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" Burnt loss of gasoline for every thirty
minutes after lighting. - <

, Residun Burnt
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(min) . (&). . (&)

0 o1 T T 0

80 - 7.33 : 2,67

60 - 4.70 2.63
90 23 23
“120 079 0 o LB6 - T
150 ° 067 - 012
Total — 9.33

r E

Me'z(n“!)tulgi l;ss _ R

ﬁL ‘ﬁlOK‘DOZ 043’('0*08 lindane 7/
VY SHERATEA LT, — S lmd'me
bR Lise ZORENE T able2. DT Z 7o

S OFHLORE D b LR 5 R

- Table 2

quorxntxon percent'age of lindane m gasollne <olutmn at various Condltlons .

V.lponmtxon ) C(m(' of C]nrged

. _;Z'hl:;»J-u% ECD
BhE LAk, & FRIBMCENE llndahe i‘%zﬂﬂELf;o

18 H—1IV.

4, lindane V)A‘ﬂﬂ‘zﬁ .):\.\»w"fiﬂ’)f:o me,

L A@ic X ERONIFR B-b AU X<,

KT Bea B Bec OBETH Dk,

2. MYideslic X BEUEROIUEE = 7 v ARl
2Ed X & ROTHI@UE LTehoT, ﬁz’m&'/\ :
nu, DIEHDTRALEIITT Like -

3. fgoThg B-b MG = 2 wa i e
@Xﬂ{rw». lindane ZERRTTTHOT, TOMH
o 10z BEEEINE 3.6 el ot

4. Lindane iIEATT< f.cz)i'aﬁﬂb%’abwff*)to

5 4TONA T —FITSIMED lindane O

ICERWCHERT S0z lindane D QAEHRONED X

WEE (s B-b, = 7w AR 2T 0.2
G lindane # 7 ¥ v TR

04y Table 3 DTS %,
ot ;0 tctm: lindane HHE 23 i%é—j*kﬁﬁof%

lindane

. promoting lindane lindane Vaporlzed lindane Re51dual
metal- - % mg. . mg | 2% mg.. %
S ' : . Cap B-a "
-~ 0.2 20.00 "7 16.08  80.38 3,92 19.62 .
Nichirome ring {04 . 40,00 1850  46.25 21.50°  B3.75 -
: - Log 80,00 30,82 38.53 0.8 6L4T
o 0.2 20.00 3.2 66.10 L 6.787  33.90
Tron net { 0.4 40.00- 16,52 . 4128 93,48 . 53.72
Los 80.00 . 16.03 - 20.04 - _'63.98 7996
0.2 . 2.00 - . . 12.32 GL&S © o 7.68 38.42
None' . {01 40,00 20,44 5L.0Y 1056 - 48.01°
- 0.8 8000 27,98 34.10° CUB272 65.90 ¢
o, . ’ -Cap B-b ’ e . S
T P X 20.00 . . 15.35 7676 465 23,34
Nichrome ring " - { 0.4 - 10.00 99,76 - 74,40 - 10.24 ~ 25.00
v S 0.8 . 80.00 5211 65.13 27.80 . 34.83
0.2 20.00 16.81  77.36 3.19 2264
Iron net {04 40.00 17.34  50.79 o6 d9.21
. Log 80.00 97.85 3481 G215 6519
0.2 20.00 16,47 82.47 3.53 . 17.53
None .+ { 0.4 40.00 3093 77.32 9.07 2208
. Lo 80,00 36.35  45.44 43,65 54.56
R ' Cap B-c . ' ,
L 0.2 - . 20.00 9.83  40.03 10.12 5097
Nichrome ring . {0.4, =7 30,00 S.81  23.98 BL10 T6.72
LY X 80,00 .83 1229 7007 ST.TL
: 0.2 20.00 ‘6.35 . 3L.72 3.65 63,28
Iron net. { 0.4 40.00 3.75 - 9.38 36.25  90.02
) , 0.8 80.00 9.86-. 12.32 C70.14 87.68
_ 0.2 - 20.00 - 12,38 - 61.90 7.62°  38.10
None { 0.4 40.00 16,13 . 40.32 23.87  50.68
. . 0.8 - 80-00 1131 14.14 03.69  85.86

In these cxperiments the combustmn continued ‘for about 3.5 hours in case tlnt lmd'me

vaporized well, ahd for about 4.5 hours in case of moder'xte v:\ponzatmn, .
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Invéstigations were made on vaporization of Izrdane with the 'use of ‘a type of lindane

vaporizer based on a completcly neto idea. In this evpc'zment gasolme sohmon of lindane was "

clmrged mto the apparatus for vaporization.

The gasolme was burnt very slowly by the
‘catalytzc oxydatzon tlzrough platmnm—asbestos packed in the metal cap, and the lmdane in the -

solutzon was uzponzed for many hours without decomboxztwn by the combusnon heat of the

/s

gasoline. Thd amount of varorzzed lindane may be regilated pro_perly by the Larmtzon -of the .
- concentration of lindane in the’ soluhon and-of the condmon of platzmmz-asbcstos in the cap.

" Various methods are known today. by which ]
lindane is vaporlzed for insect control, and they

may roughly be’ classified as follow st (1) vaponzn.-
.tionby heat of comlustion of some combustibles- -
mixed with liridane, (2) vapori_zn'tion of tablet‘

- or solution. of lindane by thé -aid of electric ~ -
" bulb or automatically: controlled electric heater,-
(3 :extrem'ely slow contin’ixous vaporization -

without heating from the surfﬁcc‘ of paper or
cloth stﬁp impregmted with ]inf!’me._ Of these
methods, (1) IS generally used in’ J'lpm and
(‘)) in UL S. A.
,Ith respect “to toxic e)-q')osure~At0 lindane
inhalation in terms. of~human health hazar_'ds;
. there are a few c'h'ni.cal.evidcnces. Dut the
median lethal dosage agqinét‘nt‘hy acute ,oral
\ administration 1s 125 mg. /kg. @ In. U. 5. A,
the recognized ° ‘maximum amount of vaponzed'
lindane®™ to he used in th¢ room  for ‘insect
control is 1 gram per 13,000 - 20,000 cubic feet
-p'er 24 hnurs,. which is non-toxic:to man arid,
m1mm'11< while giving an effective contrdl to a
numher of insect pests.: k
M'my studles on insecticidal effect of lindane
attained through the use ol continuous vapori-
zation procedure have heen reported by ‘several
investigators. < Moore et al. % reported that
good housefly controls were obtained in cattle

barns and that no detrimental effect to the caltles

were detected in cach case. Fulton et al; ®

studxed the relative efﬁcxency of several methods - -
of applyln!r lindane to housefly. M()ore et al.
mrned out the tests using the vaporized lindané
against tlzyysanumns_‘"’ and 'roaches(”, .and~l’\ono<’”

“against *several ‘species of insects of stored

broducts. Several tests ‘were conducted with

fefcrcnce to absorption by f()o;lsc"l‘and effect on

hut

- the domestic creatures%!h of vaporized lindane,

“within the. above-mentioned recognized

m1x1mum amount little ill-effect ha':. heen noted

Lmdane wpor has such a strontr msectxcxdal

activity as- “déscribed.. above. Many. devices fp_r

vdporizing lindane up to date are not satis-

factory in several respects.. (1) Owing to so
much high temperature, lindane is partially

_decomposed and emits an ()b{cctmmhle odor and

. when.inspired in excess it causes headache and
_',others (2) In’ case the electric. bulb 1s used

o lindane. xs ‘vaporized w1th1n a short time by. high

temperature. In both cases of electr}bulb and

heater, - electric source has to. be prov1ded for

heating. (3) The amount of vaponzed lmdane
from ‘the eurface of p1per or cloth at Toom

~ temperature is so small that it is not suﬂic1ent

for insect control in the smcmus ‘room.

The nuthor etudled the v'xponzqtlon of lmd'me
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by using a new type of lmdane vaporxzer lnsed

- on an 1dea cémpletely dlﬂ'erent from foregomg

devmes. In this experlment ;;fasolme solution of

E 'i'lmdane was charged into the apparatus’ (showq -
- in Fig.1) for 'vaporization. The: “gasoline was

burut very slowly by the cat'tlytlc oxydatlon
through platinum- asbestos packed in’ the metal

S . cap (shown in Fig, 2\ and the lmd'me in- solutlon

_was vaporlzed for many hours without decom- ’
posmon by the combustion heat of ‘the gasolme.
T he amount of vaporlzed hndane may be regulated =

properly by the varlatlon of the concentration .

of lindane in the solutlon ‘and of the condltmn
of phtmum -ashestos m the cap.

. For instance, when 2 25 graugs of 0. 4/ solution’
of lindane in gasolme were applied in the 1,300

~tol, SOO cubic feet L.pzmese rooms, the combustlon

contmued for §~10 hours, and flies 'md mosquxtos
were effectively controlled. - .
, . Experlmental -
_Apparatus .- L .
Small glass bottles (A) as shown in I‘xg 1,
'70~2.3 gmms ‘in wexght and about 25ce. “in-
volume, were used, 1n51de of \Vthh was packed

~with § grams of absorbent cotton. T hree different ‘
" types ‘of ‘caps for ,the_ combustxon, Bra,- B-b

and B-c- as shown in Fig. 27 were used . for

’ experiments.' Between the cap and the absorbent

cotton, mchrome w1re ring C-a or cylindrical-.

.iron net (C- b) was inserted to promote the™

aporlz1t10n of hnd’me. The _content of the

: platmum-asbestos was 1 73/ Wthh was obtained

. by dlpmeO gram of long- ﬁbered _and. super-- -
" qualitied ashestos in .L. 25 grams . of b2s
,chlorophtlmc acid solutlon, and by drymg it
at IOo . Zero point two gram of. well loosened o

ashestos was packed inside of cach cap and held

up hy iron gauze. In the ‘cap B-c, however, a

0.1 gram of the phtmum asbestos “was packed

_m the space formed - by the copper wire and

held up as well hy the iron gauze as shown’ in"

: Flg. 2. Into each of these bottles 10 gmms of -
T gasollne solutlon were charged. .

“To lxght the cap of ‘this apparatus, one drop B
of the hndane gasolme solution was added on'the -

"cap With ‘match fire the gasolme was burnt v
" with, flame at the begmmg but in a short time-
‘the ﬂame dxs'tppeared and the platlnum asbestos

-

140 f‘
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were lit partlally After\vards by the catalytlc‘

action of the’ platmum-asbestos mlld combustlon

. continued for several ‘hours,

. Gasoline solutxon of llndane

.The hndane for the experxments was odorless L
and. melted at 112——-11" 5° (uncor.) The- g"tsolme~

used as. the' solvent. was composed of followm;:

. 'fractlons. o ‘ _

. B. P,' 00~7u 75~90°, 90~.100° "100~110°-‘
2 0.4 . 15 .3.4 © 36.6
©110~120°7 120~130° 130~140°

‘ 2L6 - 2.2 0.4 o

F urther—more, ‘to ‘this gasoline was added 1524

v (wt.) of n- -hexane (bp 69°) to make the lighting -

easy. . - -

~

_ . Three. kinds of solutlons contalmng 0.2, 0.4
and 0.825 of lmdane (wt.) respectlx'ely were
'-prepared w1th above solvent The solutions 'of '

hlgher concentntlon contammg‘ L6 and 3.2

of lindane respectlvely were used only m specml '

cases. - -

“Two Lmds of solvents other tlnn 'ﬂmvc-'
’ mentloned solvent were tested of these, n-hexane
';balone was not proper to mild cltalytxc combustion
as it evaporated so much ‘and wa.s hurnt w xth
flame owing to its low bollmf; point. I‘thyl'tlcbhol )
_seemed hot to be fitted for practlcal use as it

emltted odor,based on the . decomposcd pmduus.
Determmatlon of vaporlzed lmda.ne
Vaponzed lindane was calculated through

determining the residual llndme by the Volha- '
“rd’s. method when the process of the extraction
of crude ]mdane from the absorbent cotton with -

ether and then of the decomposmon with alkali

into hydrochlorlc acid” and trichlorobenzene

were-over.

After the combustlon of a certam period of

. time, the absorbent cotton in, the bottle was’
extracted for three hours with ether by the - -

Soxhlet’s extractor. After the ether was removed

-"the re51dual was’ reﬂuxed for 30 minutes in a

flask~ with ‘Bcc. of methanol “and ‘Bec. of 1N-

methanolic potassium hydrox1de. Then the flask -
" was cooled and the conient was acidified with

3ce. of 2N-nitric acid in 75cc. .of water. Five
cc. of nitrobenzene and an. excess of 0. 1N-silver

’nltrate along with 2cc. of saturated ferric alum

solution - were added to the ﬂask. The excess
silyer - mtrate was-‘then titrated ~with 0, 1N-



potassium thiocyanate. 'I‘hroug.;h the calculation,
the amount of Dboth residual and vaporized
‘lindane were determined, 99 -
Burnt amount of the gasoline - IR
Usmg the cap B -a without the vaporlz1t10n
promotmt: mehls (nichrome wire ring or cylin-
"*drical iron net described above), -10 grams of
the gasoline mixed with 15% of n-hexarie  were
‘burnt and the residual was weighed at intervals
of 30 minutes. T able 1 presents one example of
many expenments on the relation of combustion
time to the reduced welght of the abovc-mentloned

Zasoline, I‘he weight ‘of reduced gasolme in

the first 30 minutes after xgmtmn was somewhat
not uniform because of the irregular combustlon

-at ‘the lighting. . -

Vaporized lmdane in the gasolme -

solution . -

" Following eirperiments were carried out to
determine the rate of vaporization of lindane

in the-‘gasoline solution. Into each bhottle 10

grams of gasoline solution ‘containing 0.2, 0.4

and 0.825 lindane were charged. Using various |
combinations of caps and vaporization promoting -

metals these solutions were burnt and the

.-residual lindane was determined after the

_ combustion of a certain period of time. Table2

'presents the results of these experiments, ~which
ev1dently show several trends.

(1) With respect to the cap, B- ) was the
best for the v1ponzat10n of lindane and B-a
ranked next in order. | . )

(2) \\{uh_respect to the vaporization promo-
t.ing metal, the nicl1r6me \vi're'ring was the best
and the case of none foliowed it, on the c'onihry,
the iron net even mterferred the vaporxzatlon.

(3) Accordmgly, the comblnatwn of B- b
and the mchrome w1re ring was most satlsf‘lctory,
and in’ this case combustlon of 10 grams of the
snlutmn took 3.5 hours. B

.

(4)- As the concentration of lm(hne was

risen, the rate of v1porlze(l lindane became low.
To ascertain the Iast of the above- mcnnoned
trends at the hlthr concentration of ]mdnnc,
five kinds of concentration ranged from 0.2 to
3. 222 were used for combustions and the quantities

of the residual lindane were determined by the

procedure described above (Table 3). From

gt

‘used Lefore (1.7

8 %—1V -

-these results it-became apparent that the above

~ . LY
trend was correct at the higher concentration
of lindane, where the absolute amount of the-

.vaporized lindane iricrenscd' little by little,

When this type of vaporizer is empoloyed for
practical use, fresh lindane solution is' added -

" after each combustion to the lindane remained

univaporized .in the bottle, and therefore it is
feared that the concentratién of the lindane in

: the -bottle is risen and the lindane is ,:rccumulated.
‘Therefore, this vaporizer was used repeatedly

ch'irging the frésll"liAn(11ne soluiion after each
combustmn, and then the residual lmd'me was
determined. In these C()mhustwns 0. 82Z-lindane
solutioni was charged and the’ othcr conditions’
were the same as the foregoing cxperiments,
that is, t})é cap B-L and the nichrome wire-

ring were used. The results are showi in Table 4,

"fromvwhich it is found that' by the repeated
“employment of the vaporizer the -lindane is

accumulated in the hottle. This may be due to

‘the gradual solidification and the reduction of

the catalytic action of the platinum-ashestos

-caused by the successive combustions. By the

followmg treatment these defects were rembved
and good result was obtained. -In repeated
employments the platinum-asbestos,m the cap.
was pickcd up' a little with pincette before every
ignition to .improve the combust_ion.' In \this
case the residual lindane was 74.63mg. even
after 8 times of combustlons, .and, picked hp ’

suﬁicxently, -58.24 mg. after 16 times of combu-

'stlons. Lo . o ‘

hY
The lnvestlg'ltlon was m’tdc as to whether or .

not the increase of the platinum contént in the -
platimim-asbcstos made the lighting easy, or to
what extent it affected the vaporization of lindane.

‘In these -experiments the cap B-Db packed with

the platinum-ashestos which contained the
platinqm (3.4622) two times as-much as that
25) and the nicrome wire ring

were used. The results were shown in Table5.

It becomes clear that the increise of the platinum -

content makes the lighting c’lsy and the com- -

vhustxon actlve.

_ Conclusion ‘
As stated in the begining Jof this paper, the.
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v:\ponzed lindane® bto be used in “the room for: L
insect control is 1 gram per 10, 000-20, 009 cublc/‘

feet per 24 hours The maximum- amount to be

-allowed m the Japanese rooms, are shonn m’ o

Table 6."

In the above expenments, that 1s, in cases of

0. 2, 0.4 and 0 822 lindane solutioris . 4.5mg.,

8. 7’mg. and. 15.2mg. .of lindane respectively. -
were vaporized per hour under proper condltxons.'v

Therefore the desired amount. of Imdane can be
vaporized contmuously for a lonrr tlme, if
the c1p1c1ty of hottle, ‘the condition of the

platinum-asbestos”and the concentration of lin-

" possible to’ control ‘insects _in the room w1thout‘ :

any ill-effects on human be}ng. “This apparatus -

ST N

R x‘ccogmzed maxxmum amount in U S. A_. of *
*

'18 %é.e—-lv

can be used also in grcen house :t'or fumlgatxori
of plant Dests

In practlcal use, it was - found convement to‘ .
émploy . the bottles with capacmes of two txmesT
as - large as those employed above. With' such‘ )
) bottle necessary and sufficient amount of lmdane

can. be vaporlzed durmg about 8 to 10 hours.

The author— is mdebted ‘to Prof. Sankiohi‘
" Takei and Assist. Prof. Mmoru Olmo for their
kind guldances and encoung‘ements He also .
'_wxshes to experess his apprecmtwn to Mr. )
1aLash1 Yamaguchi, the Presldent of Osaka

:Kas'ei Co. who'ir’wented thlS apparatus.
dane are controlled In thls way, it becomes -, .,
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