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Abstract

Tianjin is one of the biggest cities in China
with a population of over ten millions. Located
on the east coast, Tianjin is the gateway to the
Capital Beijing. As a major port city, Tianjin has
many medium to large scale grain storage
facilities. Phosphine storage fumigation is widely
used in these facilities. The specific types of
Phosphine fumigation are dictated by many
factors, such as the changes of season,
temperature and humidity, the varieties of grains
(wheat, rice, flour), the storage facility (house or
silo) as well as the storage method (for example,
bagged stack or grain mass). Several Phosphine
fumigation methods are in use. They are
conventional fumigation, low dosage fumigation,
high dosage fumigation, multiple fumigation,
slow-release fumigation, mixed CO2 with
Phosphine fumigation and circumfluent
fumigation. The suitable methods are developed
through thorough studies and extensive testing.
Over the years, our practice proves to provide
good result in eliminating insects and ensuring
high grain quality.
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Introduction

Tianjin has longer summer and winter; short
spring and autumn. In winter, it is cold and dry;
in summer (May-August about 100 days), it is
hot and humid.

The grain storage facilities in Tianjin are silo,
big storage house, storage house, smaller steel
silo and brick silo etc. The grains are wheat, corn,
shelled rice and flour. The fumigant discussed
in this article is released by tablets contain 56 %
effective content of Aluminum phosphide (AIP)
under suitable temperature and humidity.

1. Conventional Phosphine fumigation. This
earlier method is widely used for long time. It is
good for short-term storage, frequent transfer,
high insect density, bagged stack and grain mass
grain in regular storage.

1.1. Method: Dosage 6-9g/m³. Place AIP on
top and in between layer of bags.

1.2. Result: In a properly sealed storage,
exposed for 7 days and above, the gas
concentrations could be over 500ml/m ³. It can
kill 100 % of the insects.

1.3. Pros and Cons: More AIP consumption.
This method is being replaced by more advanced
methods.

2. Low dosage Phosphine fumigation. It is
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widely used. It is suitable for long term storage. It is
used for killing and controlling insects. It can be used
in three ways:

2.1. Low dosage: In a properly sealed storage,
1~2 g/m³ dosage, exposed for 30 days,
concentration could reach 100-360 ml/m³.

2.2. Low dosage and low oxygen: In addition
to 2.1, if the oxygen level is kept under 12 %,
the exposure time should be at least 2 months.

2.3. Low dosage, low oxygen and low
temperature: In addition to 2.2, if the temperature
is kept under 25 oC, the storage time can be up to
3 months.

2.4. Pros and Cons: Low cost due to less AIP
consumption without compromising quality.

3. High dosage Phosphine fumigation (special
applications).

3.1. Suitable for heat generating/high moisture
grain storage during high temperature/humidity
season

3.2. Dosage 15 g/m³ for heat generating grain.
Minimum exposure time 7 days. Concentration
1080 ml/m³. Grain temperature can be lowered
down to normal level (from average 32-43 to 25-
30 oC).

3.3. This method produces good result in
storing high moisture shelled rice. See Table 1.
2, 3, for details.

3.4. Using this method for long-term storage,
the concentration should be maintained relatively

Table 1. Shelled rice (Standard 2 late Gen rice) Phosphine high dosage fumigation.

Quantity Moisture Storage Rice Seal (Rice Fumigation Dosage Fumigation Storage
(ton) (%) start temperature  bag stack) start g/m3 End End

150 16 3-Jul 32 ºC  5 sides 4-Jul 15 5-Sep 18-Sep
150 15 1-Jul 32 ºC  5 sides 4-Jul 12 5-Sep 18-Sep
210 14 28-Jun 31 ºC  5 sides 4-Jul   9 5-Sep 18-Sep

Table 2. Phosphine concentration change.

Concentration              Day

ml/m3 1 3 5 10 15 20 27 34 41 48 55 62

Dosage 15
g/m3 AIP 1,080 1,440 1,728 2,232 2,304 2,088 1,944 1,728 1,584 1,296 1,008 720
Dosage 12
g/m3 AIP 864 1,080 1,368 1,656 1,944 1,656 1,512 1,368 1,224 1,008 720 504
Dosage 9
g/m3 AIP 576 792 1,080 1,296 1,584 1,296 1,080 936 792 648 504 360

Table 3. Rice quality during storage period after high dosage phosphine fumigation.

July August Sep.
Moisture (%) 16 15 14 15.7 14.8 13.9 15.4 14.6 13.8

Fat acid value
(mg OH/100g
dry base) 49.2 48.9 48.7 54.4 50.6 50.2 56.5 55.3 54.8

Color, flavor
and taste Normal Normal Normal Normal Normal Normal Normal Normal Normal
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high. For 16 % moisture rice, the minimum
concentration should be above 720 ml/m³; 500
ml/m³ for 15 %; 360 ml/m³ for 14 %. The
concentration should be maintained throughout
the fumigation period (Table 2).

4. Multiple Phosphine fumigation.
(intermittent)

4.1. If the storage condition such as sealing is
not ideal, multiple fumigations are needed in
order to maintain high fumigant concentration.

4.2. Applying 2~3 times; dosage 1~2 g/m³;
gas concentration above 50 ml/m³ could result
in 100 % insect mortality.

4.3. Increased man power, fumigant and air
pollution.

5. Slow released fumigation. This method is
for long-term storage. Thin polyethylene film
filters moisture and Phosphine at different rate.
Slow released fumigation uses this character to
control the rate of fumigant release. The
technique is for long time grain storage.

5.1. Grain mass fumigation. This method was
used in Tianjin Ninghe State grain storage No.41
big storage house (3,652 ton mass wheat). 2/kg
Sitophilus zeamais Motschulsky were found prior
to the fumigation.

5.1.1. Dosage 3 g/m³ placed in two ways.
5.1.1.1. Put AIP tablets in cloth bag and PVC

(0.05 mm thick) bag.

5.1.1.2. Put AIP tablets in sampling tub (probe)
and PVC (0.05 mm thick) bag.

5.1.2. Grain surface, door and vent were
sealed with nylon film complex.

5.1.3. Table 4 shows that after fumigation 1
day, 5 days, 7 days, 30 days 75 days their gas
concentration average value were 144 ml/m³,
489 ml/m³, 568 ml/m³, 151 ml/m³, 14 ml/m³
respectively. 100 % insect mortality.

5.2. Bagged stack fumigation: TianJin Tangu
YuJiaBo State grain storage. 0.03 mm and 0.05
mm film

5.2.1. Dosage 3 g/m³, 30 g per bag. Place
towards top and middle level. Seal the bottom
with nylon sand bags. Table 5 shows the fumigant
concentration change.

5.2.2. 100 % mortality.
5.3. Advantages: Through the control of the

release rate, the fumigant concentration can
maintain at desired levels for long time. Only a
single fumigation is needed. It is simple to set
up easy to use, safe, effective, long term.

6. Phosphine/Carbon Dioxide mixed
Fumigation. (In 1992, Tianjin flour mill used this
method and achieved good result.).

6.1. Air sealing: Six stacks of wheat flour, 45
tons each sealed with PVC complex (0.1 mm
thick) on all 6 sides. Use vacuum pump to check
leak.

Table 4. AIP slow-release Phosphine fumigation gas concentration (mass grain).

Day 9-Jul 11-Jul 1-Jul 12-Jul 13-Jul 14-Jul 15-Jul 17-Jul

Concentration ml/m³ 144 338 259 432 489 554 568 532
Day &Month 19-Jul 21-Jul 23-Jul 25-Jul 27-Jul 29-Jul 1-Aug 4-Aug
Concentration ml/m³ 496 446 388 352 302 216 259 180
Day and month 7-Aug 1-Aug 17-Aug 24-Aug 31-Aug 7-Sep 14-Sep 21-Sep
Concentration ml/m³ 151 129 93 57 43 28 21 14

Table 5. Gas concentration of AIP slow-release Phosphine fumigation (Bagged storage).

Day 16-May 31-May 15-Jun 30-Jun 15-Jul 31-Jul 15-Aug 31-Aug 15-Sep 30-Sep 15-Oct 31-Oct

Concen-

tration 28 57 100 136 180 216 158 108 50 28 21 14

(ml/m3)
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6.2. Place mite box for checking: Place 6 mite
boxes in each stack. Each box contains 5 g flour
and about 100 mites. The species of the mite were
Tyrophugus putrescentiae (Schrank),
Tyroglyphus farinae De Geer, Malacca
Cheyletus.

6.3. Dosages: 2 g/m3 AIP, 100 g/m3 CO2.
6.4. Testing results:
6.4.1. Phosphine concentration: After 72

hours, the highest concentration is reached. The
concentration in upper, middle and lower reach
steady state, about 504 ml/m3 on average; After
168 hours, the concentration start to drop
gradually; After 480 hours, the average value is
about 144 ml/m3; After 600 hours, the average
value is 50 ml/m3.

6.4.2. Carbon Dioxide (CO2) concentration:
After 24 hours, the concentration at lower part
of the stack is higher (8 %); after 48 hours, the
concentration becomes uniform (about 5~7 %);
After 96 hours, the concentration start to drop
gradually; After 240 hours, the average
concentration is about 4 %. There was no big
change after that.

6.4.3. Checking mites: No mite immediately
after treatment. The mite box was then cultivated
for 45 days under 25 ºC and relative humidity 75 %.
There was no live mite found.

6.4.4. Wheat flour quality (see Table 6): After
stored in summer, the flour’s gluten content
slightly reduced; fat acid content increase slightly.
Fungus reduced 27 %. The flour’s color,
moisture, smell and taste are normal.

6.5. Conclusion:
6.5.1. Phosphine/Carbon Dioxide mixed

Fumigation can eliminate mites in 15 days.
6.5.2. The mixed fumigation can kill mites as

well as control fungus. Using six sides sealing,
moisture, fungi and heat are well controlled even
in summer.

6.5.3. The tested sample performed much
better that the controlled sample using
conventional method.

7. Circumfluent Phosphine fumigation. It is
mainly used in large storage building and silo
bins. Because the height, conventional
fumigation does not produce good result.

7.1. Circumfluent Phosphine fumigation in
silo:

7.1.1. In 1992, #7 brick silo of Tianjin Tanggo
grain storage. Dimension 14.27 m tall, 6.63 m
inner diamter, grain 11 m deep. 249 ton wheat.
Pressure test: positive pressure 2000Pa reduced
to 50 % in 45 seconds.

7.1.2. Duct system: multi-purpose duct system
includes inlet, outer circular duct, inner radial duct,

Table 6. Wheat flour’s quality checking.

Before release
Sample Before fumigation During fumigation from storage
Fumigate Process grade Standard wheat flour

Fat acid 39 mg KOH/100 g 47 mg KOH/100 g 55 mg KOH/100 g
Gluten % 34 33 32
Fungus each/g 1,300 1,000 950
Color, flavor and
taste Normal Normal Normal

Control Process grade Standard wheat flour
Fat acid 39 mg KOH/100 g 63 mg KOH/100 g 74 mg KOH/100 g
Gluten % 35 33 29
Fungus each/g 1,600 2,400 3,300
Color, flavor and
taste Normal Normal Basically normal
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outer straight ducts, connecting ducts, outlet, and
pumps.

7.1.3. Procedures: AIP 6 g/m3 placed on
prearranged trays. Leave for 24~48 hours. Then
start the circulation system to evenly distribute
the fumigant. Circulate for 3 times, 2 hours each.

7.1.4. Results: Pest test box contained 5
Tribolium castaneum (Herbst) per kg.
Fumigation lasted for 120 hours. Fumigant was
maintained at 720 ml/m3. 100 % killed.

7.2. Circumfluent Phosphine fumigation in
big storage house.

7.2.1. In 2000, #30 big storage house, Tianjin
Baodi National storage. Dimensions: 10 m tall,
37 m long, 21 m wide. grain 6 m deep. 3400 tons
of grain. Pressure test: positive pressure 300 Pa
reduced to 50 % in 40 seconds.

7.2.2. Equipment: The system consisted of
mobile Phosphine generator, carbon dioxide
cylinder, mobile circumfluent fumigation
machine, circumfluent duct and so on.

7.2.3. Dosage: AIP 1 g/m3. CO2 25 g/m3.
7.2.4. Procedure: Fumigants distributed by

fumigation machine/duct system. Machine is on
for 4~8 hours every 4~8 hours. After 52 hours,
the fumigant was evenly distributed.

7.2.5. Results: Pest test box contained 20
Sitophilus zeamais Motschulsky,Tenebroides
mauritanicus(Linnaeus)/kg. After 338 hours the
concentration was kept 102 ml/m3. 100 % were
killed.

7.3. Discussion. The system should satisfy the
following:

7.3.1. The circulating system should be
properly designed to evenly distribute the
fumigant.

7.3.2. Pump type/setting should be low flow

rate, low wind speed, spark proof.
7.3.3. Air seal should pass the pressure test.
8. Conclusion
8.1. The following factors should be

considered when choosing the proper fumigation
methods: grain variety, pest species, storage
method, storage duration, season, seal quality,
humidity etc.

8.2. Regardless of fumigation methods, seal
quality, method, and material are the keys.

8.3. AIP continue to be a good fumigant in a
limited period. It is safe, inexpensive, easy to use,
low quantity, low residue and effective. It is
currently widely used in Tianjin area and will be
in the near future. Research and development of
advance AIP fumigation technology is needed
(Jianguo, 1989; Xiang, 1997; Dian-xuan and
Yang, 1999; SFNSTTG, 1999 .
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