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Research on the Diffusion Pattern of Sulfuryl Fluoride Gasin Different Grain Piles
CUI Miao', L1U Shang-feng?, GAN Shuang-ging®, J| Zhen-jiang®, YANG Xu?,
HONG Wen-kui®, LV Ming?, WANG Zhong-ming'<
(1. Academy of National Food and Strategic Reserves Administration, Beijing 100037, Ching; 2. The Modern
Center Grain Warehouse of Anhui, Liu’an, Anhui 231323, China; 3. Sinograin Tongling Grain Depot,
Tongling, Anhui 245000, China; 4. Qingyuan State Grain Reserve Depot, Baoding, Hebei 071100, China)

Abstract: To understand the diffusion and distribution of sulfuryl fluoride in wheat, rice and soybean piles,
experiments were carried out in 6 warehouses to compare and analyze the diffusion speed, uniformity, and
attenuation speed of fumigant gas in different grain piles. Data were collected in the process of fumigation.
Experiment results show that the diffusion rate of sulfuryl fluoride gas in different grains is quickest in the
soybean pile, followed by the rice pile and wheat pile: the soybean pile can achieve uniform gas in its
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warehouse as soon as 8 hours after fumigation. The average gas concentration half-life is longest in the

soybean pile, shortest in the rice pile with the wheat pile stands in the middle: the fumigation concentration

of 5.0~12.7 g/m® can safeguard an insect-free environment for 6 months.

Key words: sulfuryl fluoride; rice; wheat; soybean; grain pile; diffusion

AR HE R B2 LA ORI, ARHE B9 725 WLy
P BOINA AL R D7 1) 22 Bk, R
A S TARMESS [ AR R, AR
SRR E—E W 225 o AN [RDRR P AR B AR
JRRIANT, 2 S BUTTR AR IE N8R 3 A o3 A

HREAPAS R S, 7S B8R 22 57 1) 2 R e
SUARAERHE A AP BRI M AR S o /DR AR 2
TR PR FZ M, REJEFE T2 EY) .

B, ZJR AR T R R R . X O

Tofr (4) 22 A o L4 0C 22 301 3K DRI g 42 4, T
o Bk U T S At Tl B VAR HE) T 0 TN (B Y
HZEN, P, ASSCE G S BB e ST /N A2
R TR GARME P (0 BRI 0 A KL, M HE 6
it A0 Ml A7 P i T 9 S 5 ) 3T 5 B SR AR S
L W IR E SR E 2 R IR R 5
1 #wRlER=E
1.1 R sr

RIS RE/INE | FAFIKE 3 ARFE it
GG, AR 2 MR E 5, TEILE L

x1 RBEEEBER

Tablel Experimental warehouse

5 LE<K{v} SRR ORMEKAM%  ORUR/C RIR/SC B AGHEME SHRSFEMS

ZHREM AL ST A RN E B

20 A b INFE 12.8 18.6 28.0 4150 2019 40
TR EM AT ST HA R A6 8 )

29 R INAZ 11.6 18.9 28.0 4150 2019 38
CEWEMELG T HERARR .

10 PO 0 RS 13.4 15.6 25.0 3771 2018 48

17 AR O 2 a4 14.1 16.5 32.8 3430 2018 —*

1 VESEFAREAE &R KE 11.7 18.7 20.0 7 560 2019 —*

16 TH AL E R B E PN 11.7 18.6 20.0 6 300 2019 —*

e AU PRI AR s g _ETHASE] 300 Pa.

Note: * The pressure rises less than 300 Pa during the air tightness test.

12 UHFREE

SP Tr-GA S@200 i i ik B A4S . VLI &F
AR AT PR 7] 3 SF-Explorl R i 15t 98 41 &
X : 26 [l SPECTROS {1 #54 FRA F o PRy KAL( T
F 75 kW), GHNFRE (HE 11 m): ZEA
e IR IE A IR A F
1.3 RWHIE
1.3.1 AR

SO%W (FH, WEkELD, Kmdan, M
AT ) FUE —al KU S /N D% (3 kW) KWL,
XF AN A A R T, R AR . R

W 2 H3 11350 Pa i, S&f5 XML, PR 5 T X
LT, HF111-300 Palit, FFifitAtE-150 Pa
(e ) BRI,
132 I MM

SR HAE P AR T it 24 6 AP Bt 24 199 T 2
R 0 o BE TR 2 6, 47 2 2 ) SO
SIS ECE TORE RSB R B
filk, DABH IR AL R 7 AR R ARIR S BOR 24588 o it
25 N UM A 25 XRFIe 2%, TR BH RV e P g b
IR, IR HE L, BRIk
IR o
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Table2 Fumigation method and dosage of
experimental warehouse

o5 it 245 3¢ 1 (/) Beejtikg
20 8.0 594
29 10.0 74.3
10 5.0 38.3
17 12.7 140.0
1 6.0 62.0
16 6.0 58.0

1.3.3 EZEHA
B WA A E 4 mgm® LT, JF
LRHUR . BRI AR B, L 20h DL |,
0 S B PN 25 S B T R A e A O R R R IR
20 mg/m® AT AL, I WEIEE a4 R, R
IR e 72 A= i T R B AR A IR
1.3.4  MRCRAE A R TR A
BOEEMES: CNMML =L, BHE
b A E SRS ( E R RRHEIREE 1.5 m,
2R 3 m, F2WE 45 m), whHE 14
QTN LN VA S
LR 6 h Kl — BRIk B . 48 h
e A5 R S AG I TR UK
1.3.5 Lz )5 BRI
WIRLEPE, EAME B2 0.2m. H)ZE 3m,

T2 5 m, R TF R A, AT IE A
., EHREE 1LANHW 2 BKEE—k LJEFER, 56

AHAEARN—K PEMTZERS 14ARN—
W, 2 AR —, AR E LA . I

PEAT4E e 5k .
1.4 HIEAIE

H WPS Office Excel 2020 &b P&z
2 HR545H

21 WREESIE 3 NARFIRMEN I BEE

A PO AR /N 22 R ik o A &5 SR ok
(£ 3R 4), 7655 — AL A ] 5~6 h £ 47,
SR T BE/NE R ZE . I B 43 317E 30 h Al
45 h A IHgE SEEUE O SR 2

FE4Y 10 5-04E 5.5 hARHE R Z AR Z MG
AR SRR B (A AETE 25 5 30 h 55 kK B,
BOKMKEC LTI T (WES), B 17

S OTE 5.5 h AL ZE REAE A IN B TRMR B, (H Ik
BEREAR, R 16 h B U EAII )WL 6 ).
£3 0B NECHBASERETUR

Table3 Thechange of sulfuryl fluoride concentration
in No.20 wheat warehouse

e Sk (gim?) ik

N oy ROE O RUE S BURE R ggagp
0.5m 3m 5m -1

6.0 11.8 23.0 9.6 10.3 14.3 0.42
29.5 5.6 18.9 115 11.6 14.0 0.61
445 4.9 9.0 7.5 9.4 8.6 0.80
55.5 5.0 7.6 7.6 8.6 7.9 0.88
68.0 4.9 6.5 6.6 6.4 6.5 0.97
80.0 4.2 5.4 55 5.6 55 0.97
92.0 3.6 4.5 4.9 52 4.9 0.87

103.5 4.0 4.8 4.6 4.4 4.6 0.92
116.5 4.1 4.0 4.2 4.0 4.1 0.96
127.5 35 3.7 3.8 3.9 3.8 0.96
139.5 3.6 35 3.9 4.0 3.8 0.87
150.5 2.9 35 34 2.8 3.2 0.78
163.0 2.7 3.0 3.0 3.0 3.0 1.00
174.5 14 25 2.6 2.6 2.6 0.95
189.0 21 25 2.0 2.3 22 0.81
212.0 2.0 21 2.0 21 21 0.95
223.0 16 1.8 18 1.8 18 0.98

x4 9SNEEMBASERETHR
Table4 Thechange of sulfuryl fluoride concentration
in No.29 wheat warehouse

- SRR (glme) i
W sy B ORUE RUE RUE o
05m 3m 5m S5

55 19.9 29.9 0.0 15.1 15.0 0.00
29.0 7.0 10.2 17.8 121 134 0.57
455 6.5 8.7 15.4 9.6 11.2 0.56
58.0 6.4 6.5 10.7 9.0 8.7 0.60
68.0 6.1 6.0 9.2 8.3 7.8 0.65
80.3 5.6 5.4 7.4 6.4 6.4 0.73
92.5 4.7 51 5.9 5.2 5.4 0.86

104.5 4.7 4.7 5.7 4.6 5.0 0.81
116.5 5.0 4.8 5.4 4.8 5.0 0.90
128.0 4.1 4.0 4.7 4.1 4.3 0.85
140.5 2.7 2.9 34 34 3.2 0.85
152.5 34 31 31 31 31 0.97
164.5 3.0 2.8 31 29 29 0.88
175.5 25 24 2.7 2.6 2.6 0.89
190.5 2.0 2.0 25 21 2.2 0.80
213.0 17 17 21 18 19 0.84
224.0 17 16 18 15 16 0.79

75



ROEE

@%ﬁﬂ%ﬁmf”

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

$E29% 2021 F & 45

®5 0SHEAECMEASERE

Table5 Thechange of sulfuryl fluoride concentration

in No.10 paddy warehouse

ThE

R7T 1SKEECHMBEARSERETAE
Table7 Thechange of sulfuryl fluoride concentration
in No.1 soybean warehouse

s R I(g/e) i . SR (gime) ik
A g LU bicE:i3 HHE HHE pyap EEl g icBiid HHE L HHE gy
0.5m 3m 5m ] 05m 3m 5m -1y

55 111 9.5 0.0 0.0 32 0.00 8.0 7.7 75 7.6 7.0 7.4 0.93
29.5 4.8 7.1 7.2 8.8 7.7 0.80 16.0 6.5 6.8 6.5 6.6 6.6 0.95
43.0 4.6 4.8 6.0 6.1 5.6 0.78 24.0 6.3 55 6.1 6.0 5.9 0.90
545 4.3 4.4 4.5 5.7 49 0.77 32.0 5.7 53 5.8 5.8 5.6 0.92
67.5 4.0 4.0 3.7 4.3 4.0 0.85 40.0 54 4.9 5.4 5.4 5.2 0.92
78.5 2.9 33 2.9 31 31 0.89 48.0 4.4 35 4.5 4.9 43 0.72
90.2 2.6 2.6 2.7 3.0 2.8 0.86 60.0 3.9 31 4.2 4.5 3.9 0.69
103.0 2.3 2.2 25 2.6 24 0.84 72.0 3.8 34 3.7 3.9 3.6 0.88
116.0 1.6 1.9 2.2 21 21 0.84 84.0 3.7 34 3.6 3.7 3.6 0.92
127.0 17 1.8 19 1.8 18 0.95 96.0 3.6 34 3.6 3.6 35 0.94
139.5 17 2.0 1.9 1.9 19 0.97 108.0 3.0 2.9 2.8 3.0 2.9 0.95
151.0 12 0.6 15 14 12 0.93 120.0 2.6 2.2 25 2.6 24 0.86
177.0 0.0 0.0 0.8 0.7 0.5 0.00 132.0 21 21 15 1.6 17 0.71
200.0 0.0 0.0 0.0 0.0 0.0 0.00 144.0 1.6 18 15 16 1.6 0.81

®6 UISEACHMEHEASERETASR

Table6 Thechange of sulfuryl fluoride concentration

in No.17 paddy warehouse

*8 6SAECMBRSERETHE
Table8 Thechange of sulfuryl fluoride concentration
in No.16 soybean warehouse

RARVR

i/ (gim?)

SARIRIE! (gime)

HIE AR WK AR
Ny BUE RO RUE RO g N e BUE O ORUE HUE S RUE gy
05m 3m 5m - 05m 3m 5m -
55 295 339 296 63 233 019 80 100 44 14 108 55 012
85 329 257 262 61 193 0.3 16.0 87 38 4.8 8.7 58 044
165 245 206 204 124 178  0.60 24.0 79 39 4.8 8.0 56 048
240 226 178 218 127 174 058 32,0 65 3.6 47 6.6 50 054
295 219 176 231 110 172 048 40.0 59 34 47 54 45 062
325 219 181 218 111 170 051 48.0 63 3.7 4.4 51 44 073
405 212 181 199 116 165 058 60.0 52 31 3.9 4.6 39 067
465 199 174 178 131 161 074 72.0 48 31 3.8 43 37 o071
665 148 149 157 106 137 071 84.0 44 28 35 3.8 34 074
895 94 122 129 84 112 065 96.0 40 26 3.3 3.6 32 072
1115 7.6 97 105 6.2 88 059 108.0 35 22 2.6 2.8 25 079
1195 87 8.1 8.3 6.2 75 075 120.0 30 18 2.2 2.3 21 080
1375 7.1 6.6 7.6 5.0 64  0.66 132.0 22 15 15 18 16 080
1615 5.7 5.2 6.1 3.8 50  0.62 144.0 15 11 12 12 12 089
1920 56 3.4 44 25 34 057
216.0 31 28 3.3 20 27 0.61 *ETE UJ:%:‘:I:% , @’ﬁ@i’ﬁfﬁ—ﬁ%ftx lﬁj*ﬁﬁl EF‘ El"]
281.5 1.4 13 1.2 0.0 0.8  0.00 PECEE B ROSTEA>/NE . NS TERSEN
320 00 00 00 00 00 0W  yifisghbEsMBIRA (% 9), PIAKTRUEN
AN KEOEEREG 8 h B— e, LI WA E] 0.9, WA/ RME AR

ﬁﬁ%%%%%ﬁﬁﬁ%i%%%§%$~ﬁ

WS PERD X5 0.9 L,{L

AR

Ewﬁ%LQOS‘ﬁﬁﬂﬁ%ﬁﬁ@%Tﬁk
0.7. BAR ERUL, MRHETIRIY SIS AL
AP RIGHE 2 TR O
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Table9 Uniformity of sulfuryl fluoride gas distribution inside grain pile
€% e WL =06 WE =07 WEL=08
REEFE /N PREFESREID BT ESE/%  PREERFEIE T A )% PREERTEI/R T B R /%
20 N 29.5 193.5 86.8 178.5 80.0 155.0 69.5
29 INEE 58.0 166.0 74.1 143.7 64.2 120.5 53.8
10 LEERy 29.5 1215 60.8 121.5 60.8 1215 60.8
17 RS 16.5 183.0 58.7 91.0 29.1 - -
1 PN 8.0 136.0 94.4 136.0 94.4 136.0 94.4
16 K& 40.0 104.0 72.2 48.0 333 24.0 16.7

22 S[EIRELE 3NRMIRHERRREE LR
SRR ERECI A G, ST HAE 3 SRR
M T B e P TN R, EBGR A 4.5 g/m® ZE A
AR R IR IR . A C =0 . 20
S/NF A C4.6 3 86h, 2954 C43 K 62h; 10
SHAG CA0 N 49 h, 1754 C5.0 45 h; 1
S RTAA C43 K 77h, 165 C4.54% T 88h,
INFZRRHET- Y SRR B 2 R B4 h, TR T3
R 47 h, KRTEYEE, 825 h, 1y
SR L I A IR R T >/NE STEAY
SUARTE R HE Y S el R 5 B R PR AR O

PR, miAKE S, KREQH UM,
7 f b o R U IRl EE B 55 A ) AR Ao
X T B PO AR PR IR B LA — R AR . 3 A
RRARH LE,  FT RS A3 X T Bk 1 S0 Fr) G A R
INAZRZ o A A AL I JR IR R 515 400 i ik S I
K, S BEE IR E K S 5 b I in 9 A0, ik
YR g R AR A 5 K B R iy, DR A R P 9114 5
2 T HA R R
23 FHE (BPRR ) S

T I0FRYN, BEAC 6 AWK L
AR Rl R ).

£ 10 BEFEHTHKHARNERL

Table 10

Long-term monitoring of pestsin the warehouse after fumigation

5 20 29 10

17 1 16

oL L e N O o

a A W N P
|
|
|
|
|
|
|
|

6 — - _ - _ — _ _

#E: LB AERKOELZ 02 m; P RETRE3m; T ARIKEZE 5 me 20 KM E 1 FRBARLSHEH 11,

B2, LI,

2k

Note: 1. Upper: represents 0.2 m of the upper layer of the grain pile; middle: represents 3 m of the middle layer; lower: represents 5 m
of the bottom layer. 2. Detection time 1 means the first month after the end of fumigation, 2 means the second month, and so on.

3 it

SR GRS AE  AERROR
BhF 45 PR R 5 SO 2500 A SR R R B 45
PRI VIRAOG o T AR Yo 24 750 B 1R BRE A
DA B BTy $ B TR . A5 45 SRR
PO S AR P AN [RUAR A (47 I P 2 R T >R 4>
ANAZ AR B TN R 9 R BT Y

2, REPRER, WML RER, A
I TAAY . ABTEERY, SRR A R
i)™ B B R BT /N T/ 221

SEZRZGRN A O, H 2 i s i B Sk
VAR, AR A B SN A A AT SR
SERE AT /N AL 1) B 3 X B R, AR BEL TR
RGO, ARBrgeh, XTI, BAEWEN
10 g/m® (6 5 BUBCR BRI 22 F 8 oim® I s
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R AR Xt 1Bt 96 1) W R A FH T RE R, i AR Ol
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A TR — LR A

4 Z5i

Tt I S0 AR AEAS [RDAR b v B 4 e B e R
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ATSEEL 6 > H Jo HUH I B 98l
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