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Research on the Actual Situation of Fumigant Residues in Various Agricultural Commodities after Fumigation
by Methyl Bromide, Hydrogen Cyanide and Phosphine II. Takehiko Yokoyama*, Hironori Nishizaki, Hiroshi
Hayashi, Takashi Misumi*, Hiromitsu Naito, Kazuya Asano*, Tsuneo Kobatake. (Research Division, Yokohama
Plant Protection Station 1-16-10, Shin-Yamashita, Naka-ku, Yokohama, 231-0801 Japan. *Yokohama Plant
Protection Station.) Res. Bull. Pl. Prot. Japan. 49 (supplement) : 1-15 (2013).

Abstract: In order to investigate the residue of fumigants after fumigation which are commonly used in plant
quarantine treatment, residue trials were conducted by using 43 agricultural commodities including cereal grains,
beans, fruits and vegetables after fumigation with Methyl Bromide (CH;Br), Hydrogen Cyanide (HCN) and
Phosphine (PH;). The residue levels of inorganie bromide, i.e. residual component subject to Maximum Residue
Limit, is relatively high in Soybean Succulent, Coriander, Twisted Cluster Bean, Brussels Sprout and Baby Corn,
although those residue levels were below MRLs (Maximum Residue Limits). HCN residues were below LOQ (Level
of Quantification) in Shallot and Durian, and residue levels were lower than MRL even if quantified in other
commodities except for Perilla. In both of two studies of Perilla, high cyanide residues were detected from control
samples, and it was presumed that detected cyanide were originated from indigenous to plant tissues of Perilla.
Although PH; residues were relatively higher in Cacao, Coffee and Quinoa at 1 day after fumigation, those levels

decreased rapidly to below LOQ or very low levels at 7 days after fumigation in those commodities.
Key words: residue, fumigation, phosphine, methyl bromide, hydrogen cyanide '

# El

WA WEREORDOREE - RLANOMLIER . EBEY
FOERFRELLHORLAFEONTVE, ZOLIH %
Wikorp, FEHPERT CIL, WERSE & L TIREICER s
B CAEAIZDWT, ( ABBRORBEEBRFELEML
THBY. EET T, BRE - TEIEY. TR 281k
POV TEBEERELEHRLTWLEIATHE (I
s :2012).

4B, S5 - TE 4D, FRED 29 fEicow
THRBERAELEBLEDOT, TO/ERIIOVTHRET
5,

MRV EE

1. #HEEAR ;
HPBIECTHER SN TWA L ABHTH LRI F IV
# (k%X 0 CH.Br. = bFET R, MR 99.5%, DL
T [MBJ). HBEHl (7 ~{bkFE, L5 HON, HE
s #igE98% . LT THCNJ ), U T

3=y aH (BT, SRS U RO ]
WREFTH B AkFE (LFERX : PHy. B FR{LET
HWRI, U 9.96% Wit 9.82%. NyNo » A% HH, LT
[PH:l) @& HRE L1z,

2. #EEYD :

ENENOEFNZOWT, ALY R UERIILT
DEBYTHY, & AEFNIPE L 7o R A L
i, Table 1. I27R L 720
(1) MB

THIHAZY (Ribes rubrum, HFFE). T—F4
F 3 — 2 (Cynara scolymus. fRAEE), T vyov »
(Allium ascalonicum, 7 A" hjE, ¥ AFE), TF¥< A
(Glycine max. BEEBEE. KHEE), 401> Fno
(Eryngium foetidum. 5 A AJE), % #13 (Theobroma
cacao. H— ). # 7 (Brassica rapa . var. rapa. &
FRIELEE), #1') 7 97— (Brassica oleracea var, botrytis.
REFIBE. JLi#EE). F v XY (Brassica oleracea var.
capitata, EFRE, dLilgEE), 7)) — Xy 3— (Piper
nigrum, ¥ A E). 37 3Ih ¥ (Citrus hystrix. % 4 ).
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T LF (Triticum aestivum. TIEVLEE, 7 A0 HEE). 2
1) 7 v ¥ — (Coriandrum sativum. 18 [ W@, i R
j£)., TV 3 (Averrhoa carambola. HBLEE). ¥
I ¥ (Pisum sativum. BFEE. TRARE), 7>
%44 (Brassica rapa var. chinensis. BEE, JI9
BEE), ML YR (Cichorium intibus, 7 X' A ), *
¥ (Allium fistulosum. JLiEEE). AL 74 <X/
* (Parkia speciosa, ¥ A ), 70—V Y A7 xRN
(Foeniculum vulgare, BHHILEE. fRIEEME) . Rl L
ER 3y (Zea mays. BEBWE, THEE)., AF ¥~y
(Brassica oleracea ver. gemmifera, HMEFE, 7 A1) A
BE)., AEIHF NV, Ocimum basilicum, TIHEE,
WHEEE), Y v 73— (Zea mays. fa i RE. FHl
BiE), 5 A~ — (Rubus idacobatus, 7 A1) H ., #H
BEE), LE¥Z 5 (Cymbopogon citratus. ¥ 1 BE.
WHEEE) @26 ME MR L.

(2) HCN

T xuav b (Allium ascalonicum. % 4 E. 7 X )
HEE). ¥ TN (Psidium guajava. MWHBEFE. BRI
)., T3 (Averrhoa carambola, A F ¥ 2, i

BiE), ¥ b (Capsicum annuum var. 'grossum's 5

HELEE, TIERGE), ¥ (Perilla frutescens var. crispa.
FMIEE), ¥ 7 > (Durio zibethinus. % A J#E). +v
#'5 Y (Capsicum annuum, REAIEEE, THRATEE). ML
YR (Cichorium intibus, 7 A" 717, FILELE), 4%
(Allium fistilosum, fREEE) o9 HHEZHEEA L.

(3) PH,

7 7 (Setaria italica. ‘& FIEE, RHEE, LEE
). * 4 & X (Hordeum vulgare, IR EE. A IE
FE). # # % (Theobroma cacao. #—F+ ), ¥/ 7
(Chenopodium quinoa, ~I—H, K)ETE), I—
v — (Coffea arabica, 77 Y Vi, AF¥ ¥ 2jE), 2
A ¥ (Triticum aestivum., REFEE, TEEREE), o
(Oryza sativa, WIEBE., BHEE). V7N (Fagopyrum
esculentum, ISR E, HFEE). ¥4 X (Glycine
max, JLiEEE)., FyEOIY (Zeamays. T A AE,
EEEBE), > & (Brassica napus. #F¥E, TV
1 FRE), N b AF (Coix lacryma-jobi var. ma-yuen, 5
RIEEE, EHEE)., v 3a< A (Cicer arietinum., 715
FEE, TAY)AE), bAI L (Sorghum bicolor. HFIE
M. A—ANT TR, dtiEE) © 14 GE2 L

Table 1. Commodities used for each test and portion to be analyzed

Fumigant used for
Commodity each test
MB HCN PH,

Portion to be analyzed

Cereal Grains and Beans

Grain with or without hull

Adlay @]
Barley O Threshed grain with hull
Buck Wheat O Threshed grain with hull
Cacao O O  Bean
Chickpea O Dry seed
Coffee O Bean
Foxtail Millet O Threshed grain with hull
Maize O Dry grain without husk and cob
Rapeseed O Dry seed
Rice O Brown rice
Wheat O O Threshed grain without hull
Quinoa O Threshed grain with hull
Sorghum O Dry seed
Soybean O Dryseed
Fruits and Vegetables
Artichoke O Top after removal of stalks and obviously decomposed or withered leaves
Baby Corn 4] Immature ear after removal of skin
Basil ©] Leaves and stems .
Brussels Sprout O Leaf sprout
Cabbage O Top after removal of stalks and obviously decomposed or withered leaves
Cauliflower Q Flower head and stem
Chile Pepper Whole fruit
Coriander O Leaves
Culantro O Leaves and stems
Durian Whole fruit without peel
Florence Fennel O Enlarged bulbous leaf base and leaves
Green Pepper O Fruits after removal of stems
Guava Whole Fruit after removal of stem end
Kaffir Lime O Leaf
Lemongrass @] Leaves and stems
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Table 1. continued

Fumigant used for

Commodity each test Portion to be analyzed
MB HCN PH,

Non-bell Pepper, Sweet O Whole fruit after removal of stem end

Pak Choi @] Leaves and stems 3

Pea (Edible Podded) O Peas with pod

Perilla O Leaves and stems

Raspberry O Whole fruit

Redcurrant @] Berries after removal of stalks

Red-leaved chicory @] O Leaves and stems

Shallot O o Bulb and leaf without root

Soybean, Succulent (Edamame) O Succulent beans with pod

Starfruit O Whole fruit

Sweet Corn o Kernels without cob

Turnip @] Root and top (Analized root and top separately )

Twisted Cluster Bean O Succulent beans with and without pods

Welsh onion (9] @] Leaves and stems
3. HEF& PH;
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® MB RV PH; M. Fi 3g/m’
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HABAFE (%) = ((AHERTHOTARE (mgh) +
R (mg) x 100+« - - @ :

Fro, S AZERME, BoRAILHE (RMOKEES @ 1971)
LT TOEBY L L,

MB
IAX - hAhA RAE 20T XiE 35T, AL 0.1kel X
13 0.3kg/l, < AZEBFMH 24 KRR, 48 B
13013 72 BRI, 3848 10g/m® ~ 49g/m®
H R W IREE25T., VA 0.1kgl. < AZRERH 3 M
[, et 48.5g/m’

@ HCN
HHEMOAFRRE ik ko MB K UF PH; &
FL& L. AR, MBENBRNOEWEEEFTEE AKE
BEIZBWT, UToRELBEE (BHKES : 1971)
TiT=72
FOR O RE105~200C. WAL 0.12kg LLF,
< AZERFM 30 4. JEE 1.8g/m’
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Table 2. Inorganic bromide residues in several commodities

770U —345990 1) Tl (ERPRF:0.005ppm) L72o
BB, KRR, BYUMET— 2 OREN L EEEHERD
72, EYWRESFIC BT, BREOFEERUREHICHE
THHEBOBIEEBIZOVT (JEHOKES © 1999) 12#&T¢

HATER % S 7B C R L 72

~L7ze

HRRUER

£HHAE Y T OEE ST O % Table 2.~ Table 4. 12

Days after Test result (mg/kg) Maximum Residual
Gomngodity Fumig‘a_tion Origin (_)f treatment Re_sid_ue MB gas
condition commodity for _ 1 2 Mean” * SD. Limit ratio in A
analysis (ppm) chamber(%)
Control 1.2 1.2 1.2
2hr Chiba Pref. 1 32.2 314 318 * 04 62.7
49g/m’® 7 35.4 33.3 344 = 1.1
20T Control <2.0(1.8)" <2.0(1.7) <2.0 -
0.3kg/l . 1 20.9 20.9 209 = 0.0
loading ~ United States 25 23 24 * 01 =
14 22.6 22.0 223 =+ 3
Control 1.2 1.2 1.2 -
24hr Chiba Pref. 1 22.9 22 226 * 03 59.7
29g/m® 7 21.8 21.6 A 5
35T Control <2.0(1.8) <2.00..7) <2.0 -
- 0.3kg/l : 1 40.2 38.4 393 = 09
loadigng' United States 7 437 425 531 + 06 43.4
14 39.3 38.4 383 = 04
Control 1.2 1.2 L2 -
48hr Chiba Pref. 1 26.3 254 258 % 05 42.4
29g/m® ‘ 7 30.2 29.3 208 = 04
20T Control <2.0(1.8) <2.0(1.7) <2.0 -
0.3kg/l : 1 20.3 201 2.2 = 01
loadigr.lg United States 7 91.0 18.9 200 + 11 18.6
14 17.5 16.9 172 £ 0.3
Whins Control 1.2 12 12 - o0
48hr Chiba Pref. 1 26.9 2.4 266 * 03 0.6
18g/m’® 7 28.0 27.2 216 + 04
3B Control <2,0(1.8) <2.0(1.7) <2.0 -
0.3kg/l . 3. : 5 = 2
londing  United States ;, 3322 gig gg? i g_ . 11.7
14 32.0 30.9 314 = 06
Control 1.2 1.2 1.2 -
7%hr Chiba Pref, 1 26.7 26.5 266 = 0.1 28.6
28g/m® 7 28.3 27.0 276 = 07
20T Control <2.0(1.8) <2.0(1.7) <2.0 -
0.3kg/l : 1 24.1 236 238 = 03
loading  United States o 2 2 1 32.1
14 26.4 24.2 253 = 1.1
Control 1.2 1.2 1.2 -
Tohr Chiba Pref. 1 29.8 27T 288 = 1 38.8
16g/m* 7 33.0 32.4 327 = 0.3
35T . Control <2.0(1.8) <2.0(1.7) <2.0 .
0.3kg/ . 1 33.6 324 330 = 06
loading ~ United States Sl L b o 263
14 34.9 333 4.1 = 08
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Table 2. continued
Days after Test result (mg/kg) Maximum Residual
; Fumigation Origin of  treatment Residue MB gas
Commodity condgition com:%llodity for 9 0 4 Limit rat.iog in
: analysis . M5 8.0 (ppm) chamber(%)”
Control  <2.000.6) <2.0(0.6) <2.0 -
Rep. of Ghana 1 15.1 14.6 148 += 03
24hr @A) 7 14.8 146 147 -+ 01 ok
e 14 17.4 163 168 .+ 05
0.1kg/l Control <2.000.5) <2.0(0.5) <2.0 -
loading  Rep. of Ghana 1 25.0 247 248 = 0.2 514
(B) 7 30.1 30.0 300 = 0.1 ’
14 33.1 32.9 33.0 = (.1
Control <2.0(0.6) <2.0(0.6) <2.0 -
Rep. of Ghana = 1 227 22.6 226 = 00 61.8
1-34?1"3 A) 7 23.9 234 236 * 03 :
35),(’:“ 14 311 29.7 304 = 07
0.1kg/ Control <2.000.5) <2.0(0.5) <2.0 -
loading  Rep. of Ghana 1 35.3 348 350 = 03 618
(B) 7 45.1 43.3 442 = 09 )
14 44.9 41.8 434 = 16
Control <2.0(0.2) <2.000.2) <2.0 -
Rep. of Ghana 1 17.7 17.4 176 = 02 176
() 7 22.3 20.4 214 = 1.0 )
14 23.2 21.8 225 = 07
Control <2.0(0.2) <2.0(0.2) <2.0 -
Rep. of Ghana 1 20.8 20.5 206 = 02
athr (D) 7 212 196 204 = 08 175
e 14 2.5 235 240 * 05
0.3kg/l Control <2.0(0.2) <2.0(0.2) <2.0 -
loading  Rep. of Ghana 1 21.5 21.2 214 = 02 35.3
(E) 7 19.6 18.3 190 = 07 ’
Bvins - 14 22,4_. 21.8 221 = 0.3 50
Control <2.0(0.2) <2.0(0.1) <2.0 -
Rep. of Ghana 1 14.4 13.2 138 = 06 412
) 7 15.9 15.5 157 = 0.2 ’
14 167 15.3 155 = 0.2
Control <2.000.6) <2.0(0.6) <2.0 B
Rep. of Ghana 1 18.8 18.1 184 %= 0.3 50.0
1;3?;3 @ 7 22.7 221 224 * 03 '
2%“(: 14 26.9 250 260 = 09
0.1kg/l Control <2.0(0.5) <2.0(0.5) <2.0 -
loading Rep. of Ghana 1 23.3 22.3 228 = 05 45.0
(B) 7 26.0 25.8 259 = 0.1 :
) 14 29.4 28.8 291 = 03
Control  <2.0(0.6) <2.000.6) <2.0 -
) Rep. of Ghana 1 24.5 24.4 244 £ 0.1
48hr @) 7 27.4 272 213 = 01 Sk
Hem 14 30.7 200 298 *+ 08
0.1kg/l Control  <2.0(0.5) <2.0(0.5) <2.0 -
loading  Rep. of Ghana 1 37.7 34.7 362 = 15 36.4
(B) 7 43.2 42.5 428 = 04 '
14 43.0 39.9 414 * 16
Control <2.000.2) <2.0(0.2) <2.0 -
Rep. of Ghana 1 10.8 9.7 102 = 06 55
Lw © 7 112 108 110 = 02 :
Bg,g‘ 14 10.2 102 102 = 00
0.3kg/l Control <2.0(0.2) <2.0(0.2) <2.0 -
loading  Rep. of Ghana 1 17.3 16.9 171 = 0.2 73
D) 7 17.3 16.9 171 = 0.2 '
14 15.5 15.1 153 = 0.2
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Table 2. continued
Days after Test result (mg/kg) Maximum Residual
c dit Fumigation Origin of  treatment Residue MB gas
ommodity 2 : c e
condition commodity for _ 1 2 Mean” + S.D. Limit ratio in 3
analysis : (ppm) chamber(%)”
48hr Control <2.000.2) <2.0(0.2) <2.0 -
g’ Rep.of Ghana 1 127 118 122 = 04 i
0.3kg/l () 7 154 144 149 = 05 '
loading 14 13.8 136 137 * 0.1
Control <2.0(0.6) <2.0(0.6) <2.0 -
Rep. of Ghana 1 21.7 21.3 215 = 0.2 400
T2hr @A) 7 25.1 237 244 = 07 '
13%:,’(’:“ 14 26.0 %54 257 * 03
0.1kg/l Control <2.0(0.5) <2.000.5) <2.0 -
loading  Rep. of Ghana 1 t3k3 29.5 304 = 09 400
B) 7 37.3 364 368 * 04 :
14 36.9 33.9 354 = 15
Control <2.0(0.6) <2.0(0.6) <2.0 -
Rep. of Ghana 1 26.6 26.3 264 = 02 21.0
Téhr @ 7 28.1 273 217 = 04 '
‘ggﬁg 14 30.0 215 288 * 13
0.1ke/l Control  <2.0(0.5) <2.000.5) <2.0 3
— loading  Rep.of Ghana 1 433 429 431 = 02 - -
(B) 7 42.7 39.6 412 = 16
14 45.6 42.2 439 + 17
Control  <2.000.2) <2.000.2) <2.0 -
Rep. of Ghana 1 171 15.9 165 = 06 40
© 7 18.6 17.0 178 = 038 :
14 15.5 154 154 = 0.0
Control <2.0(0.2) <2.0(0.2) <2.0
Rep. of Ghana 1 15.3 14.5 149 = 04 30
72hr D) 7 19.4 175 184 * 09 ‘
1%%“ 14 17.2 165 168 * 03
0.3kg/l Control <2.0(0.2) <2.0(0.2) <2.0 -
loading Rep. of Ghana 1 12.0 11.8 119 = 0.1 3.0
(E) g 11.9 112 116 = 04 ’
14 13.6 13:5 136 = 0.0
Control <2.0(0.2) <2.0(0.1) <2.0 -
Rep. of Ghana 1 14.6 13.7 142 = 05 11.0
(F) 7 16.9 15.7 163 = 06 )
14 15.7 15.1 154 = 03
Control  <3.000.7) <3.000.7) <3.0 -
Iwate Pref. 1 234 22.3 228 = 05 43.3
3 22.6 22.1 224 = 0.3
Cabtiags Control _ <300.6) <3.0(0.6) <30 : =
Hokkaido 1 27.3 26.7 270 £ 03 41.2
3 24.4 23.8 241 * 0.3
Control <8.0(1.1) <8.0(1.0) <8.0 -
- 3hrs. Iwate Pref. 1 33.1 314 322 + 09 454
: 48 5g/m* 3 34.6 33.4 340 = 06 _
P(;E;é';’}f) 5T Control  <8.0(4.1) <8.0(4.0) <80 : 2
0.1kg/l loading  Akita Pref. 1 33.6 332 334 = 02 474
3 36.3 35.9 361 = 0.2
Control  <3.0(0.2) <3.000.2) <3.0 -
Gunnma Pref. 1 57.0 54.2 b = 14 49.5
3 60.0 58.4 59.2 * (.8
S Control  <3.0(11) <30(LD) <3.0 : .
Chiba Pref. 1 55.8 8.5 556 = 0.1 47.4
3 49.3 49.3 49.3 = 0.0
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Table 2. continued
Days after Test result (mg/kg) Maximum Residual
. Fumigation Origin of  treatment Residue MB gas
Commodity P dgition comriodity for 1 2 Mean® + S.D Limit ratl'og in
analysis e (ppm) chamber(%)”
Control  <3.0(0.3) <3.0(0.3) <3.0 -
Fukuoka Pref. 1 53.1 51.9 525 = 06 63.9
3 54.2 53.3 538 = 05
Balg:Corn Control  <3.00.5 <3.005) <3.0 . Sy
Aichi Pref. 1 49.4 46.3 478 = 16 61.9
3 50.5 50.2 504 = 0.1
Control  <8.0(1.0) <8.0(1.0) <8.0 -
United States 1 11.5 10.9 11.2 = 0.3 61.9
3 9.8 9.7 98 = 0.1
Shallot Control <8.0(4.7) <8.0(4.6) <8.0 " S0
Thailand 1 31.9 30.9 314 = 05 72.2
3 31.8 31.7 318 = 0l
Control <3.0(<0.1) <3.0(<0.1) <3.0 -
Gunnma Pref. 1 56.3 56.1 5.2 = 0.1 39.2
Ssl?g:&iﬁ,t 3 61.3 584 508 * 15 o
(Edamame) Control <3.000.2) <3.000.2) <3.0 =
Akita Pref. 1 65.6 65.0 65.3 = 0.3 39.2
3 66.6 66.1 664 = (.3
Control <3.0(1.1) <3.0(1.1) <3.0 -
United States 1 13.2 13.0 13, &= Al 474
3 13.9 13.3 136 = 03
Nigata Prof, 0000l 3002 3002 <30 :
Raspberry @A) . 1 15.7 14.8 152 = 04 20 43.3
3 15.4 15.1 152 = 02
,_ Control  <3.000.3) <3.0(0.3) <3.0 -
N“ga(tBa)P rel 1 14.2 141 14.2 0.0 57.7
3 14.6 13.8 142 = 04
y 332;?1}1-‘ Control  <3.0(04) <3.0(0.4) <3.0 .
éBt Nagano Pref. é i?g 47.2 482 = 08 41.2
; . ; 41, 414 = 01
Caulifiower 0-1kg/l loading Control  <3.00.8) <3008 <3.0 : 10
Hokkaido 1 30.0 287 204 += 06 39.2
3 33.7 33.7 33.7 = 0.0
Shizuoka Control <3.000.7) <3.0(0.7) <3.0 -
Pref. (A) 1 82.5 82.2 824 = 01 45.4
3 87.6 79.1 834 = 43
i Control <3.0(<0.1) <3.0(=0.1) <3.0 -
Pref. (B) 1 73.8 715 726 = 1.1 35:1
Brussels 3 76.8 75.4 76.1 = 0.7 100
Sprouts United Control <3.0(1.4) <3.0(1.4) <3.0 -
States (A) 1 69.4 67.9 686 = (.8 55.7
3 70.4 68.4 694 = 10
Uniteq Control <3000 <3005 <30 :
States (B) 1 70.4 67.7 69.0 = 14 59.8
3 71.5 70.3 709 = 06
Shizuoka Control <3.0(1.2) <3.001.2) <3.0 -
Prof 1 20.3 19.4 19.8 0.5 47.4
Pak Choi 3 20.5 20.0 202 = 03 50
Control  <3.0(1.1) <3.0(1.1) <3.0 -
Ibaraki Pref. 1 21.4 20.7 210 £ 03 47.4
3 23.2 23.0 231 = (0.1
Control  <3.0(1.0) <3.0(1.0) <3.0 -
i F“k“‘zlt;‘; 2 22.8 225 226 * 02 72.2
A 3 24.2 23.4 238 = 04 50
Fukuoka Pref Control <3.0(1.2) <3.0(1.2) <3.0 -
(B) ’ 1 245 24.0 24.2 0.3 72.2
3 26.3 26.0 26.2 0.2
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Table 2. continued
Days after Test result (mg/kg) Maximum Residual
Cormmndity Fumiga_tion Origin gf treatment Re‘sid_ue MB gas
condition commodity for ' 1 2 Mean! + S.D Limit ratioin
analysis = ot (ppm) chamber(%)”
Control  <3.00.4) <3.00.3) <3.0 :
Fukuoka Pref, 1 81.2 792 802 = 1.0 51.5
; 3 91.1 871 891 = 20
Conatdss - Control <3.0(L.1) <3.0(L1) <3.0 - 49
Sh;,i‘e‘}’ a 1 94.8 941 944 * 04 33
3 93.1 912 922 * 09
, Control  <2.000.2) <2.0(0.2) <20 z
Ok‘“a("A"? Pref. 10.2 100 101 + 0.1 72.2
ipgati 3 12.7 125 126 = 01 g
Okinawa Prof. OO0l <200.2) <200.2) <20 -
® 1 16.0 157 158 = 02 59.8
3 16.7 161 164 = 0.3
Control <8.0(4.3) <8.0(4.3) <8.0 :
Thailand 1 265 262 264 + 0.2 61.9
3 28.2 215 2718 * 03
Lemongrass Control <8.0¢4.2) <8.0(4.1) <8.0 - =
Okinawa Pref, 1 23.2 226 29 * 03 51.5
3 23.6 228 232 * 04
, Control <5.03.4) <5.034) <56.0 :
Shf’,i‘;gka ] 39.7 364 380 + 17 57.7
Florence 3 3 36.5 35.8 362 = 04 500
Fennel Control  <5.02.5) <5.0(2.4) <5.0 -
Fukuoka Pref. 1 31.2 301 306 * 05 433
3 39.4 378 386 * 08
Control  <3.000.9) <3.00.9) <30 -
, Shrs. Thailand (A) 1 197 194 19 = 15 18.6
cramisted  48.5gim’ 3 224 218 21 * 30
(without Pod) 25C Control  <3.0(15) <3.0(15) <30 - -
0.1kg/l loading Thailand (B) 1 126 121 124 = 25 28.9
3 131 1286 130 = 15 i
Control 40 <40(40) 40 -
_ Thailand (C) 1 164 163 164 = 05 47.4
cﬁ:ﬁéitﬁian 3 165 162 164 * 15
(with Pod) . Control <40(2) <40(2) <40 -
Thailand (D) 1 123 18 120 = 25 454
3 132 120 130 = 15
Control <30(15) <30(15) <30 -
Thailand (A) 1 35 34 34 + 05 49.5
3 25 25 25 = 0.0
zissn Reppat Control <30(21) <30(20) <30 z K
Thailand (B) 1 43 42 42 + 05 63.9
3 36 34 35 + 1.0
Control  <5.02.7) <5.0(25) <5.0 ;
Laos (A) 1 35.2 346 349 = 03 57.7
3 38.8 387 388 * 00
Control  <5.03.1) <5.03.0) <5.0 :
Laos (B) 1 37.1 369 370 = 0.1 , 474
3 42.0 404 412 * 08
Culgaten Control  <5.0(L1) <6.0(1.0) <5.0 : %
Laos (C) ] 36.1 334 348 * 14 59.8
3 37.9 346 362 * 17
Control  <5.0(1.1) <5.0(L0) <5.0 >
Laos (D) 1 37.0 357 364 * 06 55.7
3 37.6 376 376 + 00
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Table 2. continued
Days after Test result (mg/kg) Maximum Residual
Conigiadity Fumig_a_tion Origin Qf treatment Ref.sid‘ue M_B gas
condition commodity for ‘ 9 Mean” + SD Limit ratioin
analysis - e (ppm) chamber(%)”
Aomori Prt; ¢ Control <20(15) <20(14) <20 -
@A) ¢ 1 43 42 42 =* 05 43.3
Turnip 3 49 49 49 + 0.0 200
(Top) At Pt Control <20(8) <20(8) <20 -
B) ’ 1 40 39 0 = 05 55.7
3 43 41 42 = 1.0
Aomori Pref Control  <8.0(3.6) <8.0(3.5) <8.0 -
(A) s 1 20.8 20.4 206 = 0.2 43.3
Turnip 3 21.2 20.8 210 = 02 1000
(Root) P — Control <8.0(2.2) <8.0(1.9) <80 = .
(B) ’ 1 224 22.1 222 = (.1 55.7
3 23.7 225 231 = 06
Control <3.0(1.2) <3.0(1.1) <3.0 -
Welsh onion Hokkaido 1 - 28.2 26.7 274 = 08 50 59.8
3 29.5 28.7 291 = 04
. Control <40(36) <40(35) <40 -
Sg‘;‘éz"'&} 1 7 64 68 = 35 63.9
Red-leaved shrs, 3 67 65 66 * 10 i
chicory 48é%§ém e Control  <40(d)  <40(3) <40 * -
: 5 1 <40(29) <40(28) <40 = - 66.0
0.1kg/l loading  States (B) 3 <400) <d0@8) <40 * -
Control <3.0(2.2) <3.02.1) <3.0 -
Tailand (A) 1 87.2 86.0 8.6 * 0.6 43.3
: 3 94.2 92.8 935 = 07
Kaffiz Lims Control <3.025) <3.0(24) <3.0 " 508
Tailand (B) 1 87.1 85.7 86.4 = 0.7 49.5
3 98.6 93.7 9.2 += 25
Control <2.0(<0.2) <2.0(£0.2) <2.0 -
Canada (A) 1 12.5 12.5 125 = .00 63.9
3 12.0 11.7 11.8 = 0.2
Refcu it Control <2.0(<0.2) <2.0(<0.2) <20 = - =
Canada (B) 1 13.9 13.6 138 = 02 66.0
3 13.1 12.2 126 = 05
Control <3.02.1) <3.0(2.0) <3.0 -
Okinawa Pref. 1 63.3 61.9 626 = 0.7 39.2
. 3 61.5 61.1 61.3 = 0.2
Bl Control  <3.02.2) <3022 <30 2 .
Chiba Pref. 1 70.9 66.2 686 * 24 43.3
3 75.0 73.7 744 £ 06

" Values are rounded up in accordance with JIS Z8401-1999
“ (Residual gas concentration at the end of exposure time(mg/l) / Dosage rate(mg/1)) x 100
¥ Values in parentheses means quantified inorganic bromide in control sample.
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Table 3. Hydrogen cyanide residues in several fruits and vegetables
Test result (mg/kg) Maximum
. Fiimigation Ovigingt  Daysafter Residue
Commodity S : treatment for T
condition commodity . 1 Limit
analYSIS 1 2 Mean
(ppm)
: control <0.1 <0.1 <0.1
e s
5o control 104 105 104
B Aight Prel &) 73.6 701 71.8 5
Aichi Pref. ) confrel 2 b Ak
; control <0.5 <0.5 <0.5
Non-bell Pepper, Kochi Pref. 1 1.8 1:7 1.8 5
Sweet . control <0.5 <0.5 <0.5
Ohiba Pref. 1 1.6 1.8 17
. control <1.0 <1.0 <l.0
i Thailand (A) l {%8 {%g {ig ¥
4 . contro. =l <l <].
1035;11: | Thailand (B) <10 <10 <10
105C~ 20.0C, OkinawaPrf,  control < o G
Guava = 0.12kg/l - e 201 =01 <01 5
loading ~ Kagoshima Pref. ™" 0.4 0.4 0.4
. control <1.0 <1.0 <1.0.
Shallot Thailand <1.0 <10 <10 i
. control <1.0 <1.0 <1.0
Unlted Stams <1‘0 <1‘0 41.0
Welsh onion Fukuoka Pref. conltrol (gé qg}‘ (g}‘t 5
Okayama Pl'ef control <0‘1 <-0‘1 {01
Red-leaved chicory : = n]tr = q(]}‘{ <(1)‘; 41}'{ b
United States 1.1 1‘2 1.2
Kumamoto Pref. conltro 1 <gé <8é ‘:gé
Chile Pepper Syl ontrol 0.1 <0.1 0.1 5
¥ - 1 0.6 05 0.6
" Values are rounded up in accordance with JIS Z8401-1999
Table 4. Phosphine residues in several commodities
Days after T, 1 Maximum :
Gemmodity Origin of Fumigation treatment Opkreauly (mg/ke) Residue Rgexd;ﬁfgs
; B £ = “Limit
commodity condition ana(;;sm 1 9 3 g Mean” + SD. (plslnll) chsiibi r(%)z:
¥ Control <0.005 <0.005 - - <0.005 -
agrzﬁata 1 0.040 0.039 0.037 0.036 0.038 = 0.002 60.0
Ri ' 7 <0.005 <0.005 <0.005 <0.005 <0.005 = - 01 2
o icad) Control  <0.005 <0.005 - - <0.005 :
Fjj_f:fg‘ 1 0.051 0.050 0.049 0.048 0.050 = 0.001 56.7
) 7 <0.005 <0.005 <0.005 <0.005 <0.005 =+ -
Hokkaid Control <0.005 <0.005 - - <0.005
. ; A‘;“ “ 1 0.039 0.039 0.036 0034 0037 = 0,002 80.0
- 7 <0.005 <0.005 <0.005 <0.005 <0.005 * -
T 3%33' 5C, " Control <0.005 <0.005 - -  <0.005 -
o (B?l 9 z l"i‘{fﬁ 1 0.016 0.010 0.010 0009 0011 * 0.003 80.0
il 7 <0.005 <0.005 <0.005 <0.005 <0.005 * -
Hoklkaid Control <0.005 <0.005 - - <0.005 -
Soybean "(C';“ 0 1 0020 S8 QoL o019 0010+ 0.005 01 76.7
7 <0.005 <0.005 <0.005 <0.005 <0.0056 =+ -
Hokkaido Control <0.005 <(},005 - - <0.005 -
D) L 3008 <0005 <5os <0003 0.010+ 0.004 76.7
7 <0.005 <0.005 <0.005 <0.005 <(0.005 =+ -
Hokkaid Control <0.005 <0.005 - - <0.005 -
O(E*;“ g 1 0.009 0.007 0.006 <0.005 0.007 = 0,001 76.7
7 <0.005 <0.005 <0.005 <0.005 <0.005 =+ -
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Table 4. continued

Days after Maximum g
. Origin of Fumigation f.reitment s Residue R»es:dual' P.HS
Commodity domidsodity sandition i Limit gasmhomz]
" 1 2 3 4  Mean” * SD. (ppm) chamber(%)
) Control <0.005 <0.005 - <0.005
Canada 1 0.020 0013 0.012 0011 0014 + 0.004 76.7
—— 7 <0.005 <0.005 <0.005 <0.005 <0.005 + - -
. Control <0.005 <0.005 - - <0.005
g:*;:gg 1 <0.005 <0.005 <0.005 <0.005 <0.005 + 80.0
7 <0.005 <0.005 <0.005 <0.005 <0.005 +
_ Control <0.005 <0.005 - -~ <0.005
%B}f;:ilf:}f ] 0015 0012 0012 0011 0012 £ 0.002 73.3
_—_ 7 <0.005 <0.005 <0.005 <0.005 <0.005 + - a1
, Control <0.005 <0.005 - - <0.005 = :
Ié”if;:’;‘fg 1 0.010 0.009 0.008 0.008 0009 + 0.001 80.0
7 <0.005 <0.005 <0005 <0.005 <0.005 *
Control <0.005 <0.005 - - <0.005
Brazil 1 0.042 0036 0035 0031 0036 = 0.004 63.3
7 0.010 0.008 0.007 0.003 0008 = -
Cofte Control <0.005 <0.005 - - <0.005 : D8
WMexico 1 0108 0.093 0092 0070 0091 % 0.014 90.0
7 0013 0012 0012 0011 0012 * 0.00]
. Control <0.005 <0.005 - - <0.005
Ibaraki 1 0018 0.018 0017 0015 0017 + 0.001 80.0
Prei : : ‘ ' ' ' :
Badier 7 <0.005 <0.005 <0.005 <0.005 <0.005 * - -
. Control <0.005 <0.005 - - <0.005 - :
IS};}k"f“’a 1 0.007 0.006 0.006 0.005 0.006 = 0.001 80.0
ret 7 <0.005 <0.005 <0.005 <0.005 <0.005 + -
Control <0.005 <0.005 - 2 <(.005
N;fjf‘_“’ 1 0.009 0.009 0009 0008 0009 + 0.000 B33
— s 7 <0.005 <0.005 <0.005 <0.005 <0.005 + - &
gm, 5C, Control <0.005 <0.005 - -~ <0.005 - '
Chiba Pref. 0‘131351 1 0.008 0.008 0.008 0.008 0008 * 0.000 63.3
loading 7 <0.005 <0.005 <0.005 <0.005 <0.005 * -
_ Control <0005 <0.005 - - <0.005
Sg’t‘;‘*&) 1 0.039 0.036 0.034 0.030 0035 + 0.002 80.0
7 <0.005 <0.005 <0.005 <0.005 <0.005 = -
Control <0.005 <0.005 - - <0.005 -
N;f:f“" 1 0.061 0.059 0.058 0.058 0.059 + 0.001 80.0
: 7 0.015 0.011 0010 0010 0012 = 0.002
, Control <0005 <0.005 - - <0.005 :
Sg]:(:;e(('lB) 1 0.016 0.013 0011 0.010 0012 = 0.002 76.7
7 <0.005 <0.005 <0.005 <0.005 <0.005 + -
, Control <0005 <0.005 <0.005 -
Maize ngﬁ‘::’&j) 1 0.013 0012 0012 0009 0012 = 0002 01 76.7
7 <0.005 <0.005 <0.005 <0.005 <0.005 *
: Control <0.005 <0.005 <0.005 -
ngge(%) 1 0012 0010 0.008 0.008 0010 = 0.002 76.7
7 <0.005 <0.005 <0.005 <0.005 <0.005 *+ -
_ Control <0.005 <0.005 - - <0.005 3
United 1 0.014 0010 0.009 0009 0010 = 0.002 76.7
States (E) 5 ! 5 : "
7 <0.005 <0.005 <0.005 <0.005 <0.005 + -
, Control <0005 <0.005 - - <0.005 B
Sg‘t’ézeg) ] 0.019 0017 0017 0013 0016 + 0.002 92.0
7 <0.005 <0.005 <0.005 <0.005 <0.005 + -
_ Control <0.005 <0.005 - -~ <0.005
H s 1 0011 0011 0009 0.008 0010 + 0001 36.7
L ! 7 <0.005 <0.005 <0.005 <0.005 <0.005 = - i
i Control <0.005 <0.005 <0.005 - :
Tt Piof. 1 0.016 0.016 0.015 0014 0015 = 0.001 36.7
7 <0.005 <0.005 <0.005 <0.005 <0.005 *
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Table 4. continued
Days after Maximum ;
. Oigingt Fuuigstion bestment Test result (mefke) Residue esidual PH
Commodity . modity condition for Limit Sesratioln
st 3 2 3 4 Mean” = SD. ..,  chamber()
Control <0.005 <0.005 - - <0.005
Iwate Pref. 1 0.028 0025 0025 0.025 0026 = 0.001 63.3
_ 7 <0005 <0.005 <0.005 <0.005 <0.005 + -
foianl | (Waganaki Control <0.005 <0.005 - - <0.005 :
ﬁﬁizt Pgref- 1 0.031 0.022 0021 0.021 0024 + 0.004 0.1 76.7
‘ 7 <0.005 <0.005 <0.005 <0.005 <0.005 = -
Control <0.005 <0.005 - - <0.005 -
Yag‘rgata 1 0.012 0.008 0.008 0.008 0.009 £ 0.002 76.7
i 7 <0.005 <0.005 <0.005 <0.005 <0.005 + -
: Control <0.005 <0.005 - - <0.005
Shlgi‘gne ] 0079 0076 0075 0073 0076 + 0.002 73.3
. 7 0.007 0.007 0.006 0.006 0.006 = 0.001
Adlay o - Control <0.005 <0.005 - - <0.005 . 1
Ml;f;g‘ 1 0.101 0.094 0.086 0.082 0.091 = 0.007 70.0
* 7 <0.005 <0.005 <0.005 <0.005 <0.005 + -
‘ Control <0.005 <0.005 - - <0.005
RBPI};TI‘IC of ] 0.014 0013 0012 0009 0012 + 0.002 46.7
, 7 <0.005 <0.005 <0.005 <0.005 <0.005 + - i
Quinoa n Control <0.005 <0.005 - - <0.005 . ;
Rﬂgé‘l'f‘{‘i‘;Of ] 0162 0.154 0152 0140 0.152 * 0.008 50.0
7 <0.005 <0.005 <0.005 <0.005 <0.005 = -
Control <0.005 <0.005 - - <0.005
Canada (A) 1 0.008 0.007 0.006 0.006 0.007 = 0.001 52.3
7 <0.005 <0.005 <0.005 <0.005 <0.005 + -
Control <0.005 <0.005 - - <0.005 -
Canada (B) 3g/m’, 5C, 1 0.007 0.007 0.007 0.005 0006 = 0.001 64.7
9days, 7 <0.005 <0.005 <0.005 <0.005 <0.005 + -
. 0.1kg/ Control <0.005 <0.005 - - <0.005 -
B“iia)“a loading 1 <0.005 <0.005 <0.005 <0.005 <0.005 + - 76.7
7 <0.005 <0.005 <0.005 <0.005 <0.005 * -
, Control <0.005 <0.005 - - <0.005 <
B“i%"‘;m 1 <0.005 <0.005 <0.005 <0.005 <0.005 = - 76.7
7 <0.005 <0.005 <0.005 <0.005 <0.005 * -
_ Control <0.005 <0.005 - - <0.005 .
Rapeseed B“i%g"‘a 1 - <0.005 <0.005 <0.005 <0.005 <0.005 * - 0.01 69.7
7 <0.005 <0.005 <0.005 <0.005 <0.005 + -
Bulgari Control <0.005 <0.005 - iz <(.005 .
“(]g;’;“a 1 0.006 0.005 <0.005 <0.005 0.005 = 0.001 85.0
7 <0.005 <0.005 <0.005 <0.005 <0.005 + -
‘ Control <0.005 <0.005 - - <0.005 -
B“l(%";”a 1 <0.005 <0.005 <0.005 <0.005 <0.005 * - 76.7
7 <0.005 <0.005 <0.005 <0.005 <0.005 + -
Buleari Control <0.005 <0.005 - : <0.005 -
Y (Ef’)‘“" 1 <0.005 <0.005 <0.005 <0.005 <0.005 + - 76.7
7 <0.005 <0.005 <0.005 <0.005 <0.005 + -
e Control <0.005 <0.005 - - <0.005 -
(g) 1 <0.005 <0.005 <0.005 <0.005 <0.005 = - 76.7
7 <0.005 <0.005 <0.005 <0.005 <0.005 + -
Control <0.005 <0.005 - - <(0.005
Twate Pref. 1 0.010 0.007 0.006 0.006 0.007 * 0.002 69.0
— 7 <0.005 <0.005 <0.005 <0.005 <0.005 = - §i
Control <0.005 <0.005 - z <0.005 - )
Australia 1 0.092 0.070 0.070 0.065 0074 = 0.010 69.0
7 0.018 0017 0013 0.012 0015 * 0.003
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Table 4. continued
Days after Maximum ,
A Origin of Fumigation treztment Test result (mg/ke) Residue Remdua! P.H3
Commodity D 2 Je gas ratio in
commodity condition for 1 2 3 4 Mean® + SD Limit chamber(%)”
analysis ERIL" = SR {ppm)
Control  <0.005 <0.005 <0.005 .
Y;}f:fg(;’;a ] 0.009 0.009 0.009 0.009 0.009 = 0.000 76.7
' 7 <0.005 <0.005 <0.005 <0.005 <0.005 + -
Yamagata Conteal <g'ggg qg'gﬁ? 0.009 0.008 s -
Pref. (B) 1 0.008 0008 0007 0007 0.011+ 0.005 76.7
7 <0.005 <0.005 <0.005 <0.005 <0.005 * -
Vamagata Control <0.005 <0.005 - <0.005 -
Pref.g(C} 1 0.005 0.005 0.005 0.005 0.005 = 0.000 54.3
, 7 <0.005 <0.005 <0.005 <0.005 <0.005 + -
3g/m’, 5C, Toontrol  <0.005 <0.005 <0.006 2
Sorghum Ylfr’gt?g(a])‘;a gdl?;i 1 0.007 0.007 0.007 0.006 0.007 = 0.000 0.1 61.3
‘ bading 7 <0.005 <0.005 <0.005 <0.005 <0.005 + -
Control <0.005 <0.005 - - <(0.005 =
Ylfl‘f;‘?g(%t)a 1 0.007 0.007 0.006 0.006 0.006 = 0.001 61.3
' 7 <0.005 <0.0056 <0.005 <0.005 <0.005 + -
— Control  <0.005 <0.005 - <0.005 -
me%” 1 0.006 0.006 0.006 0.006 0.006 £ 0.000 56.3
; 7 <0.005 <0.005 <0.005 <0.005 <0.005 + -
Control  <0.005 <0.005 <0.005 -
Yr?r‘;?g(g‘]a 1 0.007 0.007 0.006 0.006 0.006 = 0.001 56.3
: 7 <0.005 <0.005 <0.005 <0.005 <0.005 + -

" Values are rounded up in accordance with JIS Z8401-1999

? (Residual gas concentration at the end of exposure time(mg/l) / Dosage rate(mg/l)) x 100

(1) MB

T ATRIFE (%) RUBE A RIL Table 2. 0L B Y
Thbh, 2B, Brid, b&dEHARIHEE (KRR
TAH0 (BH. &% 2010). ELEE,L BB SR
THEY., FRERTELERICFEET A RBRFED Br &
MB < AZEHED Br L OARMETH 5,

I AFIF17.2 ~ 43.1ppm. H # A% 10.2 ~ 44.2ppm T
HY. WINLIREREEE (LT [HiEfEl.) #8235
DR Mo

F/o. HRYT50ppm LA EBH S B E L T,
I ¥ A THRAK664ppm. LLTREIKIZDY 7 V¥ =T
94.4ppm, AV L I7HT A FT 22lppm. A F ¥ XY T
83.4ppm. KW PV EO T T592ppm. Y F 3>
T 53.8ppm. AFYFT 7ddppm. 27 3% T 96.2ppm
THhotze BB, HELIAMIIVWTLOMEY T AiEHEZ
BRHLDER o7,

HABRFFE (%) oW TRLE, 88 - FHICBVWTH
FE T ¢ ARBHA R 2 513 E T ARERIEL %
HEEMER LN, SHORBRTL —HMORE R E R
OIEFAED b, T, TABER (%) LREREON
BeRoHL. A—1ETH  ABEBEIC L) ABER
(%) LIREEN N7 VXD RON AT ADERTEE (%)
LIRE R HE R MRERRTE b o .  AKHOH
CAZEWA~OIGEIRE R ORRRSR SR Y,  AZH

PEHANICEE 203 L2 0THE, LIdo T,
HADWHFRENEZ L, Thbb, VABREEIE TR
WAL VEE, BEENLRL DI EIEBbD
EHEgESG,

HRYTIR. ROBEESE oAV LI T A F
Tid. MOTEMIZ AT ABRAERMBEVEm LS iz b
DO, MOVEW TIZH AT & B O BRHE 2 R AHE
BTCE ol $lo. A—{EPTOEMBEOEELIL
W LoE 5y Ty b BN 25—, s
AL TN =0 Ry— ARFRU, 77 (B) T,
HABRFROBE TR TREGE 2o TEY, B - &
& BRI AR L RE R BRI Sk
Poize

(2) HCN

RS FRII Table 3. DL BYW TH 2. 4EEBES
Eiiolz@EBO B, 2¥x 0y FRUFIT TR B
HRPERRFRGG L o7,

HCN 7% 1.0ppm Pl LR S hizfepcid, ¥ r o T
1.7~ 1.8ppm. # 7 /5T 0.4~ 1.0ppm. * ¥ T 2.4ppm.
FLERTL2~ 1L.7ppm M S 745, with b el
Sppm ## 2 5 b Dixdroiz,

BB, VIOV TIHE, 73~ T1.8ppm L EIREDOTT
AW S h, SRIFEBRICHW 2B biC
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SEALEE XS0 A2 5 b 13.8 ~ 104ppm & FiED 7 L bkd
WA EhTwa, TOERE LT, ¥ VOHERIZE
HFEAEEESEINAZENHLNTSEY (ES 1 1985),
bEDEYYORWENCFET 2 ¥ 7 AbeWitm s
niboriEBl s, T4, CTHORBRIZBWTD,
EMEE L) MBI BWTREENHILTEY., £
OERIZOWTIEHFEICE TN FERRMER L AR FE®
BRSOl I L DB L, 7 vt L7279
EEZLNBHFFEHICOVWTIZRER L7,

(3) PH;,

HAFRAEE (%) EFRESHHRIE Table 4. LB YT
b,

HHARUT— =TI, # 4 THEHEME0.0lppm 12
T L AL HEOKREE50.009 ~ 0.012ppm. I—k—
THHEME 0.06ppm 12k L < AZE 1 BHEOERE &4°0.036 ~
0.091ppm & HEHMBEWEESED SN, CAKTH
%121 H 4 T <0.005ppm. T — k& —T 0.008 ~ 0.012ppm
EEWLAVIZETHELL, 2B, ZThoMHETIE, B
KEEBFIIBV T ABRBOMERNRISHE SR TS
h, SHEBSTLTERTUE %L LTI
BidhwkEZbNb,

T, FITIEDOWTIE, RYVETETHOLARLER
O 0.152ppm L @A o 2DIZH L, N —ETIE
0.012ppm & &< . RE R 105 EDEHRD bR,
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