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A New Look at Carbon Disulphide as a Grain Fumigant (Chinese and English versions)

Jim DESMARCHELIER, Yu XIAO, Li GU, Yong-lin REND<
(College of Environmental and Life Sciences, Murdoch University, Perth WA 6150, Australia)

Abstract: Although carbon disulphide (CS,) is an old fumigant, the possibility of reintroducing it is
supported by new data from Australia, and by published Egyptian and Chinese data which is not widely
known. The data covers grain quality, natural emissions and residues in processed food. Egyptian data shown
that CS, has no effect on the germination and plumule length of rice even at high doses (400 mg/m?). Chinese
data has shown that CS,, at high doses (200 mg/m”), has no effect on the germination of a large number of
seeds, including malting barley, wheat and maize, sorghum, cotton, carrot etc. This is supported by current
Australian data (150 mg/m®) on germination and plumule length of wheat, barley and chickpeas. Australian
data from the Stored Grain Research Laboratory (SGRL) commercial scale trial showed that all tested insects
are killed by CS, at a range of CxT (concentrationxtime) values of 1 000~1 500 mg-h-L™" and has no effect
on the quality of end products of wheat. The sorption of carbon disulphide on grain is lower than that for
methyl bromide, and is mainly physical in origin. It leaves residues on grain, but these are extensively
degraded during storage and processing. Remaining residues of CS, are reduced during cleaning and
conditioning of wheat before milling. Residues of CS, are progressively reduced during the milling and
baking processes. For example, wheat was treated at 27 g/m’® of CS, for 6 days in sealed farm bin and then
aired for 24 hours. Cleaning reduced residues from 6.7 to 4.6 mg/kg, and conditioning reduced residues from
4.6 to 2.2 mg/kg before milling. They are further reduced during milling, and further still during formation of
noodles (even before cooking), pasta and bread. Residues in processed products were indistinguishable by
current methods of analysis (limits of quantification were <0.005 mg/kg) and the same as levels present in
products made from unfumigated wheat from the same source.

Key words: fumigant; carbon disulphide; sorption; germination; residues
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1 Shrader! 5@ i FAR —BRALBR AU, W] LAy
R 18 A3 R B R BIDRE Ak Ak 1) 7 R AR
345 (M 120 mg/m’ [Z 38 mg/m®) B, [k
(5% 88 B T R 40 £ (AN 6.00 mg/m’ P& =
0.14 mg/m’ ), FrFsERM, 1E% AIFREE T I H 6
AR AT AREATC N FH A, 38 3 5 il e X ] At — 25
FRARTR

AR B AE BTG AR AE 2 A A A
R
fLEE—F B iE N S R, 5 TR H
BUAAR, PR At S AR ik =l (PH; ), &
B O B2 P ok R T B AL, BBE R
( SF ) 7 ZL i ik B ol 4 Bof 1] 52 58 A BB 56 2 4 1l B
&, HER RS, FHarh 36 4F, 20 4F
(R 4 BRAZBR PR REME ( GWP) 4 7510 ( GWP J2: i
TR E RN bR ), (B I SRR o TR 25 R A
FEWAE MRS 2 ki e, b BT
RN A RS EZER], FRATABEAL L
FHF A 980055 B R AR RS, | 2 4 RIB U 1
S5 T O AR ERIEAT T PPN
1 #welEAE®
1.1 KEE/MNMAAR
111 KA 52

S5 2 K P K 10.6% 38 KR
F (ASW), K& 10.3% (w/w {5 ) MAFI
K. var.Schooner; F/KE 11.5% (w/w {4t )
JEWE T . Desi-typevar.Amethyst; 7 /KE 10.5%%i
G(w/w IBEE ) K 10.5%KFE RIS KR 11.5%
o SR K 2 RN R, B K B S wiw
B, BT AR EIR S R AL

99.9%41 FE AR — i Abfik , % FEA 1250 g/L:
BARF]. Ajax 2 A 5 46 99.8%H HL R . Matheson
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B E0R FH FAO 5 i 461150,

1.12 U5 E&

e A R AL . Alltech 24 mm B2 TR 5
], 185 95326; MEUEXHEI: Alltech 24 mm 12
ORI, 5 953265 BBy : BCAA IR AIZ)
RYRIIAE, AT SAHEIEHL: GC6AM, .

1.1.3 RZESE

S 10 g /INAZ | R FI I W R T ke ALY
A Mininert VESTZE4 250 mL i, A 150 mg/m®
W ARk, R EN (25+2) °C, MR
— B[R]0 A O P 4 B 1 Rk i, B R A
#E 7~14 RJFMIE K ZFH

K ZFIY S IRE PRA TR 2 0 X
75 H1 Ghaly #1 VanDerTouw! 47 7 2% .
40 mL ZE 187K K 50 ki Fp 123, 3 A 500 mmx
330 mm JEACEAT . BHBIF P TR G 1, —F
TEYCE | 250 mmx330 mm BYFP 8ok, 1145k
M b %A 30 mm [ EEHES A9 BIAL, 7R L BLUA
RHRE SATRL, ARG 125 L o — PR 4R &
M 250 mm ¥t S, AR R L e, %
A HELS T, BHEAE 25 CHEFRAAT . 5 8 Kid
SRR MR R FKE, BN ERER 4
W, BARIT T AR ZE T 2500537
114 05 25 ) 0 20T e A Al TR 42

¥ 180 g MBS (/N K&
FEAY . MR BRI T ) 3 A R
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o 2 A 25 mg/m® BEZEH], AE ) IR
JITFVR BB o DA A B 2% 551 T 42 s [ i) o ey BB
Tz AR, A SAH GGG o0, I
W EE AR R, IR VR (C) SPinikE
(Co) HYLLIH (C/Co ) TR (2542 ) °CHI 90%~95%
R RZM T WM, A —X =15,
115 W Ak ife /N 22 A i B s

#2218 Desmerchelier ™7k, RHK 1.1 m. &
Uk 7.9 L /N4, ¥4 10 mL PH; F1 MeBr AL
J 20 pL CS ARG A1 AR 500 mL KEjfi
g 200 mL/min A0 3 REHE B ZE A A
AR IO 3 o 1) B ZE RV B
1.1.6  —Hifbcsk & o #r

KPR TR /NEE . NEEAE S (nER
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(1) ik A: Z M Ren™f1 Ren 5
Desmarchelier™ 7 % . ¥ 15 g FEMBCA 250 mL
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i A e T W P TR b, R s b it A T
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(2571 B % i 3E T Daft® MEiT i AOAC
PRI, A G E RGN A AR
— B, K 50 g NERES T S0 mL “Daft %
W (80%2l TN T 25%BE A ) PR &
A 270 mL A FREHEIERD, 78 (2543) °C
TR (3143 ) h 5, e T s AR MR BE
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FEERIY 500 mL HEIE R H 45 5 R 1 B AL B b
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B INBRAE S FIARAE o 4 O RN RFR I R A b
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SAHGRESE: DR, 200 °C A,
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Gy BT SROAR T0 28 1) Ak, ARk S
3 A I T B A e A AR RO R R R
SVRRE, PR AR (R B S E] 45204 15 min.
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KBRS, PERKT 4 min, ¥ 1500 g
(1200 mL) —#ifkmk (38 mg/m’, ww 5
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Re LS B b B SN /N i P R 10~15 A4S

0.5 kg MIFEA
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N EAR 22 mm, 5 100 mm B A EE N AL IR
P ) R A, DA AR AR, BN
B 95%/INEZ R 5% /N2 Fy Al e i) e A et o ofg
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30 CCNAkZLEESE 4 FFI 8 A, SRl dET %,

ALY TS KR 10.6% 08K F T 4
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1.2.2 ik LS 2 56

WSS 5 h PUB 3t /NEE s 2= A iF ST T
(BRI), PEF5/NZZ TR ARy SE8 . HURS | 1 250
T KORITH N T 12 2 MR AL 98 BT 1) 8 R R ol T
iR . SRR € i AR AR 1
2 #ERE5iTiR
2.1 EWEMR
2.1.1 CSy MR ZFFZEK 15

150 mg/m® “BRALHR B ZE 5 /NAZ | K4 R
TR ZERINE 1 Fis, IASKKRES 4 K, 50
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W SEATFRAR, BDGIR R 150 mg/m’ & if
& 14 d KB EZEE, HARARAN S XTI |
R FNE WS G R W] A& 7-A A F . X —45 R
T3 FH 200 mg/m® — B AL Bk B 2% 20 R T A4S

O/hE B BHT

185 240
A E/A

1 2ET 150 mg/m’ REZHRABAE B E KRR FE

Fig.1 Percentage germinability of samples at dose 150 mg/m3
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of CS; and for different time of exposure
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R R—, Xiu W5, FEZEFIX 20 FhFT
5 ZE RS W R 348 2 b > IR > BRBESR >
THRRARER , Hrb TR ARRR B R R PRI . Ghaly!
WFoE M, BIf 400~800 mg/m’ /5 K& Fl 48 h K-
AR, TRALIRXT 16% 7 K & #Y Nahda & il
IKRE A % 2R AN A 2K B B A B . Vermal™
WA T 18 39 ik R AR K e ) B 2% X R 2
RIGFEIR , & IUC S K /N 1) K 2R AR 2 5
RB A S K B BN, & 2R PR

JIr A A PR 4 2K B A bR v 1R 22 AR /N T 1
{EIY 8% B fbixd /N | K32 R G 57 1) % 25
MERKEEAREW (K 2), 5545 (HCN) A~
T, 42 v T 1) BRIt R 2 (i 4 2 RE ALK
5 100 mg/m’ BiAL B FEXT /N D 2K BE 5
R AR
2,12 HEZEFIEARY LRy E

W BE 2 SRR, BRI BR AR T A A
I R R RS TR 3 ORI vk i
FHMREE LB (C/Co) SRtlalfe Rz (i b
2] B 2% R0 W B A A A R 22 RN T (A Y

FOERE
- 0O k% O /&g T
10
o H
8r i
L :
§ 6
B os|
N 3t
2_
1 B HH B b 4
0 %&t}_ﬂal 168 l 185 l 240 l 336
AT E/h

2 BET 150 mg/m’ iREZHULBARRM BRI RN T KE
Fig.2 Plumule length of samples at dose 150 mg/m3 of CS,
and for different time of exposure
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Fig.3 Comparative sorption data for CS; and MeBr, taken from measurement of loss of
fumigant concentration in the headspace
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213 BAEFRITE/NE DY

Kl 4 o =R ZERIAE /N AL D B Bk
M/ R I S SR E R T 1 mg/m?
(VIV)o TBRALBRAE /N it B R M S B L
I GE TR J5 )02 8 P 1 B2 R AR L. BRAL R
I e AL BB 11 €538 437 P 74 BRI L I 55 3G
FERR A )y Wi LA AR, R IRIG T 5, J6 Y]
B, MRS R, Rk ARG S E A A, &
R 2SR SRR T 1 mg/m’,

100 -+ CS,
——PH,
80 | —+— MeBr
8 60
#®
40l
\S
20 IJ‘ %
Y
0 i

0 20 40 60 80 100 120 140 160 180 200
AT B/ NI RE R ) fmin

T BZGNRE (%, NECRHRERSIL), M 11 m i/
ZHEHYERL, RN 200 mL/min,
Note: Concentration of fumigant, (% of maximum

concentration) eluting from a 1.1 m column of wheat, at an air flow
of 200 mL/min.

4 7£ 200 mL/min SHTET,
Ll mEHZHEZEFRESHBEHNXRE
Fig.4 Concentration of fumigant, (% of maximum GC area)
eluting from a 1.1 m column of wheat, at an air flow
of 200 mL/min, plotted against time

B 2% SR 27 v 2 3 P e B R W A
BBMY SN GANP, T sk
Ret sk H 25 7 283 /N pR e, B L e T DLE
i XUy PR DA B ZE A W i o sk S TR A
S AR AR B AR, T RR PEY EOR
W, DT R B 2 40+ R i 2 4 TN I g
R4
22 BUHEEZRMNEMNISR
221 BT R ER G B B

B AR ANER 1 PR, BEZELSR)E, ZidR
HBET- N 100%, FAE 30 °CHRAF T EEE 4 J5 A
8 JlJE, WAHBMRHI, LHAN, —Hfbm T
P AR 4 REFFEZE 105 mg/m®, % 6 K
7.7 mg/m’ . “RRALER XA AR R U CT {E(
JEXIE] ) 7E 1000~1 500 (mg/h)/L, PEHAHX 2

R AR T, R B PR B A TR

F1 LTEXRPERARTEMFREE
Table 1 Insect mortality and progeny in field trials

ik o SR S
FET-H/% ERAY T
T. castaneum ( (I ) 100 0 0
T castaneum ( HH, ) 100 0 0
R. dominica (1) 100 0 0
S. oryzae () 100 0 0

2.2.2  THUEANIEZ NN o TR AR B B R

AWM E T HFR G /N Gl W Ve AN 22
AR T G Zaifbikry s i i, ikl 5 fos, 5%
FREZHIE/ . N SGRL T M A, /)
F o ALk & B2 7 mg/kg (ppm, w/w ),
AR T IR IRI I R0 2 1Y) e o 5 BA BR 3t 10 mg/kg . oK
ZHE RN R RS A D& bk (0.03~
0.08 mg/kg ), BIEHE RAEARFZMT, Bfbikst
(COS ) HU FURRER 1 % AL F0 0 it mI 7 A — i Ak
B. ASZEREE B K HiltonPli ] 80 mg/m® —
B A B Ak B  E 22 HLJG3E KU AR 3 6 v A e
ZZBHIK 4~6 1,

BEE
m R4

BiARER B 7 /(mg/kg)

10

@ﬁﬂ“?im&‘ ’

WNER ; m

MLIES e — Wik —> W%
/NS B — AL 8/ (ppm, mg/kg)

B 5 7E/NEN TR S R B R

Fig.5 Carbon disulphide residues in wheat are progressively
reduced during processing of wheat

ARG, Zhi Ak iRER B N 6.7 mg/kg BE
% 4.5 mgkg, WHZUL, HUELFAFR KLY
30%1) B AR ER B Y (1 5), /N2 RiE 2 ] it
— PR N 4.5 mg/kg FEKE] 2.2 mg/kg, 4
30%5% i (E 5). 67%0 —mi kst & P nl 7F
A WUERE A A R R R R TERTA SO,
TAE B B Ak ik Wk B2 AR AR T 10 mg/kg
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(v/v) WA EY S RVFRE (TLV ),

2.2.3 XS /N A L b AR B B A
DU T A AL I A [) T X6 it Ak ke 2B 7%

Je FR) 7 INZZ 3 il b v B B B s, 25 SR AL 6 BT

TN o MRS S TR B HER i % B AR

JEr R B R, A 5.45 mg/kg, HX—/KF

WAL T I Bk B B A, 1 T A2 /N2 1 2 5k 7R

KV gl FREEEPTERT . 2k PRk

B ( 2.62 mg/kg W i THE 22 5 (17 2458 B AKF

TR A T A A 5 P Ak 43 i) Sk oA Ak 3

INFZ TR 3 A5 10 £ o

i} 0.14

L m R

st 15 2 &2 B

0.02
UM frmmm. 1.03

1 0.06
iz 1. 5.45

10.03
BB - 2.62
/INZE Ry i R ) —BRLALBBR B/ (ppm, mg/kg)
Bl 6 BRI Ml #04% Fl #) SE 06 /N 22 4 ) R P Y
“HmUBmKEE
Fig.6 Carbon disulphide residues in wheat milled products
on a commercial scale milling trials at the BRI site

2.2.4
(1% 5% M)

SR FH 78 A A B2 14 /N 22 B ) T oy 38R 77 6
REWEoE, LR AN 7 b i e Ak bk 4 5k P =
e 7 WiR . e AL RS R T A A i TR
TEERER B Y, &N 0.2~2.5 ng/kg, BIMEZEARY

BELE AN T /N B ] i b —BRAL Bk P

N b
ety [ M
O N

e A Gonos afaz

INZE R B o B —BRALARR B/ (ppm, mg/kg)

7 BRI ZLAE AR LI/ EMT
BREAFRPHN_MmLBRZREE
Fig.7 Carbon disulphide residues on processed wheat end
products on a commercial scale milling trials at the BRI site

O AR Y T S5 rh e A A /D Al sk B
Vg, N 2.2~4.0ngkg, TERZEIEH T, 4b
FRZH 5% B B 2 F A B2, 5 Munsey!"”
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il 82 18 T A R s R AR, 5 X R AN
WEXES,

3 &ig

RUFFREERF, H AR B AU
CT fli} 1 000~1 500 mg/m’/h, Mg, H5H
AR, BRI, BE7E>150 mg/m’
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TCREM o B AL TE AR 90 L %) W R A Y L9
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FEARFREAIN T AL 72 GEA5 BUAR SRR B Hu A o /)N
A e 27 P ) AR B P A A R R AR
o G, s BUR R, TR K
G R EZEAN L

Bigt: IR AR - PEe T (Jonathan Banks )
PRy AL, IR K H A W 0 5T A2
( GRDC ) AR KF]F LeTrang Vu $ LA FA &
FE RN
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Abstract: Although carbon disulphide (CS;) is an old fumigant, the possibility of reintroducing it is
supported by new data from Australia, and by published Egyptian and Chinese data which is not widely
known. The data covers grain quality, natural emissions and residues in processed food. Egyptian data shown
that CS, has no effect on the germination and plumule length of rice even at high doses (400 mg/m’).
Chinese data has shown that CS,, at high doses (200 mg/m’), has no effect on the germination of a large
number of seeds, including malting barley, wheat and maize, sorghum, cotton, carrot etc. This is supported
by current Australian data (150 mg/m®) on germination and plumule length of wheat, barley and chickpeas.
Australian data from the Stored Grain Research Laboratory (SGRL) commercial scale trial showed that all
tested insects are killed by CS, at a range of CxT (concentrationxtime) values of 1 000~1 500 mg-h-L™" and
has no effect on the quality of end products of wheat. The sorption of carbon disulphide on grain is lower
than that for methyl bromide, and is mainly physical in origin. It leaves residues on grain, but these are
extensively degraded during storage and processing. Remaining residues of CS,; are reduced during cleaning
and conditioning of wheat before milling. Residues of CS, are progressively reduced during the milling and
baking processes. For example, wheat was treated at 27 g/m’® of CS, for 6 days in sealed farm bin and then
aired for 24 hours. Cleaning reduced residues from 6.7 to 4.6 mg/kg, and conditioning reduced residues from
4.6 to 2.2 mg/kg before milling. They are further reduced during milling, and further still during formation
of noodles (even before cooking), pasta and bread. Residues in processed products were indistinguishable by
current methods of analysis (limits of quantification were <0.005 mg/kg) and the same as levels present in
products made from unfumigated wheat from the same source.
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1 INTRODUCTION

Carbon disulphide (CS;) is the oldest fumigant
used for large commercial scale insect control in
grain storage. It was the first US patented fumigant
(1867, No. 64667), and used as a fumigant for grain
in the US in 1896. It was used in France, in 1869,
against the grape pathogen phylloxera. The use of
CS, as a fumigant to control insects in grain and
soil is a landmark in the history of applied
entomology!"!. For many years afterwards, CS, was
widely used as a grain, soil and space fumigant.
Carbon disulphide has largely fallen into disuse
because of its high flammability, relatively higher
and longer-term residues than phosphine (PHj3)
which along with methyl bromide (MeBr) have
replaced CS; as a grain fumigant.

Carbon disulphide formulations, such as
mixtures with nonflammable components such as
carbon dioxide (CO,) are still the only fumigant
used in certain parts of the world, such as China'®*.
It is also currently used by Australia growers in
NSWP. The extensive work in China on more than
20 seed species showed that CS, does not affect
seed viability even at a concentration of 200 mg/m’!®).
Ghaly!”! showed that CS, had no effect on the
germination and plumule length of Nahda variety
rice even at high doses (400~800 mg/m’). The
physical characteristics of rice (e.g., hardness,
broken ratio and milling output) and qualities (such
as cooking test, iodine value, starch and alkali test)
were not affected by CS, fumigation at a
concentration of 400 mg/m3 and moisture content of
13%~19%").

Carbon disulphide penetrates well and compares
favourably with phosphine, it is used in vertical
silos without recirculation in China"' ™. Sorption of
CS, on grains, wheat flour, polished rice and
legumes is as lower than that of methyl bromide,
and seems to be mainly physical sorption, most of
[3:5] and Shrader”

reported that CS; residues found in commercially

this is recoverable Mapes
fumigated wheat treated with 120 and 40 ppm of
CS; had declined 3 months after fumigation, and
before any turning, to <2.5 ppm and <0.25 ppm
respectively. Munsey et al.'"” added 10ppm CS, to
commercial baker’s flour, and then carried out
commercial baking studies. They found no extra
CS, in the bread comparied with bread from
untreated flour. The data of Mapes and Shrader!'"!

suggested that residues of CS, in milled fractions
can be reduced by reducing CS, application rates.

For example, Mapes and Shrader''"!

found by
reducing CS, rates of application 3 times (from 120
ppm to 38 ppm), residues of CS, can be reduced 40
times (from 6.0 ppm to 0.14 ppm) in flour. New
evidence has shown that CS, rates of application
can be reduced by applying it in a sealed storage,
and CS; residues can be further reduced by forced
airing®®’. The object of this paper is to re-examine
CS, as a fumigant under today’s storage conditions
and quality management. Particularly, overreliance
on phosphine (PH;) which is used worldwide, as it
is a registered grain fumigant, readily available and
cost effective has resulted in increasing levels of
insect resistance to PH;'?\. Consequently, sulfuryl
fluoride (SF) requires high concentrations or
extended exposures to ensure complete control of
egg stages. Moreover, SF is a fluorinated gas with a
lifetime of 36 years and a 20-year Global Warming
Potential (GWP) of 7510 (GWP is a measure of
how a greenhouse gas’s warming effect over a
period compares to the warming effect of carbon
dioxide over the same period)!"* '
potential environmental safety challenge to use SF

] Therefore, it is

as fumigant. There is now an urgent requirement for
the development of a fumigant that can kill all
stages of insects quickly, and that is economic in
comparison with other existing methods. Here, we
re-evaluate to bring CS, use up to modern standards
of safety and efficacy, through being able to reduce
the dose of CS,, and further reduce residues and the
risk of explosion.

2 MATERIALS AND METHODS

2.1 Laboratory trials

2.1.1 Samples and Chemicals

Wheat samples used in laboratory tests were
Australian Standard White (ASW, 10.6% moisture
content, w/w wet basis). Australian barley (var.
Schooner, 10.3% moisture content, w/w), chickpeas
(Desi-type var. Amethyst, 11.5% moisture content,
w/w), peas (10.5% moisture content, w/w), paddy
(10.5% moisture content, w/w) and sorghum
(11.5% moisture content, w/w) were used for
germination and sorption tests. All of the above
samples were insecticide free.

Carbon disulphide as a liquid (99.9% purity
and 1 250 g/L density) was purchased from Ajax
Australia. Methyl bromide (99.8% purity) was
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purchased from Matheson Gas Products (Cucamonga,
CA). Phosphine was prepared by the FAO method!".
2.1.2  Germination Tests

Wheat, barley and chickpeas samples (10 g)
were exposed at (25+2) °C to CS, (150 mg/m’) in

250 mL bottles capped with a Mininert injection
system. The concentration of CS; in the headspace
was measured at timed intervals, and the samples
were used for germination tests after 7~14 days
exposure.

Germination tests were carried out according
to the principles stated in International Seed Testing
Association Methods!'®), adapted by Ghaly and Van
Der Touw!'”). Fifty seeds were saturated with
approximately 40 mL of distilled water and wrapped
in 2 rolled crepe filter papers (500 mm x 330 mm
each). The seeds were arranged 30 mm apart on the
top half of the sheet (e.g., 250 mm x 330 mm),
using a seed counting board, and the lot covered by
folding the lower half over them. Each doubled
sheet was saturated with water and loosely rolled

from one side to the other, perpendicular to the base.

It was then held together with a rubber band and put
in an upright position in the germination cabinet, at

25 °C. The number of germinated seeds was counted

after 8 days (total germination test) and the plumule
length was measured at 8 days. Each experiment
was also replicated four times. The data were
analysed statistically for standard error and variance.
2.1.3 Determination of Sorption of CS; on Grain
and Pulse

Grain and pulse samples (wheat, barley, paddy,
sorghum, peas and chick peas) of 180 g were placed
in bottles (250 mL) which were equipped with a
screw on mininert valve (Alltech 24 mm Mininert
Valves, Code 95326). Fumigant (25 mg/m’) was
injected into the bottles, and also to bottles without
sample. This empty flask was used as a control to
calculate the concentration applied. Fumigant in the
headspace was injected into a gas chromatograph at
timed intervals, and the concentration (C) in the
headspace was plotted against time from addition of
fumigant. A ratio (C/Co) of the
concentration (C) and initial concentration (Co)
expressed as sorption at (25£2) °C and 90%~95%

filling ratio. All samples were made in triplicate.

headspace

2.1.4 Determination of CS; Movement Through
Wheat
The procedure used was as described in

Desmerchelier'™. Fumigants were blown through a
1.1 m column of wheat, of total volume 7.9 L, at an
airflow rate of 200 mL/min. Fumigants (10 mL of
PH; and MeBr gas and 20 pL of CS, liquid) were
applied simultaneously to the column via a 500 mL
flask at the bottom of the column and their
concentrations were measured at the top of column.
2.1.5 Analysis of Carbon Disulphide Residues

Two methods were used for determining CS,
residues in wheat, wheat fractions (such as flour,
germ, pollard and bran) and wheat products (such
as sponge cake, bread, uncooked pasta and uncooked
noodles):

(a) Method A: This method was developed by
21 In this

procedure, a Panasonic model microwave oven

Ren"” and Ren and Desmarchelier!

equipped with time and power programming was
used. The microwave power emission ranged from
270 to 900 W. The sample (15 g) was placed in a
compressed bottle of 250 mL, which was equipped
with a screw on mininert valve (Alltech 24 mm
Code 95326).
microwave irradiation and headspace analysis

Mininert Valves, A cycle of
followed by 50 sec. standing was repeated until the
amount of fumigant in the headspace either
remained constant or started to decline.

(b) Method B: This method was based on an
AOAC procedure modified by Daft®'! and further
modified”™ by using gas-tight systems and
headspace chromatography. The wheat sample
(50 g) and 50 mL “Daft solution” (acetone (80%) in
25% phosphoric acid solution)*"! was placed in a
270 mL Erlenmeyer flask, fitted with a septum.
Concentrations in the headspace were determined
after steeping for (3143) hours, at room temperature
(2543 °C).

Diluted CS, standards were prepared by
addition of a known volume of liquid CS, into a
500 mL Erlenmeyer flask containing 5 glass beads
(e.g., 2 uL in 500 mL gives 6.25 rng/m3 of CS,).
After mixing by shaking, the diluted gas standard
was used to prepare both fortified samples and
standards. The fortified samples were prepared by
injecting a known volume of the diluted gas
standard into “Daft solution” (50 mL) in a 270 mL
Erlenmeyer flask containing 50 g of untreated
wheat.

2.1.6 Determination of CS, Concentrations

Carbon disulphide levels were determined
using a Shimadzu GC6AM gas chromatograph




7 IGHEBSETHE

$£32%5 2024 F F3H

equipped with a flame photometric detector (FPD),
sulphur filter and a 1 m x 3 mm glass column
packed with HayeSep Q (Alltech 2801). Operation

conditions were: an oven temperature of 140 °C
and an injection temperature of 200 °C.

Analysis of CS, in the headspace over solvents
or in the liquid phase required complete elution of
the solvent or solvent vapour from GC column
before further injections, so a minimum interval of
15 min was kept between injections.

2.2 Commercial Scale Studies
2.2.1 Field Trails

Field trials were conducted on wheat in a silo
at the SGRL (Stored Grain Research Laboratory)
site. The silo used was a welded steel, self
outloading silo of 55 m® capacity. Before loading,
the bin was sealed by coating rivets and bolt holes
with Silastic™ from inside the bin. The bin was
filled with approximately 40 t wheat and pressure
tested, as described in Banks and Annis™®!. A
half-life of greater than 4 minutes was achieved.
The wheat was treated with 1 500 g (1 200 mL) CS,
38 ppm, w/w or 27 g/m’ by pouring CS, through a
plastic funnel and pipe onto hessian placed on the
surface of the wheat. The bin remain sealed for 6
days, outloading after airing for 1 day. Gas samples
were taken with a DYNAVC pump (Model OD1)
through Nylon lines (3 mm internal diameter), and
collected in Tedlar bags. Gas sampling positions
were: in the centre of the bin, at distances of 1, 2, 3
and 4 m below the grain surface; at the bottom and
the top of the bin (inside) in 4 equidistant directions
and in the central headspace. Concentrations of CS,
were measured by GC. On outloading, wheat (3 t)
was transferred into three Bulka bags, each of 1~1.5
t capacity. Ten to fifteen samples of 0.5 kg were
taken from the wheat streams, with a glass jar as it
entered each Bulka bag.

Insect tested were stored product insects:
Tribolium castaneum (50 adult and 50 larvae),
Rhzopertha dominica (50 adult) and Sitophilus
oryzae (50 adult). The media within the test insect
containers was 95% wheat and 5% wheat flour. The
containers were placed 1.5 m below the surface of
the grain, at different distances from the center of
the bin prior to fumigation. They were constructed
of a perforated stainless-steel cylinder, diameter
22 mm, height 100 mm, with a cone at each end, to
enable them to be inserted into the grain. The

containers were removed during outloading of the
grain. Insects were counted when removed from the
bin, and again after holding periods of 4 and 8
weeks at 30 °C.

Wheat samples used in field trails were
Australian Standard White (ASW, 10.6% moisture
content, w/w wet basis) and insecticide free. Carbon
disulphide as a liquid (99.9% purity and 1 250 g/L
density) was purchased from Ajax Australia.

2.2.2  Milling and Baking Trails

The outloading wheat (3 t) was transferred to
the BRI (Bread Research Institute) site within
5 hours of outloading to carry out wheat cleaning
and milling studies. The usual BRI commercial
formula and procedure were used in the baking,
noodle and pasta processing studies. Levels of CS,
were measured by GC.

3 RESULTS AND DISCUSSION

3.1 Laboratory Studies

3.1.1 The Effect of CS, on Germination and
Plumule Length

The germination rate of wheat, barley and
chickpeas after exposure to 150 mg/m’ of CS, is
shown in Figure 1. the standard error from 4
replicates of 50 seeds was less than 2.5% in all
cases. The time of exposure ranging from 7~14
days at a dose of 150 mg/m’, did not diminish the
germination potential for all three types of seeds.
That is, CS, had no deleterious effect on the
germination of wheat, barley and chickpeas at
either higher levels (150 mg/m’) of CS, or longer
periods (14 days) of exposure. This result is
consistent with that found on 20 fumigated seed and
grain species which included grains, legumes, oil
containing seeds and vegetable seeds, where the
CS, concentration reached 200 mg/m’ for exposure
periods of 48 hours'®. Xiu also indicated that the
order of effect of fumigants on germination of 20
seed species was ethylene oxide>methyl bromide>
sulphuryl fluoride>carbon disulphide. Here CS, had
lower phytotoxicity. Ghaly!”! reported that CS, has
no effect on the germination and plumule length of
Nahda variety rice even at high doses (400~
800 mg/m’), 48 hours exposure and 16% moisture
content. Vermal®¥ had examined the effect of CS,
on seed germination, where the germination rate of
drier wheat is unaffected at high concentrations for
long periods, but the germination rate decreases
with increasing moisture content.
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The standard error in plumule length was less
than 8% of the mean value in all cases. Carbon
disulphide had no affect on the plumule length of
germinated wheat, barley and chickpea (Figure 2).
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Untreated 168 185 240 336
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Fig.2 Plumule length of wheat at dose 150 mg/m® of

CS; and for different time of exposure

Percentage germinability of wheat at dose 150 mg/m’

Unlike hydrogen cyanide (HCN), it can be used at
higher levels without decreasing plumule length.
This result is similar to the effect of carbonyl
sulphide on plumule length of germinated wheat at
a dose of 100 mg/m’!""),

3.1.2 Sorption of Fumigants on Grains

Results for sorption show that CS; is much less
strongly sorbed than MeBr. The decay of the
fumigants in the headspace is shown in Figure 3,
which plots the ratio of concentration to applied
concentration (C/Co) against time (the standard
error in sorption of fumigants was <4% of the mean
value in all cases). They are typical sorption curves,
that is, the loss of fumigants from the gas phase
followed the expected pattern, with an initial rapid
sorption giving way to a long-term trend after about
10 hours from dosing. Sorption of CS, on tested
grains and pulses was more less than MeBr.

The apparent loss of CS, after 10 hours from
dosing was small. Even after 160 hours fumigation,
loss was less than 50%, 30% and 75% for wheat,
barley and peas respectively, and in the case of
sorghum, paddy and chickpeas where less than 70%
of CS; was lost. The decay of CS, is relatively slow
and concentrations that are effective against insects
are still present over the exposure period. There
was a remarkably rapid sorption rate for MeBr
found for all tested grains and pulses in this study.
Methyl bromide will disappear by reaction in few
days when applied to peas and chickpeas or paddy
and sorghum.

1.0
1.0 Barley Wheat 1.0 Peas
0.8 038 0.8
0 0.6 S 0.6 3 0.6
©o4 ©o04 O 0.4}
0.2 0.2 0.2t
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Fig.3 Comparative sorption data for CS, and MeBr, taken from measurement of loss of fumigant
concentration in the headspace (—O—MeBr and —I—CS;)
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3.1.3 Movement of Fumigants Through Wheat

Fumigant concentrations in the effluent gas are
shown in Figure 4, for all concentrations greater
than 1 ppm, v/v. Carbon disulphide moved through
wheat in a similar manner to the two most widely
used fumigants, PH; and MeBr. The chromatography
of PH; and CS, was essentially identical with
respect to retention time, peak width and degree of
tailing. However, methyl bromide has a broader
peak and greater tailing, consistent with stronger
sorption. Carbon disulphide moved rapidly through
or was blown out of a wheat column, to levels
below 1 ppm in the intergranular air.

100 -+ C8S,
—— PH;
30| —+ MeBr
60 [ . .
Concentration of fumigant,

(% of maximum concentration)
eluting from a 1.1 m column of wheat,
at an air flow of 200 mL/min

I
(=2
T

[ 3
(=1
T

[ o5 Tk n o n n i
0 20 40 60 80 100 120 140 160 180 200
Time of fumigants penetrate through
the bulk wheat column/min

Concentration (% of maximum value)

Fig.4 Concentration of fumigant, (% of maximum GC area)
eluting from a 1.1 m column of wheat, at an air flow of
200 mL/min, plotted against time
(—O0—CS,;, —I—PH; and —s—MeBr)

The ability of a fumigant to move through a
column of grain shows an integrative effect of
factors such as sorption, desorption, penetration and
diffusion of the fumigant[zs]. Because CS; can more
easily and quickly move through wheat in an air
stream, it can be blown away from fumigated grain
by ventilation in a short period of time. These
advantages are essential requirements for an ideal
fumigant, which should be able to be easily passed
through bulk grain, and thus improve worker safety
during unloading and transportation of grain after
fumigation.

3.2 Commercial scale Fumigation and Wheat
Processing Trials

3.2.1 The Effect of CS, on Control of Insect in
Sealed Storage

Results for insect mortality are shown in Table
1. Mortality at the end of exposure was complete
for the tested insects, and no progeny had
developed after a holding period of 4 weeks and §

weeks at 30 °C. In this trial, concentration of CS,

averaged 10.5 mg/m’ at day 4, and this concentration
fell to 7.7 mg/m’ at day 6. That is, the (CxT) values
of CS; against all tested insects of species were in
the range of 1000~1500 mg h/L. This result
showed that CS, was highly toxic to all tested
insects, and killed them quickly.

Table 1 Insect mortality and progeny in field trials

Mortality (%) Progeny after Progeny after

Species fi:neig:t?(fn 4 weeks 8 weeks
T. castaneum (adult) 100 0 0
T. castaneum (larvae) 100 0 0
R. dominica (adult) 100 0 0
S. oryzae (adult) 100 0 0

3.2.2 The Effect of Cleaning and Conditioning on
CS, Residues in Wheat

Residues of CS, were determined at various
stages of the cleaning and conditioning of wheat
from the field treatment with CS,. Residues of CS,
are progressively reduced during cleaning and
conditioning of wheat before milling (Figure 5).
Levels of CS, in wheat on outloading from the silo
at the SGRL site were approximately 7 mg/kg (ppm,
w/w), which is below the Australian MRL of
10 mg/kg. There was a small amount of CS; (0.03~
0.08 mg/kg) in unfumigated wheat, which we believe
to be natural levels. Under natural conditions, CS,
can be produced from carbonyl sulphide (COS) and
conversion and decomposition of thiocyanate. The
residue levels of CS, from this trial are 4~6 times
lower than the data from Hilton et al.™ using CS, to
treat oats at 80 mg/m3 in an unsealed farm bin
without aeration.

Fumigated

10 ppm
m Untreated

6.7 ppm
NN

0.038 ppm

Australian At Mill Mill
MRL on outloading —> cleaned —> conditioned
wheat from bin wheat wheat

Carbon disulphide residue in wheat/(ppm, mg/kg)

Fig.5 Carbon disulphide residues in wheat are progressively
reduced during processing of wheat
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Cleaning of wheat reduced residues of CS,
from 6.7 to 4.5 mg/kg. That is, approximately 30%
of the CS, residues were removed during wheat
cleaning (Figure 3). Conditioning of wheat further
reduced residues of CS, from 4.5 to 2.2 mg/kg,
approximately another 30% of the CS, residues
were removed during this stage (Figure 3). Of the
total residues 67% of the CS, was removed from
outloading, during cleaning and conditioning. In all
cases, concentrations of CS; in the workspace were
below the TLV of 10 ppm (v/v).

3.2.3 The Effect of Processing on CS, Residues in
Wheat milled Products

Residues of CS, were determined at various
stages of the milling and baking of wheat from the
field treatment with CS,. Residues of CS, in milled
products are shown in Figure 6. Of the milled
fractions, flour or pollard final flour had the lowest
residue and germ had the highest, where residues
were 5.45 mg/kg. This level of residue was below
the MRL, but higher than those in conditioned
wheat; that is the residues are to an extent
concentrated in the germ. Residues of CS;
(2.62 mg/kg) in bran were slightly above the levels
in conditioned wheat. Residues of CS, in flour and
pollard final flour were 3 and 10 times the natural
level of CS; respectively.

Straight-run |0.04 ppm
flour | 0.14 ppm
10.03 m Untreated
Pollard |0.03 ppm -
final flour 4 0.29 ppm 3 Fumigated

10.02 ppm
Pollard fZ=a==1. 1.03 ppm

10.06 ppm
Germ 3— 5.45 ppm

10.03 ppm
Bran 777z 2.62 ppm

Carbon disulphide residues in wheat
milled products/(ppm, mg/kg)

Fig.6 Carbon disulphide residues in wheat milled
products on a commercial scale milling
trials at the BRI site

3.2.4 The Effect of Baking and Processing on CS,
Residues in Wheat Flour Products

The flour milled from fumigated wheat and
unfumigated wheat was used in baking studies.
Residues of CS; in baked and processed products
are shown in Figure 7. Small amount of CS,
residues, in the range 0.2~2.5 ng/kg was found in
bread and sponge cake. Even in uncooked pasta and

uncooked noodles, only small residues of CS, were
found (2.2~4.0 ng/kg). In most cases, these values
were not significantly different from those in the
controls. These results are consistent with Munsey
1% Who found no additional CS, in the bread,
which was made from CS, treated wheat flour,

et al.!

compared with bread from untreated flour.

Sponge [Eirara T — 0.002 5 ppm
cake —+— 0.002 5 ppm
Uncooked [ i) 0.004 0 ppm
pasta —F—— 0.004 3 ppm
Uncooked [rrmamarermereed ,  0.002 2 ppm
noodles —}— 0.002 4 ppm
0.000 2 ppm
Bread 3 Untreated
0.000 6 ppm O Fumigated

Carbon disulphide residues in wheat
flour products/(ppm, mg/kg)

Fig.7 Carbon disulphide residues on processed
wheat end products on a commercial scale
milling trials at the BRI site

4 CONCLUSION

In this study, the results indicate that CS; is
highly toxic to insects (Cxt value of 1 000~
1500 mg h/L) and kills insects quickly. Unlike
methyl bromide, it is low in phytotoxicity and has
not effect on germination and plumule length even
at very high concentrations (>150 mg/m3) on the
diverse variety of seed types tested. The sorption of
carbon disulphide on grain is lower than that for
MeBr and is mainly physical in origin. It leaves
residues on grain, but these are extensively
degraded during storage and processing. There were
no residues above that found as natural levels in
untreated samples of wheat end products. Therefore,
carbon disulphide can be used as a fumigant to
replace MeBr in sealed farm bins, particularly for
seed treatments.
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