::::::::::::::::::::::: ::::::: ~ 1~ 
Carbonates.-' Carbon tetrachlorlde_· .... ··_·1 I IDlolhrl carbonate..... 1 8.1 30+ 
DiSUIPhides •• ; Carbon disulphide •••••••• __•• ••••••• ••••.••••••••••••••••••• ••••••• 80 Hi 
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DISCUSSION OF RESULTS AND CONCLUSIONS 

The data in Table 5 show that several of the compounds are suffi
ciently toxic to be of valuo as fumigants. Ethylene oxide and methyl 
monochloroacetllte appear to he the most toxic of the compounds 
tested, and when used ill a tight vault compare fav01'llbly in toxicity 
with carbon dislliphide. Others sOlll('what It'SS toxk have advantages 
thnt compensate for the lower toxicity Itnd enhnnce their vnllle for 
fumignlion of some types. Some of the nd \'!tlltuges und lirnitutions 
of these mnteL'ials ure discussed below. 

CHLOIUDES 

The chlori(\l's ns n. group arc chenp, cornmere.inlly nvniluble in lurge 
quantities, nol highly toxic. to man, lind not relldily ftummnble. They 
poss('SS plensnIl t odors, and do not nfTect the germinntion of wheat. 
Of the severnl chlorides tested 011 11 Inrge sCltll', ethylene dichloride in 
a mixture of 3 volumes to 1 volume of carbon tetrachloride appears 
to be the most promi"ing us a geneml fumigant. At 850 F. or over, 
a complete kill is obtained with G pounds of the mixture per 1,000 
cubic feet of spncc. .At lower tempcmtl1l'l's a somewhat larger dose 
is l"l'Cluired to give equally good rl'sults. The 3 to 1 mixture is non
IInmmnble, nontoxic to lllan, and harmkss to fabrics nnd furnituf£'. 
It does not fiff('('t the gl'rminnting qualities of wheut, but gives to 
foodstuffs rich in oil 11, c]uU'ucteristic sweetish tl1ste, which they are • 
likely to retain for some time. In Industrial and Engineering Chem
istry for Febnlllry, 1930, ethylene dichloride in tank cars is quoted 
at 8 cents per pound, f. o. b. 

Although mol'C toxic than ethylene dichloride, tert.-butyl chloride 
requires a largl'r proportion of carbon tetrachloride to render it free 
from fire hazard, and it Cfin not be used in metal-lined vaults because 
it nttncks the met-al. 

Trichloroethylene is nonftummable und in the large scale tests proved 
to be about two find a hlllf times us toxic as carbon tetrachloride at 
80 0 F. or over. It should be valuable for combining "ith more to:\.-ic 
compounds to reduce the fire hazard. 

Tetrachloroethylene, ttlso nOllflummable, is abont as toxic as carbon 
tetrachloride. 

IODIDES 

Ethyl iodide, the only iodide tested on a large scnJe, is highly toxic, 
but owing to its high cost Itnd the improbability of its being produced 
chcaply in the near future, it can not be considered a practical 
fumignnt. 

ALCOHOLS 

Tertiary butyl alcohol is the most to:\.-ic of the alcohol~ tested. As 
the vapors ure flammable, however, such a Inrge proportlOn of carbon 
tetrachloride must be added to remove the fire hazard that the tox
icity of the resulting mixture is reduced to a prohibitive extent. 

OXIDES 

Ethyl£'ne oxide shows promise of being an cxcellent all-purpose 
fumigant. A. gas at ordinary temperatures, it is put up in liquid 
form under pressur('. The gas is almost odorless, and so far as 
known has no injurious ('fl"e('t upon merchandise. Owing to its 10\\' 

boiling point, 10.70 C., it is effective at comparatively low tempern
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LUI'l'S, It fpltt\ll'p thnt grcntly cllhnllces its vnlue. Thc vnpors 11['C 

f1nnul1nble and in high cOllcpntl'lltiOllS prodtlce nnaesth{'silt ill ml111. 
III il ('ol1cpntl'lltiOIl of 1 pound pel' 1,000 cubic fppt, howe\Tel', the firc 
nnd humnn hnznrcls nrc negligiblc. Thp Hl30 price of ethylpne oxide 
is nbout S~ It pouncl in slllnll quuntitips 0[' 75 cents It pound ill 11ll'ge 
quuntitips. It could pl'obubly be made to sdl in large quantities nt 
nbotlt 40 (,PlltS It pound. 

'I'ho nLpOl's. of the lowPl' nlkyl formntes nrp highly toxic to insect", 
uncI by ndmlxture with ('urbon tptrnchloridc, forIl1/ltps thnt boil 
II bo\'p 70° C, cnn be' Illlule frce from fin' huznrd. The vnpors nre 
not injurious to the gprmil1nting powpr of grain and seNll well adapted 
for the fUllligstlion of foo(\stufl's. Tho psl('l's of formic acid Ilrc now 
COIl1Il1P['Cilllly n\'lIilnble. Whpn thesp fOl'lllutps nrc used us fumigullts 
Il temppJ'nlul\' or 75° F. or mo/'o iq l'ssentinl to obtnin the best results: 

Tpsls with 7sopl'opylncdalp indicntpcl thnt so Inrgp a proportion of 
cnrboll tptl'l1('hloridp mllst 1)(' uddf'd io obtuin a mixtul'P frcc from fil'C 
hnzlll'd thnt thp dl'pC'ti\'pnpss is l'Nluccd too low for pructicul purposes. 

Thr rnonoehlorpaedutes testpd on a InJ'~c scruP. nrc highly toxic at 
ROoF. nile[ nboyc. Owing to their high boiling point they nrc not 
('fIiei('nt at low (pmpPl'lltuI'Ps. '1'11('i1' vnpOl'S hiiTe a slightly irrituting 
r[rl'ct IIpon tho C)·os, but t\wir Inchrymntol'Y pow('!' is much less than 
thlLt of chloropicrin. Yt'I'Y little i'3 known rpgurding the physiological 
action of monochloroaceiic acid Hnrl its pstr1·S. The vapors of theso 
pstrn:l, 11('u t('(1 to 1~2° in ndmixturc wi th nil' in a box will not propagate 
It flnl11f' \\"11<'11 spnl'kNI illHl i1wl'efol'f' lIlH)' be suicl to be free from firo 
hnznl'd. In slnnll lots ethyl 1l1onochlol'on('rtntc hns been quoted at 
from $1 to S1.50 a pound. It is belicn'd that it could be manufncturccl 
in ll1od('l'ut(' qUllIltilies to sell nt not more thun 30 cents a pound, 
TIll' mcthyl Hnd isopropyl est('rs could probably be made to sell for 
not more thnn 50 (,pnts a pound. 

The rpsu\ts of grrminatioll tests 011 wheat fumigated with these 
mOl1ocltlol'on('etntes indicato that they hn YO un inj Ul'ious eIrect upon 
the gPl'mination. 

CARBONATES 

Whpn mixed with Il quantity of cnrbon tetrachloride sufficient to 
rpl1lo\"e the UI'('. hnzul'c1 the vapors of diethyl carbonate arc not toxic 
enough to be of commercial vruue. 

SUMMARY 

'rhl'pe hundl'('(l nnd nine uliphatic compounds were tested against 
the rice weeyil in 72-lil:er Erlenmeyer flusks half filled with wheat. 
Si:'(ty-six of these compounds were lethal after an e:x-poSUl'e of 24 hoUl's, 
in dosuges less thun 100 mg. per liter or 6.24 pounds per 1,000 cubic 
feet, 18 of these being lethnl in the minimum dosuge tried, 0.02 c. c. 
per liter (1 to 4 pounds per 1,000 cubic. [pet). 

The compollnds showing the greatest toxicity arc in the following 
classes: Iodides, bromides, mercaptans, thiocyan.f).tes, isothioyyanates~ 
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disulphides, oxides, epichlorohydrin, hnlogrnnted ethers, hulogennted 
esters, nnd formntcs. 

An nnnlysis of the results obtuined with the 66 most toxic and the 
85 least toxic compounds tested indicates that there is no apparent 
relation between the boiling point of compounds and their relative 
toxicity, except that most compounds having a high boiling point 
(aboYO 1500 0.) have too low a vnpor pressure at room temperature 
to furnish a toxic concentration; that branched chain radicals are 
more toxic thnn arc straight chain radicnls; that compounds which 
are inert chemically have little to)'-lcity; and that some compounds 
highly reactive chemically do not kill weevils in wheat, probably 
because they are nbsorbed by the whent and fail to reach the insects. 

Germination tests with wheat showed that the chlorides, formates, 
sulphides, disulphides, thiocyanates, isothiocyanates, and mercaptans 
in dosages more thnn su£licient to kill weevils do not injure the I?ermin
ntion of tho grnin. Tho iodides, halogenated nlcoho1s, cplchloro
hydrin, halogenated ethers, oxides, and esters of halogenated fatty 
acids Ill'e injurious to the germination of wheat and should be used 
with caution. 

:Many effcctive compounds Ill'e unavailable commercially or arc 
too costly to be of practical vruue. Seventccn compounds showing 
promise of commercial value were tested in a 500-cubic-foot fumiga
tion vnult. 'Two of these, ethylone o).;de and methyl monochloro
acetato, w.oro shown to be slightly more toxic than carbon disulphide. 
They wero 10thalnt a dosago of 1 pound pOl' l,OO().-cubic feet. 1'ho 
othyl and isopropyl estors of monochloroacetic acid were only s11;,,;:;.1ly 
loss toxic. 

Ethy1eno dichloride in admixturo with carbon tetrachloride in the 
ratio of 3 parts to 1 by volume wus lethnl at a dos!lge of 6 pounds per 
1,000 cubic fect. Because of its low cost, effectinmcss, and lack of 
firo hazlU'cl and toxicity to human beings, ethylene dichloride should 
be a useful fumigant. 
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