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This paper provides a brief outline of the current status of funligation and controlled atmosphere 
technologies in China. 

Phosphine is the mosl: imponant Fumigant for the control of stored grain insects. More than 90°k1 
of the fumigations undertaken in national storages are done with phosphine. In order to produce 
modecite concentrations and long exposure periods phosphine is generated from zinc phosphide 
and, in some cases, applied intermittently. Phosphine fumigation combined with controlled 
atmosphere is widely practiced. Research work had confirmed that i t  is economic and practical to 
synersise phosphine with appropriate concentrations of oxygen and carbon dioxicle. 

Controlled acmosphere storage by purging with nitrogen or  carbon dioxide is restricted by cost 
and shortage of materials. I t  is used only in some large cities for long-term storage of milled rice. 
Most srored paddy and wheat is treated by the method of natural deaxidation (hermetic storage). 
The effectiveness of different oxygen and mrbon dioxide concentrations was determined in 
laboratory simulations of naturalr deoxidation. The influence of relative humidity, the effect of 
controlled aunospheres o n  the qualicy of stored rice, and the temperature range over which safe 
storage is possible were also determined. 

Supsestions are made as to priorities for future research. 

THE use of fumigation and controlled atmos- 
pheres (CA) for grain storage in China has come 
some way since 1980. Improvements in fumiga- 
tion technology have focussed on the very wide- 
ly used phosphine, though chloropicrin and 
methyl bromide are still applied in certain cir- 
cumstances. Controlled atmosphere storage was 
first put into practice in 1979. Because of the 
restricted availability of materials, it is basically 
natural airtight storage (also called 'deoxidated 
storage' in China). However, some papers deal- 
ing with other measures have been published. 

In this paper, the author does not intend to 
present the result of research without practical 
significance. Rather, technologies in general use 
are covered. Mso, some existing problems and 
the views of the author are expressed. 

'Guangdong Institute of Cereal Science Research, 313 
Dongfeng Cenrral Road, Guangzhou City, People's 
Republic of China. 

Fumigation Technology 

Fumigation is an important measure for the 
conrrol of stored grain insects in Chin:l. I t  
occupies a critical position in the svstem of 
integrated pest management (IPM), especially 
for pest control in national storages. 

Owing to the cost of treatment and the 
demand for simplicity and convenience of 
application, almost 90?4 of fumigation tregt- 
ments are conducted using phosphine. In some 
cases phosphine is generated by reacting zinc 
phosphide with sulphuric acid. Chloropicrin is 
used occasionalfy as a component pan of 
combined fumigation with phosphine or as an 
alternative for the control of phosphine-resistant 
insects. There have been no developments in 
application technology in recent years. Medlvl 
bromide has, for many years, been used for 
quarantine treatment only. 

Research and deveIopment has Ixen 



concentrated 0" the technology of phosphine 
fLlmigntion, especially since the 'Report of the 
FAO Global Survey of Pesticide Susceptibility of 
5tored Grain Pests' published in 1976 (Champ 
:Incl D y e  1976) ancl the appearance of phos- 
p l l i n e - r e ~ i ~ ~ n t  insects in China. 

mneralky Recagnised Principles of 
phosphine Fumigation 

The generally recognised concepts and 
principles of phosphine fumigation in China are 
I ~ ~ s e d  on  long-term practice and the results of 
overseas research. 

The following are judged as essential criteria 
for  phosphine fumigations even in the absence 
of  formal regulations: 
s ~ f f o r t s  must be  made to accomplish good 
sealing conditions. 

Both bagged and bulk grain should be 
covered with plastic sheeting for fumigation. 
s The outer surface of the fumigated grain must 
be disinfested. 

slow-release methods are better for relatively 
poor condirions and long-exposure times. 
0 Exposure time should never be less than 120 
hours. 

In routine phosphine fumigations for control 
of normal insect populations, the Ct product 
should exceed I50 mg.hr/l. 

If filmigation Failure recurs continuously, 
reasons must be sought and live insects 
coliected for resistance discrimination. 

A fumigation is judgecl as successful if no live 
insects appear within three months. 

Contact insecticides should be used to 
prevent reinfestarion. 

The fumigant used should be varied from 
time to time if possible. 

this is done, phosphine and carbon dioxide are 
generated simultaneously, and the carbon 
dioxide produced can not only prevent flame 
and explosion but also synergise the effective- 
ness of phosphine. However, the rate of phos- 
phine generation by this method is much faster 
than from Phosto-xin, so  it is not suitable for 
long exposure periods unless the total dosage 
is divided in rwo or three portions applied in- 
termittently. 

The best Formulation for this method of 
generating phosphine is: 

Zn3PZ:NaHC03:H2SOq:H,0 = 1:1:1.3:15 
(by weight) 

or = 1;1:2:20 
(by weight) 

Supplementary Method for Retarding the 
Rate of Phosphine Release by Phostoxin 

Phosphine toxicologv decree; that the gas 
must be used at moderate concentrations over 
long exposure periods for stored grain insect 
control. In some circumstances, for the 
purpose of keeping moderate phosphine 
concencra tions in treating high moisture 
content grains, the rate of generation remains 
too rapid. An experiment to retard the rate of 
phosphine release by using small polyethylene 
bags for longer exposure p e r i d s  was 
successful. The thickness of polyethylene film 
was 0.034.06 mm. Fewer than five tablets of 
Phostoxin were put into each bag and applied 
separately in and around bagged milled rice 
stacks. By this method, phosphine concentra- 
tion could be maintained within the range of 
0.01-0.05 mg/L for nearly three months. This 
range of phosphine concentration i s  ineffective 
against developing insects, but any adulcs 
emerging will be killed during the long 
exposure period (Guangzhou Institute of 
Cereal Science Research 1985). 

Use of Zinc Phosphide for Phosphine Although this method is successful in long- 
term milled rice storage, the aurhor believes Generation 
that it wouId he better to improve Phostoxin 
formulations so meet the need for slower Sulphuric acid reacts with zinc phosphide to release rather improving the of 

produce phosphine reaction is application by users. me of funher 
flammable, if the acid is diluted with water to a of Phostoxin is warranted. concentration less than 10°?~ (.w/w) and the zinc 
phosphide is wrapped in strong, water perme- Combh& Use with Controw ~tmosphere 
able paper, combustion may be prevented and 
phosphine generated slowly. In order to give It is well known that the atmosphere within 
added assurance of safety, the zinc phosphide stored grain may be changed by the respiration 
may also be mixed with sodium bicarbonate. If of insects, microorganisms, and the grain itself. 



Indeed, this modification of the storage acmos- 
phere has also played a role in fumigation. 
However, it was not until the 1970s that re- 
search to exploit this phenomenon to enhance 
the effectiveness of fumigation was undertaken. 
The results of research carried out in China 
(Liang Quan et al. 1980) confirmed that both 
low oxygen and carbon dioxide rich atmos- 
pheres can increase the effectiveness of 
phosphine against common stored grain 
beetles. The results of a series of biological 
determinations showed rhat when oxygen is 
lowered to 12?/0, the toxicity of phosphine 
begins to rise and this tendency continues 
progressively as oxygen concentration is further 
lowered to 5% (Figs 1 and 2). 

It was also shown that the starcing synergistic 
concentration of raised carbon dioxide is 4%. 
Above however, the synergistic effect re- 
mains unchanged (Fig. 3) .  

Therefore, the synergistic range of con- 
centrations was recommended as oxygen lower 
than 12% and carbon dioxide 40/&8?/0. Very low 
oxygen or very high carbon dioxide atmos- 
pheres are impractical in China at present 
because it is not possible to attain them under 
general conditions of natural deoxidation. On 
the other hand, lower than 5% oxygen in 
phosphine fumigation is unnecessary, because 
insects can be killed by low oxygen only over 
l o n ~  exposure periods. 
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Fig. 1. Synergism of phosphine activity by lowered 
oxygen conccntration ( Tn.bo[ittm cnstrrneum. C 0 2  
4%); pH3 0.006 mdL; 28°C; 20 hours) (hang Quan 
1951 1. 

As noted earlier, most of the existing storages 
in China are not gastight. Although some 
remedial measures to improve the level of 
sealing are undertaken, the concentration of  
phosphine cannot be maintained, and the 
required Ct product is usually not attained. The 
principles of permeability and the toxicit): 
characteristics of phosphine, mean that it i s  
essential to generate the gas uniformly and to 
maintain effective concentrations for longer. 
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Fig. 2. Synergism of phosphine activity by lowered 
oxygen concentration ( Tribolium castanellm: GO2 
0%; P H j  0.007 mg/L; 2g0C; 20 hours) (Liang Quan 
1981). 
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Fig. 3. Synergism of phosphine activity by increased 
carbon dioxide concenmtion (Tnholiutn castanat nr. 
O2 21%; PHj  0.007 mcg/L; 28°C: 20 hours) G a n g  
Quan 1981) 



Some reports have suggested that when the 
phosphine dosage is applied in batches at 

~ n e - o r  WO-day in tends ,  the Ct product 
- over the same exposure period - is 

higher than when it is all applied ar the one  time 
(Liu Bao-kui 19.52; N a n p a n  Research Groups 
1985)- 

This method is especially suited to zinc phos- 
pl~ide generation of phosphine. It has been to 
some extent commercialised. 

Use of Convection Currents for Phosphine 
Fumigation 

~ e s e a r c h  work o n  convection currents in 
grain was carried out in China in the mid- 

1970s (Guzhuang Storage 1976). Although the 
r e s ~ l ~  were obtained from field experiments, 
they are basically identical to the later theoretical 
findings of Nguyen in Australia (see, for exam- 
ple, Nguyen 1986). 

The research demonstrated that the direction 
of flow in bulk grain varies with position in the 
grain mass. The flow is driven hy temperature 
differences, with the rate of flow determined by 
the degree of these differences. In addition, it 
was shown that the direction of the current may 
also be influenced by insolation and wind. So 
that an effective application position for 
fumigant can be selected, it is essential that 
variations in current direction be known. 

The Guzhuang Storage later reported 
(Guzhuang Storage 1985) that about 130,000 
yuan (renminbi) had been saved in its own 
facilities by using this method over the previous 
fifteen years. 

The Problem of Phosphhe Resistant Insects 

Phosphine resistant strains of scored grain 
insect species were first found in China in 1979 
(Liang Quan 1979,  and resulting failures of 
routine phosphine furniq~tions appeared shortly 
afterwards. The first r&on of a local survey 
(Lianp Quan 1975) verified that resistant strains 
occurred among all the major p i n  beetles 
except S. m m n i s ,  and were widely distributed 
in Guangdong Province. However, the resis- 
tance ratios were limited (1.3-7.41. A strain of S 
oT1zue with a pronounced resistance ratio (63.7) 

Institute of Grain Storage, Ministry of Commerce 
1983). They showed that phosphine resistant 
strains were widely distributed but mainly in 
souchem areas of the country. The most 
noticeable species was again S. o w e  in which 
resistant strains amounted to 18% of total 
samples. 

Although the resistance levels d o  not reach the 
degree at which phosphine is generally 
ineffective, they are a warning signal to develop 
Iong-term strategy as rhere is no  foreseeable 
alternative to phosphine in the immediate future. 
The occurrence of phosphine resistance is 
therefore seen as a latent crisis in the control of 
stored grain insects. 

As elsewhere in the world, much research has 
been carried out to delay the development of 
phosphine resistance and to eliminate resistant 
populations. Xevertheless, the situation could be 
further improved. The above-mentioned tactical 
viewpoint has been neither recognised nor 
accepted widely in practice. Rules and 
regulations have still not been drawn up  and 
neither has a monitoring system for resistance 
been established. Much work on  dissemination 
and in organisation therefore remains to be 
done. 

Controlled Atmosphere 
Technology 

As is well lu~own,  controlled atmosphere 
storage is one of two components of modified 
atmosphere storage, the ocher component being 
natural airtight storage i.e. natural deoxidarion 
storage. In China, the currenr situation is that 
almost 90% of airtight storage reIies on  natural 
deoxidarion. The technique O F  purging with 
nitrogen o r  carbon dioxide has heen adopred in 
some large cities for the storage of bagged rice, 
but is too expensive for rural use. In order to 
meet the needs of rural storage, since the late 
1970s much work had been done to investigate 
measures for supplementing deoxidation, such 
as by using micro-organisms, nitrogen- 
producing machines, and molecular sieves and 
deoxidants. The results suggest that most of 
these measures have no  widespread viabiliry 
and that natural deoxidation will remain as  the 
most practicable approach. 

was found in the eastern part of Guangdong. In 
the meantime, a nationwide survey had begun to Sealing Materi* and Methods 
reveal the overall situation. The results of this 
survey were pubIished in 1983 (Research There are no Fully sealer1 storages used for CA 



storagt. in China, basically because problems 
with the materials ancl rechnology have not yet 
been solved. CA storage is therefore always 
undertr~ken with the aid o f  plastic sheeting, 
most usually polyethylene o r  PVC. Laminated 
films are used for packing small cluantities of 
high qualir). rice o r  other foods. 

In the larger cities, if the storage perjod is 
more than three months, the stacks of bagged 
rice or  flour are usually covered with 0.2 or  0.4 
mm thick polyethylene or  PVC sheets on all 
sides for natural deoxidation. IF the moisture 
content is 13-14%1, the concentration of oxygen 
will fall to 5O/0 or  so and carbon dioxide will 
increase to 8-100% 

In bulk-stored grain, only the surface can be 
covered with plastic sheeting. In many cases, 
the operator links up the sheets and the m:aEl 
with the aid of a wooden trough ancl rubber 
piping. The wooden trough is fixed o n  the wall 
around the surface of bulk grain. The hem of 
the sheet can be placed into the wooden 

trough by the ilsc of rubber pipe. Ir is :i sinlplt. 
and convenient met hod. 

Given the conclitions just clescribect, it is ens) 
to predict that most of [he 'airtight' storaae in 
China is leaky, so it is difficult to control insect 
pests trsing C.4 alone. In many cases it neecls ro 
be combined with phosphine fumigation. 

The need to irnprove the gastiglltness of 
esisring storitges in China has a high prioriry, 
together with the development of sealing 
materials and methods. 

Monitoring of Airtightness 

Technology for monitoring airtightness 1 ~ 1 s  
laggccl behind in China. present the most 
widely ~tsed method is to measure the changes 
in oxygen o r  carbon dioxide ooncentrrrtion 
during the process of deoxiclation. The pressure 
attenuation rnethod is used only in some 
experimental situntions. 

Temperature ("(3) 

Fig. 4. Tolcc~nce of ..i;(ired grain beetles ro Ion, oxygen concentmtic,n :I[ various tcrnpcrr:+rurt>s (Li;~np 
Quan 1981 ) .  



Effect of Controlled Atmosphere on the 
Quality of Milled Rice 

A cooperative study (Research Institute of 
Grain Storage, Ministry of Commerce ec al. 
1981) of the effects of norma1 periods of CA ap- 
$ifation on  the quality of milled rice was carried 
out. The conditions of CA and temperature re- 
quired for safe storage were defined by a series 
of determinations of peroxidase, fatty acid, water 
soluble acid, and reclucing sugar as well as taste 
evaluation. The conclusions were: 

oxygen concentration has no effect o n  the 
quality of milled rice at moisture contents lower 
than 13.5%. 

At an oxygen concentmrion of 5% and 
moisture content of 14-14.5%. milled rice can be 
stored safely for 6 months. 

~t moisture contents of 15-15.5% or 16%, if 
milled rice is stored in lower rhan 0.5% oxygen 
concentntions the temperature must be lowered 
to 25°C or 20°C. respectively, for safe storage. 

The viscosity of milled rice following storage is 
correlated with oxygen concentration during 
storage rather than temperdture. 

Susceptibiltty of Stored Grain In- to 
Con trolled Atmospheres 

A series of laboratory tests was carried out to 
evaluate effectiveness of different CA conditions 
(Liang Quan 1981). The susceptibilities of adults 
of common stored grain beetles were found to 
be  as follows. 

The LTgg under 2%. 3%, and 5% oxygen 
conditions IS R. dominica > T. casraneum > S. 
zeamais > S. otyzae = pH3 resistant S. olyzaeand 
0. surinarnensi.s{Figs 4 and 5) .  

Lowered temperature can increase the efficacy 
of a fixed low oxygen concentration. For T 
cmtaneum in 2% oxygen at temperatures of 
20°C, ZS°C, 30°C, and 3j°C, the LTSO are 204, 34, 
46, 22 hours, respectively. It seems that the 
susceptibility of insects may increase 100°h as the 

S. zeamais S. oyzae S. oryzae 
(pH3 resistant) 

Temperature ("C) 

Fig. 5. Time to 100"4, mortality or stored gnln beetles at various temperatures in different 10% oxygen 
atmospheres (Liang Quan 1981). 



temperature is raised by 5OC sceps in fixecl low A practical and effective methocl suited to rural 
oxygen concenua Lions. stored grain insect control is needed. 

Increasing the concentration of carbon dioxide Effort should be made to improve the 
in CA can increase the effectiveness against gasLighmess of existing storages- 
insects (Fig. 6) .  

/ Relative humidity is an important factor in CA 
control of insects (Fig. 3) especially in the control 
of S. rearnais and R. dorninica. The mortality of 
insects under low RH conditions is much higher 

{'* 
than under high RH conditions in CA (Fig. 7). 

Once CA-treated insects are exposed to / 

normal atmospheres their death may be 
accelerated. 100 r r  

Future Requirements i / 

Time (hours) Time (hours) 

The use of fumigation and controlled 
atn~ospheres for the control of stared grain 40 
insects in China is advancing steadily. While 
many international and national achievements 20- 

Fig. 6. Synergism of the effect of low oxygen Fig. 7. The influence of relative humidity un the 
atmospheres on stored p i n  beetles by carbon effectiveness of low oxygen atmospheres againsc 
dioxide (30°C, OZ 5?%) (Liang Quan 1981). A, C 0 2  grain beetles. (02 3%, NZ 970/0, 30°C). A, RH 50-70%; 
1M; x, C 0 2  0"h. X, RH 8&9Q0.;1. 

I .# . ' 
.Y I /-' ,' 

have played an important role in increasing the /A 

social and economic benefits of the tech- 100 
nologies, much basic work remains to be done. 

80 -  { 



. The international flow of scientific infor- 
,,,$tion needs to be promoted, as does 
increased internationnl research cooperation. 

Rules and regulations concerning the 
n~finagement of fumigant application need to 
be developed, promulgated, and enforced. 

Moniroring of phosphine resistance and the 
development of counter-measures to phosphine 
resistance are high priority activities. 
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