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Research on the Actual Situation of Fumigant Residues in Various Agricultural Commodities after Fumigation by
Methyl Bromide and Phosphine IV. Yusuke Hoshikawa, Toshiyuki Akagawa" and Hiroaki Hashimoto (Research
Division, Yokohama Plant Protection Station, 1-16-10, Shin-Yamashita, Naka-ku, Yokohama, 231-0801 Japan.
! Hachinohe Branch, Shiogama Sub-station, Yokohama Plant Protection Station. yokohama_shodoku@pps.maff.
20.jp) Res. Bull. Pl Prot. Japan. 53:93-102 (2017).

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 23 agricultural commodities including beans, fruits,
vegetables and feeding crops after fumigation with methyl bromide (CH;Br) and phosphine (PHj;). The residue levels
of inorganic bromide, i.e. residual component subject to Maximum Residue Limit (MRL), were relatively high in
soybean (succulent beans with pod), although the residue levels were below MR Ls.

Although PHj residues were relatively high in maize at 1 day after fumigation, the levels decreased to below Limit of

Quantification (LOQ) levels at 25 days after fumigation.
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Table1 Commodities used for each test and portion to be analyzed

Fumigant used for each test

Commodity Scientific name Portion to be analyzed
MB PH,
Fruits and Vegetables
4 S
Asparagus sparagus officinalis var. O Stems
altilis
Bell pepper Capsicum annum var. O Fruit after removal of stems
grossum
Cabbage Bratvsica oleracea var. o) Top after removaI. of stalks and obviously
capitata decomposed or withered leaves
B j .
Cauliflower b rassiea oleracea var O Flower head and stem
otrytis
Celery Apium graveolens O Tops after removal of roots
Grape (large size)  Vitis spp. @) Fruit after removal of stems
Grapefruit Citrus paradisi O Peel and pulp (peel and pulp analyzed separately)
L TUC v Z ar. P > - - 1
Head lettuce actuca sativa var O Top after removal. of stalks and obviously
capitata decomposed or withered leaves
Kiwi fruit Actinidia chinensis O Peel and pulp (peel and pulp analyzed separately)
Melon Cucumis melo O Peel and pulp (peel and pulp analyzed separately)
Okra Abelmoschus esculentus O Fruit after removal of stems
Onion Allium cepa O Bulb after removal of roots and skin
Orange Citrus sinensis @) Peel and pulp (peel and pulp analyzed separately)
. Brassi .
Pak choi r.amcq rapa var O Leaves and stems
chinensis
Soybean,
succulent Glycine max O Succulent beans with pod
(edamame)
Strawberry Fragaria X ananassa O Fruit after removal of stem end
Turnip Brassica rapa var. rapa O Root and top (root and top analyzed separately)
‘Welsh onion Allium fistulosum O Leaves and stems
Crops
Barley Hordeum vulgare @) Threshed grain with hull
Maize Zea mays O Dry grain without husk and cob
Sorghum Sorghum bicolor @) Grain
Wheat Triticum aestivum O Grain
Feed crops
Alfalfa hay Medicago sativa O Dry leaves and dry stems
A (Brassica rapa var. chinensis, TR, KIEEE), =5  (2) PH;

< A (Glycine max, ¥ ERE, KHEE), Wb T
X ananassa, Wi ARVLE, R EE). 25 (Brassica rapa var.
rapa, TEEEGE, MENERE), RE (Allium fistulosum, T3
B, KIWEE), 7L —77)V—> (Citrus paradisi, T§7 7
VAR, TAY ). * LY (Citrus sinensiss, +— A M5

VT, T A HE) O 18 i H 2L 7.

(Fragaria

K7 (Hordeum vulgare, FNNEFE, KIEEE), &5 DA
L (Zeamays, ¥ —A NSV T ZAH), RV VI L
(Sorghum bicolor, % F W, HHE ). /NE (Triticum
aestivum, SLFEVLFE, HFRE), TNVT 7 VT 7 (FH)
(Medicago sativa, 7 *V) #E) ®5mH 2L 720
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Table 2 Inorganic bromide residues in several commodities

. Fumigation Origin of Days after Test result (mg/kg) Maxlmgrq Remdua} MB
Commodity condition commodit treatment for ) residue limit  gas ratio in
Y analysis 1 2 Mean™ + S.D. (ppm) chamber (%)”
Control <5.02.7" <5.02.7) <5.0 -
Mexico 1 58.5 58.3 584 = 0.1 58.8
3 60.0 59.4 59.7 = 0.3
Asparagus 100
Control <5.04.3) <5.04.2) <5.0 -
Akita Pref. 1 69.8 69.1 69.4 = 04 53.0
3 72.4 71.7 72.0 = 04
Control <3.0(0.2) <3.0(0.2) <3.0 -
Iwate Pref. 1 29.2 28.7 29.0 = 0.3 66.6
3 28.7 275 281 = 0.6
Bell pepper 150
Control <3.0(0.9) <3.0(0.8) <3.0 -
Ibaraki Pref. 1 28.1 27.9 280 = 0.1 70.5
3 29.1 28.1 286 = 0.5
Control <3.0(0.3) <3.0(0.3) <3.0 -
Ka;i‘egfawa 1 23.0 22.0 225 * 05 58.8
' 3 23.9 235 237 = 02
Cabbage 100
Control <3.0(0.3) <3.00.3) <3.0 -
Aichi Pref. 1 19.6 19.2 194 + 0.2 53.0
3 21.0 19.8 204 = 0.6
Control <2.0(0.4) <2.000.3) <20 -
3 hr Kumamoto 1 413 410 412 + 01 58.8
485 g/m’ Pref.
) e 3 43.7 42.0 428 += 0.9
Cauliflower 25°C 100
0.1 kg/l Control <2.0(0.7)  <2.000.6) <2.0 -
loading Aichi Pref. 1 53.2 52.8 53.0 = 0.2 56.9
3 54.2 52.8 53.5 = 0.7
Control <4.02.9) <4.02.7) <4.0 -
Nagano Pref. 1 23.0 22.0 225 = 0.5 62.7
3 22.7 21.2 220 = 0.8
Celery 300
) Control <4.0(0.8) <4.0(0.8) <4.0 -
Shizuoka 1 215 21.3 214 * 0.1 62.7
Pref.
3 24.9 241 245 = 04
. Control <1.0 <1.0 <1.0 -
Yamanashi 1 5.6 5.5 56 * 0.0 68.7
Pref.
Grape 3 7.0 6.9 70 = 00 20
(large size) Control <1.0 <1.0 <1.0 -
Nagano Pref. 1 8.4 8.4 84 = 0.0 72.6
3 9.9 9.8 9.8 = 0.0
Control <5.0(0.3)  <5.0(0.3) <5.0 -
Nagano Pref. 1 17.5 17.1 173 = 0.2 60.8
3 15.2 15.1 152 + 0.0
Head lettuce 100
Control <5.04.5) <5.044) <5.0 -
Ibaraki Pref. 1 15.3 14.9 151 = 0.2 62.7

3 15.0 14.9 15.0 = 0.0
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Lo .. Days after Test result (mg/kg) Maximum Residual MB
Commodity Fumilg?tlon Orlgmd?{ treatment for ) residue limit ~ gas ratio in
condition commodity analysis 1 2 Mean™ + S.D. (ppm) chamber (%)”
. Control <2.0(L2) <20(1.2) <20 -
Ehime 1 295 28.5 290 + 0.5 66.6
Pref.
Kiwi fruit 3 313 29.9 306 * 0.7
(peel) Control <2.000.5) <2.000.4) <20 * -
Walli';‘ztf‘ma 1 274 26.8 271 + 0.3 66.6
' 3 28.0 27.8 279 + 0.1
. Control <20(L1) <2011 <20 -
Ehime 1 20.9 20.2 206 + 04 66.6
Pref.
Kiwi fruit 3 21.9 21.7 218 = 0.1 20
(pulp) Control <2.00.4) <2.0(04) <20 = -
Wakayama 1 17.0 16.9 170 = 0.1 66.6
Pref.
3 182 18.1 182 = 0.0
_ Control <2.0(1.1) <2011 <20 -
Ehime 1 22.7 21.9 223 + 04 66.6
Pref.
Kiwi fruit 3 23.6 23.2 234 + 0.2
(whole fruit”) Control <2.0(0.4) <2.00.4) <20 £ —
Wakayama 1 19.2 190 191 = 0.1 66.6
Pref.
3 20.4 20.3 204 * 0.0
Control <3.0(L1) <301 <30 -
3hr Aichi Pref. 1 18.0 17.8 179 + 0.1 78.4
3
Melon 4S£Ogém 3 17.2 17.0 171 = 0.1
(peel) Control <3.0(2.2) <3.02.2) <3.0 -
0.1kg/l Shizuoka
loading oot 1 16.5 16.4 164 + 0.1 86.2
3 17.3 171 172 + 0.1
Control <3.0(0.4) <3.004) <30 -
Aichi Pref. 1 15.9 158 158 = 0.0 78.4
Melon 3 16.3 16.1 162 = 0.1 230
(pulp) ' Control ~ <3.0(0.5) <3.0(05) <30 -
Shizuoka 1 15.5 15.1 153 = 0.2 86.2
Pref.
3 15.8 15.7 158 = 0.1
Control <3.00.6) <3.00.6) <30 -
Aichi Pref. 1 16.3 16.2 162 = 0.1 78.4
Melon 3 165 163 164 = 0.1
(whole fruit”) . Control <3.00.9) <3.009) <30 -
Shizuoka 1 15.7 15.4 155 = 0.1 86.2
Pref.
3 16.2 16.0 161 = 0.1
Control <6.0(5.3) <6.05.1) <60 -
Gunma Pref. 1 57.6 56.9 572 + 0.4 62.7
3 66.7 64.2 654 + 1.3
Okra 200
) Control <6.0(1.5) <6.0(1.5) <6.0 -
Kagoshima 1 54.4 54.0 542 + 0.2 62.7
Pref.
3 55.7 54.8 552 * 0.5
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. Fumigation Origin of Days after Test result (mg/kg) Maxlmgrq Remdua} MB
Commodity condition commodit treatment for ) residue limit  gas ratio in
Y analysis 1 2 Mean™ + S.D. (ppm) chamber (%)”
Control <4.0 <4.0 <4.0 -
Saga Pref. 1 11.1 10.6 10.8 + 0.3 86.2
) 3 11.9 11.5 11.7 £ 0.2
Onion 50
Control <4.0(2.7) <4.02.7) <4.0 -
Hokkaido 1 5.5 5.5 55 = 0.0 88.2
3 5.8 5.7 58 * 0.0
) Control <3.0 <3.0 <3.0 -
Shizuoka 1 20.6 204 205 = 01 53.0
Pref.
) 3 19.6 19.4 195 + 0.1
Pak choi 50
Control <3.0(0.9) <3.00.9) <3.0 -
Ibaraki Pref. 1 21.7 21.6 216 = 0.0 53.0
3 23.6 23.2 234 + 0.2
Control <3.0 <3.0 <3.0 -
Saitama Pref. 1 82.6 80.1 814 = 13 50.9
Soybean, 3 89.5 855 875 % 2.0
succulent 110
(edamame) Control <3.0 <3.0 <3.0 -
Akita Pref. 1 77.1 75.7 76.4 = 0.7 54.8
3 78.4 76.4 774 = 1.0
Control <2.000.7) <2.00.7y <20 -
3hr Tochigi Pref. 1 16.3 16.0 16.2 +* 0.2 60.8
3
48.5 g/m 3 16.4 16.3 164 = 0.0
Strawberry 25°C 30
0.1 ke/l Control <20(03) <20(02) <2.0 -
’ .g Fukuoka
loading Pref 1 14.5 14.1 143 * 0.2 64.7
' 3 14.1 13.7 139 = 0.2
Control <4.02.6) <4.024) <4.0 -
Chiba Pref. 1 37.2 34.8 360 + 1.2 62.7
Turnip 3 41.3 38.1 397 = 16 1000
(top) Control <4.01.0) <4.000.9 <4.0 -
Kanagawa 1 58.4 57.7 580 + 0.3 54.8
Pref.
3 60.7 60.3 60.5 + 0.2
Control <3.0(0.9) <3.0009 <3.0 -
Chiba Pref. 1 21.9 21.9 219 = 0.0 62.7
Turnip 3 235 23.4 234 = 0.1 200
(root) Control <3.000.3) <3.000.3) <3.0 -
Kanagawa 1 26.1 25.9 260 = 0.1 54.8
Pref.
3 28.5 28.2 284 + 0.2
Control <2.0(0.6) <2.000.6) <2.0 -
Chiba Pref. 1 23.0 22.7 228 = 0.2 62.7
) 3 25.2 24.8 250 = 0.2
Welsh onion 50
Control <2.000.7) <2.00.7) <20 -
Ibaraki Pref. 1 31.0 30.4 307 = 0.3 58.8

3 36.5 35.8 362 = 04
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Commodity Fumiggtion Origin o.f tr?aiﬁefttir Testreult mgke) riv[siil)illénllilnr?it Rge;;cizztlilol\i/ilB
condition commodity analysis 1 9 Mean” = SD. (ppm) chamber (%)”
Control <4.0(1.9) <4017 <40 -
S"“tllgeAfri"a 1 20.9 20.4 206 = 0.3 82.3
Grapefruit > 3 19.3 188 190 * 03 B
(peel) Control <4.02.6) <4.025) <4.0 -
United States 1 25.7 25.2 254 * 0.3 64.7
3 28.1 26.5 273 * 0.8
Control <4.0(0.7) <4.0(0.7) <4.0 -
South Africa 1 5.2 49 50 * 0.2 82.3
Rep.
Grapefruit 3 4.9 4.9 49 * 00
(pulp) Control <4.000.7)  <4.00.7) <4.0 -
United States 1 7.4 7.1 72 * 0.2 64.7
3 8.0 7.9 80 = 0.0
Control <4.01.0) <4.000.9 <4.0 -
South Africa 1 8.6 8.3 84 * 0.1 82.3
Rep.
Grapefruit 3 8.5 8.4 85 = 0.0 20
(whole fruit”) Control <4.0(1.1) <40(1.1) <40 -
2 hr United States 1 11.2 10.9 110 = 0.1 64.7
48égogémg 3 12.2 118 120 = 02
0.1 kgl Control <3.025) <3.0@25) <30 -
loading Australia 1 22.4 22.3 224 = 0.0 74.4
Orange 3 26.3 25.6 26.0 = 04 B
(peel) Control <3.000.7)  <3.000.6) <3.0 -
United States 1 21.8 21.6 217 * 0.1 66.6
3 24.6 24.4 245 * 0.1
Control <2.0(1.0) <2.000.9) <2.0 -
Australia 1 8.0 7.8 79 = 0.1 74.4
Orange 3 7.7 7.6 76 = 0.1
(pulp) Control <2.000.3) <2.00.3) <2.0 -
United States 1 9.6 9.5 96 = 0.0 66.6
3 11.0 103 106 = 04
Control <2.01.4) <2.01.3) <20 -
Australia 1 114 112 113 * 0.1 74.4
Orange 3 12.4 12.1 122 + 0.2 20
(whole fruit”) Control <2.00.4) <2.0(0.4) <20 -
United States 1 12.8 12.6 127 = 0.1 66.6
3 145 14.0 143 = 0.3

Y 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
% Values in parentheses mean quantified inorganic bromide in control sample.

 Residue in whole fruit was calculated from the residues in the actual peel and pulp fractions and the actual peel and pulp weight ratio.
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Table 3 Sample weight (pulp and peel portions analyzed separately)

Days after treatment  Sample weight (g)

Commodity  Origin of commodity

for analysis pulp peel
Control 3880 1090
Ehime Pref. 1 3950 1040
o 3 4200 916
Kiwi fruit
Control 4010 1050
Wakayama Pref. 1 3920 1040
3 3810 1110
Control 4587 1355
Aichi Pref. 1 4971 1134
3 4818 1467
Melon
Control 5204 1683
Shizuoka Pref. 1 5432 1435
3 5237 1696
Control 3553 1040
South Africa Rep. 1 4423 1220
) 3 4151 1398
Grapefruit
Control 3430 852
United States 1 4468 1172
3 4502 1192
Control 4060 1280
Australia 1 3980 1220
3 3830 1280
Orange
Control 3880 1420
United States 1 3920 1370
3 4000 1410
Table 4 Phosphine residues in several commodities
. Origin of ~ Fumigation Days after Test result (mg/kg) M.amml.lm. Re31dua.l P.H3
Commodity mmodit ndition treatment for residue limit ~ gas ratio in
commodity  conditio analysis 1 2 3 4 Mean" = S.D. (ppm)  chamber (%)”
Control  <0.005 <0.005 - - <0.005 -
' 1 <0.005 <0.005 <0.005 <0.005 <0.005 -
IS};;‘;WE‘ 3 <0.005 <0.005 <0.005 <0.005 <0.005 - 53.7
30 days, 15 <0.005 <0.005 <0.005 <0.005 <0.005 -
3
3 g/, 20 <0.005 <0.005 <0.005 <0.005 <0.005 -
Barley — 10°C, 0.1
01 kg/l Control <0005 <0005 - - <0005 -
. loading 1 <0.005 <0.005 <0.005 <0.005 <0.005 -
barald 3 <0005 <0.005 <0.005 <0.005 <0.005 - 753

15 <0.005 <0.005 <0.005 <0.005 <0.005 -
20 <0.005 <0.005 <0.005 <0.005 <0.005 -
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. Origin of  Fumigation Days after Test result (mg/kg) M.alel.lm, Remdua} PH3
Commodity commodity  condition treatment for residue limit  gas ratio in
y analysis 1 2 3 4 Mean” + SD. (ppm) chamber (%)”
Control  <0.005 <0.005 - - <0.005 -
1 0.094 0.092 0092 008 0.091 * 0.003
Australia 5 0020 0019 0018 0014 0018 * 0.002 75.3
25 <0.005 <0.005 <0.005 <0.005 <0.005 -
_ 30 <0.005 <0.005 <0.005 <0.005 <0.005 -
Maize 0.1
Control  <0.005 <0.005 — - <0.005 -
1 0.055 0055 0.052 0051 0053 * 0.002
Thailand 5 0.009 0009 0008 0007 0.008 * 0.001 853
25 <0.005 <0.005 <0.005 <0.005 <0.005 -
30 <0.005 <0.005 <0.005 <0.005 <0.005 -
Control <0.005 <0.005 - — <0.005 -
1 <0.005 <0.005 <0.005 <0.005 <0.005 -
Iwate Pref. 9 <0.005 <0.005 <0.005 <0.005 <0.005 - 323
30 days, 40 <0.005 <0.005 <0.005 <0.005 <0.005 -
3
3 g/, 45 <0.005 <0.005 <0.005 <0.005 <0.005 -
Sorghum 10°C, 0.1
01kgl Control <0005 <0.005 - - <0.005 -
~ loading 1 <0.005 <0.005 <0.005 <0.005 <0.005 -
Ag?;;’” 9 <0.005 <0.005 <0.005 <0.005 <0.005 - 213
40 <0.005 <0.005 <0.005 <0.005 <0.005 -
45 <0.005 <0.005 <0.005 <0.005 <0.005 -
Control  <0.005 <0.005 - - <0.005 -
1 0030 0029 0025 0024 0027 + 0.003
I-gzggyo 3 0010 0.010 0.009 0.09 0010 *+ 0.001 68.3
10 <0.005 <0.005 <0.005 <0.005 <0.005 -
15 <0.005 <0.005 <0.005 <0.005 <0.005 -
Wheat 0.1
Control <0.005 <0.005 - - <0.005 -
1 0016 0015 0014 0014 0015 * 0.001
Iwate Pref. 3 0.007 0.006 0.006 0006 0.006 * 0.000 63.3
10 <0.005 <0.005 <0.005 <0.005 <0.005 -
15 <0.005 <0.005 <0.005 <0.005 <0.005 -
Control  <0.005 <0.005 - - <0.005 -
United 1 0.007 0.006 0.005 <0.005 0.006 + 0.001
States 5 <0.005 <0.005 <0.005 <0.005 <0.005 - 114.7
(A) 9 days, 10 <0.005 <0.005 <0.005 <0.005 <0.005 -
3
3 g, 14 <0.005 <0.005 <0.005 <0.005 <0.005 -
Alfalfa hay 5°C, -
01kgl  Comtrol  <0.005 <0.005 - - <0.005 -
United  loading 1 <0.005 <0.005 <0.005 <0.005 <0.005 -
States 5 <0.005 <0.005 <0.005 <0.005 <0.005 - 983
(B) 10 <0.005 <0.005 <0.005 <0.005 <0.005 -
14 <0.005 <0.005 <0.005 <0.005 <0.005 -

Y 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
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