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Research progress on degradation technology of harmful gases in granary
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There were many harmful gases in the process of
storing grain in large granaries, which can not only cause envi-
ronmental pollutions, but also endanger peoples health. Reducing
harmful gases in granaries and ensuring grain quality had become
the focus of food storage industry. In this paper, the sources,
types and harms of harmful gases produced in the process of grain
storage were briefly described, and the relative degradation meth-
ods,

principles, advantages and disadvantages of phosphine,

were also introduced in detail. Furthermore., the feasibility of
degradation of harmful gases in granary by plasma technology
was emphasized, and the problems to be solved in practical appli-
cation of this technology were raised.

Keywords: granary; harmful gases; phosphine; plasma; degrada-

tion

B TE R T v I 32 R S e T 2 B R Bt
W0 T (R AR » A Bk 4 TR i R 3 1L B s 5 T |
MR ARG IE 52600 o H A B O T 43 S ) BB I
A B 6 R AR B B 6 - TP 2 B DA o3 L G 40 fE AR
B B A TR RIAE Sy R R — 2 b
AL B AR S E R Té{ TOREET LA B S

SN S N N (A2 W < 8 el Y TR e e
PRS2 o A0 BT A 2 S 2R 0 By L bR L SRS

LT PR 5 M e W g T o= e o 1 A O

BREES : SHEEAI73—) B AU aURF B 2 i A 50, 1
-+, E-mail: mtingjun@163.com

Y55 B #3:2019-07-22

A B 75 P e K, T 2% 5 B A I JICORI R A ) AL R i 5]
M. — MO0 T,k S 5 28 5% B 3 a3 R B HE A R

KA A AL S 7 E R A 0 BB S O e B g
B PRI 2% . IR . BT SR X TR AR R E R
PR IEAT Ve » AT A0 ARG vp TR 3 R i i 51k 1Y
SR R B 2 R AL ESR . BB R TA
TR ) Iy R % AH T i A T I AR RUCRAR B R
BEE R SE PR N AP RE AN B R . R R R BOR
AR — Bl R ORGP A U R A D T 2 Y T I
NI

)‘(Jﬁﬁ’aﬁzLT*E@*ﬁ?’fﬂ@i%ﬁ%%%&ﬁfi
B IRJE I R G T WAL SR W AR 7 3% 4 T A
S TR A A AL S TE T U B R Y Hiﬁu}ma
TEARWHR SR T AR i 5 i LR P F S
PR IR RERE B A BT H B R )T ORI 2 X
Ir LA AR OR .
R ARk

ST At i A 2 DR TR 2850 O P A A BT A5 1 Y
AT AR A 5 SR BN R Z RS AR .
L1 REPHEESEKER

AR R, BRI BRI O 5 AR L ik
R TR A R BT L B L T AR R
RO RIS T R L (E 2R B R R  AAR
X L IF LA A LR B A AR B 22 5 BT AT [
TE 52 PR A AR AT R T ML AR v - 2 B AR A~ B 2R UL,
R A2 AT R B R 7 A R ORI, it
Sh REHe B A R AR R X AU
REHOFNMAF B A% 4% I8 AR AR AR A AUS
KRR 2 R 5%
L2 REPHWEESHERELEE

TEAGE B AR MO R p AT R SR 0 B2 A Wik



&M | Vol.36, No.l

TR e AR T (B SRR BR AR 2 B T e
R Z M. 5550 0T 3 845 F 0 4 1 i BR
il o 3% LB T ZE R MR S PR PR AR R ZE R

L2l WA BRI R m P IRGE R AT SRR,
P AR B P2 R G TR R SO I R GG IE B
LA R G2 E R R B O P E T Y e
WRE A B 0.01 mg/L BF, 8k & 6 A B, AR A TR
0.05 mg/L MW EE T R##% 0.5~1.0 h s &BE™ . ik
SAHTEHRANETSEAH 80 ZAER TS, £ & A T1%
WS B [E) TR AR . E R P A X A K
A AR L R ok — B AR MR R AR

1.2.2 JRH G Y5 E i — o 20 Y i 42 B R RN RS Y
BRI, /] P e RGO R E &g K
DA 28 22 0 R 32 95 i B, O 7E A8 AR Uk 35 308,60~
60.00 L/m®if B Al S HIET-1 . W g 3 T
AR A B2 i T SRR G R R R A AR (52
FERURBOE BOMZE R ML FZA) 2 B0 E Al T
FRELAE : N 2019 4F 1 1 HlE , 1R BE 7= & (1 o 25 50 10 fiff

9 ] 7 S A i T A A R AR b AR AR b R
FJE B 72 ik
12,3 b S R — R R R B

S B4 9 R 2 S A T G v B 3 ol O O IR M R
KR AL AR 5 SRR i PR &
2 SN 2 STV A R B W 1 e 45 00 I 4 » il 422 i

& BEREFPEESEEBHTEHARER

AT B A g T Gk i 2 i AR R R
P2 v AR DA AL E - 2015 4F 10 A 1 H &, Ak
A5 T S B R O TR AR Ry MR R IR A
B HARNRESTHEA.

1.2.4 GRBES BEEETE AT A F BRI, B TR
W 1/3 305 WA A A, 32 BN R 2 R G
WG TR B b R TR K ] A )
FEGBREIET . VR T B L A SR T Y R B R 2
B I TN R R TR S B e A A S D A
o,

1.2.5 HELk FRLHHE . HEEAATFHE, REWRA
SxUF W IR ME L £E E E T IF B fE 5 5 B8O I 1 4 i 58
A, 5] A AN I 35 A% B L 98 I R PR R (NTP)
I BRI AE B S HLH (TARC) 45 ), BF 48 2 8 5 A 1R 352 b
S A 51 A 4T e b A R A L — R BUE kT R
Ak ZM T HBEAN ERA P TR D,

T X A AR A R A BT R B 3 R R A
PR N BRI R, D R A T SR A BRI W
WML B RS R AR SR PR, E T
FIAMUEILAE ESLRWEESEERT TR A
HC R AR G0 AT DA B - 7 A 0 R A AR S AR
X A EE AR B B M OR L ks 8 R L B R A R R
AN ERTR R BB E AR, B, ST R
TR AR B B AR T IR — N

x1 EMEESEERSHEILR
Table 1 Comparison of fumigation characteristics of various harmful gases
AR i i
A FRAL 1 S5 ENLLEE LIS =
- i B I
Tt B 5 R R RBIMW RN e R A R AR T BRI S AR

[t —134 C, WM —87.7 'C; B fLEGALL S W 76 B BR VERIE (8 <0.3 mg/m?

IR 5 ok PE RO P EE TS Bl TR BN O AR b2
W=D ORIk X RO QAN
To A JoWR ;s 1 5 — 93.66 °C AEA S SH LIy WBEAT i*ﬁ;ﬁzﬁgj B
N MR T Yo, . KR s RN HU IR 2
TR H b Tl T TR W U0 it 56 ol P —

ToowmmssCommua e SR R kR

’ Rt BLBLBR B 4 IR LA

» ‘ HEA UK G T LR R R )

FER T O TG Bk B Tk ! o R R ORI AR AR

W W o1 oy TR BRTE SN TR AL RS <1 me/m
! SRR — s Wi A SR s il 24 1 LR R TEV B =<1 mg/m-
L ok S ¢

ml\zﬁﬂ/ﬁ\:%l‘:’lﬂsm B
HREET AT BTN B BECRE 7 s F ok S R RO s R R E )

5 19 6L s s 80— 136 °C, b s IR A R AR T R UG BR NG MBI AR A TR R B AR —
—55C i A% 46 & iy L20] Bl AR B AL A
FERFALGE.THESEH TUIEFRERNRSTY A 0Mm. EwA BT RXK

WE e WRAME A —112.2 °C, ¥ A A .DNA il RNA B %UR —

5, 10.8 °C s PEBIE R - 20 4%

ot K A T M K

Bl i DR By Mk o R H &

231



232

FRBRE ADVANCES

2 R R AR IR R

F R A A A AR 22 56 T K A i AL R B B R O
HC RN T EANREMA . T2 SR
I 2 W% 6 51 2 4 790 e At 18 £l S0 6 4 PR 0 vk L A A 20 A
5 R R L BRI B AR BT e ER B L i 1L 5
T A TR AfE 5 3075 2 2 )T 5 4 A 50 i A 50 1) 7 0 S
P A AT WA 4 A B L L 4 YR 4 A 8 BT
FRAEAL S A 1 3 SO A 4 A+ K A B R L I i AL
RUF AT T 5 b A R i L R TS B Al
PEIFORRRE L L 2 A Il A i R R A v 1 B 1k

H AR B — UHE R R R 3 H A R T DA AE X 3
17 W A B 5 23R FH A B A 5000 % i 7 9 DR O 7E I 1
SRR E MR E A,

GB 2715—2005¢ £ i % 2 B AR ffE &5 PR 2 &%
NG Al TSR W i R A o R L L (R N Y
J3<C0.05 mg/kg, B AR KA BE AT DL AP K M AR B 34
T i LA BR B B LA P B XA S TR N, S R
TE2S S BB Ak S0 il il & 9k 2 . Bl SR A XU Y
75 B B RS WAk 200k B HE AR s AP R A AT AT
WL AR A EOH R, Bl EREE LA ®E LK
% A VR T B L R L A i L G R AR S R AR
TIRRE AL
2.1 WRBE

W B3 02 R R A 1R 7 TR 1 e %) TR B 70 %o 5 AR
SEAT W . 5 LR 0% 52 30 W B R — R A P A .
BB TE ™ PR B O B I A BB fb L. AR R N T R AR
255 W 56 750 R o BB AL L A R S TR S A ek A L R R SR A
AP W R ) A A O L A T BT R B ST
PO I DL O R M SRR A R R E .

RLLESTTIH R T — R 505 0 4 R AL
T T W B v A 2 W e R Y AL A OIS R AT Y S BR
AL AR R B AT W B ) 0k R B A 6 B 58, Wang
0TSRRI A R R AR B HCLUKNO, L & B W0
TR IL & 45 R R W . 7% (5t & 43 80 HCL 8ok i 1 % T
93 B 1 WL o Ak 9 b & R RE L O LR R R R B B
S AR A 3 T B R L A R R R A
HeAb B L A0 it T A . Wilde™ SR B AR 3 2k
W A A 205 285 SR T, 3R R A3 BN 20 4 M B B R IR it
B ¥ M AR 680 mg/m? Y B b A 58 4 R L H TR AR
R RLERE A RBMEER. ZaBG0IGRT
b S AL T P R I A1 R 6 v B Ak A T AR B BRI N BL
BT 20 AR AR A s B BT P A S B b AL T
I 9 P e AL P B T T R A TR i b AR Al AR
BB IR 5 2 0 1 e RN R TR B, AT R B kR K Wk A T R

BE 2198 | 20204 1 B | RS5HH

TR o MK 52 35 108 196 A I e i Wi AL S e ) (ELOF R 4 41
BEALA M ZBR AR . &5 BT, Stk R 2 — A Y
W B 55 A 2 BN R 45 B0 3 e R R R ) R S
R G 2 & A A 2= A (0 H SR T AT LA A5 2 50 5 o8
BT 1 2 10 AT DA AR A B L R AR 1T . AT
A B 7 15 % 0T W B AE IR B AL S O R T
19 2 R TT 53¢ o AL 2 0 W R 590 118y PP A

2.2 WRWE

WA i 2 ) P A S0 i 3 D S IR AR S
Al S SR A VAR A A T K A AR AL D B TR
o I TT IR RE A R IR R B R A L 28 A R R 1 B
T A R A AR R

] A A SR P W B 92 25 B B AL S B S e &2 T 0 4
K EPIT RN RL I FEE PSR HIRIR
BV IO B Tk S0 A R RO B Qu PR B/
SnO, B B AL 5 J5 B 50 T AL S 3B, B 9T T HL I
BHE O, B ST R S R 2R A R R R B
BEAL A . 45 R R W)L 7E 0.1 mol/L Na, SO, /K ¥
L HL R Y 53,05 mA/dm® & A (R4 0
4.6 % VKRR 200 mL/min 3R E K 65 CHIHH T,
WAL S S BRF A 85040, {H A X 52 I A% U8 1k A g e [m] g )
FHATHH P98 . H A& Kyawo KaKo 23 @) fil Furukawa
Mining 2\ ] 1) % R 4 28 7 I BL AR K Sy W e 740 A I
LA MRS I R 5% Ag.6% HCIO,
426 H, O, (R3R A W  BEKE B AL U 1 360 mg/m” [
) 0.68 mg/m’ LUF o HA 24 i A0 SRR 52 1 4k 7 1)
VR A T LA Ak S fL B fL & . Chandrasekaran 27" 3%
JH VR SR A R TR A VR WS A ke B I R
E A 5 DR S v — % S . R R BN R TR R R
VAR I pH B R TR W TR0 8 T S pR . 2 LT g, IR
R 12 2 B ol A S0 LA AR R 28038 55 o AEL 2 AR A7 7E 2 I YR Ak
PR M, B 1 B KT Y A i
2.3 MEWE

A= W B AR A S B 1 e i B AR T 52 O T L I BOR
AT AR 08 A 00 v e SR o 1 8 0 9 A 4 Ak R A
W0 2R sk AR AE W 01 A JTT 5 A B A A S
b B FE R E R ERR T TA) WK
7 FH I .

] A1) FH Bl 2 0 12 o A W A S 1% F 5 B A0, T
B P AR R AR 1. Deng 4570 E B 5Y M
A W 1 W AR A Y TR P R L TR A W e — AR
U 11 e A A 0000 9 AL R, TIAE 11 R RTAS B A R
B 805 I R Ak M 8 B0 B O T T 4
AR Y R A 18 5 R A S 1 7= A i Ak
FAAE . TE BRI ST L YA 2 B B B R TE 25 °C,
BEAL S WLy 9.52 mg/m’ ) 16.32 mg/m* & F.24 h



&M | Vol.36, No.l

BB AL ZR AN B 65.32% F 68.59% . 14 BA DT LIE
PEG AR R N E IR 7RI R A T B2 7R Bk
S EC D HL IR W 1 4 DR 26 A 2R W I i A R 1
S B R ey 0 N N R T Qa7 Ra sl s 8 s S 1 R /3
AA 15 1, EH pH A 6.5~7.5, ik &k ESH T
20 mg/m® W, B A L BRI T ik 780, R, 3CH
it S8 26 0 A A ML ER R SR A B9 B 9S . XU R 4 050 SR 28
e E R ERER . EHANE
200 mL/min. & A 2 4> %% 8. 2% . W 4k & A 1T ¥k JF
20 mg/m® I, B Ak ME fig 28 0] Rk 76.8 00 X IR A
F UL iE M TT U8 HAT 2 00 e R R LA T
HER T WAL A R TR B T B A R R R,
i DA RS T A R R A R — o BRSO B
A LA GBAT BUAR AR S I A R A7 78 I A 3 21K
T ol O 0 R M TR AR ) N A R 3 A A e A ) A, O HL K
7 5 1 4b e S B R ST B B
2.4 FPEMRE

R A — P R R E AL AR, W LR 5 K
SPRIREEENNRIFE ST & RGN B A
T P—H R, 8B L A F ALk PH R T
ZiRIPEE - N B I E Y =B R0 A a2 W
G PH, JR 5 3% 5 B3 — 25 B RS A R T 4k 46
AL YR T L BRI A

INCEAERD N T AT R RN R T NV 31 B (E P =T
ARk E AR GE T 2 R L SR ORI BESE .
Ik S AR B2 4 T — B T2 5 b BRI 5
BT B, FBEF &N BT T OB IR LR E &I
136 mg/m’ W fb 0 04 5 MR Ak SR 52 L 308 &k B AE 25 °C A
PIRRE 750 SR, #E 24 B 80 h JE, B Ab K 254,
365 nm £ 5p 6 F @ AL SRR 0RO 4 B A 9.50%,
86.25%,63.00%0 , ChEFELEN i oy TR B RE IR
T 7 Ao P 0 P IR A AR, 2 SR 3R L AE 25 °C LU
JE 75 %4 AF R L 40 W OB S EAMT X 136 mg/m’ i 1k
AALHE 120 s J5 . A0S R AR IR R S 100 %, SR, D LB
FEH I RATIT B AL B R A LB . A G R A O R A
PR W E R TR AT 17, B T 2R R8O B
GRS Y S A SR A AR BN A 1 L A2 O VR
A TN S
2.5 HEBTFHERZE

Wt 25 2t 00 BR 0 R A B B L R R B R
R BB 2 R S HIE A o R R TR Ak R B
EENe YR S LI N R A0 R R (EN SR iR 7 el
S g o i8R 3y S (AR ST () R
N T T M P X — ) B T B S ARk — e M P
SR B A, B T IR B R W 2 R 2 %
ANMTHIE .

& BEREFPEESEEBHTEHARER

2.5.1 HFEFERMBESS5EMNE S TREYRE
ZENA0 T e R IR SR R 3 R A A 1R T AR
FERBEHAE, FEHBR T OEME T RSET BAES
B EME B AR O S A R T O AR A O A
L RO S B AR B R RN
— R A AE T A L BRSO 0 AR U A R — A AR AT 1
THLA L AR ) T TR L 4 v TR S B R AR
B TR 2 AR A By 1 R IR £ R0 R IR 4
BT

IR S5 8 T A = 2B 20 R B R A O BEL RS R
FEE S0 FL I I R A I R L S AR P S L T R R
R A5 BH B A )2 T AE s IR R it A
FE TS S B S B AR T AR R BT e
T OMESWEF M A B IEENEEY R - OH,
05 H, 0, \HO, « 1+ O), [R] it £ bifi 2 F 49y B 2500 Chn 48
SMGERA G RE R T L eh O U HR A E A
TERMEE RO S F PSRBT EEEATAEE
SARGY T H A A T 2L 43 i B B 5 BT K 4 T
@ HEFEP A B EEE Y TG FR R R
TG
2.5.2 EWIMYTFGRIER  EAR . EE TR AR
N AR 2O LR FRAMR SR T E
K. ERIICHRKERTHE iR 8A F Sk
PIBEE, FEE TR ERAA L L SR Tl ES
FMIEEE IR T B MOR . ERAED R
ol 158 7 A L P B T R A v v R RO B R T U
WSEBAES RSN B OR A R 5 , 25 R R WL 3
AR (AT BE 3 mmy, A A B 90.0 mmL i A B #24 W, K
M3 250 mL/min, I IH H 2R 5 600 mg/m”® , pLi
BEALHE 71,1 %, Kuroki 07 5% H ik wh A 5t B2 i H, 5
WFSE TR EE L I 3R 4 ok B2 6 CH Br [ fif R 19 52 W .
SEAL R B A XHE B X CH, Br 1) B i 52 i 38 /) 5 B 25 AR
ittt 130, CH, Br [ fiff R0 B AR, (8 CH, Br 19 [ fi 1
Hom. MR MKW EN 1 L/min, B 44 W B R 3 800,
1900 mg/m? B, CH;Br iy B i A0 K5 950 DL B, A
J2 o SR AR T A £ P AR R A B A . 2 A I AR OR
T QUL QR o N o o A A W B W N 1 7L
<360 mg/m® i <<1 200 mL/min B, 7 ik o i J&
30 KV, ik vp 45 % 80 Hz [ B HL 4% 1 F , B 4k & i 4L
FR2>99.92 % o H AT F A LA T HEAN A4

iRy - RN T S NI 3 S AW N A ||
S TR GA &SRR R =i £, 6
TACRAR  ELX R R B ) T R AR o8 4 B B R
WG Y. N T BEX — IR 8 55 3 T IR R 5 3 fih B
AR CHEAG TR W2 BE 500 A= H R SO B I 32 2 1 R AIF 9 3 1Y
T bK AT DA I 55 B R R A B g s 2T

233



234

FRBRE ADVANCES

Zhu TR A 5 B2 A A B R Cu/Ce &4 i
0700 W e PR E L 45 SR R W] S5 8 F R 3 [R) CuO 1 CeO,
Cu/Ce &G MEAL TN S R AR S8R 52w . IR 45 2R 36
B, CuO i CeO. (45 & 1T LA i 35 My H2 1oy FF 6 09 % M 2%,
1M CuO 8 CeOy, BLRAFLE I 10 X05 H I 1 F 7 5500 A B %
W) o L A A 3R L B iff 45 B8 TR IS . Song PR
DBD % 8 T &t [7] CeMn/TiO, Fl CoMn/TiO, 4 7] &
I AR (CB) A 5% & B0 -5 Bl (o P 46 8 4 L IR IR 55
B RINTP AL R CB B REAF R T CO, YL
PEE . 3 H NTP 454 CoMn/TiO, fitt 4L 31 1Y ¥ BE 4 T
CeMn/TiO, . K%t CB 19 2 B 205 &5 0 97.1% , 1 - 4
99.1% ,CO, ¥ £ H 65.5% ., Lee 5% ] DBD i fk /&
i A B R B 2 FLHE R R - AL O 15 i 4k 700 210K M T 452
AR BBRE,
2.5.3 R FIRREMEBMAE EWET. S RER
AR THE R SFE TR TR FRRER L~
10 eV i B L 4> FHF P—H B BEAEN 3 eV, H A
FO T UL R A B B SR A B A AT R
PTG UK R X 25 2 e i 1) PR s PR O R PR 5 B 1R I i
B AR AT

H AT B SRR A B 1 I A Ak 4100 A O SCIR 3R
A, DEERFECYE R R AR MB LR, H R T W
A RERL% B (SIED | S80S0 BE ) I e B v i 1k S0 % 1k 3
S B W 40 Ak 18, 45 R L STE M, K
BEBRAR 0 s vie BEBRAIL B AL R L R ok . fEAR
WHEAR T 0.1 200 B Ak &G 1o H | SR 5 i R0 5 14
B MERE T 0.7 0, B R L A S BE IR, TR A H,
B AR . R, S R 4 B AL S R AL R
TG A5 B R I Ak 010 9 A ML 0 AN 58 3% L 1B
JERTLLAG %45 R A AL G W R AR 0 AR OG B R B T
FE S TR L LT W O T
A7 AR 1T PR T 5 Al S R A U I A 1 A
2EERFTIT L IR KA — R A A O A B A Oy W TR B PR
JO T 5[] B S8 T AR I HL 7 2 1) 2R A0 S R S A ) B RN
AT Jom 3l A A 1 R A

ol 1 R (T T S R N R S 7 ST N G W < N
FEARM RS TERE A ER R LR TE RIS, &
AR A B IR BOR B N A S R B R A
i SR B E R TR R R B S X
Fefg b A E ORI CHERETHEELEESR
5% B A I8, I B % B AR AE 52 B i P aA T I A
PR AFAE R AL A W RS A R 0 R BT LI A
HAEARITF RSN EE F IR ESBEARSEE
FRIWEFETT ] AR B2 HE BRI IR BT 0T e 4R R
SCHE R REAE PRIE R T A R BT AR T DR AR R 21 5 5 A
BN THERAT R K P ERE & %4

BE 2198 | 20204 1 B | RS5HH

WEFH . AR ARAB SRR A R SR TR A T
DR W Rt AR e S R AR i TE ey
3 ALk

A P £ RS ) 3 28 500 14 g i A 76 K [l 1 A 8 <
i X B R T T, A REE BB KR, W E
HEAT WA . WAL SR O v I 0 Y B AR L B AT E
KR AR T 2, B T — s MR . B B
B AR R AR SRR B A 1 BIF 9T A 2 DA IO T T e T
BRI TR R s o . (B S K T AT L W R A R
bR R R E M 25 T AR IR M L T A T 6 % B A R 5%
St 22 G . SE R T IR AR TR B A R £ R B M
A AN RE A% T IR SO 06 M e W B T 2 P i B L SR T
PRP= A TGRSR T LS 2 R R AR AT R R .
1A S e R R R R R N e 2 et B o S A W N
i Pl S5 0 A R E AR VR AT ST R T 0 1A L T A BT
A o e A R B AR AR T U LR TR AT R T

(1) B AT A F AR 0 B R 58 32 2 60— Sk,
MG PE RS L, B & FRAE H SR
B W AR

(2) BRI B 56 F 55 88 740 I fige ML B4 09 11 9 08 AN 4 18T
7 SR AR IE 55 B F MR A 1 WL S 2 57 A 1k
B Jy 2 RN B,

(3) B FMBATE S WA R Ak 2 PR
FEREK BB R AR R x5 AR . e, 7 Ak
Ml B T2 280 IR m R R .

) FBEF RSB fE A #nm RS
W SRS A AR BRI TR A A R R 68 K I =4, R
DA SE AW bR . A )5 7 JF & 37 B 44 16 500 95 12
o fife 8 oK

&% 3k

(1] WARA4E, SRGE, T2, 5. BERR S DUR I B AR K 0 F 3R
ARCID. A0l TR, 2007, 23(11) . 286-290.

[2] ROZMAN V, KALINOVIC I, KORUNIC Z. Toxicity of
naturally occurring compounds of Lamiaceae and Lauraceae
to three stored-product insects [ J ]. Journal of Stored
Products Research, 2007, 43(4). 349-355.

[3] ZHOU Li-yang, WANG Shao-jin. Verification of radio fre-
quency heating uniformity and Sitophilus oryzae control in
rough, brown, and milled rice [ J ]. Journal of Stored
Products Research, 2016, 65 40-47.

L4 28, MRIRM. sk 45, PR IR RE AR B AR X/ 22 it
WS 1] e EAR A4, 2015C1) ; 107-111.

[5] B55. Dk, BRREE. S OMREOR B RICR 20 #r L .
MR 543, 2019(1) : 53-55,

(67 skag, JARIE. M fif s [M]. dbat. B2 i iRdk, 2010.



&M | Vol.36, No.l

229-232.

(70 skdR2E, & PR, 2@, . & ah U o8 Py 35 05 E 1 OF
FELI]. R DAL K224 4. BAARRER . 2019, 40(3) ¢ 1-5.

[8] MEWIS I, ULRICHS C. Action of amorphous diatomaceous
earth against different stages of the stored product pests Tri-
bolium confusum , Tenebrio molitor, Sitophilus granarius
and Plodia interpunctella [ ]J]. Journal of Stored Products
Research, 2001, 37(2): 153-164.

(o] M &K R, LS/T 12012002 B {6 & ¥ i 3 28 0 R M
LS. Jeat: HE bR AL . 2002 3.

[10] XUE Jun, ZHOU Lin-li, LIU Lei, et al. Control system of
grain circulation fumigation based on agent[]]. Scientific
Journal of Control Engineering, 2017(1): 1-8.

[11] Ao, ey & s 5 BaIM . dbat: BR22 W it . 2008.

[12] 288 (T E R e BIMIL dbat: b2 Tolk i hitk, 1996
436-437.

[13] HORN P. Control of Brevipalpus chilensis with phosphine
on fresh fruits under cold storage fumigations[ C]// NA-
VARRO S, BANKS H J, JAYAS D S, et al. Proceedings
of 9th International Conference of Atmosphere and Fumiga-
tion in Stored Products 15-19 October 2012, Antalya, Tur-
key. Turkey: [s.n.], 2012 231-235.

[14] NAYAK M K, HOLLOWAY J C., PAVIC H. et al. Devel-
oping strategies to manage highly phosphine resistant popu-
lations of flat grain beetles in large bulk storages in
Australia[ C]// CARVALHO M O, FIELDS P G, ADLER
C S, et al. Proceedings of the 10th International Working
Conference on Stored Product Protection 27 June to 2 July
2010, Estoril, Portugal. Berlin: [s.n.], 2010: 396-401.

L1570 i, 2T, E KR U Fh B 28 50 A% JU R R AR 1
WL, B3, 2003, 19(3): 157-160.

[16] MELNICK R L, SILLS R C. Comparative carcinogenicity of
1, 3-butadiene, isoprene, and chloroprene in rats and mice[ J].
Chemico-biological interactions, 2001, 135; 27-42.

[17] o N RILFINE BAFS. GBZ 2.1—2007 Tk i F & H %
WOl He A BRAE 565 1804 A B RIS] dbat: ART
AR . 2007 7.

(18] # g, [{Ee. Ry E R &ML Joat. P ER
L, 1999 94-102.

[19] GREENBERG J O. The neurological effects of methyl bro-
mide Poisoning[ J]. Ind Med Surg, 1971, 40(4); 27.

[20] P20, BRI, 22 FHPF, S5 B Mok 96 B 0 i e 7 ol B o
NE A E LT AR B, 2018, 47(4): 15-19.

Sl e A R 2k, 2011, 17(5): 356-359.

[22] Rk, HLrik, BEne. . b S d R R H R
B[], R 548K, 2009, 32(10): 87-91, 132.

[23] COLABELLA ] M, STALL R A, SORENSON C T. The

adsorption and subsequent oxidation of AsHjz; and PHj; on

& BEREFPEESEEBHTEHARER

activated carbon[J]. Journal of Crystal Growth, 1988, 92
(1/2): 189-195.

[24] wer, skok, T°F, . 48RRI BR PH, 1 Ho'S 2l J) 2%
B i LA SR L)), 8 TR 4R, 2009, 3(2): 301-305.

[25] LI Shan, HAO Ji-ming, NING Ping. et al. Preparation of
Cu-Fe nanocomposites loaded diatomite and their excellent
performance in simultaneous adsorption/oxidation of hydro-
gen sulfide and phosphine at low temperature [ ] ].
Separation and Purification Technology, 2017, 180 (1):
23-35.

[26] YU Qiong-fen, NING Ping. YI Hong-hong, et al. Effect of
preparation conditions on the property Cu/AC adsorbents
for phosphine adsorption[]]. Separation Science and Tech-
nology, 2012, 47(3): 527-533.

[27] ¥ 0], T RIS S5, WOME v 1 e WL B e 100K vk 2 AL
ALT] kA TR, 2012(4) : 685-691.

[28] WANG Xue-gian, NING Ping, SHI Yun, et al. Adsorption
of low concentration phosphine in yellow phosphorus off-gas
by impregnated activated carbon[ J]. Journal of Hazardous
Materials, 2009, 171(1/2/3) . 588-593.

[297] WILDE ]J. Absorbent mass for phosphine: Internationale
veraffentli-chungsnummer, WO 00/21644 A3[P]. 2000-
04-20.

[30] =2, B, i fb Sl AT P e i v AL AL B R AU L5
W] AR, 2016, 22(4) ; 62-64.

[31] XU Xuan-wen, HUANG Guo-qiang, QI Shuai. Properties
of AC and 13X zeolite modified with CuCl,, and Cu

(NO3)3, in phosphine removal and the adsorptive mecha-

nisms [ ] ]. Chemical Engineering Journal, 2017, 316;
563-572.

[32] QU Guang-fei, ZHANG Jian, LIN Yi-lu, et al. Electro-
chemical method for wet removal of phosphine[ ] ]. Environ-
mental Progress & Sustainable Energy, 2015, 34 (6):
1 640-1 646.

[33] HERMAN T, SODEN 8. Efficieny handling effluent gases
through chemical scrubbing [ C]// WERNER Luft. AIP
Conference Proceedings 19-20 January 1988, Denver, CO,
USA. New York: [s.n.], 1988 99-108.

[34] CHANDRASEKARAN K, SHARMA M M. Absorption of
phosphine in aqueous solutions of sodium hypochlorite and
sulphuric acid[J]. Chemical Engineering Science, 1977, 32
(3): 275-280.

[35] DENG Jing, CHEN Liang, WEI Wen. The study on
removal the PH; in CO by dephosphorization bacteria[ ] ].
Advanced Materials Research, 2013, 781/782/783/784.
861-868.

[36] FEiF, FREH, Da, 5§ REKMT MY KL 5
HBEALALT] MR YA, 2015, 42(1) . 34-41,

(371 Mo, XURIAR, Madf, 5. 36 P15 Ve ik & b ol 1b S04 Y B



236

FRBRE ADVANCES

FebE[)]. BB TR 244, 2018, 12(3): 855-862.

[38] XUMFAR . FRAmAC, 405, S5, AR Wi 0k vk e f AR ok 88 ol 1k &
R HAA IR Sr B (0], BR8E TR 2440, 2018, 12(12) .
124-132.

[39] BURROWS H D, CANLE L. M, SANTABALLA J A, et
al. Reaction pathways and mechanisms of photodegradation
of pesticides [ J ]. Journal of Photochemistry and
Photobiology B Biology, 2002, 67(2): 71-108.

[40] EBEF . WAL, L0UA, 5. SCTHR BRI BE 5 11 X 8 1L &
SRR 2R ], M RERE . 2013, 27(5) . 45-49.

[41] Sy, FHRZR, SRR, S5 AN [) S (0 X R 46058 A1 KT e fit
WEMA A BERERRERMZ W] RE 5T,
2015(9): 17-20.

L42] PFMRRE. LB, BBt S8 TIRE AR SR A IM. Jbxt.
A2 Tl th At . 2006 2.

(431 BRMG . P, WIRUK, S5 IRIR 55 B 14 DI ) 42 1 e ffp 44 % 1k
HHY s L], AL L. 2019, 38(9): 4 284-4 294.

[44] KRUGLY E, MARTUZEVICIUS D, TICHONOVAS M,
et al. Decomposition of 2-naphthol in water using a non-
thermal plasma reactor[J]. Chemical Engineering Journal,
2015, 260. 188-198.

[45] ATKINSON R. Kinetics and mechanisms of the gas-phase
reactions of the hydroxyl radical with organic compounds
under atmospheric conditions[ J]. Chemical Reviews, 1986,
86(1): 69-201.

[46] EfRM BEilSE. i, . A SR 2 55 25 1 (R B A
U R[], BB TR AR, 2018, 12(7) . 1 977-1 985.

[47] KUROKI T, OISHI T. YAMAMOTO T, et al. Bro-
momethane decomposition using a pulsed dielectric barrier
discharge[ J]. IEEE Transactions on Industry Applications,
2013, 49(1): 293-297.

BE 2198 [ 2020 F 1 B | RaSHK

(48] A= MU, S, F%4, 5. INIR S & TR 3 Ho S5 441
FLHWEFELT]. BREE LA £, 2006, 7(10): 106-108.

(497 sRA, BN, TRk, 5. AR SF 55 1 04 bl 7] 4tk Ak 1 A B g
VOCs BUIRLT ], BREE R 97 5 98 3 22 %, 2019, 39(2): 22-
26, 70.

[50] ZHU Xin-bo, GAO Xiang, QIN Rui, et al. Plasma-catalytic
removal of formaldehyde over Cu-Ce catalysts in a dielectric
barrier discharge reactor[J]. Applied Catalysis B: Environ-
mental, 2015, 170/171: 293-300.

[51] SONG Hua, HU Fang-yun, PENG Yue, et al. Non-

thermal plasma catalysis for chlorobenzene removal over

CoMn/TiO;, and CeMn/TiO,: Synergistic effect of
chemical catalysis and dielectric constant[J]. Chemical En-
gineering Journal, 2018, 347, 447-454,

[52] LEEB Y, PARK S H, LEE S C, et al. Decomposition of
benzene by using a discharge plasma-photocatalyst hybrid
system[J]. Catalysis Today, 2004, 93(9): 769-776.

[53] JURGEN M, MARTIN S, RAFL S, et al. Nonthermal
plasma chemistry and physics{ M]. New York: CRC Press,
2013 128.

(54 ThEk AL, riy 52 0 F P 7] 2 85 % A 3l e ol 2 0 ol Al 2
JID]. W] REWIEITRY, 2016: 47-56.

[55] LU Wen-jing, ABBASY, MUSTAFA M F, et al. A review
on application of dielectric barrier discharge plasma technol-
ogy on the abatement of volatile organic compounds[ J].
Frontiers of Environmental Science & Engineering, 2019,
13(2): 30.

[56] DU Chang-ming, HUANG Ya-ni, GONG Xiang-jie, et al.
Plasma purification of halogen volatile organic compounds[ J].

2018, 46 (4).

IEEE Transactions on Plasma Science,

838-858.

(&% 215 7

[4] ZmE, SREedn, YK, &5, Kk SR IR W AR 1Y F 5% 2k
RLI]. &k TokRHE . 2017, 38(2) . 374-378.

(5] AL, I FHKAH R B SR BCAE AR I AN B 2 BF5E (D, B
B VLR R, 2012, 4.

[6] ROSENTHAL A, PYLE D L, NIRANJAN K. Simultaneous
aqueous extraction of oil and protein from soybean: Mecha-

design [ ] J.
Processing, 1998, 76(4) . 224-230.

L7] AR, TRV E, TI&mh, 5. WA IR B K Rk 32 s 7
MR T2 L] S EM AR, 2017, 42(12): 6-9.

(81 MpcAs, skak, Whid, 5. 2 Bk R 2 42 BCRF 10 A = 0 2 4l
BRSBTS (0], BEFAE T, 2017, 46(4) ; 677-680.

L9 2 mimm, 028 5. nh I B /K 700 2 5] 45 i 2 06K it 0 2 R 2
FRIRFFE )], e Ag . 2018, 43(12); 5-8.

[10] 24w, Fulc3%, B BTHT. 7K 5 2 26 BOE Rk iy T2 0F
FELT]. MR AR, 2014, 3(4): 16-20.

nisms for process Food & Bioproducts

[11] ZR s . K R IR AR R B A D). T2 8 T R,
2017 32-46.

(127 6 . 78 AR K 50 i B b o B 0 e 2L 0K R i 8 92 1 2L o
D], HIN IR Tolk K2, 2012 19-22.

[13] FIEFE. BRI 0B FHIM. dest. o 5 Toll i it
2001; 152-153.

[14] EBERE, EEE. KEGE AL A P 42 B0l 50K fig | &0 o
gEl1]. A SHLB, 2005, 21(3): 17-20.

L1570 Zuk. i N G an a2 R B s i 5¢ (D], B8 I
™A, 2008: 51-55.

[16] 2. vHE 1, J5 2245, B4 b b g I 8. 19 GC-MS 4y
BilJ]. P EMAE, 2008(11); 71-72.

[17] BRAE, B, 2R, 5. AT 7= 303 205 0 10 7 e O
SR AT ] b ERGh 4R . 2009, 24(11): 70-73.

[18] B, 47, Mt E . 55, B 2 IR0 Al i il 25 R it
AT PSS B LY ], AR 2 4. 2018, 33(4) ¢ 93-100.



