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WETHYL, BROMIDE AS AN INSECT TUMIGANT--
3 228 A REVIEW OF THE LITERPATURE THROUGH 1940

By R. L. Busbey, Division of Insecticide Investigations
Properties of Methyl Bromide
- Methyl bromide (CHEzBr) as used in fumigation is a colorless gas

‘a slight sweetish odor similar to that of cther low-molecular=-
ht allyl halides, It has the following physical constants:

~ Moleculer weight =—eemmmmoomim———— 94,95
Boiling point —=—=—w jeermemmom e —— B agor. B
Melting point -«--38; ----------------- ~93.66° C,
Specific sravity os, iquid --w--o- 1732 0°/0° 0.
Specific grivity 0i 85 mmmmmm———- 3,28 at 20° C. and

760 mm., compared
with air under the
seme conditionms

is very slightly soluble in water and with cold vater forms a white
*F a111ne hydrate of the approximate formula CHzBr.20 Hg0, It is
ble in the common organic solvents. It is noninflammable and in
re with air can be exploded by a spark only within the narrow

of 13,5 to 14,5 percent by volume of methyl bromide,

rLlhlS compound has been used for years by the chemical industry
ﬂfafmethylaclnw agent in the preparation of dyes and antipyrine. It
s been employed to some extent as a fire~extinguishing agent, either
one or mixed with other materials such as carbon tetrachloride. It
found limited use also as a re;rwﬂerﬂtlng gent in mechanical re-

~ The insecticidal possibilities of methyl bromide were first report-
P@ﬁ’by“Le Goupil (63) in 1952 Since that time it haes been tested ex-

ﬁ;ﬁuits, seeds, bulbs, stored grain, and vegetehles to destroy certein
‘insects against which quarantines have been esteblished. It has also
~been used to some extent as & general greenhouse {fumisent., During 1940
gprobably 400, OOOUpounds of methyl bromide were used as en insecticidal
fnmigant in the ited States. An important usc also is as a rodonti-

,1ous_effect on most plant tissues. It imp&rts no objcctionable taste
~or odor to foodstuff's fumigeted with it and leaves no dangerous residue.
It is convenient to handle, since it is readily liqueified and yet vapor=-
Aes at temperatures encountered in fumigeting. It is the only common
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fumi cant which is 2 gas at room temperaturc end normel stmospheric ‘pres-
sure, 1t preserts no fire or explosion hazard. Beeause iof the presst
density of! the gas, it is nccessary to provide means for mixing it
adequately with the air, }

Like ouhov fumigen Toxic to insects, mcThyl bromide is
also toxic o men, and adé'tzto“;hQiﬁj}ffa%s mUst Do taken in 16S USCa
Irish and coworkers (55) steted in 1040 that the litera turc rccords 42
definite coscs of methyl bromide poisoning, of which 12 proved fatal.

It wvas carlier oc]1C§&f“&{fffﬁﬂ?-&ﬁEﬁ;'YﬁfzﬁfWIY;&x:?ifspll tting of
the mcthyl bromide in the body to form methanol and inorgenic bromide,
and that the mcthanol causcd the poisoning., It now appears, however,
that methyl bromide excrts a toxic action of .its ownm, It is more GodiE
than any of the closcly releted helides, such as methyl chloride end
thyl bromide., It has a declayecd cffcet, the symptoms often not appear=
ing/until hours, or cven a day or more, after exposures In mildSesises
the usuel symptoms are disturbance of equilibrium, double-vision, ‘head=
ache, and vertigo. In accute cascs delirium, loss of consciousness, Gpi-
leptiform convulsions and somctimes death occur. Affer rocovory from
scvere poisoning there may be por81“*ont nourasthenia for yea
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Biblio hy

The recfcrences on methyl bromife presentcd in this' publication
have been ceollceted for the benefit of entomologlsts and others intor=
csted in the control of pecsts by chomical means, Only reforenctslEs
the inscecticidel usc of the compound and to its' toxicity Lo men end
animals have becen included, exzeccpt for a few patents or anticles! gilvs
ing dircctions for the preparation of mgtwyl bromide or for. its' deGoin=
mination in air or fumigated materials, 1cy have bcen obtained mainly
from the following abstract journols thro u@h 1240: Chemical Lbstracts,
Review of Applied Entomology (A), Biological Abstracts, Chemisches
Zenbralplabt, and Ou(rturlv Cumuletive Indox Medicus.

ANONYMOUS . (e
Orgenie hologen compounds. [Gt. Brit.] Dept. Sci. angd ITndusitRESES
.Mcthods for thc Detcction of i ases in Industry, Loafletalas
6 Ppe k240, ; 3

Injuriecs from breothing industrial vepors containing o number
of orgonic helogen compounds, including mcthyl bromide, arc discuss
Sed ;- and the prioeodurae’ for dotcctinp thom is dcscribed. The only
simplc method is the usc of & halide dctoctor lemp which burns pure
ethyl alcohol and causcs the docomposition of the various compounds.
The hologen rcoacts with a small copper serew in the nozzlg ciSEds
lomp to form copper halidc, which imparts a groen colorotiom jGonthe
flame; the degrec of coloration depcnds upen the nature of THEHORS
gonic holide and upon its concentration in the air, Dircetions
for handling the lamp, ecarrying out tho tests, and intorpretiusstic
results arc given. An expericnced opcrator is neoded, and he will
hoeve to get accustomed to the surroundings beforo he is corteimiod
zetting accurate results. The lamp canmot be used whon inflanmeblie
gasSos Dro Proseyt. ‘
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e v ' ) | (2)
Eine tédliche Brommcthylvcrg ftung. Zentbl. £, Gewerbe Hyz. u.
‘,Uhfallverhutung (n.f.) 4: 161, 1927. ‘

-~ A fatal casc of poisoning by methyl bromldo is rcported.
bdnt 16 Hours 1ntcrvcncd efter the exposurc beforc thc onset of

‘ Cb ' 3 (3)
Bty Lo
_.*99Bei$rdg zur Toxikologic der Helogenelkylc. Arch. f. Expt. Path,

‘éwed. Expcrlmcnts are doscrlbod in whlch mice were cxposcd to
' vopors. £ conccntration of 0,00l mole per liter causcd death
in 75 minutes, and 0,000017 to 0,000136 molc pcr liter killed the
‘mice within a few hours., In thc narcosis the micc often reacted
‘to strong tactile irritation (pinching); sporadically increascd
5 rcflcx excitability and indicetions of convulsions also occurrcd,
- A concentretion of 0.000008 mole per liter in the coursc of many
;,hours causcd dcop nercosis, which, however, was followed by rapid

‘ ‘ﬂy,;c E. (4)
- Methyl bromide as & rodenticide. Calif., Dept., 4gr., Monthly Bul,
_"27 172-180. 1938.

Hothyl bromide is effectivc in the control of rodents as well

8 the inscceis harbored by them. It can be used in wet or dry soils
ind at'various temperaturcs. Although thc cost is high, it can be
'gaed where follow=up or cradication mcthods are being carried on
—and around buildings wherc therc is danger in using treated grain
balts. It should Hc uscd only undor proper supcrvision cven by

‘ "efflclal agonclos having a trained personncl, and should not be

. made available for general use until further safeguards have becn
devcloped, :

and GOETT. (5)
Toxicitd de ccrtains extinctcurs d'incendic ct prdcautions qu'ils
comportent, Arch. de B8d. ot de Pharm. Nav. 124: 409-427. 1934,

\ - The toxicity of methyl bromide is bricfly reviewed. Experi-
ments with rabbits and dogs orc described. A concentration of 36
~ mg. per liter for 25 minutes was fetal to a rabbit, Dogs died
af ser cxposurc to 10 to 21 mg. per liter for 30 to 38 minutes.

~ [Hethyl bromide poisoning,] Schweiz, Rundschou f, Med, 1910:
1167. [In Germon.]

Two nonfatal coses aro reported in which residucl symptoms con-
tinued for 6 and 7 months. The symptoms include tromor, dizzi-
ness, vomiting, and muscular debility, with some transitory
psychic changcs,
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BOULIN, C., and SIMON, L. J. (7)
Preparation of mecthyl chloride and methyl bromide from dimcthyl
sulfate., [Paris] Aced, des Sci. Compt, Rend, 170: 595-597.
9205 In TFrench,]

In the prescnce of hydrochlorie acid, water hydrolyzes dimethyl
sulfate to give, in.part, methylsulfuric ccid and mothyl chlorides
With 3 parts of hydrochloric ceid (22° BS.) and 1 part of water 90
percent or morc of practically purc methyl chloride results. =i
saturated solution of sodium chloride works nearly as well, but the
solution should be warmed to 60°-85° C, to start the recaction. Hy-
drobromic acid gives a similer reaction, but agucous sodium bromide,
slightly acidified with sulfuric acid, is prcferred, ziving (at 30°-
35° C.) methyl bromide in 90 percent yiecld. Mcthyl bromide is very
soluble in glaecial acetic, acid (42 gm. per 100 gi. of acesicEed
at 24° C.). Thesc methods arc rccommended for laboratory prepara-

tions.,
BUSBEY, R. L., and DRAKE, N. L. - (8)
Determination of small quantities of methyl bromide in -air S NEEEUSK

[

and Zngin, Chcem,, Analyt. Bd. 10: 390-392. 1938.

The mcthod proposed is for determining the methyl bromide con=
tent of fumigoted air, The samplc of air.is subjected CoRGHEONEEEEHIS
ifying cffect of potassium hydroxide in alcohol, for which purpose
o spccial apparatus has becn devised. The alcohol is fingilaEnes
moved by distillation, the bromide oxidized to bromate by sodium
hypochloritec, and the brometec determincd iodometricellye

BYGDEN, A. (¢)
Preparotion of mcthyl bromidc. Jour. f. Prakt. Chem, 83: 421=d2dq
1911. [In Gcrmen.]

fTethyl bromide is-obtained in 83-84 pcrcent yicld (as against
44,5 percent by tho bromine end phosphorus method) by adding 450
gm, of methyl alcohol to 600 gm., of sulfurie ccid,, addingseraduasEi
250 gm. of wvmter ond 300 gr., of powdered potossium bromide GoFGhe
cold mixturc, cnd hecting until gas ccases te be cvolveds

Preparation of mothyl bromide. - Jour. fa Prakt., Chem.'104:5a86=
288, 1922. [In Goermen.]

Sulfuric cecid {95 pereent) is first diluted with weter, ‘the
methyl alcohol is slowly added with cooling, followed by pulver=
ized potassium bromide, and the flask with reflux condenser i
slightly wormed. The ovolved gases aro passod through wWester N
sodium hydroxide to remove hydrobromic ccid and then through two
bottles of concontrated sulfuric acid, Methyl bromide - is“thenNcen=
densed in on ico=salt bothes  The wyicld voriod. botween 955 amEmEiE
percent, depending on the proportion of methyl alcohol to the other
rcoctants,

e
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CADE, A., cnd MAZEL, P, : J /’ (11)
Y Imtoxication par le bromurc dc méthyle. Soc. Mdd. des Hép. Paris,
Bul, ct Mém, 47 (3): 722-727. " 1923,

- A rother soverc nonfotel case of poisoning by mcthyl bromide
is reported, in which symptoms pcrsisted for 2 months, Another
patient suffcred from methyl bromide poisoning on four occasions
AT yoorxs,

e o DA (12)
o A mothyl bromide dispenscr for use in the fumigation of quarcntincd
Products, " U, S, Bur, Ent. ond Plant Quar. ET-156, 4 pp. 1940,

[Processed. ]

A device is described for dispensing accurately measurcd small
guentitics of methyl bromide from a pressurc cylinder.

CAMERON, G. R., KARUNARATNE, W. A, E,, ond THOMAS, J. C. (13)
: " Massive necrosis (toxic infarction) of the liver following intra-

portal administration of poisons. Jour. Path. and Bact. 44:
297-303. 1937. (R

Many orgonic poisons, including methyl bromide, when intro-
duced directly into the portal circulation, produce strong local
necrosis. The result is due, not to embolism or ischemia, hut to
the direct action of the poison on the liver cells. The condition
mey be designated as "toxic infarction."

CHAO-LUN TSENG, and CHIA-SHU HOU. (14)
Preporation of alkyl bromides by the phosphorus bromide method. I.
Chinese Chem, ‘Soc. Jour., 2: 57-72. 1934,

Parallel experiments with methyl and several other clcohols
gshow thot with theoretical smounts of phosphorus tribromide the
yield of clkyl bromide is'10 percent higher than with theoretical
amounts of red phosphorus plus bromine.

CHARMAN, P. J, _ ] (15)
Effect of methyl bromide on apple moggots in apples. (Scientific
Note) Jour. Econ. Ent, 33: 817. 1940,

Picked and windfall Wealthy cpples were fumigated with 1, 2,
and:4 pounds of methyl bromide per 1,000 cubic feet for 1, 2, and
4 hours., The picked apples contcined first ond second instars
and the dropped fruit contained mainly second and third instars
of Rhagoletis pomonella (Walsh). All trectments gave complete
kills except 1 pound of methyl bromide for 1 hour, which gave
91+2 percent control for picked fruit ond 91,9 percent for dropped
fruit, Injury to fruit occurred with the 2-pound dosage for 4
hours and with the 4-pound dosage for 2 and 4 hours,
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CHRISTIE, F. R., and COBB, G. 8. (16)
The inefficocy of methyl bromide fumigation against the chrysan-
fokiar nematode rnpheWGnch01ues ritzemabosi (SOhU“rCZ

themum
1911)]. Eelminthol. Soc. wash. Proc., 7: 62.. L9A0.

l

Fumigation with methyl bromide did not eliminate this nema-
tode even when the chrysanthemum plants were treated under the
most severe conditions- thot-they were likely to tolerate, ncmely,
fumigation with 3 vounds of methyl bromide per 1,000 cubic feet
for 1,5 hours'at 707 ¥, under 15 inches foif SUStu_ncd vocuum. It
is likely thot such treatment will also be ineffective against
the BtrQWhGrrv bud nematode (nphelench01des fragariae Ritzemo Bos,
189

DEROBEET, L. ' ; (17)
L'inGoxication professionelle par le bromure de methyl€e. Gaz. lMed.
de Strashourg: 88 170 -S4 Nl 0580

L review giving sources of intoxication and literature on
toxicity of methyl bromide.

DEUTSCHE GESELLSCH.FT FUR SCHADLINGSBIKIPFUNG m. b. H. (18)

Insecticides. “French Patent 835, 8858 Jains o o808
4
An insecticide is described consisting of a liquid of rela-

tively high boiling :point (e.g., a2lcohols, aromatic and aliphatie
hydrocarbons, esters, and ketones) and an insecticidal substance
of low boiling point (e ge, methyl bromide, chlorocyenide, ethylene
oxide, dimethylamine, mcthyl mercaptan, and phosgene). The ligquids
me.y be absorbed in diatomite,

DONOHOE, H. €., 'JOBNSON, 4. C., @nd BULEER, .J. W (19)
Methyl bromide fumigation for Japanesc beetle control., Jours
Heon, "Ent.éds 296-802. 1840,

Complcte mortality of the adult beetles is obtained by doses
of 2 pounds of methyl bromide per 1,000 cubic feet for 2 hounswet
18,3°=3242° C., One pound per 1,000 cubic fcet sufiices at 24,4°=
32°, and 0,75 pound at 25°-30°. A method for treating: refrusereton
S 15 ‘describeds

H

cmmmem—= and JOHNSON, V. i (20)
The cffect on plants of methyl -bromide fumigation in Japanese
beetle treatment tests; preliminary report. U, 8. Bur. Ent,
and Plant Quar. E-482, 14 pp. 1939. [Processed.]

Complete control of immeture stages of tho beetle in greems=
house and nurscry sbock vas obbained by fumigating the plants with
methyl bromide (2,5 pounds per 1,000 cubic beb, 1ncluding ‘the
load) for 2.5 hours at a m1nimum'soil and air tcemperature of 63° F.
In tosts of 187 pgencra of plants representing 508 horticultures:
varicties and unnamed cntrics, 6.6 percent showed injury or Suss=
pected injury sufficient to rendor the plants unsalable. Injries:
wo.s most common (12 percent) among growing greenhouse plants.

Amonpg the dormant and semidormant plants onlv 3.2 percent were
injured,



, DOW CHEMICAL COIPANY, ' (21)
! " Dow and Bear brand methyl bromide...Ed, 3, 23 pp. Midland, liich.
1939, ;

This trade booklet scts forth the advantages of methyl bro=-
‘ mide as a fumigent and discussecs mcthods of apnlication under var-
o ious conditions

DOZIER, H. L. 22y
Studies of control measurcs for sweetpotato weevil in Louisians,
Jour. Econ. Ent., 32: 313-318, 1839,

Methyl bromide was the quickest 2cting end most effective
fumigant tested for the control of Cylas foimicarius elcgantulus
(Summors) in sced sweetpotatoes. i dosage of 5 cc. to HO cubic
feot geve complobe kill of 21l stages in 12 hours at 88° F.

DUDLEY, H. C, (23)
Bromide content of fruits and vegetables following fumization with

%4t methyl ‘bremide. Indus, and Engin, Chem., inelyt. Ed. 11:
p , 269-261. 1939, :

QRE Ly o In samples of 50 to 100 gm., the methyl bromide is converted
AR to potessium bromide by 1 percent alcoholic potassium hydroxide.

5 This is ignited threc timecs at 500° C, and cxtracted with hot water.
e it chromic acid solution is added, and the bromine liberuted is

j aspireted into 10 percent potassium iodide. The liberated iodine

oL o s then titrated with stendard 0,01 M scdium thiosulfate,

e~ ITLIER, J. W,, NEiL, P, ..
Studies on foodstuffs fumi:

P TRS, R, ‘R. (24)
Hoolth Serv. Epts. 55: 5251-228

A
- S [
me ‘P*rl bromid s S Puls

The amount of methyl bromide (determined as bromine) absorbed
k by fruits and vegetables during fumipation was found to bo several
; times the normel bromldc contcdt. In most cases the fumigatod ma-
: terial shoved a. drop in bromides aftcr acration., Dried fruits,
fresh fruits, end vogetobles absorbed miror quantitics of the fumi-
gant. The foodstuffs which absorb greatecr amounts of the fumigant
W include milled greins, chcose, .nuts, and nut meats. The adsorptive
' capacity of milled grains is due primarily to their greater surface
area, while the oily and fatty fecod absorb large guantities of
| v methyl bromide becausc of its solubility in fats., Tats and rabbits
3 Were fed on diets consisting entirely of fumigated foodstuffs, all
i) of which contained more methyl bromide than is found in similar
p - foodstuffs fumigoted by methods arnrnx1mﬂt1nw commercial proccdures.
The results 1nd10atq that it is unlilely that the small amount of
s . mothyl bromide or bromidc residucs on rommcr01111j fumigated fresh
vegoetables and fruits, or on dried fruits, is harmful to the con=
sumer, 4 bibliography lists 87 refcrences to methyl bromide, a
large part of them on its toxicology. nARY

! 1SS LIS 3
! - aNT- B 1
DUST.[LN, G- G’c ".;} . ‘L { i h :‘ __ﬁ.'«'). l( :I‘:gt)}ARU
The offcets of temperature and certain chemicals on cheese mites.
Ent, Soe. Ontario, .unn, Rpt, 68: 60-67. . 1938.

In expcrimental fumigation of chocse in an airtight room in
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which an elcctric, fan was kept running, a completc kill of
Tyroglyphus farinae Deg., including the eggs, was obtained with
a mixture of 6,8 percent of methyl bromide and 93.2 porcent ‘of
carbon dioxide at rates from 8 to 20 pounds per 1,000 cubic fees
and et temperotures from 58° to 63° F. in unpleasant taste,
which extended to about 1/4 inch below unvexed and expeosed parss
of the surface of the checse, completoly disappearcd after cxpos
surc to the air for 36 to 48 hours, Animals were apparently nob
ai'fceted by fecding on checse 24 hours after fumigation,

DUVOIR, M., FLBRE, R., and LAYANI, F. (26)
Poisoning vith mothyl bromide. Soc. lMidd. des Hbp. Paris, Bul.
et Mém. 53: 1540-1554. 1937« [In French.]  (ilso in Bulssce
Pharmecol. 46: 15-26. 1939,)

Dogs kept in an atmosphere containing 35 to 48 mg. of methyl
bromide\ per liter went into nercosiss and died shortly after e
bromine could be detected in the organs, especially in these wich
T dlii i paidisriilhe patholoylc picturc points to a vasomotor crisis,
Efforts to counteract this effcct with vasoconstrictor substaneess
espcecially adrenalinc, were not successful. Glutathione is sug=
cested as a stabilizer of the vasomotor system.

EASTER, S S. (27)
Fumigation of swcctpotatocs with mcthyl bromide for contrel of the
svicetpotato weevil, Jour. Econ. Ent. 33: 921-926., 1940,

llcthyl bromide is cxiremely toxic to Cylas formicarius

elcgantulus (Sunmgrs) killing thel inseec tss exen when they a

deceply imbcdded in the sweetpotatoes., It produces a chctorlous
cffeect on the swecetpotatocs, which may result in considerableliGSSS

Carcful handling, particl curing, and postfumigation hecating of the

swectpotatocs will partially avoid this loss.

BRI e (28)
. - . - / .
L'intoxication professioncllc par lec bromurc de methyle., Somaine
d% Hép. Poris 6: 599-601, 1930,
The symptoms, diagnosis, and treatment of methyl bromide
poisoning arc discusscd,.

FISK, F. W,, ofid SEEPLRD, H. H. | (29)
Loboratory studics of mcthyl bromid¢ as an inscet fumigant.
Jour, BEcon, Ent, 31: 79-84, 1938.

Mcthyl bromide is & promising new fumigent with boiling point
(4,5° C,) lower than that of other fumigants. Its toxicity tomims
scets compares fovorably with that of hydrocyasnic acid gas, chloro=
pilerin, end othylonec, oxide, ' The grencry wWeewvil (Sltonhllus granaria
(L.)), the ricec weovil (S. oryza (L )), end the bean wecvil
(Ac: mthoscelides chtectus (Suvyj arc about cqually susceptible to:
mothyl bromido,. flrﬁzsﬁocnur tion for 50 percent mortality aftorss
hours ranging from 4,0 to 6,1 mg. per liter. The aduly confused
flour beetlec (Triboljum confusum Duv. ) requires 10,2 mg. por liter
for 50 porcent mortelity; 11L-l:}' arc less resistant. Degrestof
absorption of the goscs was determincd by suspoending o cage of ©es®

insgets (Tribolium) obove a 2-inch laycr of whole-wheat flour i
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A ; the fumigation chamber. The ratio of the median lethal concentra-
: tion {M.L.C.) with flour to that without flour equals the absorp-
! tion ratio, which is 2. The M.L.C. of methyl bromide for Tribolium
X after 90 minutes' exposure at 25° in the presence of various food-
stuffs and at various pressures follows: (1) Atmospheric pressure:
empty flask 32,5, raisins 28,1, wheat 30,4, flour 50.,0; (2) 240-mm.
+ - pressure: Fmpty flask 16.8, wheat 17.2, flour 34,0; (3) 30-mm.

; pressure: Empty flask 11.4, raisins 12,6, wheat 14.2, flour 26.0,

’ :  The toxicity of methyl bromide is affected by temperature zhout as
much as is that of carbon disuvlfide and less then that of chloro-
picrin, Methyl bromide is more effective on insects in the pres-
ence of moisture, The germination of corn, whezt, oats, barley,
beans, end field pea seeds is not affected by fumigation with

- methyl bromide,

- FLORET. , (30)
linischer Beitrag zur gewerblichen Brommethylvergiftung. Zentbl.
£, Gewerbe Hyg. und Unfallverhiitung. 3: 146-149., 1015,

i Three nonfatal cases of poisoning by methyl bromide are re-

e ported. A period of 4 to 6 weeks was required for recovery.

e e Clinically, three stages were observed in the course of the ill-
ness: (1) Prodromel stege with dizziness, visucl disturbances,

: _ disturbance of equilibrium, reeling gait; (2) stage of psychic ex-

@-‘ _ citement with delirium, delusions, convulsions, unconsciousness,

coma; (3) appearance of nervous weakness ( hypochondria, melan~

cholia, hystero-neurasthenis), which mey last for years.

PN FLURY, F., and ZANGCER, H. (31)
: Lehrbuch der Toxikologie fur Studium und Praxis, 500 pp.
Berlin, 1928,

Symptoms of methyl bromide poiscning are briefly reviewed.
There is a typicul interwel of several hours or dayvs before the
onsct of severc symptoms (p. 208).

=====-- and ZLERMIK., F. (32)
Schadliche Gase, Dampfe, llebel, Rauch-und Staubarten. 637 pp.
Berlin, 1931,

The action of methyl bromide as a nerve poison is probably due
to decomposition to form methyl elcohol or formaldchyde (pp. 309-310).

I8’ FRANCOLINI, J. DE. (33)
L'emploi du bromure de methyle pour le traitement des graines de

9t semence. Rev. de Path, Veg. ¢t d'Ent. /Lgr. de France 22: 1-8,

v 193¢E,

In experiments in Lorocco in February 1934, 100 percent mor-
R, telity of all steges of Sitophilus oryze (L.) and of a small num=

| ber of S. granaria (L,) Infcstins whecot was obtoined by exposure
to methyl bromide at the rate of 2 ounces per 100 cubic fecet at
19,5° €. it first the weevils became very active, but activity
graduelly diminished until after about 6 hours all movemcnt ccased,
In further tests 100 percent mortality of the adults of S. oryza
wos obtained with the same amount of fumigent by exposing them 2
hours in glass tubes closed with muslin under bell jars at 22° C.,
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though some of the weevils did not-die until the next day. All
larvae within the grains were killed by 24 hours'! exposure to 1
ounce per 100 cubic feet at 21° C. Even at the rate of 5 l/?
ounces to 100 cubic feet for 24 hours, mcthyl bromide only slight-
ly reduced. the germineting powcr of wheat and other cereals,

....... S ¢34)
Action sur les produits végétaux du bromure de méthyle en fumiga-
tion sous vide partiel. -Rev. de Path. Veg. etid!Ent. Agriide
Heaneesd2s 9=12,0) 19855

Tests were carried out in Morocco to determine the setion of
methyl bromide on various fruits, vegetables, and plants exposed
to 6=7 ounces per 100 cubic feet for an hour at 22°-26° C., A par-
tial vacuum was maintained for 20 minutes, after which the pres-
sure wes brought back to normel, and the products were ventilated
for 10 minutes after fumigation. Bananas became soft and black=
ened, pears became soft without showing outward change, and potg-—

toes became brown and slightly soft, but none of the other fruits
or vegetables were affected., Of 25 plants the only: ongstamjiEeH
werc Fuchsia, Iresinc, and Zantedeschia, the leaves of which
withered end dropped 48 hours after exposurc. Susceptibility to
methyl bromide appears to be rclated to the water content of the
plant or fruit. 4 series of tests showed that ithe hydrebremie
acid given off by mcthyl bromide in a saturated atmospherc does
not exececd 2 perts per 1,000 if the fumigatieon s of SnEsna
duration,

FRIEMANN, W, (1851
Berufliche, todliche Brommethyl-Vergiftung, Samml. Vergiftungs-
falilen (821 Bl =52 . 1951,

A further rcport is madc on a casc of methyl bromide poisons
ing first reported by Oppermen (sce rcfereonce 95), in which there
werc repeated epileptiform attacks for 2 years, and cyen el GE R
years therc was some nystegmus and fecling of discomfort. Two
new cascs are reported, of which onc was fatal., Both men Wwere
exposcd at the same.timc, but the one who died had been exposed
rcpeatedly previously. ‘

GERBALDI, C. (36)
Methyl bromide as an insecticide, Rev. Fruttic. 3: 281 =288
Tgzes [itn Thaldan ]

411 the larvac of (Cydia) Grapholitha molesta (3usck) and
Carpocapsa pomonclla (L.) in pears cxposcd to 15 gm. of methyl
bromide pcr cubic metcr for 18 hours were killed. No injury To
the fruit from methyl bromide was obscrved. In French crab
apples, however, the type of injury doseribed by Phillips end
coworkers (100) vas found.

GL.SER, E. GB7)
Zur Kenntnis der gewerblichen Brommethylvergiftungen. Dout,
Ztschr., f. dic Gesom. Gerichtl. Med, 12: 470-474. 1928k

A fatel coasc of methyl bromido poisoning is roported, « Thero
wo.s en intervel aftor cxposure before the onsct of any symptomse




-

R

et s

S

The patient then soon lost consciousness end died within a few
hourse« Thc concentration of methyl bromide in the cir to which
s ' workers are oxposcd should not exceed 1,9 mg. in 100 litcrs.

====-=- ond FRISCH, S. (38)
The effect of technically and hygienically important gascs end
ve.pors upon the organism. Brominated hydrocarbons of the ali-
phatic scries. Arch. f. Hyg. 101: 48-64, 1929, [In German,]

Subcutancous injcction showed that tetrabromocthane is six
times, dibromethone four times, and methyl bromide scven timcs as
toxic as ethyl bromide. The toxic action of the vapors of dibromo-
ebheno ond methyl bromide is eight times grcatcr than that of ethyl
bromide vapor. The inhalation of tetrabromoecthane vapor is without
toxic .result. Becouse of its greater volatility, the danger attend-
ing the usc of ethy] bromide is morc than twice as grecat as thet
attending the usc cof thc more toxic dibromocthanc.  Methyl bromide
is s©till more doengerous, and great caution should be obsecrvcd in
its use. Thc inhalation of subnarcotic doses of dibromoethanc and
methyl bromide may cventually recsult in death. The animals appear
to tolcratc large conccntrations of the compounds for & short time
better than lowecr concentrations for longer periods,

GOLDSCHMID, E,, ond KUHN, E. (39)
Brommethylvergiftung mit toédlichem Ausgang. Zentbl. f'. Gewerbe
Hyg. u, Unfallverhutung 8: 28-36, 1920, :

Nine cases of poisoning occurred in a dye factory following
the bursting of a large vessel containing methyl bromide. There
were three deaths, and these cases all followed the same general
course—a short period of feeling unvell followed by sudden epi-
leptiform convulsions, loss of consciousness, disturbances of
breathing and, in a few hours, death. The six other cases com-
plained consistently of vertigo, headache, general weakness, and
disturbance of- equilibrium.

GRONOW, W. E, (40)
Die Anwendung chemischer Sonder-~Nassfeuerldscher in den gewerblichen
Betrieben unter dem Gesichtspunkte ihrer Einwirkung auf die
Benutzer. Zentbl. f. Gewerbe. Hyg. u. Unfallverhiitung (n.f.) 4:
fol=1.66. 1927,

When used as a fire-extinguisher liquid, methyl bromide shows
less tendency than carbon tetrachloride to form harmful decomposi-
tion products. A4s yet, only hydrobromic acid has been observed,
which irritates the respiratory organs but possesses.no toxic prop-
erties.

GUEFFRQY, W., and EHRH/.RDT, W, (41)
The halogenated hydrocarbons of the fetty series as solvents and
their significance to the medical practice. Zentbl. f'. Gewerbe
Hyg. u. Unfallverhiitung 25: 224-230., 1938, [In German,]

These solvents as a class arc capable of producing acute
poisoning and occasionally blood chanzess The lungs arc the chief



portal of entry into the body. Absorption through the skin is pos-
sible, Fregquently, on long exposures the chloride and neutral sul=-
fur content cf the urine increases, as does the acidity. Danger
from fire and explosions frecuently exists., The specific proper-
ties and actions of a number of these compounds, including methyl
bromide, are discusscd in detail. No specifiic mecical prophylaxis
for chronic poisoning by this class of compounds is knownm,

HAKILTON, C. C. Sl (42)
Methyl bromide used successfully to fumigate plants in soll beds.
Hort. Topies 3 (6): 11. 1939,

Experiments have shown that emulsions made by adding 50 ccs
of methyl bromide to 250 cc, of wood alcohocl and diluting in & gal=
lons of water will kill grubs of inomala orientalis Waterh. in
azalea beds both in the greenhouse and outdoors. Examination made
7 days after treatment revealed that all the larvae were either

dead or disabled, but the azalea plants were not injured.

L (43)
Methyl bromide fumigation for control of asiatic beetle grubs
attacking azalea plants, Jour. Econ. Ent. 33: 486-490. 1940;

; Fumigation of soil and azalesa plants in raised benches and
floor benches by confining methyl bromide under a fumigating box
at the rate of 1 cc. per square foot caused no injury Go plantSian
spring tests and only slight leaf burn to cne variety in fall ‘testsi
Soil temperature ranged from 54° to 81° F. A complete kill of
grubs of Anomala crientalils Vaterh., was obtained in all tests ex=-
cept those conducted when the soil temperature was 54° at a depth
of 8 inches and 58° at 4 inches,

Fumigation of soil by injecting at 6-inch intervals methyl bro-
mide and methyl or ethyl alcohol (1:15) at a rate of 0.5 cc. of
methyl bromide killed most of the gruvs and caused little or 1o
injury to plants. 3y diluting this solution with water and sprink-
ling over the area to be treated, & nearly ccmplete kill of the
grubs could be obtained without injury to plants, when 1 cc. CFf
methyl bromide per square foot was used; 0,5 or 0.75 cc., gave less
than 50 percent kill,

HAWKINS, L. A, : (44)
Fumization of dormant deciduous nursery stock for the criental
fruit moth with methyl bromide. U, S. Bur. Ent. and Flant
Quar., E-458, 3 pp. 1938, [Frocessed.]

Control of the immature stages of CGrapholitha m molesta (Busck)
on bare-root stock was obtained by fumigation at the rate of 8.5
pounds per 1,000 cubic feet for 4 hours at 70° Bk

e (45)
The usc of methyl bromide for the treatment of quarantined plant
products. U. S. Bur. Ent. cnd Flant Quar. E-484, 6 pp. 19389%
[Processed. ]

Results are ‘piven of experiments for the control of wvarious
insects in green vegetables, sweotpotatoes, bulbs, potted plants,
grecnhouse stock, nursery stock, and other plant products.
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(46)
umigation of~vetch seed to control the vetch bruchld U. S. Bur.
- Ent. and Plant Quar, E-492, 2 pp. 1939. [Processed.]

*  Bruchus brechialis Fahr., in infcsted sced econ = .

killed oy Fumigction 2t & dosage of 3 pounds psr 1,000 cubic
for 4 hours, at 70° F.. There was no apprcciable lowcring
' the viability of the secd by this treatment. '

5. : (27)
gscs of methyl bromidec toxication.] Inaug.-Diss. Berlin. 1924,
Reference in article by L. Merzbach, Ztschr. f. die Gesom. Expt.

N, Y., and HiGGARD, H. W. (48)
gious gascs and the principles of respiration influencing their
action. 220 pp. New York, 1927, (4mer. Chem. Soc, Monograph
o, <45 Wl

“The monohuIOﬂen compounds of methane——methyl bromide, methyl
Qdide, cnd mechyl chloride——are recctive gases, for after absorp-
lon by the body they are decomposed intc methcnol, which is nearly
~ nonreoctive, and the halogen acid. The acid then combines with the
; ium of the blood to form the sodium halide. The marked cumu~
ative effect of methanol and its destructive action upon the ner-
us system render these three mgthyl halides particularly poison-
us, They do not themselves accumulate in the body and reach an
éguillbrlum preventing further abscrption, as in the case of non-
sective gases, bub they are decomposed with the production of
3thanol. Consequently, methanol continues to accumulate in the
‘ Eody as long as the exposure persists. Thus severe pecisoning by
- methanol results after prolonged exposure to concentrations of a
methyl morchelide too small to exhibit the enesthetic action of
ﬁ;the undecomposed substance. The symptoms are those of methanol
p01son1ng. Their development may be slow and recovery delayeds
 there is usually intense excitement and even epileptiform con-
. vulsions. Gastric and intestinal disturbances, vomiting,dierrhea,
g and pain mey also occur (pp. 150-160).

& O (49)
’ Chloropicrln, steam, carhbon disulfide and other treatments for
injurious soil microorganisms. Veg. Growers' Assoc. Amer, Ann,
Rpt. 1939:  115-130,

Methyl bromide is a powcrful insecticide which it appears can
be devcloped into an efficient soil fumigent for growing plants,

G, FARBENINDUSTRIE A.~G. (50)
- Alkyl helides. Germean Paten'b 478,126, June 20, 1929. [In German,]

Akyl helides are prepared by passing a mixture of an aliphatic
alcohol vapor with a hydrogen halide at an elevated temperature
over & catalyst comprising active carbon and phosphoric acid.

The examples describe the preparstion of methyl chloride, mathyl
bromide, and propyl chlorides ‘
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bradpgiat (51)
Alkyl halides. British Patent 375,199, June 23, 1932.

Alkyl chlorides and bromides are obtained by action, in the lig-
uid phase at temperatures exceeding 1C0° C., of ccncentrated hydro-
chloric or hydrobromic acid on the corresponding alcohol. The
preparation of methyl bromide from methanol and 40 percent hydro-
bromic acid is given as an example.

INTERNATIONAL LAZOUR OFFICE. (5]
Occupation and health. w. 2. Geneva. 1934,

The chemistry, toxic acticn, pathology, and prophylaxis of
methyl dromide are briefly reviewed (pp. 238-240).

TRESH, D3 D, , ADAMS, B, M., ‘SPENCER, H. /Gl et ROTE S (53)
The response attending exposure of laboratory animals to vapors
of methyl bromide. Jour. Indus. Iyg. and Toxicol. 22: 21E=EEEE
1940,

Animals tolerate large doses for shert periods of Gimes
After lopg exposures severe lung irritation is observeds AnSmsils
succumb&to single exposures of 12 to 24 hours at a concentration
of 0.85 mg, per liter. Rats survived for a variable period (UNEEs
3 weeks to 5 months or more) repested exposures of 7 l/Z to 8
hours deily to 0.42 mg. per liter, but they showed definite intoEs
ication and poor growth. Guinea pigs vere more resistent, a
majority surviving a full 6 months with nearly normal growth.
Babbits were nore susceptible. When the concentration wes lowered
to 0.25 mg., it was tolerated by both rats and guinea plgsiiENEcs
pecated exposures for 6 months. Monkeys tolerated 0,25 mg. for &
weeks or more. When the concentration was 0.l13 mg., ragssauRaEE)
pigs, and monkeys survived rcpeated exposures for 6 months without
gross symptoms of histopathological changes. Rabbits survived re-
peated exposures to 0.065 mg. for 6 months.

Animals tolerated for a long period a daily 8~hour exposure to
a concentration. not far below the maximum tolerated for & single ex=
posure of 8 hours. Rats and guinea pigs tolerated for 6 months
approximately cne quarter the maximum concentration when exposed
for a single 8-hour period daily. This indicates the abilaityEe
destroy rapidly or excrete methyl bromide and recover gquickly from
each exposure. Animals exposed to concentrations and for periods
sufficient to cause a definite paralysis were able to recover
completely if removed from the chamber. ERecovered animals showed
no functional cr physiological abnormality.

JAQUET, A. (54)
Ueber Brommethylvergiftung. Deut. Arch. f: Klin, Med, 71%
379-386. 1901,

Two cases, neither fatal, of poisoning by methyl bromide are
reported. ' The first symptoms were weakness and vertigo, visual
disturbances, and dyspnea. In slight poisoning these seem to be
the only symptoms. In more severe poisoning or in especiallyspune=
disposed persons there may follow psychic disturbances; even
reaching delirium. It is nctable that the soverc symptoms mey




appear only after scveral days., Some residual neurasthcnia was
observed, A few expcrinents with animals arc described.

JOACHIMOGLU, G. (55)
Toxikologische Betrachtungen iiber einige moderne Foucrloschmlttcl.
Deut. Med, Wehnschr., 56: 785-787. 1930.

P

, Mcthyl oromldc is much morc toxic than carbon tetrachloride.

' Conecntrations as low as 0,00009 mole per liter werc fatal to
dogs upon prolonged exposure. The animals displayed lung edema
and finally died after severe dyspnea.

W Bl ol S e ey e b Sip L el L

JOHNSON, A. C. ~ : (56)
A low-cost water seal fumigator. U. S. Bur. Ent. and Plant Quar,
ET-154, 2 pp., illus. 1940. [Processed.]

?‘ : . Directions are given for the construction of a water-sealed
: Jfumigetor from a SO—mallon 0il drum. Carbon disulfide and methyl
‘bromide have been ﬂecd in 'this fumigator.

/. JOHNSON, V. A, (57)
o Fumigating with hydrocyanic acid and methyl bromide., U. S. Patent
B ; 2,147,947, Feb. 21, 1939,

i Y . o S .
o For destroying living organisms such as ‘Japanese bcetles, 1
Fét Tk - ounce of hydrogen cyanide and 8 ounces of methyl bromide are used

A per 1,000 cubic fcet of spacc. Such a mixture has & mutual symer-
Pt gistic action.

JONES, R. M. (58)
' Toxicity of mecthyl formete, cthylenc oxidc and methyl bromide, in
‘ admixturc with carbon dioxide, to thc rust-red {lour bccetle.
ZTowa State Col. Jour. Sci. 13: 73=74. 1938,

The meximum insccticidal cffcets of mcthyl formate, cthylcne
oxide, and mothyl bromidec against Tribolium castaneum (Hbst.)
were obtainad with concentrations of 40, 60, and 20 perecent, rcs-

Vil ; poctivoly, of carbon dioxide. Incrcase of carbon dioxide may de=-
crease the effectiveness,

e | (59)
Toxicity of fumigant-carbon dioxide mixtures to the red flour
beetle, Jour, Econ. Ent. 31: 298-309., 1938,

3 The toxiecity of methyl formate, methyl bromide, and ethylene
oxide, alone and in mixture with vericus concentrations of cerbon
dioxide, was studied with Tribolium castaneum (Hbst.) as tess in-
sect. The toxicity of these fumnigants may be nmarkedly increased
by the addition of certain percentages of carbon dioxide. The

with mecthyl formate and ethylenc oxide than with methyl bromide.
" Meximum efficiency of methyl formate, cthylene oxide, and methyl

ben dioxide, rcspecctively.

stimulative effect of carben dioxide is considerably more pronounced

bromide is cbtained with approximately 40, 20 and 10 percent of car-
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KOHN-ABREST, E. (60)
Preeis de toxicologie, 388 ppe, illus, Paris. 19344

Methyl bromide is four times as toxic as carbon tetrachloride
(p. 83).

LANGE, W. H., Jr. (61)
Tests with methyl bremide as a fumigant for larvae of the arti-
chokec plume moth,.,  dJour. Econ, Ent. 32: 66-69. 1940,

Platyptilia carduidactyla (Riley) is controlled with minimum
plant injury by a dosage in vacuo of 1 pound per 1,000 cubic feet.
The temperature should be 22,2° to 24,4° C. and the exposure 2 to
245 hours. Treatment at atmosphcric pressure increases plant
injury.

LATTA, R. : (62)
Methyl bromide fumigation for destruction of pod-borer larvac.
Jour. Econ. Ent. 33: 176=179.  1940.

Doses as lcw as 0,5 pound per 1,000 cubic fcecet produced com-
pletc nortality of Maruca testulalis Geycr, in 2 hours at tempera=
tures above 21° C, at afmcspheric pressure,.or in 90 minuGesSHEtENe)
15=inch vacuum. Low tcmperaturcs requircd highcr doscs., For com=
mercial atmospheric fumigation 1.5 pounds per 1,000 cubie fect o
2 hours is adviscd (temperature 21°)., Green lima beans, string
beans, and pigecon pcas are not injured by doses neecessaryteiEEE
the larvae of this insect.

LE GOUPIL. (63)
Les proprictcs insecticides du bromurc dc methylc. Revy de Path.
Veg. et dtEnt. Agr, de France,l9s L60=-1Fa 119520

In studics of vacuum fumigation with various substances,
methyl bromide, which was criginally uscd in combinaticn with in-
flammable liquid fumigants to rcducc the danger of fire, was found
to posscss a much higher spceific toxieity than the:fumigantsswath
which it was mixcd. Further tests werc carricd ocut with methyl
bromide alone and diluted in a liquid possessing slight inscctici-
dal propertics, such as carbon tectrachloride. Sitophilus cranetiel
(L.) vas choscn as the test inscet on account of 1ts rosistance £o
insccticides. A fow other specics, notably Tribolium, were also
uscd. Thc time of oxposurc was 1 1/2 hours in cvery casc, but the
dosc ranged from 2 to 13,5 ounces per 100 cubic foot. The inscets
were trcatcd both isolated in vitro and buricd in various typoshof
commoditics, in dry atmosphcrcs as wecll as in varying dcgrcos of
moisture, in the prescncc of rags soaked in oil, and at temperas=
tures fron 16° to 26° C, With dosos bolow 3.5 ounces, some HSEECE
were still alive when thoy were withdrawn from the autoclave, but
all succumbed within a fow hours. Larvac, pupac, end adults still
inside unsplit grains werc rcached just as cffcetively as thoso
developing betwoen the grains, and it is probable that the cggs
werc also destroyced. MNothyl bromide is toxic to man only in wory
large doscs, and since it is very volatile and scluble in weter,
it is casily climinated from fumigatcd commodities. It is uninflems=
mable under all conditions and can be uscd to rcduce the danger of

g T e
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fire with such-substances as ethylene oxide. Although its price
is high, the small quantities required render the cost of using it
reasonable. It does not appear to affect the germinating power of
cereels, but tests have not been carried fer enough in- this direc-
ticn?to be conclusive.

LEPESME, P o (64)
== The efficdcy of methyl bromide in the disinfection of vegetables

: b under partial vacuum, Acad. d'Agr, de France Compt. Rend. 24:
b | . 783-787. 1938. [In French.]

£

& — 1 g .n_..‘; f;‘%éw N Do e,

; Ninety-minute exposure to 40 gm. per cubic meter of methyl

) 4y bromide under & partial vecuum of 50 mm. of mercury will completely
" . destroy Sitophilus granaria (L.), S. oryza (L,), Rhizopertha

) * " dominica (F.), Tribolium castaneum (HbSU.), Gnathocerus cornutus

f ' (**ff’757yzaeph11ﬁs surinemensis (L, ), Laesmophlceus spp., Druchus

. ekt s1gnatlcorn1s Gyll., and Ephestia kuehnlella Zell, This dose can

-

: : be 1omered o 50 gm. in sone cases.
)

T ¢ LEPf[GRE A, (65)
kS The dlslnfcotlon of grains with mixtures of ethylene oxide and
s carbon dioxide. Soc. d'Encouragement. pour Indus. Nat., Bul.

135: 385-462. 1936. [In French,]

1t properties arc given and its action on man and higher animals is

discussed, chiefly from the litereture. The danger of its decompo=-

sition into hydrohromlc acid in treated goods is thoughtto be con-

siderable. Little is knovm of its effcct on wheat for milling, but

A its effect on the germination of the grain is considered serious if
B dosage of 6 ounces per 100 cubic fcel of air is used,

BT ‘ The usc of methyl bromidc as a fumigant for grain is discussed,
:
,

LINDGREN D. L. : (66)
Methyl bromide fumigation of codling-moth larvac. Jour. Econ, '
g Eat, 29: 1174-1175, 1936. (Corrcction in Jour. Econ. Ent,
30: 38l. 1937.)

Five pounds of a mixture containing 3.4 pcrcent by volume of
o ' mothyl bromidc and 96.6 pcreent of cerbon dioxide ver 100 cudic
%Y “fect killed all the larvae buried in sacks. . Mcthyl bromide is

be : much morc toxic te thesc learvec than hydrcgcn cyanide or carbon
‘ disulfide,

B | (s7)
? | Mothyl iodide as & fumigant. Jour. Feon. Ent. 31: 320. .1938.

Tests with mcthyl iodide on sealc insccets (Coccidac), lady
bectles (Coccincllidac), confused flour bectles (Tribolium con-
fusun Duv. ), ﬂodllnf mcth lervec (Carpocapsa “cntrefizsz:)jﬁ—hnd
Botc other inscets indicetc that tHis cor ncunF—?ﬂﬂ possibilitics
as a fumigant. In Tcets on citrus scedlings concentrations above

these lcathal to the inscets were not toxie to thce vlants.
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LIVINGSTONE, E. M. (68)
Fumigation of bulk scil with mcthyl bromide for thv white=fringed
bectle in MNew Orlcans., U,.S. Bur. Ent, and Plant Quar. E=Sis
4 pp. 1940, [Processcd.]

Experimental work with methyl bromide as a fumigant for potiing
soil and five additional types of soil showed that larval infesta-
tions of Pantomorus leucoloma (Boh, ) in bulk quantities of these
soils were dcstroved by treatment with 38.3 cc. per cubic yard for
48 hours, at 42°-88° F. o harmful effect on plants from the use
of soil fumigated vwith methyl bromide has been noted by commercial
users.

_______ ; (69)
tethyl bromide fumigetion of the white=fringed beetle larva in
small flowerpots in New Orlecans. U. S. Bur. Bnt. and Plant
Quar. E~513, 4 pp. 1940. [Processed.]

Fumigation of the larva of Pantomorus leucoloma (Boh,) in New
Orlcans with methyl bromide at the rate of T pound to cach 1,000
cubic feet of chamber spacec for 4 hours at about 85° F. destroyed
infestations in tke soil about Lle roots of plants growing in 3=
inch or smallcr flowerpots, but not in 4-inch pots. The volume of
the 4-inch pot is 2.3 timecs that of the 3-inch pot. The Gtroatment
has been uscd sucecessfully in quarantinc work in New Orlcans and
is tclcrated by approximately 90 perccnt of the plant spcciesiand
varictics.

—~==-~e, BASTER, S. S., and SWANK, G. R, (70)
Methyl bromidc in aqucous solution to control Pantomorous
lcucoloma [Boh.] and P. peregrinus [Buch.]. ~Jour. Econ. Ents

835 Dol-0o3,. 1940,

An aqucous solution containing 0,3 perccent of methyl bromide
and 0.6 pcrcent of ethyl alcohol destroycd larvac of both specics
about thc .roots of ballcd nurscry stock.  Thec application of 40
gallons pcr 100 square feet of soil surface gavce completc mortal=-
ity off, the larwvee in L8 henrs orilesss

LOFFLER, W., ond RUTIMRYER, W. (71)
Ucber Vergiftung mit Brommethyl und Nachweis der Substanz in Blut
und Organcn vergiftetor Tiere. Vrtljschr. Gerichtl, Mcd. 60:
60-67. 1920,

A fatal casc of methyl bromide poisoning is described. TS
acutc scizurc had been preceded by subacutc intoxication during
periods when the patient had worked in an cncloscd spacc where
thcere was some cxposurc to mcthyl bromide, with apparent rcmission
of all symptoms during periods when he worked in the open,
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LOS ANGELES COUNTY AGRICULTURAL COMMISSIONER. (72)
Codling moth. Los Angeles Cec., Calif,, Agr, Comm., Ann. Rpt.
1940: 7.

Packers of pears and apples equipped themselves with fumiga-
tion apparatus to take advantage of a change in the standardiza-
tion law, which allowed 5 percent of visible worms and 5 percent
of invisible worms in the packed fruit provided methyl bromide
fumigation was used.

LOUNSKY, J. . (73)

5 Note sur la resistance des azalees n la fumigation au bromure de
méthyle., Inst. Agron. et des Stas, de Rech. de Gembloux Bul, 8:
126-131. 1939. {Summaries in Dutch, German, and English.,]

In continued investigations 34 varieties of azalea plants were
. treated in winter, without being removed from their packing (wicker
baskets or wooden packing cases), by vacuum fumigation with methyl
bromide at the rate of 40 or 80 gm. per cubic meter for 2 hours.
On the whole, the treatments had no injurious effects on the plants.

===—==- and VANDELRWALLE, R, (74)
Observations sur le comportement de plantes d'azalees dans divers
essais de traitement de désinscctisation., Inst. Agron. ct des
bwas. do Rech., de Gembloux Bul. 8: 52-58, 1939,

Fumigation with methyl bLromide caused no injury to azalea
plants when uscd at 40 gm. per cubic meter for 1, 2, or 3 hours
at reduced or atmospheric pressure, but gave irrcgular results at
higher dosages, sometimes causing injury that was found to be due
chicefly to impuritics and which was always morc severe at the
bottom of thc fumigating chamber.

MACKIE, D. B, (75)
Entomological scrvice. Calif. Dept. Agr. (4nn. Rpt. 1936) Bul.
25: 455=-481, illus., 1937.

Methyl bromidc was uscd cxtensively as a fumigant duvring 1936,

. (76)
Entomological scrvice. Celif. Dept. Agr. (Ann. Rpt. 1937) Bul.
26: 418-438, 1938,

Fumigetion with methyl bromide ges proved vory satisfactory
for destroying Keiferia lycopcrsicella (Busck) in harvestod toma-
Toes, and wes also used against Listroderes obligquus Klug in
celery. In cold weather, however, this fumigant was less effec-
tive than hydrocyanic acid gas except at much higher dosages,
which sometimes causcd injury to plants, ospocially thosc with a
noticcablc oil content.

.
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S | , ¢77)
Nethyl bromide—its expectancy as a fumigant. Jour. Econ. Ent.

Methyl bromide is toxic to a large group of insects and other
animals. Many plants in the active or dormant stage can accommodate
themnselves to its -vapors a2t coxncentrations and exposure perioeds
which are lethal to animals. The vapors are noninflammable and
stable at temperatures, pressures, and moisture conditions metian
practice. Lack of a distinctive odor at toxic vapor concentrations
Presents a hazard to humans which Wwill necessitate the use of a

warning compound (lachryﬂutlnﬂ gas ). The equipment necessary in

using this fumigant presents no great mechanical difficulty.

Ll 10 - hoilesy
Entomological service. Calif. Dept, Agr. (hnn Rpt. 1938) Bul.
27: 645-668, 1939,

hs the second generation of Carpocapsa pomonella (L.) hatched
at the time of the first picking of pears, newly hatched larvaes :
which were @ifficult to detect et the time of picking, wers
numerous in the fruit. .Fumigation of the packed and wrapped fruit
in the trucks ready for shlpment with 2 pounds of methyl bromide
per 1,000 cubic feet was found to destroy all larvae in ESEEEE
hours.,

e | | (79)
Modern fumigation for pest control. Pests 7 (4): 6-8. 71939,

The amount and type of material fumigated greatly affect the
concentration of gas in the air. Hydrocyanic acid gas and echyl=
ene oxide, being water-soluble, are grcatly affected by moisture,
whereas carbon disulfide, methyl bromide, carbon tetrachloride,
and etchylens dichloride, being fat-soluble, 'are lecss affectedy " in
vacuum fumigetion holdlng the vacuum throughout the exposure is
more effeoctive than dissipating thc vacuum as soon as the fumigant
is introduced. The control of tormites by fumigants is worth fur-
ther invcstigation. The author is tcsting tri- and tetra=-chlore=
ethylenc and mothyl bromide.

..... -=- and CARTER, W.'B. | (80)
Mcthyl bromide as a fumigant. A preliminary rcport. Calim Dept.
Aepily WBUl ) 26 ¢ 15E6=1621 g3

This fumigant posscsscs ccrtain properties which permit its
use against a number of forms of insect life not possible hitherto
because of injury to the host. Data relative to its toxicity to
humen subjects are inconclusive. The gas has about the seme insec-
ticidal value as ethylene oxide. Methyl bromide was used at the
ate of 2.5 pounds per 1,000 cubic feet for 90 minutes in the fumi=
gation of potatoes for Gnorimoschema operculella (Zell.) with 100
percent kill. In one season 220 cars of potatoes were fumigated
without injury to vegetables or to personnel. The tomato pinworm
is easily destroyed by the same dosage. Preliminary tests on
citrus trees showed complete control, without injury to the tree, E
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P of resistant California red scale, The gas may be used in vacuum

fumigators and mixed with carbon dioxide. Insec¢ts which apparently
survive the fumigation hecome comatose and die after several days.
This fumigent is less injurious than hydrogen cyanide to certain
plants and tissues, including coleus, begonias, ferms, and other
succulent plants. '

======= and CARTER, W. B, (81)
Observations on Hypera brunneipennis and its destruction in baled
Sehay by fumigetion. €alif. Dept.  Agr., Bul, 28: 387-392, 1939,

Adults of H. brunneipennis in cages of perforated copper tub=-
ing were buried in bales of tightly compressed alfalfa hay in or-
dinary freight and refrigerator cars loaded to full capacity.
Ordinary freight cors were found to be unsuitable for fumigation,
but complete mortality in refrigerator cars was obtained with a
dosage of 1.1 pounds of methyl bronide per 1,000 cubic fect in the
baled hay and also in bags of flax seed, the pcriods of exposure
ranging from 6 to 24 hours for the hay and 12 to 24 for the sced.
Complete mortality wes clso obtained in 12 hours when bales of
alfalfa hay were fumigated at 1 pound per 1,000 cubic fecet under a
ge.s-proof tarpaulin,

——————— ONd CARTER, W. Bo (82)

E? A Destruction of alfelfa weevil Hypera variabilis by fumigation and

e e e R

other means, Calif. Dopt. Agr,, Bul. 28: 466-470. 1939,

et

| Penetration by methyl bromide was slower in timothy than in
alfalfa hay, VWhen 26 adults werce placed in the center of o bale

S of ecch in a refrigeretor car filled with timothy hay ond fumiga=-
ted for 10 hours at & dosage of 1.2 pounds of methyl bromide per
15000 cubic fcet, all thosc in the alfolfs were dead 3 hours after
treatment, whereas 5 of thosc in timothy were active 5 days after-

werd, Complotc mortzlity was obteined in baled Himothy hay in

refrigerator cars by fumization at dosages of 1,2 and 2,4 pounds
per 1,000 cubic feet for 24 and 6 hours, respectively. The bromine
residuas 72 hours after treatment for 24 hours at these dosages
were 19,8 and 34,9 p.p.m. compared with 5,8 p.p.mes for untreated
hay. When bales of alfelfa hay were fumizated at 2 pounds per
1,000 cvbic feet under & gas-proof tarpaulin, all the adults were
dead immediately after treatment for 12 hours, and 4 hours after
treatment for 6 hours, but heavy concentrations of bromide re-
mained., When the dosage was halved, all the adults were dead 3
hours after fumigation for 6 or 12 hours,

me=—-=~ and CARTTR, W. B. (83)

Fumigation of fresh fruit with methyl bromide under industriel
conditions. Calif, Dept. Lgr., Bul. 29: 78-86. 1940,

Fackers during the 1939 seeson fumigated 1956 carloads of
California Bartlett pears to destroy codling moth larvae. The
work was done in refrirerator cars, refrigerator trucks, or un-
der gastight tarpaulins, Funigation should not be done below 65°
or above 95° F. in the car, The dosage is not less than 4 or
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more than 5 pounds per car, with an -exposure of 2 hours. Iwenty
cars of mixed fruit {pears, plums, and peaches) were also treated
without injury, as were 5,000 boxes of apples consigned to Hewaii.,
The same method wes used in treating 5,310 boxes of winter pears
to destroy the mealybug Pseudococcus.maritimus (Ehrh, ).

MALLET, M. : (84)
Insecticides for agricultural products. French Patent 747,798
June 23, 1933,

Agricultural fumigants contain a considerable amount of methyl
bromide, which is not only toxic to inseects but has fireproofing
properties, permitting the addition of inflammable products to the
liquid with safety. Carbon tetrachloride may be added to lower the
vapor pressure., ; ;

McLAINE, L. S., and MUNRO, H. A. U, (85)
Developments in vacuum fumigation at the port of Montreal., Ent.
Soc ., Ontario, AnnJd-Ruiee 6 b= tigionr

A proprietary fumigant containing approximately 7 perecent of
methyl bromide and 93 percent of carbon dioxide killed European
corn borer larvae when used at the rate of 40 pounds per IGGH
cubic fect for 90 minutes. A 2-hour exposure at the same rate
gave complete mortality of epple maggots and codling moth larvae
in the centers of infested apples. Analysis of "“wegetabliestane
fruits fumigated with the mixture under experimental conditions
showed that to a very limited extent the methyl bromide reeacted
with the plant material to give a water-soluble bromine compound.

MEIXNER, K. (86)
Vergiftung durch Dempfe des Feuerldschmittels Polein (licthyl-
bromid). Beitre. z. Gerichtl, Med., 8: 10-17.: 1928,

A workman employed in filling fire extinguishers with This
liquid wes fetally poisoned by the fumes, Convulsions and marked
cyenosis precccded death, Autopsy showed lung cdema and an early
stagec of brain cdeoma,

UERZBACE, L. (87)
Zur Pharmakologic des Brommethyls und ciniger scincr Verwandten.
Ziuschr, £, die Gesam, Expht. Med. 68:. 385+8692; 11928,

Dogs were killed by cxposurc o 0.00009-0,00054 mole of methyl
bromide per liter. Markcd cdeme of the lungs was produced. £ con-
centration of 0,000036 mole per liter was not fatal. Exposure of
carp [Moorkarpfen] 4o 2,139 gm, of methyl bromide in 1,000 eces of
water caused narcosis in 18 minutes, bubt 1,8373 gm., caused ronumers=
cosis after 20 minutes. TFxposure of isolated frog hearts to 648115
gm, in 1,000 cc., of Ringer solution produced a diastolic stoppage,
although the heart recovered spontaneously; with 5,7975 gm. in
1,000,cec, there was no stoppige, but the amplitude was less and the
frequency reduced,




23—

METGALF, C. L,, and FLINT, W. P, (28)

Destructive and use;ul insects., 981 pp., New York and London.
1939

| The physical properties of methyl bromide are described, "It

| is about as toxic to many insects as chloropigrin end is' used at
dosages from 1 to 2 1/2 1bs., per 1,000 cubic feet for 12 to 16
hours in buildings. It is not ﬁcrcotlc to the Inseets and kills
very slowly It is recommended for use in ordinary atmospheric
fumlgatlon, as in mills and greenhouses, and in vacuum chambers,
and also for such stored products as fresh fruits and green vege-
tables, dried fruits and other stored food products, household

- goods, nursery stock and ornmamental flowers, and for rodent con=

i . trol, It does not injure the germlnatlon of seeds if they are dry.

| ngh temperature and humidity increase the effectiveness of this
gas," It appears to be a very promising fumigent, but much is
still to be learned sbout it (pp. 288-289),

" For the control of bedbugs in congested places, individual
rooms or apartments can safely be fumigated with commerciel gases
containing methyl bromide (p. 888).

. MINISTERSTVO SPRAW WOJSKOWYCH. (89)
7 Preparation of mothyl bromide. Polish Patent 24,777, May 25, 1937,

g, Sulfur dioxide and bromine react in the presence of water to
form hydrobromic ecid and sulfuric acid. To this are added, drop-
wise, methyl alcohol and excess sulfuric acid, and the methyl bro-
mide obtaincd is distilled off.

AP, TR N, W -

MUNRO, H. A, T. (90)
Some observations on the use of methyl bromide as a fumigant. Ent.
BBc. Onbario, Ann, Rpt. 68: 72. 1938,

This is a brief summary of studies in Quebecec on the usc of
methyl bromide as a fumigant for apples, It was highly toxic to
apple insects when applied at thc rate of 2 pounds per 1,000 cubic
foet at 80° F, In each test an initial vacuum of 3 inches absolute
pressure was dropped to 27 inches after introduction of the fumi=-
gant, the vault temperatures being maintained at 80° by fan circu-
lation.. In several varieties of apples exposures of 90 and 60
minutes killed larvec of Carpocapsa pomonella (L,) and Rhagoletis
pomonel la (Walsh) respectively, Eggs of Rhagoletis in the fruits
were killed in 30 minutes, but 60 minutes were necessary for eggs

. of Carpocapsa. In some experiments, however, it appeared that
methyl bromide ceused injury to apples.

Some fumi; zetion methods employed in the United States to prevent
the spread of the Japanese beetle (Popillia japonica Newm.). Ent,
Soc, Ontario, Ann., Rpt. 70: 80-83. 1939,

Methods of fumigating fruits, vegetables, potted plants, and
nursery stock with methyl bromide are described,



NATTONAL INSTITUTE OF HEALTH. (92)
Preliminary recommcndations to fumigators using methyl bromide or
mixtures containing mcthyl bromide as & fumigant. U. S. Pub.
Health Serwv,, Natl, Inst, Health, ‘Hay 16, 193871 tnk
[Proccssed, ]

(1) Avoid breathing air containing mcthyl bhromide.

(2) On comvlw*won of fumigation, provide thorough ventila-

tion for cars, rooms, or buildings before entering,
-“~‘157.-ﬁﬁlﬁfhecesu ry to enter spaces containing methyl bro-
mide, ‘use a gas mask prov1ded with a canister giving protection
Egalnst organic vapors, or a positive pressure hose mask.

(4£) Avoid spilling ﬁéthjj bromide, Get to fresh air immed-

lately in case of spillage. Remove any clothing in contact with

skin wllch has become 1mpregn ted with the liquid.
SR B Pos* Warning signs notifying that methyl bromide is be-
ing used and that the gas is toxic.

(6) Store containers of metchyl bronlde in a cool, well-venti-
lated place, outside inhabited buﬂdlnbs° Avoid leakage by seeing

that valves on cylinders are tightly closed.

NUCKOLLS, A. H. (93)
Comparative life, fire and explosion hazards of common refriger=

ants. Underwriters Laboratories, Misc. Fazards No. 2375, 118 pp.
1933,

Methyl bromide was among the materials investigated. Toxie-
ity was determined with concentrations of 0,6-1.0 percent and
2=2.,5 percent by volume Cwith higher conccntration in some cases)
by exposing guinea pigs for periods of 5 minutes to 2 hours. 'The
effect of decomposition of the gas mixtures by heat from gas and
0il flames and electric heating units was also determined, and
analyses were made of the decomposition products. Investigation
of fire and explosion hazards included determination of ignition
temperacure, limits of flammability or explosibility, expleosion
pressure, as well as timeé tests and speed-of-flame-propagation
tests., The apparatus used and ‘results of tests applied arelde=
geribed An detail.

OETTINGEN, W. I, von Lot
The halogenated hydrocarbons: Their toxicity and potential dan=-
gers, dJour. Indus. Hyg., and Toxicol, 19: 349-448, 1957,

The literaturc on the toxicity of methyl bromide is rewvieweds

OPPERVANY, K. (95)
Mcthylhromid=-Vergiftungon, berufliche. Samml. Vergiftungsfallen
ALEND G, A)e , LBT~160% + 19334

Two nonfatal cases of methyl bromide poisoning are described
in which therc were long symptom=free intervels. Brain irritation
persisted for a long poriod in onc case, and psychic debility in
the other. ;



~ PERELIS, W. J. A g (96)

. Braminetion of saturated aliphatic hydrocarbon gases. Indus. and

; Engin, Chem., Indus. Ed. 25: 1160-1161. 1933,

Phe ,method described uses a IOW'bromiﬁe concentration in the
presence of iron powder at 290°-370° C., Methyl bromide wes ob-
tained by this means from methane.

PETEES, G. | (97)
The biological-chemical evaluation of gaseous insecticides, Anz,
f. Schédlingsk, 14: 116-122. 1938. [In German.]

Data on the boiling point, specific heat, heat of vaporization,
end saturation limit at 20° C. are given for a number of gaseous in-
secticides, including methyl bromide. The vapor density, molecular

"weight, and explosion limits are also given. The most important
factors in fumigation are gas concentration and time.

PRURE B, . {98)
Pathologische Anatomie und Histologie dor Vergifitungen. In Henke,
F., and Lubarsch, 0. Handbuch der Spcziellen pathologischen
Anatomie und Histologie. v, 10, pp. 272-273. Berlin. 1930,

iy The symptoms and pathology of moethyl bromide poisoning are re=-
B viewed from various literaturc sources,

" PHILLIPS, W. R., and MUNRO, H. A. U. (99)
Methyl bromide injury to apples. dJour. Econ. Ent. 32: 344. 1939.

Although fumigation with methyl bromide was previously repor-
ted as injuring apples, later investigations gave different results.
With a dose of 2.5 pounds per 1,000 cubic feet for 90 minutes ‘in a
vecuum vault and 80° F,, only two of seven apple varicties werec in-
Jured.

--===-- MUNRO, H, A, U., and ALLEN, C. E. (100)
Some observations on the fumigetion of apples with methyl bromide,
Seiy Agr. 19% 7-20. 1938,

The standard trcatment was found to be lethal to insects feed-
ing internally in apples. Thc recsidue of bromide was so slight as
to be harmless to human beings. Under cortain conditions, however,

s methyl bromide caused both internal and extcrnal injury to the
apples. No injury resulted, however, when the apples werce picked
at the proper stago of meturity and stored for 6 wecks at 32° or
39° F,, and standard trcatment was used., The damage, therefore,
appoers to be physiological rathor than mechanical.

PIPER, W. R., Jr., and DAVIDSON, R. H, (101)
Mothyl bromide vapor against five spccies of stored product in-
sects, Jour. Econ, "nt, 31l: 460-461. 1938,

Fumigation tests at atmosphcrie prossure and various room tom-
peretures, concentrations and exposure periods were made on
adults of Sitophilus granaria (L.) and Acanthosceclidos obtectus
(Say), larveo of Trogodecrme versicolor Crecutz,, larvac and adults

\ = 5w » . \
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of Cathartus quadricollis (Guer.) (Silvanus gemellatus Duv.), and
larvae of Tenebrio obscurus F,, both exposed and covered to. a
depth of 6 inches by wheat. It wes estimated that 1.pound of
methyl bromide per 1,000 Qubid fect should kill all these insects
in 12 hours at 58°-70°F. ~ Lower dosages may be sufficient or

_higher ones required in practical fumigation according to the
species concerned and the quantity and nature of the' infested
material. Sitophilus was the most susceptible, the species being
increasingly resistant in the order named, Under conditiomns in
which all the insects werg killed, the germinating powers of
wheat, oats, corn, and beans were not affected, Immersion in
liquid methyl bromide and exposure to its vapor did not affect
any of nine common metals or change the color of seven wallpapers
or nine samples of dyed cotton goods, No ill effects were exper-
ienced by the operators, and the fumigant was found to be nonin-
flammeble and easy to handle. ;

QUAYLE, H. J. ’ | (102)
The development of resistance to hydrocyanic acid in certain
\ scale inseets.  Hilgardig 1l : 1835210 Sli958s

Preliminary experiments indicated that forms of Aonidiella
aurantii (ifask.) vhich are resistant and nonresistant to hydro-
cyanic acid gas differ in thelir reaction to methyl bromidses

(=)

RICHARDSON, B, W, (103)

Some further additions to therapeutics., I. Organic bromides.
Practitioner 6: 337-345, 1871.

Methyl bromide is mentioned &s a general anesthetic.

ol L (104)
Methyl-bromide. Asclepiad 8: 239240, 1891.

Several deaths have occurred from the use of methyl bromide &s
2 general anesthetic,

RICHERT, P. H. (105)
Apparatus for dispensing methyl bromide. U. S. Patent 2,156,869,
May 2, 1939, to Dow Chemical Co.

Various details of walwve construction, ete., are given,

ROHRER, F,
Ueber Brommethylvergifiung. Ein Beitrag zur Frage der Spatwirk-
ungen von Giftstoffen. Vrtljrschr. f, Gerichtl. Med, 60: ©1=58%
1920
L fatel case of poisoning by méthyl bromide is reported. The
patient was exposed while making repairs on a pipe carrying the
material in a plant for the manufacture of antipyrine. There wes
a symptom-frec interval of about 24 hours between exposure and the
onset of epileptiform seizures, coma, é4nd death,
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| SAYERS, R. R., YAUT, W, P,, THOMAS, B. G:. H., and BERGER,:L, B, (107)
bt s  Physiological response attending exposure to vaepors of methyl bro-
mide, methyl chloride, ethyl bromide, and ethyl chloride. TU. S,
Pric. Pub, Health Serv, Bul. 185: 1=56, . 1929,

T ' ' The purpose was to determine the effects of these vapors es-

g caping in refrigerstion plants. Guinea pigs were used., Short
exposure to high concentration of the vapors produced similar symp-
toms, anesthetic in character, excitement, rapid loss of equilibrium,
struggling and running motion of the legs, followed by rapid recov-
ery of those animals which had not died in the chamber. With low
concentration of vapor and long exposure, the symptoms were similar-=-
weekness, rapid pulse; convulsive, rapid respiration, with rales;
and in some cases a frothy, bloody exudate from the nostrils; fol=-
lowed usually by death in 1 to 4 days. Ethyl chloride was the

least toxic and methyl bromide the most. Addition of chemical
agents to these refrigerants to serve as a warning of their escape
is suggested.

' SCHROTER, G. (108)
_Methyl bromide, Germen Patent 330,642, Nov, 25, 1917.

g, Methane or methane-containing gas mixtures are passed with
bromine over catalysts, particularly iron, at temperatures above
200° C. '

" SCHULER, f (109)
- Vergiftung durch Brommethyl? Deut. Vrtljrschr. f. Offentl,
Gsndhtspflege. 31: 696-704, 1899.

: Three cases of poisoning by methyl bromide are reported, one
of which wvas fatal, These men worked with apparatus in which
methyl bromide was made from methyl sulfate and sodium bromide.
Experiments on rabbits, guinea pigs, and mice are described. All
the animals were killed by the concentrations of methyl bromide
ranging from 1 to 8 percent by volume. Symptoms observed in the
animels were somnolence, running of nose, slowness of pulse, and
cyanosis,

SCHWARTZ, F. k (110)
Brommethyl in der Sch&dlingsbckempfung. Arztl. Sdchverstandigonztg.
42: 258-259, 1936,

The insocticidal use end the toxicology of mcthyl bromide are
briefly discussed.

SHEPARD, H. H., and BUZICKY, A. V. (111)
Furthor studies of methyl bromide as an insect fumigant. Jour.

K, ) " Econ. Ent, 32: 854=859, 1939,

Laboratory tests were continued in 1938 (see Fisk and Shepard
29) with common insecets that occur in houses or infest stored pro=-
ducts. Their susceptibility to methyl bromide and its offcctive=
ness in compariscn with that of other fumigents are shovm in a
tebles With § hours' cxposure at 25° C. the mcdian lethal concen-
trations of methyl bromide, chloropicrin, cthylene oxide, carbon
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disulfide, and ethylene dichloride to the larvae of Attagenus
piceus (0liv.), and of the first two compounds to the edults,
were 17.5, 65 17, 88, - k95, 9.5;and 1Jh, mg, per; Liter.  resgoss
tively, and those of methyl bromide were 5 and 3.1 mg. to larvae
and adults of Flodia interpunctella (Hbn.), 13 and 7 to larvae
of Tenebrio obscurus F. and Tineola bisselliella (Hum.), 4.2 and
4,7 to male and female adults of Zabrotes subfasciatus Boh.,, and
6.5 and 5.4 to adults of Stegobium paniceum (L.) and Rhizopertha
dominica (F.). The insect material used was as nearly uniform as
possible, most of the larvae being almost full=grown and most of
the adults: fairly young. ;

Differences in the speed of sction of various fumigants
against adults of Tribolium confusum Duv. are shcwn on graphs.,
Those exposed to methyl bromide &t higher concentrations than
that necessary for complete mortality seemed normally active
immediately after the exposure but died within 48 hours. An
added lethal effect of the low temperature appeared to depend

on the cold resistance of the particular species concerned.

The dose required to kill adult Tribolium increased down to
about 8°-9° C, and then decreased, whereas that necessary to
kill adults of Sitophilus granaria (L.) increased down to nearly
0° €., The temperature appeared to have no effect on the flour-
absorption ratio.

Baking tests showed no detectable injury to flour fumigated
for 5 hours at 2 pounds per 1,000 cubic feet,

STAHI,. (112)
Die Anwendung chemischer Sonder-nassfeuerloscher in den gewerb-
lichen Betrieben unter dem Gesichtspunkte ihrer Einwirkung auf
die Benutzer. Zentbl, f. Gewerbe Hyg. u. Unfallverhitung (n.f.)
e E=805 < 1928,

The author takes issue with the recommendation of methyl bro= .
mide as a firc extinguisher liquid by Von Gronow {40) and quotes
several authorities tc show that its use is dangerous,

STEIGER, O, (113)
Usber Brommethylvergiftung. Minchen, Med. Wehnschr, 65: 783=785,
1518, !

A nonfatal case of methyl bromide poisoning is reported. The
usval symptoms of dizziness, vertigo, paralysis of the extremities,
disturbances of vision, etec,, appeared, followed after several days
by hallucinations and strong motor unrest. The blood contained
methemoglobin, and blood was excreted through the kidneys. After
2 months there was a decrease in skin sensitivity in the region of
the radial nerve in the right hand, with a feeling of "fuzziness," j
and a similar sensation in the right leg.
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STEINKOPF, W., and FROMMEL, W, (114)
; Ueber die Darstellung von Brommethyl. Deut, Chem. Gesell, Ber,
38: 1865-1868. 1905,

Methyl bromide is prepared by adding bromine slowly to & mix-
ture of methyl alcohol and red phosphorus.

e====-- and SCHWEN, G, (115)
Preparation of methyl bromide., Jour. f. Prakt, Chem., 102:
363-364. 1921. [In German.]

The authors increased the yield from 44,5 percent to 77 percent
of the theory (calculated from the bromine) by using methyl alcohol
(110 gn.), bromine (110 gm.), and phosphorus (22 gm.,). To avoid
the formation of an explosive mixture, they kept the methyl alcohcl-
phosphorus nixture slowly boiling before and during the addition of

- bromine,

STENGER, V. A., SHRADER, S. A., and BESHGETOOR, A, V. (118)
Analytical methods for methyl bromide, Indus., and Engin, Chem,,
Analyt., Ed. 11: 121-124., 1939,

Since the vapors of methyl bromide are toxie, it is important
to have 2 simple procedure for the rapid detection of the gas in
air, The literature is reviewed and the results of 2 years' ex-
perience at the plant of the Dow Chenical Company in Michigan are
summarized. The well-known Bellstein test, which can be made
quickly with the Frigidaire halide leak detector. can serve for
the approximate determination of 50 to 500 p,p.m. The procedure
of Kolthoff-Yutzy (Indus. and Engin., Chem., Analyt, Ed. 9: 75-76,
1937) is, however, more accurate for these concentrations, For
the analysis of fumigated products, this procedure can be applied
after ashing with potassium hydroxide in elcohol and in the pres=-
ence of sodium chloride. Recoveries of 96 percent were obtained
with 1 mg. of methyl bromide in 10 gm, of flour, nuts, dried fruits,
or tobacco. For larger quantities the Volhard titration is recom-
mended,

STEWAKT, M. A. and MACKIE, D. B, (117)
The control cf sylvatic plague vectors. Amer. Jour. Hyg. 28:
469-480, 1938,

The control of fleas in rodent burrows, as well as the rodents
themselves, necessary in the suppression of sylvatic plague, may be
accomplished by fumigation with methyl bromide. All stages of fleas
are susceptible to this fumigant, but the adults are the most eas-
ily killed, t appears from f{ield tests that the dosage of liquid
methyl bromide, approximately 10 cc. per burrow opening, ordinarily
used to kill ground squirrels is also suffiecient to kill all stages
of the fleas. It is believed that the spread of bubonic plague
occurring through the transportation of plaguec~flea-infosted grains,
cereals, ctc,, may be chocked by fumigating these cargoes with
methyl bromide, and that the materials so treated will not in any
way be rendered unfit for human consumption,
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STORER, T. I. (118)
Control of injurious rodcnts in California. Calif, Agr. Col. Ext.
Cire 79, irews, 62 pps . X9885

In 1936 methyl bromide was tested experimcntally as a means of
ground squirrel control. The results were encouraging, end further
studies are plarned, cspecially as to practical means for handling
the gas., If suitable methods are developed, its use will be 1limited,
for a time, to follow-up operations, since the cost of methyl Dbro=-
mide is as yet too high to permit its use in regular control work.

TAYLOR, A. .., and MecBETH, C. W, 5 (112)
Preliminary tests of methyl bromide as a nematocide, Helminthols
Soc. Wash, Proc, T7: 94-96. 1940,

llethyl bromide appears to be an effective soil nematocide for
use against the root-lmot and free-living nematodes., Satisfactory
results were obtained in preliminary trials with 80 ce, to treait e
layer of 601l 15 cm. thick in a fumigation box of il culs niNeEineEi e
Fair results were obtained with 1.5 pcunds to treat 225 square feet
of soil, when the chemical was applied through hollow-tile lines
buried 18 inches under the scil and 18 inches apart. There was
some evidence that methyl bromide also controls fungi and bacteria.
in “the soil, but an attempt to elimate root-knot nematodes from
tomato plants was unsuccessful. Nematodes in the larger galls
were not killed, and mos®t of the ploats were killed or severely
injured.

TIETZE, A4 (120)
Clinical observations on intoxication by methyl bromide and carbon
tetrachloride. Arch. f. Gewerbepath. u. Gewerbehyg. 4: 733=739.

1933, [In German.]

These chemicals are very soluble in lipoids, and thus consti-
tute poisons for the organism and particularly for the nervous
system. The disturbances which they cause in the organism are de=-
scribed.

UNITED STATES BUREAU OF ENTOMOLOGY AND PLANT QUARANTINE. | (181)
Dried-fruit insects. U. S. Bur. Ent. and Plant Quar. AnnstRPES
19%6: 6~7.

Fumigation of packed raisins with methyl bromide at the rate
of 4 cc. per 25-pound box gave complete control of Ephestia :
figulilella Greg, and Plodia interpunctella (Hbn.). ]

- ———

_______ (122)
Methyl bromide as a fumigant. U. S. Bur, Ent. and Plant Quax.
Ann, Rpt. 1937: 79. A

Fumigation with methyl bromide was effective in killing Japan=-
ese beetles in green beans packed in hampers and in killing larvae
of the beotle infesting strawberry plants packed, with soil on i
their roots,'in crates. It also gave promise of being a good green- H
house fumigant, giving nearly complete kills of three varieties of
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! of mealybugs, and immature stages of the southern armyworm. Con=-

; A centrations sufficient to kill Japanese beetles were tested on a

‘ variety of plants without injury. Special apparatus has been de-
vised for introducing this and other fumigants into refrigerator
cars,

! aphids, the common red spider, one species of thrips, two species
’ H

———— (123)
- Fumigetion of potatoes by methyl bromide as a condition of certifi-
cation of potatoss moving by refrigerator car from the area
listed in regulation 5 of quarantine No, 48, U. S. Dept. Agr.,
BOEOP.Q. 473, i Pe 1038,

The following treatment was authorized as a basis for certifi-
cation, of potatoes moving to points outside the Japanese beetle
quarantine areas between June 15 and October 15: "Fumigation of
potatces in dry refrigerator cars with methyl bromide at a dosage
of 2 pounds per 1,000 cubic feet of space, including the space
occupied by the potatoes and bunkers of the cars, for a period of
2 hours during which time the car shall remain tightly closed with
the plugs in place in the ventilator hatches. The temperature
within the car when fumigated shall not be less than 70° F. Pro=-
vision shall be made for circulating the mixture of air and fumi-
gant in the car for as long a time as is deemed necessary by the
inspector, At the end of the fumigation.period the hatches shall
be opened, the plugs removed, screens placed in the hatch openings,
and the car shipped under standard ventilation.™

——————— (124)
Fumigetion of onions by methyl bromide as a condition of certifi-
cation of onions moving by refrigerator car from the area listed
in regulation 5 of guarantine Nc., 48. U, S. Dept. Agr., B.E.P.Q.
Res Y 1vp, - 1938,

The same treatment for onions as that described for potatoes
in the previous reference (B.E.P.Q. 473) is authorized.

L | (125)
Fumigation of tomatoes by methyl bromide as a condition of certi-
fication of tomatoes moving by refrigerator car from the area
listed in regulation 5 of quarantine No, 48, U. S. Dept. Agre,
B.E.P.Q. 480, 1 p. 1938,

The same treatment for tomatoes as that described {or pota-
toes in B,E.P.Q, 473 is authorized.

------- (126)
Administrative instructions to inspectors on the treatment of
X nursery -products, fruits, vegetables, and soil, for the Japan-
ese beetle (Sec. 301,48a), U, S. Depte Agr., B.E,P.Q. 499, 20
PP . 1939,

The usc of methyl bromide is euthorized for treatment in a
fumigation chamber of plants with or without soil, using 2 1/2
- pounds of gos per 1,000 cubic feet (including space occupied by
l the 1oad) at a temperature of not less than 63° F. for 2 1/2 hours.
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For fumigation of strawberry plants in shipping crates of field-
packed baskets, 3 pounds should be used per 1,000 cubic feet for
4 hours at a temperature of at least 60° F, For the treatment

of fruits and vegetables in refrigerator cars, 2 pounds per 1,000
cubic feet (5 pounds per car) should be used for 2 hours at a
temperature of at least 70° F,

dea i) (127)

BBy P Qan499, :Sup. 1, 1 pu 19898

The instructions in B.E.P.Qs 499 are modified to state that
the method is to be applied only to plants with bare roots or in
12=~inch . pots or smaller, or in soil balls'not lerger thenWe
inches in diameter or thicker than 12 inches when not spherical,
The soil should not be puddled or saturated, and the balls should
not be jammed tightly together.

il (128)

B.E.P.Q. 499, Sup. 1, rev., 2 pp. 1940,

The minimum temperatures in the dosage schedule provided in
B.E.P.Qes 499 for fumigation of plants with or without soil are
changed to the folliowing: 63° F. for an exposure of 2 1/? hours,
LS, Por A hoursy, and (50F W Eeomrtd l/? hours.

S (129)

B.E.P.Q. 499, Sup, 1, rev. 2, 2 pp. 1940.

An approved fumigation chamber equipped with vaporizing, air-
circulating, and ventilating systems must be provided. The air
within the chamber must be kept in circulation during the fumiga=
tion., At the completion of the treatment, the chamber must be well
ventilated before it is entered and the plants are removed. The
temperature of soil and air for each type of treatment must remain
throughout the period of treatment at least that specified as
follows: For dosage of 2 pounds per 1,000 cubic feet, 70° F. flor
2 1/2 hours; for 2 1/2 pounds per 1,000 cubic feet, 63° for 2 1/2
howrs,. ©4% for 4 hours, and 507 for 4 1/2 hours.

- (130)

B.E.P.Q. 499, Sups. 2, £ pp. 1940,

The following dosages are specified for fumigation of refrig-
erator cars: 1.6 pounds per 1,000 cubic feet (4 pounds per car) at
a temperature of at least 80° F,, or 2 pounds per 1,000 cubic fest
(5 pounds per cdr) at a temperature of at least 70° F,

e (151)

Administrative instructions modifying the restrictions of the
white=fringed beetle guarantine by authorizing treatment by
methyl bromide solution of bhalled nursery stock not larger than
six (6) inches in thickness (or of specified thickness) (Sec.
301e72=50 }o. U..B. Depte Agrs BeE.P:Qs 508, 2 pp. « Lo80E

The soil balls must be buried in sand and plunged in boxes or
trays approximately 1 foot deep, which are watertight. A 2=-inch

e = A e e —— Sty - P S—
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space filled with sand shall be provided between the balls., The
balls shall be treated with & solution of 0,3 percent of methyl
bromide ‘and 0,6 percent of denatured alcohol by volume in water,
applied ‘evenly over the surface of the sand et the rate of 40
gallons ‘per 100 square feet, The soil balls shall remain embedded
thereafter for 24 hours. The temperature of the balls during
treatment shall be not lower than 70° F,

B.E.,P.Q. 503, rev., 1 p. 1940,

As a result of more recent investigations, the instructions
are revised toc provide that soil balls 7 inches in diameter may be
S0 exposed for 8 hours at a minimum temperature of 65° F, The
modification isfestricted, however, to treatment for larvae of
Pantomorus leucoloma Boh. The former specifications remain in

effeet for treatment of larvae of P. peregrinus Buch.

2 A (133)
Administrative instructions; conditions governing the entry of
cipollini from Morocco (Sec. 319.56-2f). U. S. Dept. Agr.

B.E.,P.Q. 504, 1 p, 1939,

Fumigation with methyl bromide is made a condition of entry
for all shipments of cipollini from Morocco in order to eliminate
any infestation of Exosoma lusitanica (L.) which might be present,

—————— (134)
Administrative instructions amending authorization of the shipment
of fruits and vegetables from Hawaii to the mainland subject to
fumigation with methyl bromide under supervision. U. S. Dept.
er,  BoE.P.Q.-510, 2 pp.- 1940,

Provision is made for the certification of guavas, papayas,
bell peppers, bittcer melons, cucumbers, summer squash, string beans,
and tomatoes for movement into the United States, when prescribed
fumigation with methyl bromide is applied in Hawaii. The commodity
must be fumigated in a gastight chamber for 3 1/2 hours with 2
pounds of methyl bromide per 1,000 cubic feet at a temperature of
not less than 80° F.

B (135)
Methyl bromide fumigation. Construction details for an approved
fumigation chamber, U. S. Bur Ent. and Plant Quar. 32 pp.
1940, [Processed.]

Construction details are given for a box-type fumigation cham-
ber, suitablec for chambers of 50 and 100 cubic fect.
N
VAYSSIERE, P, : (136)
Les stations de dosinfection des vegétaux sous vide partiel.
Soc. d'Encouragement pour Indus. Nat. Bu, 1934: 295-308,

Methyl bromide kills all stages of insects at dosos of 30 to
50 gm. per cubic meter (3 to 5 oe. per 100 cubic fcet), end its
action is comparable to that of cthylenc oxide. Its vapors are
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not readily soluble, and it breaks up slowly in the presence of
humidity, forming hydrogen bromide. Its use in the fumigation of
vegetable substances with an appreciable humidity content but not
a continuous cuticle is therefore inadvisable. Excellent results,
however, have been secursd in the treatment of pears, the color
and consistency of which remain unaffected, and for which ethylene
oxide is unsuitable,

— e (137)
La désinfection des chita aignes, Rev, de Path, Veg, et d'Ent.
Agr., de France 293 ?77“295: 1838, '

(Balaninus) Curculio elephas Gyll, and (Luspeyresiﬂ) Cydia
splendana Hbn., are serious pests of chestnuts in France. rumiga-
tion with methyl bromide at the rate of 2 to 3 ounces per. 50 cubic
feet for 3 hours at an initial vacuum of 700 mm. and subsequent

vacuum of 20 mm. gave a complete kill,

VOSS. (138)
- New syntheses in the solvent industry. Kunststoffe 17: 79-80, '
132-134, 205-207, 1927. ' :
Recent patents are reviewed on processes dealing -with the
generation of methyl alcohol from water gas, direct oxidation of
methane to methyl alcohol, manufacture of methyl chloride and
bromide from methane, and the oxidaticn of these to methyl alco=
hol and the manufacture of methyl alcchol from carbon monoxide.

WERSTER, R. W. (139)

Legal medicine and toxicology. 862 pp. hiladelphia, 1930,

Barly symptoms of methyl bromide voisoning are headache,
weakness, vertigo, vomlting, and some dlsturoances~of vision. The
gait may be staggering, and slight pain in the extremities and
neuritic symptoms may be noted:. After several hours or even deyss
severe symptoms may appecr in the form of strong contractions of
different groups of muscles, clonic spasms of the entire body,
double vision, pareses of the extremities, slecepiness, and poly=
neuritis. Convulsive type of respiration may be noted, and in
the fatal cases reported epileptiform attacks are merged into a
terminal coma, Physical signs of pneumonia may be noted. Con-
valescence is slow,

WIESMANN, R. (140)
Untersuchungen uber die Biologic und Bekémpfung der Erdbecrmilbe,
Tarsonemus frageriae, H, Zimmermann. Landw, Jahrb. der Schweiz.
51l: 335-348, 1937,

Tests were made on the control of Tarsoncmus allidus Banks

L p _... e

(T. frepgeriac Zimm.) with o nunbor of fumipgants 1uolud1nw a Swiss
ﬁ?opxraujodﬂgullod S=gas, This is!stpplicd in.s 1lqu¢d form din
ampules, its active constituent being methyl bromide., Methyl bro=
mide is a rathor violent rospi'ﬂtory poison, but is easy to apply
with safety to strawberry runners, which can be fumigated in eny
tightly closed motal box in thch the anpu]o is broken. -A
strength of 2 percent by volume killed all the mites and eggs in

PraB VT v 250 [ ey - -.“ . - T - ey ~ > S .‘ 5

e

SETNREI RS




hours at 15“’ G. Fumigation would not be offective at lower tam-
sratures., At 18° the time could be reduced to 4 hours, but no

| was -done to -the plants by fumigating for 6 hours., All stages
”‘“"the eggs were kllled in 6 hours w1th 0. 75 percent at 18°

J;" . 5 (141)
g%tlon of hortlcultural products, Fla. Agr. Expt. Sta. Ann,

gwath methyl bromlde, and - that fumlgatlon with half the

1 dosage [2.5 1bs. per 1,000 cu. ft. for 90 minutes] gave com-
te contrel of larvee and adults of the cowpea pod borer. It
controlled larvae of the tomato pinworm without injury to the
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INDEX TO INSECTS AGAINST WHICH METHYL BROMIDE EAS BEEN TESTED
Reference No.

Acanthoscelides obtectus (Say) (bean weevil) —==--- e ——— 29, ‘IO
Inomala orientalis ﬁ terh. (oriental heigillc i T S - 42, 43
Aonidiella aurantii (lask.) (California red scale) —==-- - 80, 102
APRIAS merer e oo o o e ~m 122
AppPle INSECHS memmm o e o e e e e e 100
Apple maggot. See Rhagoletis pomonella (Walsh).
Artichoke plume moth., See Platyptilia carduidactyla (Riley).
Asiatic beetle. See Anomala orientalis Vaterh.
Attagenus piceus (0liv.) (black carpet beetle) ==—ceeo—mu- 111
Bl elcphas Gyll., See Curculio elephas Gyll
Bean weevil. See Acanthoscelides obtectus (Say)e
Bedbug. See Cimex lectularius L.
Black carpet beetle. See Attagenus piceus (0liv.),
Bruchus brachia;is Fehr., (vetch bruchid) ==s-me-eeo—ceaua- 46
Bruchus sig thOTPlS GYll, mmmomcr e oo e e e e e - 64

Calandra bramarla > L. See Sitophilus granaria (L. ).
Calandra oryza L. See Sitophilus oryza (L. ).

California red scale., See Aonidiella aurantii (Mask.).
Carpocapsa pamonella (L.) (codling moth) —=—==w-mee—mem—-—-

Cathartus quadricollis (Cuer.) (square-necked grain beetle)

Chalcooerwus s.eneus Boh. (Cowpea pod horer) me=m——em———- e
Cheese mite. See Tyroglyphus farinae Deg.

Cimex lectularius L, (Leabug) ————— e e 2 e S O &
Coccidae (scale insects) ———-mmmmmoc e c e — e e
Coccinellidae (ladybeetles) memummemmm o o e e

Codling moth. See Carpocapsa pomonella (L.),
Common red spider. ©See Tetranychus telarius L.

Confused flour beetle. See Tribolium confu sum Duv..
Cowpea. pod borer. See Chalcodermus aeneus Boh,
Curculio elephas Gyll, w=memcccicermommnc——. o s

Cydia molesta. See Grapholitha molesta (Busclk).
Cydia pomonella (L.). See Carpocapsa pomonhlla (e

Y@li._E cndena Hbn,

36, 665 STAREs

78, 83, 85, 90
101
141

88
67
67

Cylas lorw1cur1n° clegantulus (Summeru) Cylas formicarius F.) 22, &

(sweetpotato weevil)

Dark mee.lworm. See Tenebrio obscurus F.

Drug store weevil. See Stezobium paniceum (L. ).

Ephestia figulilella Greg. (rais5in MOLh) —eemm=r——m————————
EPhCSLla.Lwﬁunolld Zell. (llediterranean flour moth) =w=—-=-
European corn boror. Scec Pyraus ua nubilalis (an,);
Exosome. lusitanica (L ) e e e e e e e e e o
T 20l o e o 1 s e 1 s v o o e e ot e o i e i B s S
(tmathocerus CO”'IIU"CUS (F ) L T S o s PV

Cnorimoschema lycoporsicella Busck,

See Keiferia ,
1yCOppISIC0111 ( Busck)
(norimoschemsn operculolla (Zell,) (potato tuber worm) =---
Gronary wocvil. Sce Sitophilus granaria (L.).

Grape mealybug., See P nud000001h,7&;Fithus (Ehrh.).
Grapholithe

e e

Hypora brunnoiponnis ------------ o o e 2 e e e e e

12
64

133

64

36, 44
81
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Reference llo,

Hypera wvariabilis ===-- SRR IR 6 bl b 0 h T L 82
Indian-meal moth, See Plodia interpunctella (Hbn., ).
Japanese beetle. See Popillis japonica Newm,

Keiferia lycopersicella (Busck) (tomato pinworm) ==-=-—--- 76, 80, 141

Ladybeetles. See Coccinellidzae, ,

Laemophloeus Spp, === ====mmecc e e e e ——— 64
Laspeyresia splendana Hbn, See Cydia splendana Hbn.

Lesser grain borer. See Rhizopertha dominica (F.

Listroderes oblicuus Klug (vegetable weev11) e ———————— 76
Maruca testulalis Geyer ===es=eemo oo 62
Nealybugs ====m=emmecmem e e e e e 122

Mediterranean flour moth. See Ephestia kuehniella Zell.
Oriental beetle. See Anomala orientalis Viaterh.

Oriental fruit moth. See Grapholitha molesta (Busck).
Oryzaephilus surinamensis (L.) (saw-toothed grain beetle) - 64

Pantomorus leucoloma (Boh,) (white-fringed beetle) ==-==-=e 68,
131,
Pantomorus peregrinus Buch. (white-fringed beetle) -==-eee- 70,
Phthorimeea lycopersicella Busck. See Keiferia lycopersicella
(Busck),.
Platyptilia carduidactyla (Riley) (artichoke plume moth) -- 61
Plodia interpunctella (Hbn.) (Indion-meal moth) ===-=m---ea 13,

Popillia jeponica Newm. (Japanese beetle) -- 19, 20, 57, 91, 122,

69, 70,
132
131, 132

121
123, 124,

125,: 126, “1aT, «1 28, Haq il

Potato tuber worm. See Gnorimoschema operculella (Zell.).

Prodenia eridanie (Cram,) ==-eeeemecmccccm e 122
Pseudococcus maritimus (Ehrh.) (grape mealybug) ====--===- 83
Pyrausta nubilalis (Hbn.) (European corn borer) ==-==-—m=== 85, 92
Raisin moth. See Ephestia figulilella Greg.
Red flour beetle. See Tribolium castaneum (Hbst.).
Rhagoletis pomonella ('&lsh) (apple maggot) =-=---==----u- 15, 85,.90
Rhizopertha dominica (F.) (lesser grain borer) ===----e=-- 64, 111
Rice weevil. See Sitophilus oryza (L.).
Rust red flour beetle. See Tribolium castaneum (Hbst.).
Saw-toothed grain beetle. See Oryzaephilus surinamensis P
Scale insects. See Coccidae.
Silvenus gemellatus Duv. See Cathartus quadricollis (GueT.),
Sitophilus granaria (L.) (grenary weevil) ==-=emeeeee-cee-- 28 .. 58, 68
64, 101, 111

Sitophilus oryza (L.) (rice weevil) =-ememccmrccmcccce———- 29, 93, 0@
Southern armyworm. See Prodenia eridania (Cram.),
Spermophapus subfasciatus Boh., See Zabrotes subfasciatus (Boh. ).
Square-necked grain beetle, See Cathartus quadricollis (GueTr. ).
Stegobium paniceum (L.) (drug store weevil) ==-—meem-—c--- 111
§%ored-grain insects ==mmmmcccc e 101+ 13
Strawberry mite. See Tarsonemus pallidus Banks.
Sweetpotato weevil, Sce Cylas formicarius elegantulus

(Summers).
Tarsonemus fragariae Zimm, See Tarsonemus pallidus Banks,
Tarsonemus pallidus Banks eeeeecccc e mc e e e 140
Tenebrio obscurus I, (dark mealworm) --------------------- 101, A%4
Termites =eemmm o e 79
Tetranychus telarius L. (common red spider) ==e-ee-eecee-- 122
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, Reference No
Thrips ==emee e e e e e e e e e 122
Tineola bisselliella (Hum) (webbing clothes moth) =--===-= kit
Tomato pinworm. See Keiferia lycopersicella (Busck).
Tribolium castaneum (Hbst.) (red flour beetle) ==—mm=-=—== 58, 59, 64
Tribolium confusum Duv. (confused flour beetle) ==—-==—e-- P On BT Rl
Tribolium SPe ====—==—r—mcmm e e e e 63
Trogoderma versicolor Creutz, —===—=cc—cccmmmm e 101
Tyroclyphus farinae Deg. (cheese mite) ==m=cmmmccccmcmeeaa 25
Vegetable weevil. See Listroderes obliquus Klug.
Vetch bruchid. See Bruchus brachialis Fahr.
Webbing clothes moth., See Tineola bisselliella (Hum. ).
Thite-fringed beetle., See Pantomorus leucoloma (Boh.) and ‘
P. peregrinus Buch.
Zabrotes subfasciatus (Boh, ) ====esm=mecmcmecc e 111
4
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