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properties of Methyl Bromide

Met'yl loroide (CIl3r) as used in fumigation is a colorless gas
it: a slight s-reetish odor similar to that of cther low-mo lecular-

wei;ht allkyl halides. It has the following physical constants:

Molecular weight " 4.95
Boiling poin -_._. c _.56 C.
1eCeltinM point --- _08 -... 66 0 C.
Specific ;rarity o , iquid ------ 1.732 00 /0o C.
Specifi. Prit ty . o: as --- ---- 3.28 at 200 C. and

760 m. compared
r 'wi th air under the

sc n.e co^ditlions

It is very slightly soluble in -ater and with cold n ater forns a white
crystalline hydrate of the approximately formula CE3 Er.20 H20. It is
soluble in the com'aon organic solvents. It is noninflammable and in
mixture with air can oe exploded by a spark only, within the narrow
range of 13.5 to 14.5 percent bo- volume cf methyl bromide.

This compound has been used for years by the chemical industr:
as a methylating agent in the preparation of dyes and ant ipvrine. It
has been employed to some extent as a fire-extinuishing acent, either
alone or mixed with other materials such as carbon tetrachloride. It
has found limited use also as a reri -eratin; r ent in necW:.nic1 re-
Fri gerato rs.

The insccticidal nossibilitf es of :e hyl br1mide doere first report-
ed by Le Goupil (63) in 1932. Since that tim-e it has been tested ex-
tensively and 1 now vriadely nsed in the fumigation of nursery stock,
fruits, seeds, bulbs, stored grain, and vegetables to destroy certain
insects against which Cuarantines have been cstr.blished. It has also
been used to some extent as c. ecno:-r.1 2reenhouse uniant. Durn; 1940
probably 400,000 pounds of methyl bromide were used as an insecticidal
fumirgant ir ite PUnited States, . ,_ oo W rt e 1 so is s e. "cr i-
cide.

Methyl bromide possess a numCr C ad.vi.n'm.";es as a fu~nii:z.nt. It
is highly toxic to many kinds of insects in all stages of development.
It is stable chemically and in the concentrations usci has no doloter-
ious effect on most plant tissues. It impo.rts no objectionable taste
or odor to foodstuffs fumigo.ted with it and leaves no dangerous residue.
It is convenient to handle, since it is roa uc ' efiied and yet vapor-
izos at toporatures encountered in funig.ti It is the only common



funii;ant vwh ich is a as a t room :cem;raturc and. nornl atmnospheric 'pres-
sure. It prcsonts no fire or explosion hazard. 'oec:.use of the gr^at
density of the gas, it is necessary to provide mcans for nixing it
adequately with the air,

Like othcr f::mi e.nts hi hly Loxic tc insects, mrtl bromide is
so toxic GO n.n, and qcut e prc utions must be t:aken in its use.

Irish and rairker1S (50) sttec in 1940 that the 1iierature records 42
definite c5scs o rothl urcaide poisoning, of which 12 proved fatal.

It vs cearlior belcived hat the 'oxic action n^s due to splitting of
the methyl bromidc in the bodr to fore mctlanol and inorg anic bromidc,
and that the methanol caused the poisoning. It now appears, however,
that methyl bromide oxcrts c. toxic action of its own. It is more toxic
tha:n any of the closely role ted halidos, such a s methyl chl oride end
ethyl bromide. It has a dolaycd effect, tho symptoms often not appear-
ing until hours, or even a day or more, after exposure. In mild cases
the usual symp1to ;s arc disturbance of equilibrium, double vision, head-
acho, and vurtigo. In .cute cascs delirium, lOss of consciousness, opi-
lptiforma convulsions and sometimes death occur. After recovery from
severe poisoning there may cc persistent neurasthenia dr years.

Biblie hy

The references on methyl bromi_ presented in this publication
have been collected for the benefit of entomoloists and others inter""
astod in the control of pests by chemical natus. Only references to
the insuoticidel use of the compound C.nd to its toxicity to nan and
animals have been included, except for a few p.tents or articles giv-
ing directions for the preparation Of mthyl bromide or for its dctcr-
rnian'ion in air or fumi eated materials. They have been obtained mainly
from the. following bsL-rct journals through 1940: Chemical Abstracts,
Review oi'- Aplied Entomology (A), Biolo<ical Abstracts, Chemi sches
Zontralble.tt, and Pu rterlr Cunulativn Irdex Medicus.

hOM 0 US . (1)
Oreanic halo' en compounds. [GL. brit.] Dept. Sci. and Indus. Ros.,

fMuthods for the Dtaction of 'o::ic Gases in Industry, Loflet 12,
6 pp. 1940.

Injuries from brc.thin, industrial va.pors containing a number
of organic helogon compounds, including methyl bromide, .rc diseus-
sad, a.nd the procedure for detecting them is described. The only
simple method ics the usc of c hclide dctector lamp which burns puri

ethyl alcohol and causes the decomposition of the various compounds.
The he.0lo;cn reacts with a small copper screw in the nozzle of the
lamp to form copper halide, hich imports a green coloration to the
flame; Lho d groo of colore.tion depends upon the nature of the or-
ranic halide and upon its concentrati on in the air. Directions
f'or hanzdlingP' the 1anp, carrying out the tests, and interpreting the

results re given. ALn experienced operaco r is needed, and he wri.11
have to ; et accustomed to the surroundin s before he is certain of

r'otti.np accurate recul. Thri:e l amp c anno ,; used wfhen influnmnablc

.. , '



ADLER, :H. J.()
Eine t&dlicho Brcmcthylvcrgiftur. Zcntbl. f. G-c-erbo Eyrg. u.

Unfallvcrhutung (n.f.) 4: 161. 1927.

A: fatal case of poisoning by methyl bromide is reported.
About 16 hours intervcncd c.ftcr the cxposurc before thc onset of

synpto.ls with convulsions,

BACEEMI, C. (3)
Ecitrag zur Toxikoloic d.;r :c:loecll c. Irc. xt. n r.th.

u. Pharakol. 122: 69-76. 1927.

Several reports of cv.scs of acthyrl bromide noisoning ar: re-
vicwed. Experiments are 'described in which mice -crc exposed to
the varnors. A ccnccntr:.tion of 0.001 molc pcr liter caused do.th
in 75 minutes, and 0.000017 to 0.000136 mole per litcr killed the
mice within a few' hours. In the n^.rcosis the mice often reacted
to strong tactile irritation (pinching); sporadically increased
reflex excitability and indications of convulsions also occurred.
A concentration of 0.000008 mole nr litor in the course of many
hours caused deop narcosis, :thich, horcver, '.es fo1l0mi by ranid
and lastig recovery.

BERRY, C. E. (4)
Idethyl bromide as rodontician. Clf. Dept. 1.r., Iecnhlv Sul,

27: 172-180. 1938.

Mothyl bromide is effective i_ the control of rodents o.s rcll
.s the insects harbored by them. It can be used in icat or dry soils

and at various temperatures. Although the cost is high, it can be
used where follov-up or eradication methods are boin; carried on
and around building s where there is danger in using treated grain
baits. It should bc used only under propor supervision evcn by
official ca~ncies he.ving a trained personnel, and should not bc
made availabc for ?cncral use until further s.feguards have boon
developed.

BEY\E anid GOETT. (5)
Toxicit do curtains extinctcurs d'incendio et precautions qu'ils

comportont. Arch. do E. d. ct de Phamr. .av. 124: 409-427. 1904.

The toxicity of maothyl brGriic is briefly icvic.ved. Exr' ri-
monts vrith rabbits and dogs cre described. A concentra.tion of 36
mg. per litor for 25 minutes w.as fv.tal to a rabbit. Dogs died
after exposure to 10 to 21 me. per liter for 30 to 33 minutes.

BITG, D. (6)
[tHothyl bromide poiso.ing.] Schroiz. Lundsch:.u f. Mod. 1910:

1167. [In German.]

T.ro nonfatal c.ses aro reported in which residual symptoms con-
tinued for o and 7 months. The symptoms include tror, dizzi-
ness, vomiting:, and muscular dobilityr, Kith scnc ransiLry
psychic changes.



EOULIN, C., and S0TN, L. J. (7)
Preparation of methyl chloride and methyl bromide from dimethyl

sulfate. [Paris] Acad, des Sci. Compt, Rend. 170: 595-597.
1920. [In French.]

In the presence of hydrochloric acid, vater hydrolyzes dimethyl
sulfate to give, in part, methyleulfuric c.cid and ethyl chloride.
With 3 parts of hydrochloric acid (220 Bo.) and 1 part of water 90
percent or more of raectically pure methyl chloride results, A
saturated solution of sodium chloride works nearly as wrell, but the
solution should be urmcd to 60 -650 C. to start the reaction. Hy-
drobronic acid gives a similar reaction, but aqueous sodium bromide,
slightly acidified with sulfuric acid, is proferrod, giving (at 30 -
350 C.) methyl bromide in 90 percent yield. ethyl bromide is very
soluble in gle.cial acetic rcid (42 gm. per 100 gai. of acotic acid
at 24 C.). These methods are recommended for laboratory prepara-
tions.

BUSBEY, R. L., and DRAKE, N. L. (8)
Dtermination of small quantities of cthyl bromide in air, Indus.

and En gin. Cham., Inalyt. Ed. 10: 390-392. 1938,

The mthod proposed is for deteninine the mcthyl bromide con-
tent of fumigated air, The sample of air is subjected to the s:.pon-
ifying effect of potas siurm hydroxide in alcohol, for which purpose
a special apparatus has been devised. The alcohol is finally rc-
moved yr di stillation, the bromide oxidized to bromato by sodium
hypochlorite, and the brom.te datcrmined iodometrically.

EYGDEN, A. (9)
Prepration of methyl bromide. Jour, f. Frakt. Chem. 83: 421-424.

1911. [In Geran,]

Methyl bromide is obtained in 83-84 pc rent yicld (as against
44,5 percent by the bromine and phosphorus method) by adding 450
gn. of ncthyl alcohol to G00 ga. of sul.furic :ci4, adding gradually
230 gmr. of :-atcr .nd 300 g':, of powdered potassium bromide to the
cold mixture, and hatir until gas coscs to be evolved.

(10)
Propration of mthyl bromide. Jour. f. Prakt. Chen, 104: 285-

288. 1922. [In Germnan.]

Sulfuric acid ( 5 percent) is first diluted vith water, the
motlhrl alcohol is slowly added with cooling, followed by pulver-
ized potassium bromide, end the f1l s2k with reflux condenser is
slightly vr.rmed. The evolved gases aro pCaSssd through ater or
sodium liydrox:idc to remaove hydrobronic acid and then through two
bottles of concentrated sulfuric acid. iiethyl bromide is then con-
d:nsed in an inc-cal b th. Thc. yieli varied between 93.5 and 97.3
percent, d 'ondin; on the proportion of rmethyl alcohol to the other
react.nts,

_ - -'
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CADE, A., :.nd IhAZEL, P. (i1)
Intoxication par lc bromurc dc. mothyle. Soc. Mi. des ETp. Paris,

Bul. ct MIm. 47 (3): 722-727. '1923,

A rather povcrc nonf.t.l case o poiscning by methyl bromide
is rcnorted, in which symptoms persisted for 2 months. Another
patient suffered from mcthyl bromide poisoning on four occc.sions
in 27 years.

CAIN, C. A. ('12)
A methyl bromide dispenser for use in the fumigation of qn'rantincd

products. U. S. Dur. Ent. and Plaut Cuar. ET-156, 4 nn. 1940.
[Processed.]

1" devic is described for disncrsinm accuratcl- measured small
que.ntitics of methyl bromide from a pressure cylinder.

CiMRON, G. P., KARUTTNXRATN\E, W. A. E., and TIOMAS, J. C. (13)
Massive necrosis (toxic infarction) of the liver following intra-

portal administration of poisons. Jour. Path, and 3act. 44:
207-303. 1937,

Many organic poisons, including methyl bromide, when intro-
duced directly into the portal circtulation, produce strong local
necrosis. The result is due, not to embolism or ischemia, but to
the direct action of the poison on the liver cells. The condition

may be designated as "toxic infectionn"

CHAO-LUN TSEIHG, and CIA--SHU HITO. (14)
Preparation of .1kyl bromides by the phosphorus bromide method. I.

Chinese Chem, Soc. Jour. 2: 57-72, 1934.

Parallel experiments with methyl c.nd several other alcohols
show that ,ith theoretical amounts of phosphorus tribromide the

yield of alkyl bromide is 10 percent higher then with theoretical
amounts of red phosphorus plun bromaine.

CLLI~A.N, P. J. ( 15)
Effect of methyl bromide on apple ma.cts in anples. (Scientific

Note) Jour. icon. Ent. :j3: 817. 1940.

Picked and windfall Wealthy e.aples were funlmiated with 1, 2
and-4 pounds of methyl bromide per 1,000 cubic feet for 1, 2, and
4 hours. The picked apples contained 23.rst and second instars
and the dropped fruit contv.ined mainly second and third instars
of Rhagoletis pomonal la (Wa: lsh). All treatments gave complete
kills except 1 pound of methyl bromnide for 1 hour, 'which gave
91.2 percent control for picked fruit .nd 91.9 percent for dropped
fruit. Injury to fruit occurred with the 2-pound dosage for 4
hours and vwith the 4-pound dosage for 2 and 4 hours.
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CHEISiIE, P. F., n' COEB, G. S. (16)
The __efficacy of methyl bro:ide fu:ni :.tion against the chrysen-

themum folinr nrematode [Aphelenchoides ritzema.bosi (Schnurtz
1911)1 > ETelminthol. Soc. l;sh. Proc. 7: 62. 1940.

Furig nation with methyl bromide did not eliminate this nema-
tode ever when the chrysanthemum plants were treated under the
most severe conditions that they mere likely to tolerate, n&mnely,
fumi nation n mith 3 pounds of iethyl bromide per 1,000 cubic feet
for 1.5 hours at 700 F. under 15 inches of sust^ined vacuum. It
is likely that suc> treatment will c.1so be ineffective against
the str avberryr bud nematode (Aphelenchoides fragariae Pitzem. Bos,
1891).

DEPCBElT, L. (17)
LT intoxication professionello par lc bromure cc mlthyle. Gaz. IMd.

de Strasbourg 9C: 179-184, 1939,

A review giving sources of intoxication and literature on
toxicity of mothyl bromide.

DE TJTS", CE GSLLSCH.FT FUG. SCEIDLIN7 GSEKEFUiNG m, b. F. (18)
Insecticides. French P.tent 855, 883, Jan. 5, 1939,

x n insecticidue is described contsisting of a liquid of rela-
tively high boiling point (e.g., alcohols, aromatic and aliphatic
hydrocarbons, esters, and letones) and an insecticidal substance
o' lowr boi ling point (e.g,, mnethml bromide, chlorockanide, othyleno
oxide, dimethylamine, methyl nercantan, and phosgone). The liquids
may be absorbed in diatomite.

DONOHOE, 1.. C,, JOTTNSON, . C ., and BULGES, J, V. (19)
MIethyl broaide fumigation for Japanese beetle control. Jour.

Econ. Ent. 33: 296-302, 1940,

Comlcte mortality of the adult beetles is obtained by doses
of 2 pounds of methyl bromide per 1,000 cubic foot for 2 hours at
18.3032.2 C. One pound per 1,000 cubic feet suffices at 24,410-
320, and 0.75 pound at 250-300. A method for treating refrigerator
cars is described.

---.--_ and JOINS ON, V. a.. (20)

The effect on plants of methyl bromicde ftili'ation in Japaneso
beetle treatment tests; preliminary report. U. S. fur. Ent.
and Plant Quar. E-482, 14 pp. 1939, [Processed.]

Complete control of immature stages oi: the betle in green-
houso and nurserr stock vwas obtained by fumiLating the plants with

methyl bromide (2.5 pounds per 1,000 cubic feet, inc ludinr the
load) for 2,5 hours at a Prinimum soil and air tenprature of 630 F.
In tss of' 187 genora of plantic repr esunting; 503 horticultural
var:ati n; and. unnamed entries, 6.0 percent showed injury or sus-
pocted injury suf'f:icient to render The plants unsalablc. Injury
was most co:uernon (12 percent) nmon; growing grenhouse plants.
uinionr' Ln e do ni an t and ,nmi do rnnt n lan1"s on] 3.2 poeout wo. re
injured.
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DOW C2T.:ICAL CoI:PAT:. (21)
Dow and Eoar brana nothyl brooide...Ed. 3, 23 *n. Mi-iland, I.ich.

1939.

This trade 'ooklot s is fo rth th a"-v_.ntag= :s of ::othyl bro-
nide as a fumnigant anSI 100Ulacu aethos of .nnlication under 'r'r-
ious conditions.

DOZIER, H. L. (22)
Studios of control measures for se.ctyotato '. -C'vi1 in LoiCUa cne.,

Jour. Econ. Ent. 32: 313-318. 1.39.

Mthyl bromido nas the quicket 2otino arid most effective
fumicrant tested for the control of Cyli.s fo::iciarius elocauitulus
(Sumnmors) in sod. sw.eetpotatoos. 1dus2.gC of 5 cC. to 50 cobic
foot ga.vo comploto kill of all stanres in 12 hours c.t 080 F.

DUDLEY, I. C. (23)
Erormide content of fruits and vto:otables following : fami "ation 'ith

methyl bromide. Indus,. and Engin. Chor.,, .nlyt. Ed. 11:
259-261. 1939.

In samples of 50 to 100 gin. the roothyl bromide is converted
to potsessium bromide by 1 pcrcunt e.lcoholic potassium w-yrofidc.
This is ignited three tics at 5000 C, and extracted with hot .ator

1 chronic acid solution is added, arK tho bromine libcr ted 1S

aspire.tod into 10 percent Potassirml iodide. The liberated iodine
is thon titra~ted r] th st..nda.rd 0.01 TT sCdim thiosulfato.

------- MILLER, J. W'., EL, P. A., and S.YT.S, F. R.
Studios on foodstuffs fatni-eted .ith reo-tw71 bromide.

Health Srv. Epts. 55: 2251-2282. 1940.

(24)
U. S. P'.

The amount of mothyl bromaido determinedd as bronine) abs orbed
by fruits and vegetables during fumiration vas found to be several
times the normal bromide contort. In most cases the fum:igated .iv.-
trial should a drop in bromides after creation. Dried frui,
fresh fruibs, and veoctebles absorbed minor quantitics of the fur:i-

2o.nt, The foodstuffs which absorb grcatcr amounts of the funloa..t
include milled g'rains, chose, nuts, and nut neats. The .asorptive
capacity of milled G rinc is duo primarily to their greater surface
area, while the oily and fatty food c.bsorb large qu.ntitios of
mthyl bromide because of its solubility in fats. L.ts and rabbits
wroro fcd on dicts concistinp; r'tirely oC fumiu:ated foodstuffs, all
of which contained more mThyvl bromide than is found in similar
foodstuffs funrigo.tcd b-i mie ctods arproximo.ting corn.crci al proedures.
The results indicate that it is uvlihely that the snall amount of
mthyl bromide or bromide residues orn commercially :unigatdcr fresh
vegetables and fruits, or on dried fruits, is harmful cc the con-
sumer. : bibliography lists 87 references to mthyl bromnidc, a
large part of them on its toxicolo o' .

DUSTAN, G. G. E I/ N(25)
The effects of teCmpraturu ;::a Crtai.n chvssicals on choose mites.

Ent. Soc. Outario, ann. PpL. dd: 6O-G7. 1938.

In oxporimntal fumi'pation of choose ir. an airtight roo: in



0

r ich an le ctriC fan was 1 ept rnn, a Complet: kill of
Tyroglyphus farinac Deg., including the es, was obtained with
a mi::ture of 6.8 percent of methyl bromidc and 93.2 nrcont of
carbon e.io::ide at rates from S to 20 pounds per 1,000 cubic feet
and at temperatures from 580 to 630 F. An unpleasant taste,
which o:tended to about 1/ 4 inch boCe unwaxod and cxnosed parts

of the surface of the cheese, complectely disappnarod after expo-
sure to the air for 36 to 48 hours. animals were apparently not

aiffocted by focdin4 on cheese 24 hours after fumigation.

DtVCIR, IM., FABPE, R., and LIYANI, F. (26)
Poisoning ?ith methyl bromide. Soc. Licd. des Eop. Paris, Bul.

et EiMc. 53: 1540-1554. 1937. [In French.] (Also in Bul. Sci.
Pharmacol. 46: 15-26. 1939.)

Dogs kept in an atmosphere containing 35 to 43 mg. of methyl
bromide per liter went into narcosis end died shortly after. The
orom.ne could be detected in the ergaas, especially in those rich
in lipoids. The pathologic picture points to a vasomotor crisis.
Efforts to counteract this effect w;itih vasoconstrictor substances,
especially adrenaline, were not successful. Glutathiono is sug-
gested c.s a sta'bilizcr of the vasomotor system.

EASTER, S. S. (27)
Fumigation of succtpotatoes :ith methyl bromide for control of the

sectpotato ?-:evil. Jour. Econ. Ent. 33: 921-926. 1940,

Ilethyl bromide is extreoly toxic to Cvlas formicarius

ole antulus (Suanmors), kil li; the insects even w hen they are
deeply imbedded in the s':wtpotatoes. It produces a dcloterious
effect on the sroctpotato s, vfhich may reslt in considerable loss.
Careful handling, nartial curing, and rostfunigation heating of the
swootpotatocs will martially avoid this loss.

FEIL, A. (28)
L'intoxication professionelli per la bromure do mthylc. Somaino

d' Hop. Paris 6: 599-601, 1930.

The symptoms, diagnosis, and treatment of methyl bromide

poisoning are discussed.

FISK, F, TT., and SEEPAR-, H. H. (29)
Laboratory studies of 'methyl bromide as an insoot fumigant.

Jour. Econ. Ent. 31: 79-84. 1938.

Methyl bromide is a promising ner fumigant with boiling point

(4,50 C.) lorer than that of other fumigants. Its toxicity to in-

sects comperes favorably with teat of hydrocyanic acid gac, chloro-
picrin, end ethylene oxide. The gre.n. ry weevil (Sitonhilus granaria
(i.)), the rice -..ne.vil (S. oryzu (L.)), and the bean evil
(Acrthoscolides cbtectus (Sawy. are about equally susceptible to
mntiyl bromide, the.. concern r ,tion f r 50 percent mortality lfter 5
hours ranging from 400 to 601 an per liter. The adult confused
flour beetle (Triboliun confu'sn Duv.) requires 10.2 mg. per liter

for 50 percent ]n'rtl ity; its a;gs arc less resistant. Degree of
bsorption of the goascs '. s determined by suspending . cage of test

in so ct;e (Tribol iure) .bove 2-inch lcyer of wholc-whe.t flour in



the finn=ga-ion chamber. :he ra ic of the e__dinl lethal ccrcen'ra-
tion (M.L.C.) with flour to that without flour equals the absorp-
t.ion ratio, which is 2. The M.L.C. of methyl bromide for Tribolim.:
after 00 minutes' exposure at 260 ir. the p resence of various focd-
stuffs and at various pressures follows: (1) Atmospheric pressure:
empty flask 32.5, raisins 28.1, wheat 30.4, flour 50.0; (2) 240-mn.
pressure: Fmpty flack 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 a'hout as
much as is that of carbon disulfide and less the.n that of chloro-
picrin. Uethyl bromide is more effective on insects in the pres-
ence of moisture. The germination of corn, wheat, oats, barley,
beans, and field pea seeds is not affected by farigation with
methyl brorlide.

FLOEET. (30)
linischer Beitrag zur deierblichen Br:.reth_-lverifturg. Zentbl.

f. Geverbe Hyg. und Unfallverhtun.. 3: 146-149. 1015.

Three nonfatal cases of poisoning by mothyl bromide are re-
ported. A period of 4 to 6 weeks was required for recovery.
Clinically, three stakes were observed in the course of the ill-
ness: (1) Prodromal stage with dizziness, visual disturbances,
disturbance of equilibrium, reeling gait; (2) stage of psychic ex-
citement with deliriu, delusions, convulsions, unconsciousness,
coma; (3) appoar^nce of nervous weakness (hypochondria, nelan-
cholia, hystero-neurasthenia), which may last for years.

FLURY, F., and 2T'0RC, H. (31)
Lehrbuch der rcxi'olo;gic 'ir Studium und Fra::i s, 500 ,?.

Berlin. 1925.

S',iptoms of methyl bromide poisoning are bri eflyr reviewed.
There is a typical intervJl of several hours or da'rs before the
onset of severe syrntoms (p. 206).

------- and ZRNITK. F. (32)
Schadliche Gase, Dampfe, :cobl, hauch-und Staubarton. 637 pp.

Berlin. 1931.

The action of rc:thyl broviide as a nerve poison is prob?.bly duo
to decomposition to o:r;. tY: -1 c.l o;hol or f ram ol:ihvde (pp. 309-310).

FR-uCOLINI , J. DE. (33)
L'emploi du bromnure de nothyle pour le traitoment des graines dr

somence. R., de Path. Ve.r. ct d'Ent. cr. de Frc.nce 22: 1-8.
1935.

In experiments in i orocco in F'eruary 1.34, 100 percent mor-
ta.lity of all sta.gcs o SitopThilus cryze (L.) and of a small num-
ber of S. granarir (L.) infectinii; whc. '.t s obtained by exposure
to mothyl broo.idc "1 .h; rato of 2 ounces per 100 cubic feet at
19.50 C. At first the devils bccaic very active, but activity
gradually diminished until after about 6 hours cal movement ceased.
In further tests 100 percent mortality of the adults of S. or za
w.s obtained "::ith the same amount oP fumigent by exposing them 2
hours in glass tubes closed with muslin under bell jars at 220 C.,
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though some of the weevils did not dice until the next day. ill
larvae vdthin the grains were killed by 24 hours' exposure to 1
ounce per 100 cubic foot at 210 0. Efven at the rate of 5 1 2
ounces to 100 cubic feet for 24 hours, mcthyl bromide only slight-
ly reduced the germinating poercr of whet and other cereals.

------- (34)
Action sur los produits vegetaux du bromure de mothyle en fumi ga-

tion sous vide partial. Rov. de Path. Veg0 ct d'Ent. Agr. de
Prance 22: 9-12. 1935.

Tests wore carried out in Morocco to determine the action of
methyl bromide on various fruits, vegeta':10s, anrd plants exposed
to 6-7 ounceS per 100 cubic feet for an hour at 220-26 C, A par-
tial vacuum wvras maintained for 20 minutes, after which the pres-
sure rars brought back to normal, and the products ere ventilated
for 10 minutes after fumigation. Bananas became soft and black-
ened, pears became soft without showing outward change, and pote0
toes became brorn and slightly soft, but none of the other fruits

or veetablos -were affected. Of 25 plants the only ones injured
wore Fuchsia, Iresino, and Zantedoschia, the leaves of which
withored and dropped 48 hours after exposure. Susceptibility to
methyl bromide appears to be related to the water content of the
plant or fruit, I. series of tests showed that the hydrobromic
acid given off by methyl bromide in a saturated atmosphere does
not ecced 2 parts per 1,000 if the fumigation is of normal
duration.

FRkIEANN, W. (35)
Borufliche, todlicho Bronmethl-Vargiftung. Samml. Vrgiftungs-

fallon 8: 31-32. 1937.

A further report is made on a case of methyl bromide poison"-

_ng first reported by Opperman (see reference 95), in which there
were repeated opilcptiform attacks for 2 years, and even after 4
yers there wa s some nyste gnus end feeling of discomfort. Two
new c.ses are reported, of which one was fatal. Both men were
exposed at the sanc time, but the one who died had boon exposed
repeatedly previously.

GERBLLDI, C, (36)
Methyl broride .s r in seeticide. Rev. Fruttic. 3: 281--283,

1'39. [In Italian.]

1 the larvae of (Cydia) Grapholitha molesta ('Tusck) and
Carpocapsa pomonlla (L.) in pears exposed to 10 ., of methyl
bro,ido p r cubic meter for 18 hours were 1 illed, No injury to
the fruit from mthyl bromide eeas observed. In French crab
apples, howrcrver, the type of injure described by Phillips and

coworkers (100) was pound.

Zur Kenninis dcr m *c .r ,rbl ichen 3reouti alve rg ifu nix 'oen. Dout.
Ztschr. P. die (k.sam. Gericht. lkfeed. 12: 470-474. 1928,

A fatal case of me thyl bromide poi soning is reported. There

was .n interval after exposure ib efore the onset of any symptoms.
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The patient then soon lost consciousness and died within o. fGW

hours. The concentration of methyl bromide in the air to vhich

':rorkers :.re oxposcd should not eceed 1.9 r~g. in 100 liters.

------- and FRISCi, S. (38)
The cffcct of technically and hygicnically important go ses and

vapors upon the organism. Bromin-ated hydrocarbons of the ali-

ph.tic series. -rch. f, Hy. 101: 48-64. 1929. [In Gcrman.]

Subcutaneous injection shoved that totrabromoothane is six

times, dibromcthano four times, and mthyl bromide scven timCs as
toxic .s othyl bromide. The toxic action of the vapors of dibrmo-
cth.nc C.nd mothyl bromide is eight tines gree.tcr than that of ethyl

bromide vapor. The inhalation of totre.bremortneno vapor is without
toxic result. :cecause of its ,reatcr volatility, the danger attead-
in; the use ofeth:-1 bromide is more than twice as great as that
:ttonding the use of the more toxic dibrorm oothanc. Mthyl bromide
is still more dangerous, and ;reat caution should be observed in

its use. The nh'ltion of subnarcotic does C1 dibromocthano c.nd
methyl bromide m.y eventually result in death. The '.n-ils appear
to tolerate large concentrations of the compounds for e- short time
better then 1over concentration for longer periods.

GOLDSCEiIID, E., and KIcrH, E. (39)
Bronmeth1vergiftung mit todlicher.n iu a:. Zentbl . '. Ge''er':e

Hyg. u. Unfallverhutun; 8: 25-36. 1920.

Hine cases of poisoning Gccur'ed 1n a dye factory following

the bursting of a large vessel contaning methyl bromide. There
were three deaths, and these cases all followed the same general
course-a short period of feeling unrell followed by sudden epi-
leptifornn convulsions, loss of consciousness, distur'eances of
breathing and, in a few hours, death. The six other cases com-

plained consistently of vertigo, headache, generall '.weakness, end
disturbance of equilibrium.

GRONOW, VI. E. (40)
Die Anvrendung chemischer Sonder-Nassfeuorloscher in den geverblichen

Betrieben unter dem Gsichts;urkte ihrcr Einvirkung auf die
3enutzer. Zentbl. f. Dowerbc. )yg. u. UJnf.1verhutung (n:.f.) 4:
161-166. 1927.

?then used as a firc-extin;uisher liquid, mothvl bromide shows
less tendency than carbon tetrachloride to forn he.rmful decomposi-
tion products. :s yet, only h".robro.ic acid has becn observed,
which irritc c's ala- resoiratcry organs but possesses r.o toxic prop-
erties.

GUEFFROY, W., and EHEIRT.DT, lU. (=1)
The hJ o en'ated hydrocarcr Cs < S ('_ 1 ot ri :.s ........ i .U:

their significance to the medical practice. Zetbl. J. Ueo.'crbo
Hyrg. u. Unfallverhutung 25: 224-230. 1938. [In German.]

Those solvents as a class are capab le of producing acute
poisoning and occasionally blood changes. The lungs are the chief



portal of entry into the body. Absorption through the skin is pos-
sible, Frequently, on long exposures the chloride and neutral sul-
fur content of the urine increases, as does the acidity. Danger
from fire and explosions frequently exists. The specific proper-
ties v.nd actions of a number of these compounds, including methyl
bromide, are discussed in detail. No specific medical prophylaxis
for chronic poisoning by this class of conpounds is knour,

HAEILTONJ, C. C. (42)
Methyl bromide used successfully to fumigate plants in soil beds.

ort. Topics 3 (6): 11. 1939.

xperinents h.ve shcwi that emulsions made by adding 50 cc.
of methyl bromide to 250 cc. of wood alcohol and dil uting in 3 gal-
lons of Twater wrll kill grubs of Anorala orientalis Thiaterh. in
azalea beds both in the greenhouse and outdoors. Examination made
7 days after treatment revealed that all the larvae vwere either
dead or disabled, but the azalea plants were not inju.red.

(43)
Methyl bromide furigation 1cr control of asiatic beetle grubs

attacking azaleo plants. Jour. Econ. Ent. 33: 486-490, 1940.

Fumigation of soil and azalea 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 to plants in
spring tests and only slight leaf burn to one variety in fall tests.
Soil temperature ranged from 540 to 810 F A complete kill of
grubs of Anomala crientalis '!acterh. was obtained in all tests ex-
cept those conducted when she soil temperature was 540 at a depth
of 8 inches and 58 at .r 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 gruos and caused little or no
inj ury to plants. 2y diluting this solution with water and sprink-
ling ever the area to be treated, a nearly complete kill of the
grubs could be obtained without injury to plants, when 1 cc. of
methyl bromide per square foot was used; 0.5 or 0.75 cc. gave less
than 50 percent kill.

HAWKINS, L. A. (44)
Fumigation of dormant deciduous nursery stock for the oriental

fruit moth with mothyl bromide. U. S. Dur. Ent. and 1lant
Quar. E-458, 3 pp. 1933. [Irocessed.]

Control of the immature stages of C-rapholitha molest (Busck)

on bare-root stock was obtained by fumigation at the rate of 3.5
pounds per 1,000 cubic feet for 4 hours at 700 p,

(45)
The use of methyl bromide for the treatment of quarantined plant

products. U. S. Bur. Ent. and Fln.nt Quar. E-484, 6 pp. 1939.
[Processed. 1

Results are 'given of experiments for the control of various
insects in green vegetables, sweotpotattoes, bulbs, potted plants,
groonhouse stock, nursery stock, and other plant products. .



(46)
Furiiation of votch sec -'o a strol tvorch> orucni.. U. S. Bur.

Fnt. and ilant -uar. E-4J:., 2 -pp. 1939. [Processed.]

Bruchus 3r0chialic Uahr. in infcstcd :cod cn _
be killed by .'i2i. tion at a dosage cf 3 pcunds per 1,000 cubic
feet for 4 hours, at 700 F. There was no =ppreciable 1cwcring
of the viability .f the s- od ba this tr.otmcnt.

HELLHOFF, E. (47)
[Coses of nothyl bromide to:-ic:.tion.] Iraug.-Diss. Berlin. 1924.

Pccronce in article by L. IMerzbach, Ztschr. f. ic Ocsr.. Expt.
Mod. 63: 383-392. 1928.

HEIDEPSON, Y., ad HAGOARD, H. V'. (40)
Noxious gases and the principles of rosniration irnflucncing their

action. 220 pp. Now Ycrk, 1927. (mr. Chcr. Soc. -c r-.ph
No. 35.).

The monoho.lo5en compounds of ret h.ne---methyl brz:i.ce, .s.thyl
iodide, .nd methyl chlride---c.re reactive goses, for after absorp-
tion by the body they are decomposed into nethanol, u:hich s nearly
nonreactive, and the halogen acid. The acid then corbines vih the
sodium of the blood to fcrm the sodium halide. The marked cumnu-
lative effect of methanol and its destructive action upon the ner-
vous system render these three methyl halides particularly poison--
ous. TheyT do not themselves accumulate in the body and reach an
equilibrium nreventin- urther absorption, as in the case o-f :on--
reactive gases, but they arc decomposed '4th the production of
methanol. Ocnsequentlyr, methanol cc: cinues to accLmLulate in the
body as long as the exposure persists. Thus severe poisoning by
methanol results after prolonged exposure to concentrate ons of a
methyl morchalide too sma 1 to exhibit the anesthetic action of
the undcecomposed substance. The s ,mntoms are those of methanol
poisonin:. Their development may be slow and recovery delayed;
there is usually intense excitement and even epileptiform con-
vulsions. Gastric and intestinal disturbances, vOmitin diarrhea,
and pain nay also occur (pp. 159-160).

HiOW1ARD, F. L. (49)
Chloropicrin, s oan, carbon Cisulzido nd o her tr' a '.G::+.ts 1cr

injurious :: oil microorg-anisms. Veg. Growers As soc. Amer. A:,
Rlpt. 19J0: 115-130.

M~e tiyrl bromide is a powrcrfu] insecticide which it appears can
be developed into an efficient soil fur-i :a.nt for *ri.ng plants.

I. G. FAi-RB'EINDUSTRIE A.-G. (50)
Alkyl nalides. German Patent 473,126, June 20, 1929. [In German.1

Alkyl he.lides c.re prepared by nacsing a mixture of an aliphatic
alcohol -vapor with a hydrogCo ha] ide at a. olcvated temperature
over a catalyst comprisins active carbon and phosphoric acid.
The examples deccribo the prcparsticn of mthyl chloride, mthyl
bromide, an.zd propyl chloride.
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------- (51)
Alky1 halides. British Fatent 375,199, June 25, 1932.

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

I I-ETRNATIONAL LAPOU? OFF ICE. (52)
Occupation and health. v. 2. Geneva. 1934.

The chemis try, tcxic action, pathology, and prophylaxis of
methyl bromide are briefly reviewed (pp, 238-240).

IRISH, D. D., ADAMS, B. M., SFENCER, N. C., and RO, V. F. (53)
The response atccnding exposure of laboratory animals to vapors
of methyl bromide. Jour. Indus. 11yg. and Toxicol. 22: 218-230.
1940.

Animals tolerate large doses for short periods of time.
After lc g exposures sere lun: irritation is observed. Animals
succu cJLo sin1le exposres of 12 to 24 hours at a concentration
of O,85 mg. pr liter. Rats cur-lived for a variable period (1 to
3 woes to 5 mcn'hs or more) renected cxuosures of 7 1/ 2 to 8
hours dily to 0.42 mp. pcr liter, but. they showed definite intox-
icatio and poor grovrbh. Guinea pies cre more resistant, a

ma ority surviving a full 6 months T'rith nearly normal growth.
Rabbits weorc more susceptible. .hin the concentration was lowered
to 0.25 mg., it was tolerated by both rats and guinea pigs in re-
peated exposures for 6 months. Monkeys tolerated 0.25 mg. for 5
weeks or more. '"hen the concentration was 0.13 mg., rats, guinea
pigs, and monleys survived repeated exposur es for 6 months without
gross symcptoms 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 .aximum tolerated for a single ex-
posure of 8 hours. Rats and guinea pigs tolerated for 6 months
approximately one quarter the maximum concentration when exposed
for . single 8-hour period daily This indicates the ability to
destroy rapidly or excrete methyl bromide and recover quickly from
each exposure. Animals exposed to concentrations and for periods
sufficient to cause a definite paral ysis were able to recover

completelyr if removed from the chamber, Pecovored animalss showed
no func icional cr physiological abnormalit -.

JAQIET, A. (54)
ebor 3ronnet?.-; lver';if- a:. Dub Arch. i 9 Kl ii . Mcd0. 71:

379-386. 1901.

Two cases, neither fetal, of 9oisonin; bhy methyl bromide are

reported. The first sipboms were weakness and vertioo, visual
disturbanccs, and dycpnoa. Tn sli lt p oi coning those sen to be
the only svoptoin. In more severe poiscnirg or in especially pre-
disposed acrsons there may follow psychic disturbances, even

reaching; dc; :i.riuz. It 5 s no-able that the scvero symptoms may
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appear only after sovcral days. Soe residual ncurasthcnia vas
observed. A few experinonts 'ith animals are described.

JOACHET.OGLU, G. (55)
Toxikologischo Bctrachtungen uber einige moderno Fcucrl6schmittcl.

Dcut. Med. Wchnschr. 56: 785-787. 1930.

Methyl brmnide is much mere toxic than carbon totrachlorido.

Concentrations as lcw &.s 0.00009 mole per litcr wore fatal to
dogs upon prolonged exposure. The animals displayed lung edema
and finally died after severe dyspnea.

JOHNSON, A. C. (56)
A low-cost r ater ceal fumigatcr. U. S. Bur. Enat. and Plant Quar.

ET-154; 2 pp., illus. 1940. [Processed.]

Directions are given for the constructicn of a veter-sealed
fumigator from a 50-gallon oil drum. Carbon disulfide and methyl
bromide have been used in this fumigator.

JOHNSON, V. A. (57)
Fumigating 7ith hydrocyanic r.cid and methyl bredido. U. S. Patent

2,147,947, Feb. 21, 1939,

For destroyin; living orcanis::s such as Japanese bootles, 1
ounce of hydrogen cyanide and C ounces of methyl bromide are used
per 1,000 cubic foot of space. Such a mixture has e mutual synear-

gistic action,

JONES, R. M. (58)
Toxicity of rethyl foructo, :thylenc oxide and mthyl bromidc, in

admixture with carbon dioxide, to the rust-red flour beetle.
Io.a State Col. Jour. Sci. 13: 73-74.. 1938.

The maximum insecticidal effects cf methyl fomo.-bo, ethylene

oxide, and methyl bromide against Tribolium castanoum (i-ost.)
vrre bcu .inod vith concntrations of 40, 60, and 20 percent, res-
poctivoly, of carbon dioxide. Inrcase of carbon dioxide nayr de-

crease the effectiveness.

(59)
Toxicity of fumigant-ce-rb>n dioxide mixtures to the red flour

beetle. Jour. Econ. Ent. 31: 298-309. 1938.

The toxicity cf methyl fc rate, ethyl brci:ide, and ethylene

oxide, alone and in mixture with vericus concentrations of cerbon
dioxide, was studied with 'ribelium castaneun (ilst.) as test in-
sect. The toxicity of those fumigants may be markedly increased
by the addition of certain percentag;es of carbon dioxide. The
stimulative effect of carbon dioxide is considerabl.y r:cro pronounced
vrith mthyl formatc and ethylene oxide than vith methyl branide.
Maximum efficiency cf methyl fornate, ethylene oxide, and methyl
bromide is cbtained iith approximately 40, 20 and 10 percent of car-
b.n dioxide, respectively.
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IOHN-ABREST. E. (60
Precis do toxicclogie, 388 pp., illus. Paris. 1934.

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

LANGE, T. I. , Jr , (61)
Tests vith methyl bromide as a fumigant for larvae of the arti-

choke plume moth. Jour. Econ. Ent. 32: 66-69. 1940.

Platyptilia carduidactyla (Riley) is controlled vw:ith minimum
plant injury by a dosage in vacuo of 1 pound per 1,000 cubic feet.
The teriperature should be 22,20 to 24.40 C. and the exposure 2 to
2.5 hours. Treatment at atmospheric pressure increases plant
injury.

LATTA, R. (62)
Methyl brormide fumigation for destruction of pod-borer larvae.

Jour. Econ, Ent, 33: 176-179. 1940.

Doses as 1ev as 0.5 pound per 1,000 cubic feet produced com-
plete mortality (f Maruca tostulalis Gcycr, in 2 hours at tempera-
tures above 210 C. at atmospheric pressure, or in 90 minutes at a
15-inch vacuum. Lcw temperatures required higher doses. For com-
mercial Latmospheric fumigation 1.5 pounds per 1,000 cubic foot for
2 hours is advised (teprature 210), Grcen lina beans, string
bcans, and pigeon peas are. not injured by doses necessary to kill
the larvae of this insect.

LE GOUPIL, (63)
Les propridt's insecticides du bromuro do methyle. Rev. do Path.

Vcg. et dtEnt. Agr. do Francco 19: 169-172. 1932.

In studios of vacuum fumigation with various substances,
rmethyl brcmide, which wras originally used in cobination with in-
flamnable liquid fumigant to reduce the danger of fire, was found
tc possess a much higher specific toxicity than the fumigants with
which it was mixcd. Further tests wore carried cut with methyl
bromide alone and diluted i-e a liquid possessing slight insoctici-

dal properties, such as carbon totrachlorido. Sitophilus granaria
(L.) was chosen as the test insect on account of its resistance to
insecticides, A few other species, notably Triboliun, wero also

used. The time of exposure was 1 1/2 hours in every case, but the
dose ranged from 2 to 13,5 ounces per 100 cubic foot. The insects
wore treated both isolated in vitro and buried in various types of
commodities, in dry atmosphere as well as in varying degrees of
cisture, in the presence of rags soaked in oil, and at tempera-

tures fro:n 150 to 260 C. With doses below 3.5 ounces some insects
were still alive when they wore withdrawn from the autoclave, but
all succumbed within a few hours. Larvae, pupae, and adults still
inside unsplit grains wore reached just as effectively as those
developing betwsoon the grains, and it is probable that the eggs
were also dcstroycd. lOthyl brr.mido is toxic to nun only in very
large doses, and since it is very vc latile and soluble in water,
it is ecsily cliniiated frr fumigated commodities 1.t is uninflam-
mable under al. conditions and caa be; used to reduce the danger of
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fire uith such substances as ethylene :xide. Although its price
is high, the small quantities required render the cost of using it
reasonable. It does not appear to affect the ter::inating pcwrer of
cereals, but tests have not been carried far enouh in this direc-

tion to be conclusive.

LEPESIZE, P. (64)
The efficacy of methyl bromide in the di sirection of vegetables

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

iHinety-minute exposure to 40 gin. per cubic meter of methyl
bromide under a partial vacuum of 50 mm. of mercury will completely
destroy Sitophilus granaria (L.), S. cryza (L.), Fcizopertma
dominica (.), Tritoliurm castaneum (Ebst. ), Gnathoccerus cornutus
7.7, W~yzaephiTus suTrnamensis (L.1, LaemophKeus spp., ;ruens a

signaticornis Gyll., and Enhestia kniehniella Zell. This dose can
be lowered to 30 gm. in scu.e cases.

LEPIGRE, A. (55)
The disinfection of raairs vith mixtures of ethyn c-y oxide and

carbon dioxide. Soc. d'Encouragem:cnt.pour Indus. lTat. Sul.
135: 385-462. 1936, [In French.]

The usc of nethyl bromide as a fumigant for grain is discussed.
It properties are given and its action on man and higher animals is
discussed, chiefly from the literature. The danger of its deconpo-
sition into hydrobromic acid in treated gocds is thoughtto be con-
siderable. Little is kr.ow of its effect on wheat for milling, but
its effect on the germination of the grain is considered serious if
a dooa.ge of 6 ounces per 100 cubic foot of air is used.

LINDGREN D. L. (66)
Mothyl bro.l d.. funigar tir cf ecdl in ,-no th larva.. J vr_. __ .

Ent. 29: 1174-1175. 1936. (Correction in Jer'r. Econ. Ent.
30: 381. 1937.)

Five pounds of a mixture ecutaining 3.4 percent b volunc of
methyl bromide and 96.6 percent of carbon dioxide or 100 cubic
foot killed all the larvae buried in sacks. ecthyl bromidc is
much more tcxic tr those lo.rv.e than hydr :;o craide cr carbon
disulfide.

(0 7)
:ethyl iodide an a fu. L : J ur. a. : _t. ~: _21, 190.

Tosts w ith methyl iodide r. sc:lc insects (Coccidac), lady
bcetles (Coccincllidac), confused flcur beetles (Trilcl un con-

fusum Divv. ), codlin;" meth larva.c (C rpocanca cr:nella (L.) , and
STc ot er inc: C indicate that inic Copou?:nT b.s possioilitics
as a fumi.gart. 1 tests on citrus seedlings concentrations above
thesc lethul " bc insects were net toxic to the plants.

:,.



-18-

LIVINGSTOI, E. H. (68)
Fumigaticn cf bulk s ii th me.thyl bromidc for the ?Thito-fringed

beotle in fcw Orleans. U. S. Bur. Ent. and Plant Quar. E-512,
4 pp. 1940. [Frocesscd.]

Experimental work nith methyl bromide as a fumigant for potting
soil and five additional types of soil showed that larval infesta-
tions of Pantomorus leucoloma (Boh.) in bulk quantities of these
soils were destroyed by treatment with 38.3 cc. per cubic yard for
48 hours, at 42 -88o F. 11o harmful effect on plants from the use
of soil fuaicated with maethyl bromide has becn noted by comrmercial
users.

(69)
Mothyl bromide fumigation of the white-fringed beetle larva in

small flowrerpotc in Ner Orleans. U . S. fur. Ert. and Plant
Quar. E-513, 4 pp. 1940. [Processed.]

Fumigation of the larva of Pantom orus leucoloma (Boh.) in New
Orlcans with methyl bromide at the rate of 1 pound to each 1,000
cubic foet of chamber space for 4 hours at about 850 F. destroyed
infestations in t'c soil about the roots of plants growling in 3-
inch or smaller flowcrpots, but not in 4-inch pots. The volume of
the 4-inch pot is 2,3 timols that of the 3-inch pot. The treatment
has been used successfully in euarancinc work in New Orleans and
is tclcrated 'y aproximately 90 percent of the plant species and
varieCtis.

, ^ SRFP, S., S., and SWV IK, G. P. (70)
lEthyl >romide in aqueous solution to control Pantomorous

leucoloma [Doh.] and P. peregrinus [Euch.], Jour. Econ. Ent.
:~531-533, 1940.

An aqueous solution containing 0.3 percent of methyl bromide
and 0.6 percent of ethyl alcohol destroyed larvae of both species
about the roots of balled nursery stock. The application of 40
gallons per 100 square fast of soil surface gave complete mortal-
ity of the larv in 18 hours or less,

LOFFLER, W". , &.nd RUTITEYlR, W. (71)
Ucbcr Vergiftung mit Brornmthyl und Nachweis der Substanz in Blut

und Organcn vergrift:tor Tiers. Vrtljschr. Gcrichtl. Mcd. 60:
0-.67, 1920.

A fatal cas_ of m thyl bromide poisoning is described. 'This
acute seizure had b:c.n preceded by subacute intoxication during
periods when the patient had worked in an enclosed space where
there was smne exposur' to m.ethvl bromide, with apparent remission
of all symptoms during period, when h- worked in the open.
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LOS ANGELES COUNTY AGRICULTLTAL C'Im:ISSIONER. (72)
Codling moth. .Los Angeles Co., Calif., Agr. Cc:m., :nn. Ept.

1940: 7.

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

LOUNSKY, J. (73)
Note sur la resistance des azalees '. la fumairtion au Lromure de

methyle. Inst. Agron, et des Stas. de Rech. de Gerloux Sul. 8:
126-131. 1939. fSumrnaries in Dutch, Geran, and English.i

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 gin. per cubic meter for 2 hours.
On the whole, the treatments had no injurious effects on the plants.

------- and VAN\DEPLLE, R. (74)
Observations our le comportement de plantes d'azales dans divers

essais do traitement do dcsinoctisation. Inst. Agrcn. et des
Stas. do Rech. do Gemblou:: Eul, C: 52-58. 1939.

Fumigation with acth'rl brcnoide cc used no injury to azalea
plants when used at 40 6:. per cubic motor for 1, 2, or 3 hours
at reduced or atmospheric pressure, but gave irregular results at
higher dosages, sometimes causing injury that was found to be duo
chief fly to impurities and which was alv..ys more sovore at the
bo ttom of the fumigating chamber.

ICKIE, D. e. (75)
Entomoloical srvicc. Calif. Dct. r. - .nn, Apt. 1936) bul.

25: 455-481, illus. 19:7.

,othvl bromide was used extensively as a fumigant during 1936.

---- -- "-(7r)
Entomel o ical s< rvice. Ca l if, Dept. gr. (Ann. Rpt. 1937) Bul.

26: 418-438. 1938.

Fumi .'-tio with methyl "reaiide gas proved vory satisfactory

for dostroyin Keiforia lycencroiccla ("usck) in harvested toa-
toes, and was lso used eL- ainst L !trodcrcs obliquus Klug in
celery. In cold roather, horover, this fuimigant ms loss effec-
tive than hydrocyanic acid gas o::copt at much higher dosages,
which sometime caused injury to plants, especially those with a
noticeable oil content.
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(77)
Eethyl broide---its expectanc- as a fumig-ant. Jour, Econ. Ent.

31: 70-79. 1938.

Methyl bromide is toxic to a large group of insects and other
animals. Eav plants in the active or dormant staf"e can accommodate
themsel ves to its vapors .t concentrations and exposure periods
which are lethal to animals. The vapors are noninflarxnable and
stable at temperatures, pressures, and moisture conditions met in
practice. Lack of a distinctive odor at toxic vapor concentrations
presents a hazard to humans which will necessitate the use of a
warning compound (lachrymatin gasp. The equipment necessary in
using this fumirant presents no great mechanical difficulty.

(78)
Entomological service. Calif, Dept. A gr. (Ann. Rpt. 1938) Bul.

27: 645-668, 1939.

As the second generation of Carpocapsa pomonella (L.) hatched
at the time of the first nickina of pears, newly hatched larvae,
which were difficult to detect at the time of picking, were
numerous it the fruit. Fumigation of the packed and wrapped fruit
in the trucks ready for shipment with 2 pounds of methyl bromide
per 1,000 cubic feet was found to destroy all larvae in 2 to 3
hours.

------- ( 79)
Modern LYumiation for pest control Pests 7 (4): 6-8. 1939.

The amount and type of material fumigated greatly affect the
concentration of gas in the air. Hydrocyanic acid gas and ethyl-
ene oxide, being wator-soluble, are greatly affectd by moisture,
whereas carbon disulfido, methyl brolaide, carbon tctrachloride,
and ethylene dichloride, being fat-soluble, are loss affected. In
vacuum fumigation holding the vacuum throughout the exposure is

more effective than dissipating the vacuum as soon as the fumigant

is introduced. The control of termites by fumigants is worth fur-
thor investigation. The author is testing tri- and totra-chloro-
ethylene and methyl bromide.

------- and CRTR, W. B. (80)
Mlthyl bromide as a fumigant. A preliminary report. Calif. Dept.

Agr., Bul. 26: 153-162. 1937.

This fumigant possesses certain properties which permit its
use ar'ainst a number of fcrns of insect life not possible hitherto
because of injury to the host. Data relative to its toxicity to
human subjects are inconclusive. The gas has about the same insec-
ticidal value as ethylene o:ide. IlMethyl bromide vn'as used at the
rate of 2.5 pounds per 1,000 cubic feet for 90 minutes in the fumi-
gation of poatoes for hnorimoschena operculella (Zell.) with 100

percent k ill. In one season 220 cars of potatoes were funigated
without injury to vegetables or bc personnel. The tomato pinworm
is easily dctroyed br the ;ame dosage. Preliminary tests on
citrus trees showed complete control. without injury to the tree,
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of resistant California red scale, The :s may be used in vacuum
fumigatore and mixed vtith carbon dioxide. Insects which apparently
survive the fumiation become comatose and die after several days.
This fumigant is less injurious than hydrogen cyridc to certain
plants and tissues, including colCus, begonias, ferns, and other
succulent plants.

------- and CAPTER, W. B. (81)
Observations or Hypera 'runnoipennis and its destruction in baled

hay by fumigation. Calif. 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 cars were found to be unsuitable for fumigation,
but complete mortality in refrigerator ears was obtained with a
dosage of 1.1 pounds of methyl bromide per 1,000 cubic fact in the
baled hay and also in babs of flax seed, the periods of exposure
ranging from 6 to 24 hours for the hay and 12 to 24 for the seed.
Complete mortality was also obtained in 12 hours when bales of
alfalfa hay were fumigated at 1 pound per 1,000 cubic fect under a
ga.s-proof tarpaulin.

------- and CtITER, W. B. (82)
Destruction of alfalfa wveeil Hypera variabilis by fumigation and

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

Penetration by methyl bromide wms slo'.rer in timothy than in
alfalfa hay. When 26 adults were placed in the center of a balc
of each in a refrigorat;or car filled with timothy hay c.nd fum:iga-
ted for 10 hours at a dosage of 1.2 pounds of methyl bromide per
1,000 cubic feet, all those in the alfilf:. orec dead 3 hours after
trcaltrant, -hcro.s 5 of thosc in tir.:othy vrcro active 5 days after-
vrward. Complotc mortality was obtained in baled timothy hay in
refrigerator cars b-r fui nation at dosages of 1.2 and 2.,4 pounds
per 1,000 cubic feet for 24 and 6 hours, respectively. The bromine
residuna 72 hours after treatment for 24 hours at these dosages
were 19.8 and 34,9 p.p.r. compared with 5.8 p.p.m. for untreated
hay. When bales of alfalfa hay were fumi ated at 2 pounds per

" 1,000 cubic feet under a gas-proof tarpaulin, all the adults vere
dead immediately after treatment for 12 hours, and 4 hours after
treatment for 6 hours, but heavr concentrations of bromide re-
nained. When the dosage was halved, all the adults were dead 3
hours after fumigation for 6 or 12 hours.

----- nd C'IRTTR. W. 3. ( 83)
Fumigation of fresh fruit with city1a brlomido under industrial

conditions. Calif. Dept. Air., 'ul. 29: 78-36. 1940.

Packers durin; the 1939 season ui ated 1956 carloads of
California Bartlett pears to destroy codling moth larvae. The
work. was done in refrli'-erator cars, refrigerator trucks, or un-
der gastight tarpaulins. Fur.Uigation should not be done below 650
or above 95 F. in the car. The dosayc is not less than 4 or
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more than 5 pounds per car, with an exposure of 2 hours. Twenty
c:.rs of mixed fruit pearsr, plums, .nd peaches) were also treated
without injury, as were 5,000 boxes of apples consigned to Hawaii.
The same method vras used in treating 5, 310 boxes of winter pears
to destroy the mealy'ug Pseudococcus maritimus (Ehrh.).

19ALLET, I. . (64)
Insecticides for c _ricultural products. french Patent 747,798,

June 23, 1933. .

,7ricultural funigants contain a considerable amount of methyl
bromide, which is not only toxic to insects 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.

McLATE, L. S., and MU7RO, H. A. U. (85)

Developments in vacuum fumip:ction at the port of Montreal. Ent.
Soc. Ontario, Ann, Rpnt. 67: 15-17. 1936.

A proprietary fumi gant containing approximately 7 percent of
methyl bromide and 93 percent of carbon dioxide killed European
corn borer larvae when used at the rate of 40 pounds per 1,000
cubic foet for 90 minutes. A 2-hour exposure at the same rate
gave complete mortality of apple miaggots and codling moth larvae
in the centers of infested apples. Analysis of vegetables and
fruits fumic:ated with the mixture under experimental conditions
showed that to a very limited extent the methyl bromide reacted
with the plant material to give a water-soluble bromine compound.

MEIXEER, K. (86)
Vergiftun: durch Drfo dos _Fouerl6schmittl s Poloin (ethyl-

bromid). Boitr, z. Gorichtl. Mcd. 3: 10-17. 1928.

A workmnan omploycd in fillinI ire extinguishers with this
liquid was fatally poisoned 1 y the fumes, Convulsions and marked
cyanosis proc;;ded dCth. Autopsy showed lung edema and an early
starno of brain edoma.

IJERZEACH, L. ('87)
Zur Pharmakolog;ic dos Bro:enthyls und cinigor seiner Verwandton.

Ztschr. f. dio Gosam. Expt. Mod. 63: 383-392. 1928.

Do^s venr killed by exposure to 0.00009-0.00054 mole of mothyl
brom3.do per liter. Marka d edema of the lungs was produced. A con-

centration of 0.000036 mole ner liter was not fatal. Exposure of
carp [Moorka.rpfen1 to 2.13: gmt. of .ethvl bromide in 1,000 cc. of
water caused narcosis in 18 minutes, b1t 1.8373 ;gu. caused no nar-
cosis after 20 minutes. TExposure of isolated fro. hearts to 6.5115
gin. in 1,000 cc. of Ringer solution produced a diastolic stoppage,
although the heart recovered spontu:cously; with 5.7975 gmo in
1,000 cC. there was no stoppage, but the amplitude was less and the
freCquency r educed.
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MIETCALF, C. L., and FLINT, ". P. (2g.)
Destructive and useful insects. 981 rp New Yor- and London.

1939.'

The physical properties cf nothyl bromide are described. "I
is about as toxic to many i-nsects as chloropiorin and is used at
dosages from 1 to 2 1/2 lbs. per 1,000 cubic feet for 12 to 16
hours in buildings. It is not narcotic to the insects and kills
very slowly. It is recommended for use in ordinary atmospheric
fumigation., 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 ornamental flowers, and for rodent con-
trol. It does not injure the germination of seeds if they are dry.
High temperature and humidity increase the effectiveness of this

gas." It appears to be a very prcmising fumigant, but much is
still to be learned about it (pp. 288-289).

For the control of bedbues in congested places, individual

rooms or apartments can safely be fumigated with commercial gases
containing methyl bromide (p. 888),

MI NI STERSTVWO SPRAW WO JSKOVIYCH. (89)
Froparation of methyl bromide. Polish Patent 24,777, May 25, 1937.

Sulfur dioxide and bromine react in the presence of water to
form hydrobror.ic acid and sulfuric acid. To this are added, drop-
vise, methyl alcohol and excess sulfuric acid, and the methyl bro-
mido obtained is distilled off.

MUNFO, I. A. U. (0)
Some observations on the use of methyl bromide as a fui2igant, Ent.

Soc. Ontario, Ann. Ppt. 68: 72. 1938.

This is a brief summary of etudics in Quebec on the use cf
methyl bromide as a fumigant for apples. It wavs highly toxic to
applc insects ;hon applied at the rate of 2 pounds per 1,000 cubic
foot at 800 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 800 by fan circu-
lation. In several varieties of apples exposures of 90 and 60

minutes killed larvae of Ccrpoc psa pon onolla (L.) and Rhagoletis
nomonella (Walsh), respectively. Eggs of Rhagoletis in the fruits
-were killed in 30 minutes, but 60 minutes were necessary for eggs

" of Carrocapsa. In some experiments, however, it appeared that
methyl bromide caused injury to apples.

(91)
Seine funi: o.Lion methods s rl lyn1d ia , . ' d S :. . ' 1' nt

the spread of the Japanese beetle (Popilla japon c:.:i.). Eiit.
Soc. Ontario, Ann. Rpt. 70: 80-83. 1939.

Methods of fumigating fruits, vegetables, pot ed plants, and
nursery stock with methyl bromide are described.



;.ATICTAL ISTIUTE CF ITELTi (92)
Preliminary recommendations to fu-igitors using methyl bromide or

mixtures containing methyl bromide as a fumigant. L. S. Pub.
health Serv., atil. Inst. Health, 11ay 16, 1938, 1 p.
[1roccssed,]

(1) Avoid breathin_: air containing mcthyl bromide.
(2) On coml<tion of funigacion, provide thorough ventila-

tion for cars, rooms, or buildings before entering.
(T] When necessary to enter spaces containing methyl bro-

mide, use a gas mask provided with a canister giving protection
against organic vapors, or a positive Pressure hose mask,

(4) Avoid spilling methyl bronide. Get to fresh air imed-
iatel' in case of spillage. Remove any clothing in contact with
skin which has become impregnated with the liquid.

(5 Post warning signs notifying that methyl bromide is be-
ing used and that the gas is toxic.

(6) Store containers of methyl bromide in a. cool, well-venti-"
lated lace, outside inhabited buildings. Avoid leakage by seeing
that valves on cylinders are tightly closed.

>1UCICOLLS, A. H. (93)
Comenrative life, fire and explosion hazards of common refricer-

ants. Underwriters Laboratories, Misc. Hazards '?o. 2375, 118 pp.
1933.

Methyl bromide was among the materials investigated. Toxic-
ity was determined with concentrations of 0.5-1.0 percent and

2-2,5 percent byr volne (with higher concentration in some cases)
by oposine guinea pigs for periods of 5 minutes to 2 hours. The
effect of decomposition of the gas mixtures b> ieat from gas and
oil flames and electric heating: unlts -as also determined, and
analyses rcre made of the decomposition products. Investigation
of fire and explosion hazards included determination of ignition
temperature, limits of flammability or explosibility, ex-plosion
pressure, as well as time tests and speed-of-flame-propagation
tcsts. The apparatus used and results of tests applied are de-

;cribod in detail.

OETTINGET, W. F. von ( 94)
The halogonatecd hydrocarbons: Their toxic itv and potential dan-

gors, Jour, Indus. -yg'., and Toxicol, 19: 349-448, 1937.

The i1 tcratiure on the toxicity of mcthyl bromide is reviewed.

MQ thyl'r o if--.0 Vr" i Ct1 un'e;n, borufl icho. Sann1. Vorgiftung'sfallen
4 (A., A): 157-1(0, 193;.

Two noniata. (n.sen of mc. il1 bremi de no is nine are described

in which LherC wore l ou svmpto-froo in berval s. Erain irritation

persisted for a long p' riori in one case, and psychic debility in
the othor
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FPELIS, W. J. (96)
Eramination of saturated aliphatic hydrocarbon gases. Indus. and

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

The .method described uses a low bromine concentration in the
presence of iron powder at 290-370 C. Methyl bromide was ob-
tained by this means from methane.

PETERS, G. (97)
The biological-chemical evaluation of gaseous insecticides. Anz.

f. Scha.dlingsk. 14: 116-122. 1938. [In Gernan.]

Data on the boiling point, specific hoat, heat of vaporization,
and saturation limit at 200 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.

PETRI, E. (98)
Pathologischo Anatomic und Histologico dor Vergiftun'oni. In THenke,

F,, and Lubarsch, 0. Handbuch der Spoziellen pathologischen
Anatomic und Histologie. v. 10, pp. 272-273. 3crlin. 1930.

The symptoms and pathology of methyl bromide poisoning are re-
viewed from various literature sources.

PHILLIPS, W. R., and MUNRO, H. A. U. (C9)
Methyl bromide injury to apples. Jour. Econ. Ent. 32: 344. 1939.

Although fumigation vith 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
vacuua vault an:d 800 F., only two of seven apple vari ics were in-
jured.

------- MUNRO, H. A. U., and ALLET, C. E. (100)
Some observations on the fumigation of apples with methyl bromide.

Sci. Agr. 19: 7-20. 1938.

The standard treatment was found to be lethal to insects feed-
ing internally in apples. The residue of bromide was so slight as
to be harmless to human beings. Under certain conditions, however,
methyl bromide caused both internal and external injury to the
apples. Nio injury resulted, however, whcn the apples were picked
at the proper stauio of maturity and stored for 6 vrcks at 32 or
39 i'., and standard treatment was used. The damage, thercfore,
appears to be physiological rather than mechanical.

PIPEr, W. F., Jr., and DAVIDSON, R . H. (101)
Mothyl bromide vapor against five sccics of stored product in-

sects. Jour. Econ. 'nt. 31: 460-461. 1938.

Fumigation tests at atnophcric pressure and various room tem-
perc.tures, concentrations and exposure periods were made on
adults of Sitophilus granaria. (L.) and Acanthoseclides obi cc t us
(Sa.y), larvae of irooderm.a versicolor Crcutz., lrvc and adults
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of Cathartus quadricollis (Guer.) (Silvanus gemellatus Duv.), and
larve of Tornbrio obscurus F., both exposed and covered to.. a
depth of 6 inches by what. It wt.s estimated th.t 1. pound of
methyl bromide per 1,000 cubic fect should kill all those insoots
in 12 hours at 58 0 -70 0 7, Lowe'r dosages may be sufficient or
higher ones required in practical fumigation according to the
species concerned and the quantity and nature of the infested
materi, Sitouhilus was the most susceptible, the species being
increasingly resistant in the order named. Uhder conditions in
which all the insects were 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. iNo ill affects were exper-
ienced by the operators, and the fumigant was found to be nonin-
flammable and easy to handle.

QUAYLE, H. d. (102)
The development of resistance to hydrocyanic acid in certain

scale insects. Hilardia 11: 183-210. 1938.

Preliminary experiments indicated that forms of Aonidiella
aurantii (::ask.) which are resistant and nonresistant to hydro-
cynic acia :as differ in their reaction to methyl bromide.

PICHAfRDSON, B3 , W. (103)
Some further additions to therapeutics. I. Organic bromides.

Practitioner 6: 337-345. 1871.

Methyl bromide is mentioned as a general anesthetic.

---- "--- (104)
Methyl-bromide. Asclepiad 8: 239-240. 1891.

Several deaths have occurred from the use of miethyl bromide as
a general anesthetic.

PICir'PT, P. ?. (105)
Apparatu s K. r dispensing methyl bromide. U. S, fatont 2,156,869k

Mayr 2, 1939, to Dow Chemical Co.

Various details of valve construction, etc. are given.

POHPE, F.
UInber Brompnethylvergiftunv;. Ein DeiLrab zur Frage der Spatwirk-

unwen von Giftstoffen. Vrtljrschr. 1'. Gerichtl Med. 60: 61-59.
1920.

1. fatal case of poisonin by mithyl. bromide i s reported. The

natient was exposed while making rea irs on a pipe carrying the
raaterial in a plant for the manufacture e of antipyrine . There was
a symptom-frer' interval of about 24 hours between exposure and the
oncet of epiloptiform se1zuroe, coran, hAnd death,
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SAYERhS, R. R., YALIT, '. P., TEG.'AS, B. G, 1'., and BEEP, L. B. (107)
Physiological response attending exposure to vapors of methyl bro-

mide, methyl chloride, ethyl bromide, and ethyl chloride. U. S.
Pub. Health Serv. Bul. 185: 1-56. 1929.

The purpose was to determine the effects of these vapors es-
caping inz refrigeration plants. Guinea pigs were used. Short
exposure to high concentrat.on 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 :'ere similar--
weakness, 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 va.s the
least toxic and methyl bromide the most. Addition of chemical
agents to these refrigerants to serve as a warningg of Their escape
is suggested.

SCHROTER', G. (108)
Methyl bromide. German Patent 330,642, Nov. 25, 1917.

Methane or methane-containing gas mixtures are passed with
bromine over catalysts, particularly iron, at temperatures above
2000 C.

SCEULER. (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 vas 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 ethyl bromide
ranging front 1 to 8 percent by volume. Symptoms observed in the
animals were somnolence, running of nose, sloness of pulse, and
cyanosis.

SCHY'ARTZ, F. (110)
Brommethyl in der Sch dlingsbeK:mnfung. iArtl. Shchvcrstadi n: nzi.

42: 258-259. 1936.

The insecticidal use and the toxicology of muthyl bromide are
briefly discussed.

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

Econ. Ent. 32: 354-859. 1939.

Laboratory tests wore continued in 1938 (se? Fis aLnd Shepard

29) with common insects that occur in houses or infest stored pro-
ducts. Their susceptibility to methyl bromide and its effctive-
ness in comparison with that of other funligants aro shorm' in a
table. With 5 hours' exposure at 250 C. the median lethal concen-
trations of nethyl bromide, chloropicrin, othyleno oxido, carbon
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disulfide, and ethylene dichloride to the larvae of Attagenus

piceus (0liv.), and of the first tvo compounds to the adults,
were 17.5, 5, 17, 88, 195, 9. 5,and 1.3, mg, per liter, respec-
tively, and those of methyl bromide were 5 and 3.1 m . 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 nale 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 action of various fumigants
against adults of Tribolium confusun Duv. are shoun on graphs.
Those exposed to methyl bromide at 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 -9o C, and then decreased, whereas that necessary to
kill adults of Sitophilus granaria (L.) increased down to nearly
0 C. 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.

STAHL. (112)
Die Anwendung chemischer Sonder-nassfeuerloscher in den gewerb-

lichen B otrieben unter dem Gesichtspunkte ihrer Einwirkung auf
dic Bonutzer. Zentbl. f. Gewerbe Eyg. u. Unfallverhitung (n.f.)
5: 78-80. 1928.

The author takes issue with the recommendation of methyl bro-
mide as a fire extinguisher liquid by Von Gronov (40) and quotes
several authorities to show that its use is dangerous.

STEIGER, 0. (113)
Uebor Bromne thylver giftung. MIunchen. Mod. Wchnschr. 65: 753-755.

1918.

A nonfatal caso of n~ethyl bromide poisoning is reported. The

usual symptoms of dizziness, vertigo, paralysis of the extremities,
disturbances of vision, etc~, appeared, followed after several days
by hallucinations and strong motor unrest. The blood contained
methenoglobin, 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,"
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. resell. Eer.

38: 1865-1868. 1905.

Methyl bromide is prepared by adding bromine slowly to a mi:.-
ture of methyl alcohol and red phosphorus.

------- and SCIHWEi, G. (115)
Prepcara.tion of methyl bromide. Jour. f. Prakt. Chem. 102:

363-364. 1921. [In German.]

The authors increased the yield fronmi 44.5 percent to 77 percent

of the theory (calculated from the bromine) by using methyl alcohol
(110 gm.), bromine (110 cm.), and phosphorus (22 gm.). To avoid
the formation of an explosive mixture, they kept the methyl alcohcl-
phosphorus mixture slowly boiling before and during the addition of
bromine.

STENGER, V. A., SIRADER, S. A., and BESEGRTOOE, A. J. (110)
Analytical methods for methyl bromide, Indus. and Enrin. Cheme,

Analyt. Ed. 11: 121-124. 1939.

Since the vapors cf methyl bromide are toxic, it is inortant
to have a simple procedure for the rapid detection of the has in
air. The literature is reviered and the results of 2 years? ex-
perience at the plant of the Dow; Che :ical Company in IVuichigan are
summarized. The rell-knowm eilstein test, vhich can be made
quickly "ith 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 ihgin. 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 alcohol 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.

STEAkRT, M. A. and IAACKIE, D. B. (117)
The control cf sylvatic plague vectors. Amnr. Jour. i'Ey. 26:

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 wiith methyl bromide. All stages of fleas
arc susceptible to this fumigant, but the adults are the most eas-
ily killed. It appears from field tects that the dosage of liquid
methyl bromide, approximately 10 m . per burrow opening, ordinarily
used to kill ground squirrels is '.lso sufficient to kill all stages
of the fleas. It is believed that the spred of bubonic plague
occurring through the transportation of plague-flea-infosted grains,
cereals, etc., may be checked by fumigating these cargoes with
methyl bromide, and that the materials so treated will not in any
way be rendered uinfit for human consumption.
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STORE2, T. I. (118)
Control of inijurious rodcnts in California. Calif. Agr. Col. Ext.

Cir. 79, rev., 62 pp. 1938.

Tn 1936 methyl bromide was tested experimentally as a means of
ground squirrel control, The results were encouraging, and further
studies are planned, especially as to practical means for handling
the gas. If suitable methods are developed, its use will be limited,
for a time, to fiollow-up operations, since the cost of methyl bro-
mide is as yet too high to permit its use in regular control work.

TAYLOE, A. L., and. McEETH, C. W. (119)
Preliminary tests of methyl bromide as a nematocide, Helminthol.

Soc. Wash. Proc. 7: 94-96. 1940.

I'ethyl bromide appears to be ^n effective soil nematocide for
use against the root-knot and free-living nematodes. Satisfactory
results were obtained in preliminary trials with 80 cc. to treat a
layer cf eoil 15 cm. thick in a fumigation box of 1 cu. m. capacity.
Fair results were obtained with 1.5 pounds to treat 225 square feet
of soil, when the chemical was applied through hollow-tile lines
buried 18 inches under the soil and 18 inches apart. There was
some evidence that methyl bromide also controls fungi and bacteria,
in the soil, but an attempt to climate root-knot nematodes 'from
tomato plants was unsuccessfu. Teratodes in the larger galls
were not killed, and aost of the picuts were killed or severely
injured.

TIETZE, A. (120)
Clinical observations on intoxication by methyl bromide and carbon

totrachloride. 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-
scribcd.

UNITED STATES BUREAU OF FNTOVOTLOGY AND PLANT QUARANTINE. (121)
Dried-fruit insects. TT. S. Eur. Ent, and Plant Quar. Ann. Rpt.

1.936: 6-7.

FTumi actionn of packed raisins with methyl bromide at the rate
of 4 cc. per 25-pound b:o gave complete control of Ephestia
figulilella Greg<. and Pled ia intrpnctella (IHb n, )

------- (122)
Methyl bromide as a fumignnt. U. S. Bur, Ent, and Plant Quar.

Ann, Ept. 1937: 79.

Fumigation with methyl bromide was effective in killing Japan-
ese botlcs in greon beans packed in hamncrs and in killing larvae
of the bootle infesting strawberry plants packed, with soil on
their roots, in crates. It also gavo promise of being a good green-
house fumigant, giving nearly complete kills of three varieties of



aphids, the conmon red spider, one species of thrips, t.ro species
of mealybugs, and immature stages of the southern armyvrorm. Con-
centrations sufficient to kill Japanese beetles were tested on a

variety of plants ithout injury. Special apparatus has been de-

vised for introducing this and. other fumigants into refrieeratcr
cars.

(123)
Fumigation of potatoes by methyl br c-cide as a ccditio of certifi-

.cation of potatoes moving by refrigerator car from the area
listed in regulation 5 of quarantine No. 48. U. S. Dept. Agr.,
B.E.P.Q. 473, 1 p. 1938.

The following treatment was authorized as a basis for certifi-
cationof potatoes moving to points outside the Japanese beetle
quarantine areas between June 15 and October 15: "Fumigation of
potatoes 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 700 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 standa rd vntilation."

------- (124)
Fumigation of onions by methyl bromide as a condition of crtifi-

cation of onions moving by refrigerator car from the area listed
in regulation 5 of quarantine Mc. 48. U. S. Dept. Agr., B.E.P.Q.
475, 1 p. 1938.

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

------- (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. Apcr.,
B.E.P.Q. 480, 1 p. 1938.

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

(126)
Adiinistr.tive instructions to insp ..n hors o oi ;, t.'.wnt of

nursery "products, fruits, voca-tables, and soil, for the Japan-
ese beetle (Sec. 301.48a). ?. S. Dept. Atr., B.E.P.Q. 499, 20
pp. 1939.

The use of methyl bromide is cuthorized for ir ctmt r. in a
fumigation chamber of plants with or without soil, using 2 1/2
pounds of g;as per 1,000 cubic fet (including space occupied by
the load) at a temperature of not less than 630 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 600 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 700 F.

------- (127)
B.E.P.Q. 499, Sup. 1, 1 p. 1939.

The instructions in B.E.P.Q. 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 larger than 12
inches in diameter or thicker than 12 inches when not spherical.
The soil should not be nuddled or saturated, and the balls should
not be jammed tightly together.

_------ (128)
B.E.P.Q. 499, Sup. 1, rev., 2 pp. 1940.

The minimum temlperatures in the dosage schedule provided in
B.E.P.Q. 499 for fumigation of plants rith or without soil are
changed to the follo.ring: 630 F. for an exposure of 2 l/2 hours,
540 F. for 4 hours, and 500 for 4 1 2 hours.

------- (129)
B.E.?.Q. 499, Sup. 1, rev. 2, 2 pp. 1940.

An approved fumigation chamber equipped with vaporizing, air-
circulating, and ventilating systems must be provided0  The air
within the chamber must be kept in circulation during the fumiga-
tion. At the completion of the treatment, the chamber must be wre1l
ventilated before it is entered and the plants are removed. The
temperature of soil and air for each type of treatment must remain
throu?-hout the period of treatme-nt at least that specified as
follows: For dosage of 2 pounds per 1,000 cubic feet, 700 F. for
2 1/2 hours; for 2 1/2 pounds per 1,000 cubic feet, 630 for 2 1/2
hours, 540 for 4 hours, and 500 for 4 1/2 hours.

------- (130)
B.E.P.Q. 499, Sup. 2, 2 pp. 1940.

The following' dosag~es are specified for fumn ation of refrig-
erator cars: 1.6 pounds per 1,000 cubic foot (4 pounds per car) at
a temperature of at least 800 F., or 2 pounds per 1,000 cubic foet
(5 pounds per car) at a t,mperature of at least 700 F.

(131)
Administrative instructions modifying the restrictions of the

white-fringed beetle quarantine by .authorizing treatment by
methyl bromide solution of 1allcd nursery stock not larger than
six (6) inches in thickness (or of specifiod thickness) (Sec.
301.72-5c). U. S. Dept. Agr. P.E.P.Q. 503, 2 pp. 1939.

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



space filled with sand shall be provided between the balls. The
balls shall be treated with a 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 at 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 700 F.

------- (132)
B.E.P.Q. 503, rev., 1 p. 1940.

As a result of more recent investigations, the instructions
are revised to provide that soil balls 7 inches in diameter may be
so exposed for 8 hours at a minimun temperature of 650 F. The

modification isfrestricted, however, to treatment for larvae of
Pantomorus leucoloma Boh. The former specifications remain in
effect for treatment of larvae of P. peregrinus Buch.

(133)
Administrative instructions; conditions :overnin: the entry of

cipollini from Morocco (Sec. 319.56-2f). U. S. Dept. Apr.
B.E.P.Q. 504, 1 p. 1939.

Fumigation with methyl bromide is made a condition of entry
for all shipments of cipollini from Miorocco 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.
Agr. B.E.P.Q. 510, 2 pp. 1940.

Provision is made for the certification of guavas, papayas,
bell peppers, bitter melons, cucumbers, sumner squash, string Leans,
and tomatoes for movement into the United States, when prescribed
fumigation with methyl bromide is applied in iavraii. The connodity
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 loss than 800 F.

Methyl bromide 1um) igation?. Contructorn ct. ils 1 a _ ? reved

fumigation chamber. U. S. Bur Ent. and Plant Quar. 32 pp.
1940. [Processed.]

Conlstructionz details arc ';ivon for a bo:-type fumi. ;c.tion. cham-

ber, suitable for chambers of 50 and 100 cubic fort.

VAYSSIERE, P. (156)
Los stations do dosinfection des vegdtaux sous vidce partial.

Soc. d t Encouragemcnt pour Indus. Hat. Bu. 1934: 295-308.

Methyl bromido kills all states of insects at doeos of 30 to
50 gin. per cubic motor (5 to 5 oz. per 100 cubic fact), and its
action is comparable to that of ethylene oxide. I:t vap'ors arc



not readily soluble, and it breaks up slowly in the presence of
humidity, facing hydrogen bromide. Its use in the fumigation of
vegetable substances with an appreciable humidity content but not
a conuniuous cuticle is therefore inadvisabl e. Excellent results,
however, have been secured in the treatment of pears, the color
and consistency of which remain unaffected, v.nd for which ethylene
oxide is unsuitable.

(137)
La decsinfection des ch ttaignes. Rev. de Path. *Veg. et d'Ent.

Agr. de Fro.nce 25; 277-293. 1938.

(Palaninus) Curculio elephas Gyll. and (Laspeyresia) Cydia
splendans. IEhn. are serious pests of chestnuts in France. Fumiga-
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 mn. and subsequent
vacuum of 20 rn, gave a comlete kill,

VOSS. (138)
Tew s-.rtheses in the solvent industry. Kunststoffe 17: 79-80,

132-134, 205-207. 1927.

-Recent patents are reviewed on processes dealing with the
generationn of methyl alcohol from water gas, direct oxidation of
methane to methyl alcohol, manufacture of methyl chloride and
bromide from methane, and the oxidation of these to methyl alco-
hol and the manufacture of methyl alcohol from carbon monoxide.

WEBSTER, R, Ve. (139)
Legal medicine and toxicology. 862 ;p. Philadelphia. 1930.

Early symptoms of methyl bromide poisoninc are headache,
weakness, vertigo, vomi bing, and some disturbances of vision. The
gait may be stagngerir_, and slight pain in the extremities and
neurotic symptoms nay be noted. After several hours or even days,
severe smptois may appear in the form of strong contractions of
different groups of mu solos, clonic spasms of the entire body,
double v7 sion, paress of the extremities, slcopiness, and poly-

neuritis. Convurlsive type of respiration may be noted, and in
the fatal cases reported epileptifor attacks are merged into a 4
terminal coma. Physical signs of pneumonia may be noted. Con-
valesc.nce is slow.

WIESlATNN;, T . (140)
Untersuchun'on ui:.r r' iL il.o ic und ekolalpfung der Erdbecrmilbe,

Tar ononomus :Orac.ri ne, H. Zimrrmanln. Landw, Jahrb. dor Schweiz.
51: D05-348. 1937.

Ir;ts wcrod maeic on the control of Tarson'omus pallid1 .us Banks
(T. fragariac Zirrmm.a) with a lumber of Iuri7tus, including a Swiss
proparat ion called S--gas. This is supnlidcb in a liquid form in
ampulr.c, its active constituent bein methyl brormide. Methyl bro-
mide is a rat'u r violent ruopiratory poison, but is easy to apply
with safety to stre:wirorry ru;cci ro , which can to .2umii ga iod in any
ti;htly closed metal box in which the aripulo is broKen. A
strength of 2 percout by volume killed all the mites end eggs in



6 hours at 150 C. Fumigation would not be effective at lower to.-
paratures. At 180 the time could be reduced to 4 hours, but no
harm was done to the plants by fumi.;ating for C hcurs. All sta es
except the eggs were killed in 6 hours with 0.75 percent at 180.
Atmospheric humidity did not affect S-,as, which acted perfectly
in fully saturated air, No injury to tle plants occurred, even
with a strength of 2.4 percent.

W lILMOT, Rt. J. (141)
Fumigation of horticultural products. Fla. Agr. Exp t. Sta. An.

Rpt. 1938: 106. 1939.

It was found that the green pods of cov.pea could be fumigated
safely with methyl bromide; and that fumigation with half the
basal dosage [2.5 1bs. per 1,000 cu. ft. for 90 minutes] gave com-
plete control of larvae and adults of the cownea rod borer. It
also controlled larvae of the toato pinworm -ithout injury to the
plants,

u.

: "' r
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INDEX TO INSECTS A-GAiYST iTICE METILT PG:''IDE EXS BEEM TESTED

Reference No.

Acanthoscelides obtectus (Say) (bean weevil) -
Anomala orientalis Waterh. (oriental beetle)-------____
Aonidiella aurantii (Mask.) (California red scale) -------

Apple insects
Apple maggot. See Rihagoletis poonoella (Walsh).
Artichoke plume moth. See Platyptilia carduidactyla (Eiley).
Asiatic beetle. See Anomala orientalis Waterh.
Attagenus piceus (Oliv.) (black carpet beetle)
Salaninus elephas Gyll. See Curculio elephas Gyll.
uean weevil. See Acanthoscelides obtectus (Say)..
Bedbug. See Cimex lectularius L.
Black carpet beetle, See Attagenus piceus (0liv.),
Bruchus brachialis Fahr. (vetch bruchTF7 -----

Bruchus signaticornis Gyll. --- -

Calandra granaria L. See Sitophilus granaria (L.).
Calandra oryza L. See Sitophilus oryza (L.),
California red scale. See Aonidiella aurantii (Mask. ).
Carp ocapsa pomonella (L.) (codling moth) ---------------

Cathartus quadricollis (Gue'r.) (square-necked grain beetle)
Chalcodermus aeneus Boh, (Covwea pod borer) --------------
Cheese mite. See TIyrogl Thus farinae Dog.
Cimex lectularius L. bedbug--------------------------
Coccidae (scale insects) --------------------------..---
Coccinellidae (l.adybeetles)} - -- - ........ _ _....d_ _
Codling moth. See Carpocapsa pomonella (L.).
Common red snider. See Tetrarychus telarius L.
Confused flour beetle. See Tribolium confusum Duv..
Cowpea rod borer. See Chalcoderus aeneus Boh.
Curculio elephas Gyll. :_ -----.

Cydia molesta. Sec Grpoholitha molesta (Busck).
Cydia poronella (L.). See Carpocapsa pomonella (L.).
Cydia splcndana ran. --------------

Cylas foraicarius eleg:antulus (Summers) (Cylas formicarius F.)
(svrctpotato weevil)

Dark mealworm. See Tenebrio obscurus F.
Drug store wevil. See SteTobium paniceum (L.).
Ephestia figulilella Greg, (raisii mo :--
Ephostia kehriclla Zoll. (editerranean flour moth) --- "---
European.i corn boror. Sco Pyrausta nubilalis (Hbn. )..

ExoSomna lusitanica (L.) ---...-----.- _...----. .....- _

Fleas -. _--*... .... _.-----....... ....... _
Gnathocorus cornutus (F.) --- """" ""--.............

Gnorimoscherna. lycopersicella Busck, See JKeiforia .
lycopcrsicalla (Pusck)

Gnorimoschema oorculclla (Zoll.) (potato tubor worm) ----
Granary wovil. Sec Sitophilus granaria (L. ).
Grapo moelybug. Sec Pseudococcus maritimus (Ehrh. ).
Grapholith. molosta (TBusclc oriental fruit moth) --------

Hypera brunnoiponnis ------------------ . ---------

29,
42,
80,
122
100

111

46
64

36,
78,
101
141

88
67
67

137

137
22,

121
64

133
117
64

80

36,
S

101
43
102

66, 67, 72,
83, 85, 90

27

44

- -_ Y. ...... .
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Hypera variabilis ----------------------------------------
Indian-meal moth. See Plodia interpunctella (Hbn.).
Japanese beetle. See Fcpllira japorica Nevuin.
Keiferia lycopersicella (Busek) (tomato pinwor) ---------
Ladybeetles. See Coccinellidae.
Laemophloeus spp. --
Laspeyresia splendana Hbn. See Cydia splendana EbHn.
Lesser grain borer. See Rhizopertha dominica (F. ).
Listroderes obliouus Klug (vegetable weevil) --------

Maruca testulalis Geyer ----------------------------------
Mealybugs ------------------------------------------------
M.editerranean flour moth. See Ephestia kuerniella Zell.
Oriental beetle. See Anomala orientalis 'aterh.
Oriental fruit moth. See Grapholitha molesta (Eusck).
Oryzaephilus surinamensis (L.) (saw-toothed grain beetle) -
Pantomorus leucoloma (Boh.) (white-fringed beetle) --------

Reference o.
82

76, 80, 141

64

76
62
122

64
68, 69, 70,
131, 132

Pantomorus peregrinus Buch. (white-fringed beetle) -------- 70,
Phthorimaea lycopersicella Busek. See Keiferia lycopersicella

(Busck),
Platyptilia carduidactyrla (Riley) (artichoke plume moth) -- 61
Plodia interpunctella (Kbn.) (Indian-meal moth) ---------- 111
Fopillia japonica Iewm. (Japanese beetle) -- 19, 20, 57, 91, 122,

125, 126, 127, 128,
Potato tuber worm. See Gnorimoschema operculella (Zell.).
Prodenia eridania (Cram.) -------------------------------- 122
Pseudococcus maritimus (Ehrh.) (grape mealybug) ---------- 83

Pyrausta nubilalis (Hbn.) (European corn borer) ---------- 85,
Raisin moth. See Ephestia figulilella Greg.

Red flour beetle. See iriboliuma castaneum (Hbst.).
Rhagoletis pomonella (alsh) (apple maggot) -------------- 15
Rhizopertha dominica (F.) (lesser grain borer) ----------- 64,
Rice weevil. See Sitonhilus cryza (L.).
Rust red flour beetle. See Tribolium castaneum (Hbst.).
Saw-toothed grain beetle. See Oryzaephilus surinamensis (L.).
Scale insects. See Coccidae.
Silvanus gemellatus Duv. See Cathartus quadricallis (Gue'r.).
Sitophilus granaria (L.) (granary weevil) ---------------- 29,

'34,

131, 132

121
123, 124,

129, 130

92

85, 90
111

33, 63,
101, 111

Sitophilus ory; za (L.) (rice weevil) ------------------------ 29, 33,
Southern armynorm. See Prodenia cridania (Cram.).
Sperr.ophagus subfasciatus Boh. See Zabrotes subfasciatus (Boh.),
Square-necked grain beetle. Sec Cathartus quadricollis (Guar. ).
Stegobium paniceum (L.) (drug store evil) -------------- 111
Stored-grain insects ------------------------------------- 101, 111
Strawberry mite. Sco Tarsonemus pallidus Banks.
Svreetpotato weevil. See Cylas formicarius cle;antulus

(Summers).
Tarsonemus fragariae Zimm. See Tarsonomus pallidus Banks
Tarsonemus pallidus Banks -------------------------------- 140
Tenebrio obscurus F. (dark mealucrm) --------------------- 101, 111

Termites ------------------------------------------------- 79
Tetranychus telarius L. (common red spider) -------------- 122

64
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Thrips ----------------------------------------------------
Tineola bisselliella (Hum) (wrebbing clothes moth) --------
Tomato pinrorm. See Keiferia lycopersicella (Busck).
Tribolium castaneum (Hbst.) (red flour beetle) -----------
Tribolium confuse2m Duv. (confused flour beetle) ----------
Tribolium sp. --------------------------------------------
Trogoderma versicolor Creutz. ---------------------------
Tyroglyphus farinae Deg. (cheese mite) _----------------
Vegetable wreevil. See Listroderes obliquus Ilug.
Vetch bruchid. See Bruchus brachialis Fahr.
Webbing clothes moth. See Tineola bisselliella (Hum.).
White-fringed beetle. See Pantomorus leucoloma (Boh.) and

P. pererinus Buch.
Zabrotes subfasciatus (Boh.) ------------------

VERSITY OF FLORIDA
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122
111

58,
29,
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101
25

59, 64
67, 111
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