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11. methyl bromide IZ £V C AEL/Y »ITD al-
dehyde & &0 alcohol 8

10 FZoRT & 517 aldehyde && 3 KX Tk
128g/m® X ¥ T, METIE 64g/m® KF TlaMMMX
LERNL, ThLY EOSHER TIZEML, KX
FETix 240 g/m?, RIETix 66 g/m® I EDRKITFES L
< B L 7=, alcohol &b aldehyde & FIAEDMEITAIEE
HHNT,

12. methyl bromide IC &V ( AL Y=Y T D alde-
hyde DEMERREH

%11 RORT Lo, Keo#BEERHbh ok
TE T 80g/m® Bk, BIE Tk 32g/m? Bl kDX
T, LR RS IO FO AR ERLTEY,
KEH —128, 240 g/m® X 5L U @&IT —80, 96g/m’
X0 L SIZTHEGTRAEZE L T % % D Tk Z DR
no f:o
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9% methyl bromide 12X D CAELAEIMN 7Y B L
)y TRHOBER, BITER I OEESE
BOM T # ) v =
R meec | BRI el enmp/ec | BT mElSe | BT W | i me/ec
KRE— A | 7.0 32.0 57.8 3.2 81.7 | 2.6
16 1 7.9 32.8 57.8
32 6.7 31.9 50.8 4.5 95.8 27.0
64 4.0 85.6 27.6
80 7.9 35.8 49.8
96 4.0 84.2 29.4
128 7.4 27.6 43.4 42 85.0 28.0
160 | 4.8 89.1 32.0
200 6.0 35.7 47.5 3.3 71.2 19.4
240 } 2.6 74.9 14.8
WO | 5.8 30.9 47.0 3.9 85.5 23.7
32 8.1 31.9 55.2 5.2 87.9 28.4
64 \ 8.1 36.9 53.0 3.8 78.1 22.2
80 ‘ 4.6 82.8 | 28.8
06 7.9 19.4 44.0 4.0 9.7 | 5.6
128 3.2 83.4 i 13.5
200 7.0 26.8 43.1 4.3 94.3 1 15.8
240 | 3.8 34.8 47.1

# 10 & methyl bromide 1z X W < AE L -
) v =@ aldehyde # & U alcohol & &

I E Eyjaldehyde mg/100 g

alcohol mg/100 g

200

24.9

X (acetaldehyde) | (ethyl alcohol)
R — e S0 P 0.60 7
32 0.42 10
64 0.64
96 0.62
128 0.53
160 1.2
200 4.4 134
240 19.6 435
WO 0.59
32 0.43
64 0.49
80 1.4
96 24.1 210
128 34.4 356
240

B 11 & methyl bromide i 1 ¥ <AELR
Y > a0 Shiff BECHT 2 KISHE
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B 12 & methyl bromide (2 £ 0 S AHE LY » O HEERE SO
E 0
H 4 Méfm mg/100cc  N/10 NaOH i= J % Fji % 4 i

- | RomERERD ‘ W | Mo RN 3%
K AIE—SgsE | E W | 4.2 1.2
WIE— 48 " | 5.5 1.4
H4 | OB M RO Ao dR A [ 3.0 1.1
il " HTEE 6.3 | 3.2
80 HBEL, B EHBE 21.4 | 6.3
96 | PHOEEER, RO %E 11.3 4.1
128 | B, R ELEE 31.5 9.4
160 ﬂ&,%ﬁt%mﬂ.&kﬁk‘ 8.2 2.5

13. methyl bromide IZ £V ALY Y ITRHD
BRI R

W12 FORT L5, BlHD BRI EY

CLfzh ook, PEREMEER S Ld S kR b AR

RO LR AES L <ML 7=

Iv. # =

Q AER, AL A BRSO Ao s
TH AW AL 5, FORIELE < AL VIR
Wich, WHEHOMETIE MBI E <, EDB (1)
TREL, HCN i+ ol td o7z, #< AZEY o it
MK ABERBOUMNTH L N A8 (T 2RE
WEZ LA ZOMAW 1L & IZK X<, SHAW (3
(1954) (= kHut, v ¥ —o EDB { A#ET it
33 % o, 2 W] A A ZEE (& HERISIE O
Ffm\i_ 1% Tadhatebzid, Ef:, HCN @ L 514K
TEFED < AZERIL T OR 20 b X 2 A5
IZUR ST ZRIERE ATV FLLETFT 240
Biritd, BolZh e L gk, oA e e HpLE s
DEELHOTHSMb, FLERT AELTLHEY
AR A Rz R 5,

HCN {1hE { A TH A2 WL iV 351, MB ©
Hpfy LT AR L A0 1 A TTRRAVIE < A
%y HCN HZAWENERL VS, Fh Ho b
Tl A LI 2l S h -2 LA R EBbh
D M ARl S A foDICIE R A
Cha Libhsd,

HHORRHER L AR o EEIC X 0 3T
Wie AL SRIEOMEFT & fi580E, B O ES LU
s RIS D, BT REAI D S & 2 fn A
FEIRTC, MEOZRIE L O ERETH bR, RO
Hicd - Tizlbhin-HEbhd, £/, P E

P rI—-0EEO LSz, HENEH TS TH, M
O 2 PR E AR £ 0, SRR AT &
L Efatnt 258455,

% < OICHETITAMEOMEFIZ & » TOAREHKOL gz
PE LTV 575, ZORERRCECTIL, KON
BT IR EMHEROBIb h g\ AT b ek

felfee SO EARBBETH A0, MBIZLD

ALY > & EDBIZLY SARL =T,
U Ticflae Ldud, BECEWEEIR R AR Sl o ol
AL RHIE T 128 g/m®, WRIETIL 6dg/m® Th
HIZML, Y, fogkEHIEN Th o W& ORSEhR
ARRIETIL 48 g/md, MIETIE 32¢/m® Thots, F
fo, HiRHSs 200 » T A L T b E#MHEIRE B
b ETolisEL, )y TOLERK TR L {2l
M A B L fzo T, BATREINC & DR HUZ AR ) O ZEH)
HhaH LSRG, LitiaT, hofimoE
o h OB A S AR H i 282
By {AMERNZH T A SR EOE L L UAENRY:
PR S, fokd, B LT LA L 13 Kok
N Thb, COFIRTIHY EDB i MB L 0igka
RELSSCCAERTHD, LHLELLAGEY LA
MR T B s s g e L B L T
WHNABRET, fobzlf, IHyasAz0WELT
Whwy Iz LT, FoREhEEMhALHLT
EDB 73 MB L W {#h7: < ABRTHL EHz Ll
MB { AT Y v &4 B Y 3L, MIELS AR
RIEL AL O LB ERELS o8, Zhiugt
nHO MB IUROZIZ L 20 THA S, HEY
@ MB WL REREC < A RIEH] 12 SR L, SRR
HEHEMEDD 22 30 2\ ek S0 BIIR AR O AR X ST
Ptk MB UURHZ PR C 3562 i, T
1 E1ZOu T LUBATTI (k4 (1948), HiREKi< 2T
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B 13 & G AAEME LU LABET T 460 R et X ORGSR R IR AR

LA coy | e
2o 4 ® (B R 30 3007 %
: T (RAM) " "
b )| EE 13 L0
I b = (] %) " "
ZEE (¥ o —aF) a0 A0 e
S S I § € S " "
< ¥ o — (carabao) " "

" " 10
[P S " 30
" 20 20

7 10 | 10
st (grovemitchel) 10~20 200 %

iE L MR g/m®
2 EUEERN, FRERERRY

LINDGEN {E7/» (1951) (Z X9, FLTY T2 T
PHILLIPS (37 (1938) 12 L D@aE LT WA, i
OFRFIZED, W ABFTEZLHEROXELRLDO
bk, BLEOHEERL A RIS IS < o R R EMEOHES)
ICF2idh 5 L Bbilsg, —7%, EDB OH&EICIE <
AETHFC L 2EFEOENRI LAY bR,
T O Z E AR AR IR A ME B A B K DR R
OIREZILL 0T EL I FEAA Db DEELD
4, b L EDB OF¥IIZ & 5 H D BiliRIE  ABICH
s ABRMERS ZEHNTED, ZOHIZOWTILE
BIZHNT A THETHD,

CAGRRIE B R0 o MRz o T OISR
fobad, JNEHEA Q961 ki, v+ #H1 T MB
LAETRBEOREY + #3540 212 20°C T
30°C OBE LY 2{EO S AN & BELzER3, L
EvOEHELEHIC DI XEE A RELS S, 7113
HOL S RRFRERE 157, BHEREYOREIC LY EE
OREEL R BRI D), —boHRZRS 8L
ha,

Bl LT —FETAELTY, HRhOgMT
A RIS LN OREIRBUL R S, ZO4ERNS
& L TR ROMEOHR (KNOTT (&4 (1941)— F+
b, EAKS {3 A (1955) —7 # # ¥, PHILLIPS (& /M
(1938) —1 > =, JIi§iE A (1961), LUBATTI (37
(1948) — 2 v A4 4 ®), R GERD) HBHAEET
OO s (PHILLIPS (34 (1938)— 1) > =r, JI| %

M B | E D B | HCN
RRUE | W OJE | KRUE | W OIE | KWE
192—240 | 80—104 @ 8> [ 8> '

32— 48| 32— 48 816 ‘ H—16
160—192 | 128—160
48— 64 | 32— 48 |

16—32 16—32

H—16 ‘ 816

32— 48 16—32
16— 32 816
32— 64
64— 96
96—144

48> 5—7.5

A (1961), LuBATTI (% 40 (1948) — + 1 %), 4k
M o M I X A Lo MR (LINDGREN (3
(1951) —HIED 3 X OF B Koy (I 12 A 1961),
LUBATTI (34 (1948) — ¥ v /1 { £) e ¥ 4 bl HR
Do HCN IZX W { AL - AR R B 54+ F 0
SR RIS HERISR 5 TWeh, RoZRMEM Yo L
SIZRIBATHTH LD TEOHERILER T E /L,
Linl, ZOESIZENRZVEELHD Z L35 L
AFBIZEWTHE R L WETH S,

INiEHEAs GRREZD 12 MB 12k 0 { AL AR b
= b & AEBROIFEEE A ERIEWIZ AT S
PECE B LV EGTORSZ LB LI, MB B
LULEDB 2k W { AL =T =ik, °C. &£ 10°C
O T, 10°C OIEEFRARAEE 3 1B EA
720 10°C ORTERMM 21 B ooz &b —RHEEDLNLS
A, WEEEOEESEHRL Tu5 L 5 cilbh b,

HEYNE ABET D E—RoFu it = h, ToOR
[ERERMIZERELH D LB AEEY H D R

(1959) iz kdud MB 35 L70F EDB ik < A#ELY:
R AT (RHEX N, KNoTT (34 (1941) i2Xh
(THRWIe b~ F OFFTRIE MB < AT fifESh, Bt
TP %\ D X ROBEAVEES 7z, EARS (3
Zn (1955) |2 L4ud MB, EDB 45 L U ethylene chlor-
obromide T A LT HA FASEE L BETEHY
3 kds AR 1 A EH ORI IRMBED 2 fE LRI
AMEIHTHESNDEZRD, 72, PHILLIPS (2
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A (1938) oF BAREMG 22 v T 1k MB  ABETIT
AR XN S, —EMEEE b ORIz L A KBS
NV ERRLI, FEELOBRBTLEMI A, Y

YO TERERROBREh oA, Y TLET
it MB { A% T IPlAEftEh, ESIZC+H1ET
VR R BR A BB L ERLADTIDL S
HEOM RO ETNE T S L3 kLS T
L EBbiha,

MBIZX D { AFELZRM I 2oL 00 » T ol
M, @Ichids & ORI f B E OGRS b
Hrofe®T, WRIZKE SN HRkOZ{ iz b
BOMBIZE HHOTiREVWEBbN S,

) > =@ aldehyde, aleohol 35k 0F {5 A&t L8
LERELLEDDIEE DT, HBIE, EHEML
TRELI-SOMS Ldsws, BELRE Lihats
BERO PR GEORTHMNIN L D% { D aldehyde #
BIHENIOT, BldfokoZi(l & Z NS MO R
I EHAORMFESHB L 5 IClbhd, b
W e RO H AR TH DG, PR EBEEL T
Wik DEEbHE 2 s,

V. =

W4, TE BMIHy, VS, ZEEF, b
=zt w¥yId—, LEYELIF/FTFE methyl bromi-
de, ethylene dibromide #5X% Uil 22 L W KKIE &
METAREL, EERERRB IV TS S
PAROFEE T OV THEE L 72,

< ATEZRR 0 < Ao A 2L ethylen dibro-
mide AEDRE S T AR AIEIZHED L CET
L7=#%, methyl bromide Tl 4/s<, HWEES 23T 0
HREITH -7

oy MEICLDEEY ZAAMAETY AERELR
WIBEIE, AL O EEATE S TFTEAELS 1
FFERIZE L  fo ool A F0ay=—Lds
WA o7z, SHUIZR L, FRETHERREL 2BEd
st —IZic a7,

FTH O IEIERT AL R ORI L VHT
Biostehl, SEEDHET S 7B, HEORERLID
Zaio kBl Ehi,

HRYOMIAT LY, AL THLEEERELFE
TAHETOWMICRENHY, HEEE Y ¥ I RNm
FE LT

AT ERIC R E R RAETAERI VL X VD
TeVEERTZE(L LoD T, fisko ZAb bR L THER

ARG A L7,

SaHdE, TERIV T rT—I1, ethylene dibro-
mide T < AZEL7:3#E (X methyl bromice ®¥E LD
b o\ R TR R LA,

methyl bromide T AR LA ¥+ H 1€, £%E, i
M:AYEIT)yITO5HLEELEL 3/, WMEL
AFETIIRAESAE L O b B TIEL R4 L
foo RAELAABOHEI VLRESAETIEZIALH
X V% < ® methyl bromide WL Z &Izt Db D
LB, —74, ethylen dibromide Tik sy + 4 1 &,
EE, REEIHIVF= tovdhd { ABHEOIBE
I 2REREBREOEAIGRO N Teh 72,

methyl bromide T{ ALV ® 24E, WA R
3 F Ao B TR A B L T,

30°C T methyl bromide 3 X 7° ethylene dibromide
IZEDAE LI vy —%, 10°C T U LAEGIE
=it (30°C B ICWK LA {E L 0 b W3ERT
st L7,

RN X TLAE LY, MAROR S SF <<
FF OYERAEIFFAERII A E L ELND o7 BTHL
ZHEROAETREOBRIZL 5D THS S Lt X
%,

Ty A4 EBIUEEDRERIE methyl bromide < A
BT X DS R, LY+ EOIEHRORERFZAL
(AR AT & e BR A D 5 72,

methyl bromide T { AZEL@MI 2B LTV >~
IR OLPEERE, EIT s L U S R A & DR
IZENEO LN oD T, HIITEE bk
OZALZZNHWMEOKRIZ X 2 b0 Tixiv L Bbh
Do

methyl bromide T { A3 L 7= > = ® aldehyde,
alcohol 35 & UM S MIIE 2 HE L RIZE <,
FEORELMHENHD LD L EDIS,
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Summary

Potatoes, apples, mandarine oranges, plums, toma-
toes, mangoes, lemons and bananas were fumigated
with methyl bromide, ethylen dibromide and hydrogen
cyanide under the atmospheric and vacum condition.
The results of the investigations on the fumigation in-
juries are summarized as follows.

A great amount of ethylene dibromide was sorbed by
the famatorium and cnmmodities, thus leading to a
remarkable decrease in gas concentration during the
fumigation, whereas the sorption of methyl bromide and
hydrogen cyanied was little and moderate, respectively.

When the gas was not circulated in the warehouse
fumigation with hydrogen cyanide under the pot method,
the gas concentration of the upper space was considerably

higher at first than that of the floor level, but became

uniform after one hour. The inside of the packing
vinyl bag of bananas, however, always gave lower
concentration than that of the floor level outside.

Though some differences were noted in the injury
symptoms depending upon the fumigants and commo-
dities, they could be classified into the accelerated or
retarded after-ripening, the appearance of spots on the
skin, and the discoloration of the commodities.

The time required for the initial appearance of injuries
after the fumigation also varied mith the commndities,
and citrus and apple, among others, needed longer
intervals.

The visual injuries above-mentioned were generally
preceeded by the change or the deterioration of taste and
flavor at lower dosage levels. The limit injury dosage
of each commodity, therefore, was measured by taking
the taste and flavor fully into consideration.

Ethylene dibromide induced the injuries to potatoes,
peaches and mangoes at lower dosage tahn methyl bro-
mide.

Potatoes, apples and mandarine oranges were more
susceptible to methyl bromide under the vacum fumi-
gation than the atmospheric fumigation. This seems
to be due to the greater amount of methyl bromide
absorbed under the wvacuum fumigation than the
atmospheric fumigation. In their susceptibility to ethy-
lene dibromide, however, potatoes, peaches, plums and
tomatoes showed no remarkable difference between the
vacuum and the atmospheric fumigation.

The injuries of lemons caused by methyl bromide
became severer in proportion to the rise in the fumiga-
tion temperature.

Mangoes stored at 10°C after the fumigation with
methyl bromide or ethylen dibromide more readily pro-
duced the visual injury symptoms than those stored at
room temperature (about 30°C) after the same treat-
ment.

A great variation in the susceptibility to hydrogen
cyanide was found among the bananas imported at
diferent dates from Panama, thus indicating many
physiologycal factors involved in the mechanism of fu-
migation injuries.

The respiration of potatoes and peaches was accele-

lated by methyl bromide.  Especially, the respiratory
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behavior of potatoes appears to have a close correlation
with their injuries.

No influence of methyl bromide fumigation was found
on the contents of free acid, reducing sugar and sugar
Thus it

seems that the change or the deterioration of the taste

in the sap of mandarine oranges and aples.

of these two fruits is not due to the increase or the
decrease of these compounds.

Higher contents of aldehyde, alcohol and volatile
acid was obtained from the apples injured by methyl
bromide. This also indicates the possibility of these
compounds being involved in the mechanism of the

outbreaks of the fumigation injuries.
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B hr % B8
methyl bromide . % % v -t 0B, A el
M, KL 80g/m®, W96 g/m®, KAUE 160
g/m?
methyl bromide (2 & % ) ¥ T OB N, A AR
A7 RS 200 g/m?, TR RUE 240 g/m?
methyl bromide s & U* ethylene dibromide (= & %
< v T - ONEE, AL 1 ethylen dibromide
64 g/m®, A7 methyl bromide 80 g/m®, AFfix i
W, EEEEERE, WL 2R s E R,
ethylene dibromide (2 & % ¥ » # 1 £ D 4, 64
g/m?
methyl bromide 2 &% ¥ %7 1 TR, #H.L
fRALEE, AP 10dg/m®, & LAKITE 288 g/
m®, ZTARXE 336 g/m’,
WREH 2T & DS FF DR, 7 LAY, oy T
10g/m®, % 1. 30 g/m®, ZF 20g/m?






