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Abstract

Silos of 10.55 m in diameter and 12 m in height were made of corrugated circular steel for corn or sorghum storage.Some were
equipped with circulatory systems consisting of a plastic pipe 10.16 cm (4 in)in diameter from the top to the bottom.Before
loading,two sets of gas sampling lines4 mm in diameter,containing five lines each,were installed in the center and on the
circumference of the silo.The openings in each set were at depths of 0,3, 6,9 and 12 m.The gas samples were measured using an
EC80 phosphine monitor every 24 h after fumigant application.Phosphine was generated by Detia bag blankets containing 57.6%
aluminum phosphate placed on the surface of the grain mass.Generally,the highest concentration of phosphine was obtained 24 h
after application in each silo.In silos without a circulatory system,phosphine penetrated down to the bottom through interstitial
spaces in the corn or sorghum column.The concentration at the surface,where application was made, was the highest at 24 h.The
concentration dropped thereafter due to diffusion,adsorption and decomposition.The deeper into the column,the lower the
phosphine concentration was. In each measurement during 24-120 h after fumigant application,the ratios of the highest to lowest
phosphine concentration,was between 1:0.02 and 1:0.14,i.e.the lowest phosphine concentration was only 2-14%of the highest.In
silos with a circulatory system,phosphine was sucked into an aeration pipe from the top and sent to the bottom of the silo,then
moved upwards through the grain mass.During 24-120 h after fumigant application,the ratios of the highest to lowest phosphine
concentration was within 1:0.81 and 1:0.98,i.e.,the lowest concentration was 81-98%of the highest.In the circulatory silo,mortality
rates for test insects placed on the surface of grain or insects obtained from grain samples showed 100% control.
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rugineus (Stephens)) % B # » B RAERY
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Fig. 1. Profile of steel silo and accessory parts for experiment. A: aeration fan: B, C: gas sampling lines on circum-
ference and in center, respectively; D: outer end of gas sampling lines which connect to phosphine monitor;

E: aeration pipe.
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x— ERSERCERANEABLIRGC814 kg ai/ A(BIEE 300 &) WEBRER - AR LEZRE (ppm) 3
Table 1. Concentration of phosphine at various times after aluminum phosphate application at 5.814 kg a.i./silo to
the surface of corn in steel silos without a circulatory system

Depth Concentration {ppm) of PH; at various times (h) after AIP applied
{m) 24 48 72 96 120
Center
0 (surface) 1683 485 257 120 27
3 580 398 327 143 26
6 244 182 155 90 20
9 141 72 49 22 11
12 {bottom) 3¢4* 32* 55 19* g*
Circumference
0 (surface) 1763 4 523 4 255 133 13
3 687 463 357+ 152 # 49
6 312 261 167 117 5O#
9 216 119 81 34 26
12 (bottom) 42 53 42* 38 20
Highest/lowest 1:0.02 1:0.06 1:0.12 1:0.13 1:0.14

#, * Indicate the highest and lowest phosphine concentrations, respectively, measured each time.

£= BREBECTREANERBLR60 kg ai./ AREHFRER - ARBLEZEE (ppm)HH
Table 2. Concentration of phosphine at various times after aluminum phosphate application at 9.69 kg a.i./silo to
the surface of corn in steel silos with a circulatory system

Depth Concentration (ppm) of PH; at various times (h) after AIP applied
(m) 24 28 48 54 68 9 120
Center
0 (surface) 1060 953 4924 363* 183* 55 18
6 1184 965 4 477 363" 187 55 19
12 (bottom) 1024* 950 483 372 187 54* 18
Circumference
6 1202 930 464 370 195 56 17*
12 (bottom) 1246 4 927" 455" 3724 1974 574 214
Highest/lowest 1:0.82 1:0.96 1:0.93 1:0.98 1:0.93 1:0.95 1:0.81

#, * Indicate the highest and lowest phosphine concentrations, respectively, measured each time.
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K= ARBEETRENERAERBICLIE5814 kg ai./ ARERREE  ARBCEZERE (pom) 2
Table 3. Concentration of phosphine at various times after aluminum phosphate application at 5.814 kg a.i./silo to
the surface of corn in steel silos with a circulatory system '

Depth Concentration (ppm) of PH; at various times (h) after AIP applied
{m) 24 28 48 54 68 96 120
Center
0 (surface) 760* 746 4 3714 235 4 1084 214 T4
6 770 685* 330 211 96 19 5
12 (bottom) 790 704 323 211 100 19 5*
Circumference
6 8804 710 322* 208 94* 19 6
12 (bottom) 830 705 328 207* 97 19* 7
Highest/lowest 1:0.86 1:0.92 0.87 1:0.88 1:0.87 1:0.90 1:0.71

#, * Indicate the highest and lowest phosphine concentrations, respectively, measured each time.

xRN ERBREBIERENEABILIE.876 kg a.i./ AREREREE  ARBLEZRE (ppm)3H
Table 4. Concentration of phosphine at various times after aluminum phosphate application at 3.876 kg a.i./silo to
the surface of corn in steel silos without a circulation system.

Depth Concentration (ppm) of PH; at various times (h) after AIP applied
(m) 24 52 78 96 120
Center
0 (surface) 12314 380 239 % 61 36
3 585 251 136 63 # 394+
6 68 56 48 30 23
9 68 83 45 20 15
12 (bottom) 0 36 27* 12 6
Circumference
0 (surface) 1132 505 % 225 56 24
3 204 123 202 40 33
6 120 92 83 45 27
9 58 47 48 41 20
12 {bottom) 0* 34* 28 4* 2*
Highest/lowest 1:0 1:0.07 1:0.11 1:0.08 1:0.05

#, * Indicate the highest and lowest phosphine concentrations, respectively, measured each time.

ARG e B MBS G BEHRNR
B E o i P B BB KR E S
Ho2hBERRE(E -Z2=) FHER
27 h £ & © Hsieh and Kao (1975) 03 - {#
B E oL 85 0% - 24 h BRL &I B
BN A8 h L EBERS -
TERARBERZ XA i ABLE
24 hERTEL ZBLE > 70 m K > Bjtg
ZHEBREE  FBBERS & 1763 ppm
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BEERKEEL R 1:002 - PREEEES
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RE HRMEBIARANEABLIE6 kg a.i/ ANEBRER » ARBLEZ AR (opm) 3%
Table 5. Concentration of phosphine at various times after aluminum phosphate application at 9.69 kg a.i./silo to
the surface of sorghum in steel silos without a circulatory system

Depth Concentration (ppm) of PH; at various times (h) after AIP applied
(m) 3 5 7 9 24 27 30 48 72
Center
0 261 492 680 820 1450 1473 1390 1236 755
6 159* 353* 512* 659 1346* 1457 1460 1220* 747
12 195 393 553 657* 1369 1437* 1420 1230 734*
Circumference
0 231 5224 7424 816 1446 1460 1380* 1225 765
6 213 405 611 720 1420 1465 1480 1250+ 7704
12 3234 491 667 8514 15054  1495#  1485# 1250 741
_Highest/Lowest 1.049 1068 1:0.69 1.077 1:0.89 1:0.96 1:093 1:09%8  1:0.95

#, * Indicate the highest and lowest phosphine concentrations, respectively, measured each time.

RN ZRBHLIR0.969 kg a.i./ ARMENATER - ARBILEZ R (opm) 3
Table 8. Concentration of phosphine at various times after aluminum phosphate application at 0.969 kg a.i./silo to
the empty silos

Depth Concentration (ppm) of PH; at various times (h) after AIP applied
{m) 24 48 72 96 120 144
Aluminum phosphate placed at the bottom
Center
0 68 73 60 48 39 21
3 58* 71 56 42* 28* 18*
6 62 74 57 46 37 20
9 63 76 60 47 38 21
12 63 76 58 48 37 20
Circumference
0 63 73 59 45 37 19
3 61 71 45* 46 36 21
6 64 70* 50 47 37 20
9 70 81 60 48 39 22
12 704 824 604 484 394 224
Highest/Lowest 1:0.87 1:0.92 1:0.75 1:0.88 1:0.71 1:0.82

Aluminum phosphate placed at the top

Circumference
0 63 62 484 22* 22* 9*
3 60 62 44 41 28 13
6 78 683 39 317 434 14
9 T84 54 45 32 35 16%
12 55* 47* 38* 494 24 12
Highest/Lowest 1:0.71 1:0.69 1:0.79 1:0.65 1:0.51 1:0.56

#, * Indicate the highest and lowest phosphine concentrations, respectively, measured each time.
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P - RZBIREE P > WBEERE
HAHS - A—kEE#HILERABERHEE
EEER R 1014 T > GRS 2 &
REFERBE 2 14% LT » ARBEIGER
B B SRR S HER IR & 1:0.81
PIE o BB bR RIKBE RS Z 81% LU
F oo BSAREF(EN)  ERERMER > Bt E
HFHMAE  FHEESHERBRZRBELA

£t BEEARBEBARBREZIRRRBRBRERSEERELICE(%)

Table 7. Mortality (%) of insects placed on the surface of grain after fumigation in the silo with a circulatory

system
Dose (AIP kg a.i./silo) Sitohphilus zaemais Tribolium castaneum
Corn silo
9.69 100
5.81 100
Control 9.2
Sorghum silo
9.69 100
Control 4.4

RN\ BREEECTRAERLIR(0.60 kg a.i/ B)ERE  HERAZESTE(EAY AHER) -

Table 8. Number of live insects obtained per liter of corn sample after fumigation at 9.69 kg a.i./silo with a circu-

latory system

Time (days)

after Rhyzopertha Tribolium Sitophilus Cryptolestes Oryzaephilussu
.. dominica castaneum zaemais ferrugineus rinamensis
fumigation
Fumigation
0* 0 0 0 0 0
10 0 0 0 0
42 0 0 1.1 0 0
Control
0* 0 0 0 0.2 0
10 0 0 0 1.2
42 0.1 0 10.5 1.3 0

*The day before fumigation.
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RN ARBEBZERAEBILIR(060 kg ai./ B)ERE - HBRRAZETATE(EAY / AHFE) -

Table 9. Number of live insects obtained per liter of sorghum sample after fumigation at 9.69 kg a.i./silo with a

circulatory system

Time (days)

after Rhyzopertha Tribolium Sitophilus Cryptolestes Oryzaephilus
.. dominica castaneum zaemais ferrugineus surinamensis
fumigation
Fumigation
0* 0.8 0.6 0.6 1.0 0.6
20 0 0 0 0.2 0
Control
0* 1.1 2.3 11.8 19.2 49
20 0.8 0.1 4.5 45.3 8.8

*The day before fumigation.

1:0.70 2Lk -

Sinha % (1967) LI/NEL B » RN E
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3inE 2.5 ft > HRUIE 4 ot W2 RIBRE
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8.8% ° HI L ESCRRERE - W HIBE AL R 2 4
HEFEN  MEZINEEY R ZEE > TR
fE R 5] Z 4L ° 1B Lin et al. (1966) 3 #E i
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FREy S BEAER > WS 12X 19 m BRI
B 2 R ) o

Berck (1968) 4% 1@ 25 % 2 £ % L A E
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¥ W Uk BF 2L o Sittisuang and Nakakita
(1985) M E EX R ERERWBLE > T H
FERB U BB R K o Bk &4 Wk R
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EFH 240 2385% AT MEARE

X)) AE 30% © B BRI BRI HBY 2
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MAEEKEREE  HER 3.8 59.2% 25t
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W REETHIA 1.1 S80S o IR
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Vertical Penetration and Distribution of Phosphine in Corn and
Sorghum Stored in Steel Silos
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ABSTRACT

Silos of 10.55 m in diameter and 12 m in height were made of corrugated
circular steel for corn or sorghum storage. Some were equipped with circulatory
systems consisting of a plastic pipe 10.16 cm (4 in) in diameter from the top to
the bottom. Before loading, two sets of gas sampling lines, 4 mm in diameter,
containing five lines each, were installed in the center and on the circumference
of the silo. The openings in each set were at depths of 0, 3, 6, 9 and 12 m. The
gas samples were measured using an EC80 phosphine monitor every 24 h after
fumigant application. Phosphine was generated by Detia bag blankets
containing 57.6% aluminum phosphate placed on the surface of the grain mass.
Generally, the highest concentration of phosphine was obtained 24 h after
application in each silo. In silos without a circulatory system, phosphine
penetrated down to the bottom through interstitial spaces in the corn or
sorghum column. The concentration at the surface, where application was made,
was the highest at 24 h. The concentration dropped thereafter due to diffusion,
adsorption and decomposition. The deeper into the column, the lower the
phosphine concentration was. In each measurement during 24~120 h after
fumigant application, the ratios of the highest to lowest phosphine
concentration was between 1:0.02 and 1:0.14, ie., the lowest phosphine
concentration was only 2~14% of the highest. In silos with a circulatory
system, phosphine was sucked into an aeration pipe from the top and sent to the
bottom of the silo, then moved upwards through the grain mass. During 24~120
h after fumigant application, the ratios of the highest to lowest phosphine
concentration was within 1:0.81 and 1:0.98, i.e., the lowest concentration was
81~98% of the highest. In the circulatory silo, mortality rates for test insects
placed on the surface of grain or insects obtained from grain samples showed
100% control.

Key words: steel silo, phosphine, vertical penetration and distribution, corn,
sorghum
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