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Applied Research on Controlling Stored-grain Insects with Nitrogen

Chen Mingshun' ,Xu Decun' , Wan Chunmiao' and Song Wei’

Abstract; Under sealed conditions, oxygen was separated from the atmosphere by a homemade
high — purity nitrogen generator for grain storage to generate high — purity nitrogen. High — purity nitro-
gen was dispersed and distributed uniformly in the bulk through re — circulation pipe under film. To
control stored-grain insects, the concentration of nitrogen was maintained above 95% for at least 19
days ,which made insects under long — term hypoxic circumstance and finally die for lack of the neces-
sary amount of oxygen. In addition, oxygen concentration below 5% decreased the rate of wheat physio-
logical metabolic activity, respiration, quality deterioration, and growth of grain — storage microbes. It

increased wheat security in storage.
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Introduction

With the development of people’ s living
standards, their concept of food consumption
has changed from sufficent and good food to
safe, nutritious and environment-friendly food,
and Green Food is increasingly welcomed. Grain
reserve is a state policy of guaranteeing social
and economic development. The quality of
stored-grain has directly affected the quality of
people’ s life. Today’ s main technology of con-
trolling insect in grain reserve is chemical fumi-
gation. The pollution caused by this to grain
can’ t be express quantitatively. In general , fu-
migation in grain is neither safe to grain or to
operators.

As the disadvantage of chemical agents in
controlling stored-grain insects is taken more
seriously ,some developed countries start to use
alternative technology to replace chemical a-
gents. Some of the economically developed
countries , such as America, Japan, Russia and
Australia, have gradually reduced the usage of
chemical agents on stored-grain, and developed
modern technologies of grain reserve towards in-
tegrated management including low temperature
storage, CA storage, physical and biological
storage, and made many studies on CO, CA
storage. Canada, Japan and other countries in
the world have also researched the technology
controlling stored-grain insects with nitrogen.

Since 1998, the infrastructure facilities of

grain reserve in China have made much head-
way. The central government invested much
treasury bonds on construction of modern depots
of State Grain with volume of 100 billions. It in-
volves the application and extension of four new
technologies for grain reverse, low temperature
grain storage with grain cooler, computerized
grain conditions control system,mechanical aer-
ation and phosphine re-circulation fumigation,
that promoted smooth development of research
on new technology, equipment, techniques, in-
struments and method for oil and grain reserve.

At present, chemical fumigation technolo-
gy ,commonly used for stored-grain insects con-
trol, has advantages of killing insects quickly,
thoroughly , economically , with labor-saving and
so on, but also with its problems, increasingly
resistance to phosphine, increasingly phosphine
dosage , phase-out of methyl bromide, and limit-
ed use of dichlorovos. . In addition, chemical a-
gents made chemical residues and pollution in
stored grain, and damage people’ s health by
long-term exposure.

The CO, CA storage could effectively con-
trol the stored-rain insects and decrease the rate
of wheat physiological metabolic activity, respi-
ration, quality deterioration, and growth of
grain-storage microbes, but its cost was much
higher than traditional fumigation, and four
times higher than N, CA storage. Cost was the

great obstacle that prevented its development
and application.
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The Nanjing depot of state grain developed
a new type of grain storage device,mobile high-
purity nitrogen generator ZCBGPN,9 — 30PSA,
in 2004 ,and researched N, CA storage technol-

ogy in horizontal warehouses. The research a-
chieved good results, promoted technical pro-
gress in grain storage sector,and played an im-
portant role in protection of people’ s health.

1 Materials and Method

1.1 Test Depot

1.1.1 N, CA storage: No. 20, horizontal
warehouse, specification, 30m X 21m, grain
height ,6m.

1.1.2 CO, CA storage: No. 19, horizon-
tal warehouse, specification, 30m x 21m, grain
height ,6m.

1. 1.3 Gas tightness measurement ; Surface
of grain bulk was sealed with two layers PE

sheeting; Vent opening and door were sealed
with two grooves method ; Gas tightness, meas-
ured according to negative atmospheric pressure
300 Pa back to 150 Pa, was more than 2 mi-
nutes.

1.1.4 Ventilation system:over — ground
ducting, one machine, two groups of three
ducts, ventilation pipe network 30cm under
grain surface. .

1.1.5 Equip with nitrogen and carbon
dioxide detecting device and Grain monitoring
system.

1.1. 6 Insect monitoring device; Auto-
matic insect monitor MCS - 180 with five trans-
ducers, five 400 scan lines, wireless transmis-
sion device with a transmit distance of more
than 1000 meters.

1.2 Test Grain

Insect and

Grain temperature ( °C )

Water .
. Amount Number Impurity . Garnered
Depot No. Variety (tonne)  (Insects per C?r,;te; t (%) Upper ~ Middle ~ Under in time
square meter) © layer layer layer
Middle — . .
19 late hsien 2169 mzf;t;l;’;;l““ 3.1 0.7 29 17.6  13.6 06. 10
Rice
Middle — . .
20 late hsien 2120 mzf;t%zl”s 13.4 1 27.1 145 12.2 06.11
Rice

1.3 High-purity Nitrogen Generator

Nitrogen was separated from air by pres-
sure swing adsorption. The generator had four
parts , air purification , nitrogen generation , nitro-
gen output and nitrogen conveyor pipe in depot.
It was a mobile device.

1.3. 1  Air purification: To ensure the
long — term stable operation of the N, genera-
tor,an adsorption tower as a part of the genera-
tor must be provided with clean and dry air.
Thus it was necessary to remove water, dust and
oil in air by certain filter before air entered the
adsorption tower.

1. 3. 2 Nitrogen generation; Nitrogen of
more than 99% purity was directly generated
from adsorption tower by technology of pressure
swing adsorption at speed of 30 —60m’/h. Ad-
sorption material was high-performance carbon
molecular sieve.

1.3.3 Nitrogen output;To ensure the ef-
fective N, concentration in the test depot, the

adsorption tower was equipped with N, monito-

ring device at the N, duct exit,and a gas analy-
zer was provided at the vent opening of depot.

1.3.4 Nitrogen conveyor pipe in depot:
Nitrogen was promoted to dispersed and distrib-
uted uniformly in the bulk through a re-circula-
tion pipe network under film.

1.4 Insects bags and monitoring device
1.4.1 Test insects:three kinds of repre-
sentative insects cultured in lab, Sitophilus zea-

mais , Rhyzopertha dominica , Cryptolestes ferrugi-
neus.

©3*(1m) O4"(4m)

103" 104"

O5%(2m) ©6" (surface)
05#

102" ol”

©2%(4m) O1*(1m)

Figure. Drawing of distribution of insect bags
and monitoring devices in No. 19, No. 20 depots
Note:“©” and“10” represent insect bag and mo-
nitoring device,respectively.

1.4.2 Test insect bags:each bag filled
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with 10 Sitophilus zeamais , Rhyzopertha domini-
ca, and Cryptolestes ferrugineu ,sealed and pre-
pared for use.

1.4.3 Insects bags and monitoring de-
vice were pre-buried as follows by in-depth
slender

2 Test Procedure
[ ] — (G ] — [iter ] [t |
—— [ ove] - [Nok] —
—[Gm

Drawing of N, CA Storage Process
The N, CA storage device was tested then

the high-purity nitrogen generator was started to
generate and pump N, into test depot. The con-

centration of nitrogen was maintained above
95% for at least 19 days. The N, concentration

was regularly measured. The high-purity nitro-
gen generator was started to add N, once the N,

concentration fell below 95% .

Cylinder for /\

air storage A/B absorption tower

ventilation net
b
tube
grain bulks
Hin
Hout

4

tube over ground

g A

oil, water filter aircompressor

3 Results

Observation of Insect Situation in Op-
eration Interval of N, Supply System

See Table 1 for more details.

testor for N, conertration

3.1

Table 1. N,concentration and insect behavior in No. 20 depot.

Time umulative ~ Change of N, content of different position
time of N, in depot Insect situation
Month Day Hour/minute supply(h) 1 2 3 4 5 after Ventilation

6 24 9.:40 Start / / / / / / Crept rapidly

6 24 20.40 17 82.1 82.5 83.7 82.5 85.2 85.4 /

6 25 19.40 37 89.8 88.4 89.3 89.4 90.4 90.3 /

6 26  23.40 62 95.6 95.8 96.6 96.4 96.6  96.9 Crept rapidly

6 27 2040 71 96.3 96.5 96.6 96.7 97.2 97.8 /

6 28 9.40 71 ,pause 96.4 96.5 96.8 96.6 96.5 / /

6 29 9.:40 / 96.3 96.3 96.7 96.5 96.2 / /

6 30 9.40 / 95.9 95.9 96.2 95.8 95.7 / Crept rapidly

Sitophilus zeamais slow down ;

7 1 9.40 / 95.6 95.1 95.3 95.7 95.3 / other insect changed little

7 2 9.40 / 95.1 94.8 95.0 95.2 94.9 /

7 3 8,00  Continue 94.8 94.9 95.1 95.0 94.8  94.5 Cryptolestes ferrugineus
Crept rapidly

7 4 8.00 95 95.9 95.6 96.1 95.8 96.7 97.6

7 4 22.00  109,pause 96.8 96.4 96.5 96.7 97.3  97.6 Rhyzopertha dominica
move slowly

75 800 / 96.596.4 96.3 96.8 96.6  / Sitophilus zeamais spot
ctrcumvolve

76 8.00 / 96.396.4 95.8 96.3 96.0  / Rhyzopertha dominica

roll around slowly

77 800 /  95.8 9580957954958  / Cryplolestes Jerrugineus
slow down

7 8 8.00 Continue 95.3 95.2 95.2 95.3 94.9 94.7

Sitophilus zeamais |
7 9 800 133 95.8 95.7 96.2 95.7 96.4  97.1 Rhyzopertha dominica

immobilized , Cryptolestes
Jerrugineus slightly move
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Time umulative ~ Change of N, content of different position
time of N, in depot Insect situation
Month Day Hour/minute supply(h) 1 2 3 4 5 after Ventilation

7 10 8:00 157 ,pause 96.8 96.9 96.4 96.7 97.2 97.8

7 11 8.00 157 96.1 96.2 95.8 95.9 96.7 96.6 All insects immobilized

7 12 8:00 157 95.7 95.2 95.6 95.2 95.7 95.6 All insects immobilized
Open the

7 14 10:00 depot,took 94.8 95.1 94.9 94.5 94.7 / No living insects

out insects

3.2 Control Test of CO,CA Storage

3.2.1 Checking Equipment

(1) Detected whether the CO, monitoring
device and pneumatic valve on the detecting
tube were in proper operation, and checked the
CO, infra-red analytical instrument.

(2) Detected whether the pipeline for con-
veying CO, was in good operation and whether
there was water in pipeline to ensure the securi-
ty of stored-grain.

(3) Detected whether the valve, electro-
magnetic valve and electric valve on main pipe-
line worked normally.

(4) Detected whether the CO,tank , heating
device for gas tank, pressure regulating device
etc. can function normally

(5) Tested whether the half-life of gas
tightness of test depot reached the standard re-
quirement. If the half-life of gas tightness of test
depot didn’ t meet the standard, the test depot
was reconstructed

3.2.2 CO, CA storage

During the fumigation interval , control the

temperature of CO,near the average level , main-

tain the amount of air flow at 200m’/h, keep
the inner pressure of pipeline steady, adjust oil
scale of pressure balance pipe to make the inner
pressure of depot around 100 Pa. When the CO,
concentration of upper layer in depot reached a-
bove 70% , closed the valve and stop the fumi-
gation.

Based on results of everyday detection, we
found 10% CO, concentration attenuation eve-
ryday in the first five days, after five days, the
CO, concentration attenuation everyday was re-

duced to 5% . After 10 days,the CO, concentra-

tion in the upper layer was reduced to about
45% , however, the CO, concentration of the

lower layer was about 80% . Because CO, con-

centration must be at least 45% during fumiga-
tion, so we used re-circulation fans to balance
and maintain the CO, concentration above

45% . See Table 2 for more details about CO,

concentration of No. 19 depot.

Table 2. Automatic Record of CO, concentration of No. 19 depot

Upper layer

Middle layer

Lower layer

Time Average Note
1 2 3 4 5 1 2 3 4 5 1 2 3 4

2007 -6 -8

% 718 718 72,5 72,4 713 72.0 715 72.5 72,3 72.0 71.9 70.9 72.4 71.171.4 73.8
2007 -6 -9

b0 72.070.9 719 68.5 56.3 72.3 71.0 69.8 68.6 59.4 59.3 56.6 53.4 55.949.6 63.7
20078710 67.6 67.0 67.3 73.8 50.4 68.4 61.1 56.5 72.5 51.8 43.0 38.8 37.5 43.041.1 55.9
200770711 64.5 70.4 68.5 79.1 50.4 65.5 57.5 55.3 68.4 51.0 43.3 39.9 38.5 37.141.6 55.3
2007 €712 64.5 70.4 66.5 79.1 50.4 65.5 57.5 5.3 68.4 51.0 41.3 39.9 38.5 37.141.6 55.1
2007-6-13 703 76.9 65.8 88.3 58.5 71.4 64.4 62.3 65.3 58.4 48.5 46.5 44.6 42.848.8 3.8 2 hoursre-

7:54 circulation
20078714 67.0 741 65.2 74.3 49.3 68.0 62.6 60.6 63.0 49.1 41.1 45.8 4.1 42.341.1 56.5
2007-6-15 74 4 93.1 89.7 91.4 63.1 75.9 81.3 78.4 80.5 63.5 54.1 61.9 59.3 56.654.4 73.8 ' oded one

7.37 ton of N,
2007 €710 71,6 78.8 79.6 78.3 53.3 64.5 67.5 65.5 67.6 53.1 45.6 50.5 48.9 47.045.5 63.2
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Upper layer

Middle layer

Lower layer

Time Average Note
I 2 3 4 5 1 2 3 4 5 1 2 3 4
2007 -6 - 17
s | 65.872.5 71,2 80.4 5.0 67.0 62.0 67.8 70.1 5.4 47.6 46.3 51.3 49.447.5 68.6
20078718 74,6 81.0 70.5 80.1 63.0 76.3 70.1 67.6 70.0 55.3 55.0 53.3 51.6 49.548.0 64.4
200775719 92,3 79.6 70.3 79.0 61.3 74.3 68.4 66.1 68.6 54.1 53.6 51.3 50.5 48.647.0 63.6
20078720 70.8 76.5 65.7 76.1 58.1 72.1 65.6 63.3 66.4 58.5 51.1 49.8 48.3 46.445.0 68.9
20078721 68.6 68.6 62.8 68.3 50.5 70.6 58.6 56.1 59.1 51.3 50.6 47.2 41.8 40.439.3 55.6
2007622 75 5 84.6 59.2 82.9 56.6 68.7 73.3 69.8 73.0 57.3 50.0 54.8 53.4 51.649.8 4.2 2 .hoursre-
8.01 circulation
2007 -6 -23
ey 7 63.6 68.5 54.3 74.0 50.1 64.9 58.4 55.6 65.0 50.5 4.4 42.8 42.3 41.043.9 54.6
200770723 61.8 66.1 50.6 71.3 48.8 63.0 56.8 59.3 63.0 48.9 43.5 42.0 45.8 44.542.9 53.9
200776723 50.4 63.3 46.8 67.8 46.5 60.6 54.6 51.8 60.3 46.8 41.9 40.5 40.1 39.041.5 58.7
. difficult to control, especially Cryptolestes fer-
4 Analysis ; : » €sp y Cryp fe
rugineus , which survived more than 10 days,
4.1 The results in Table 1 showed the  stared to die till the 13th day, and completely

insect bags pre-buried in No. 20 depot were
taken out at July 14 and insects were reared at
condition of RH75% ,28°C for 15 d,and no liv-
ing insects were found 15 days later. The results
showed stored-grain insects could be effectively
controlled by controlled atmosphere of N, at
concentration above 95% for 19 d.

4.2  The results in Table 1 showed the
death of stored-grain insects was a long process
and different insects had different times to
deaath. Rhyzopertha dominica, Cryptolestes fer-
rugineus and Sitophilus zeamais were relatively

died from the 16th day,under condition of 96%

N, To control the stored-grain insects complete-

ly,especially the insects in corner, the fumiga-
tion period was extended to 19 days. The results
showed the N, CA storage in our study and tra-

ditional phosphine fumigation had the same fu-

migation period of 19 days.

4.3

Comparison of N, CA storage, CO,

CA storage ,and Phosphine recirculation fumiga-
tion under plastic sheeting ( PRFPS). See Table

3 for more details.

Table 3. Comparison of N, CA storage, CO, CA storage,and PRFPS

Technology N, CA storage

Content

CO, CA storage

PRFPS

High
was generated by home-
made high-purity nitro-
gen generator and then
dispersed and distributed
uniformly in the grain
bulk through recircula-
tion pipe under film.
Long-term lack of oxygen
causes the death of
stored-grain insects.

concentration N,

Principle

Simple operation, small
in size ,move easily,need
no specific person to
look after, relatively high
requirement in depot gas
tightness.

Operation evaluation

Depot was sealed, and
then filled with CO, by
gas storage tank. CO,
dispersed and distributed
in the grain bulk. Long-
term lack of oxygen cau-
ses the death of stored-
grain insects.

Complex operation, high
requirement in depot gas
tightness.

To kill the stored-grain in-
sects, the phosphine fumi-
gant was forced to disperse
and distribut uniformly in
the grain bulk rapidly by re-
circulation fumigation de-
vice.

Simple operation, relatively
low requirement in depot gas
tightness.
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Technol
connotogy N, CA storage CO, CA storage PRFPS
Content
Middle-cost, Abundant High-cost, expensive . . .
. : . . Low-cost, inexpensive fumi-
Cost in raw material, High CO,, high power-con- ot
power-consumption , sumption, gant.
No pollution and resi- With pollution and residues
dues to stored-grain, to stored-grain, with pollu-
Pollution Pollution-free, Residue- mass inhalation may re- tion to air and water re-

Equipment corrosion

Comprehensive assessment

free ,No toxic side effects

Stable, No corrosion

Small economic input,
environment-friendly ,
good effect of insect con-
trol and freshness-Pres-
ervation

sult in acidosis, CO, is a
kind of greenhouse effect
substance

some
soluble

corrosion, water-

Relatively big one-off in-
put, good effect of insect
control and freshness-
Preservation

sources, long-term use may
result in occupational dis-
ease.

corrosion to mental equip-
ment and grain monitoring-
control system.

With pollution and residues,
good effect of insect control ,
no function of freshness-
Preservation

4. 4

Economic cost comparison among
different kind of stored-grain insects control

technologies

Table 4. Economic cost comparison of N, CA storage, CO, CA storage ,and PRFPS

Technology
Content

N, CA storage

CO, CA storage

PRFPS

Depreciation expense

Sealing expense

Chemical expense

Electricity expense
Other expense

Cost on per tone
grain every year

Total cost of
each depot

20,000 RMB for 12 dep-
ots, according to depreci-
ation period of 10 years,
2,000 RMB every year,
1667 RMB per depot ev-

ery year

Design  of  horizontal
warehouse sealing, 386
RMB/ depot/year

None ( Air as raw materi-

al)

1900 RMB each depot
No

1.41

1667 + 386 + 1900 =
3953

400, 0000 RMB for 18
depots, according to de-
preciation period of 20
years,20,0000 RMB ev-
ery year, 11,111 RMB
per depot every year

500 RMB per depot, for
construction of  whole
depot gas tightness

4200 RMB, 6 tonnes of
CO, for each depot, 700

RMB per tonne CO,
250 RMB each depot
No

5.71

11111 + 500 + 4200 +
250 =16061

12,0000 RMB for 18 dep-
ots,according to 10 depreci-
ation period of 10 years, 1,
2000 RMB every year, 667
RMB per depot every year

386 RMB per depot every
year , for sealing

400 RMB, 2 kilograms of
Alp and 200 kilograms of
CO, for each depot

Not counting

Nutrition fee ,200 RMB
0.59

667 + 386 + 400 + 200 =
1653

The result showed that the cost of N, CA storage was only a quarter of the cost of CO, CA storage.

the N, CA storage had the same ability to con-

trol the stored-grain insects,but its cost was on-
ly a quarter of the cost of CO, CA storage. In

5 Discussion

N, CA storage and CO, CA storage are
each part of the development trend of green CA
grain storage. N, CA storage was applied in our
depot , Nanjing depot of state grain,in 2004 for
the first time ,and was being phased in our dep-
ot. N, CA storage had many obvious advantages

addition, clean N, won’ t create any pollution
and corrosion,in contrast, it realized green grain
storage and increased the value of product.

The N, CA storage developed by Nanjing
depot of state grain, with advantages of small

at this stage. Compared to the CO, CA storage,  size high-purity nitrogen generator, easy opera-
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tion, good insect control, low cost, was a new
technology focused on the actual situation of the
grain depot. This technology was applicable to
full-bin application, especially for depots with a
dispersion network or a re-circulation network,

and was also applicable to poor air- tlghtness
depot after low-cost air-tightness reform. The N,

CA storage ,having general practical applicabili-
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ty ,was applicable to not only common flat ware-
houses, but also large granaries such as silos
and silo bins and would have a bright future in
the domain of green grain storage.
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