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Monitoring of Aluminium Phosphide Residues in
Wheat and Wheat Flour
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Kab-Ryong Chae’, and Jong-Ok Lee
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GC-NPD analysis was performed on residues of aluminium phosphide in raw wheat and wheat products by
trapping gaseous phosphine in the headspace of vessel. In Australian wheat, over 95% of samples were detected
below 1 ppb, considered as safe level, whereas in American wheat, about 70% of 58 samples were detected
within 1-10 ppb with 4 showing over 10 ppb. About 14-22% phosphine residues of raw wheat were retained after
milling process. Wheat samples of same origin showed significant varying levels of phosphine.
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Table 1. Distribution of monitored samples according to wheat
type and supplier

Supplier Wheat type No. of samples
Soft White (SW) 30
USA Dark Northern Spring (DNS) 13
Hard Red Winter (HRW) 15
Australian Hard 10
Australia Australian Soft 2
Australian Standard White 15
Canad Canadian Western 3
anada Red Spring
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Fig. 1 Apparatus for standard phosphine gas preparation (A)
and sample treatment (B).

Ephifume (b) was added into distilled water (c). Generated gaseous
phosphine (a) was entrapped in head space and was taken by syringe
for standard use. Wheat sample (d) was incubated at 60°C for 50 min
in 10% sulfuric acid (¢) and then headspace gas was analysed by GC.
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Fig. 2 Schematic diagram of wheat flour preparation procedure
for the determination of phosphine residual rate through milling
process.
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Fig. 3 Typical GC-NPD chromatogram of standard phosphine
gas. Injection amount was 0.3 pg (a) and 16.9 pg (b).
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Table 2. Recovery ratio test of phosphine measuring method

Amount of phosphine (ppm)

Recovery ratio (%)
Added Recovered
0.5" 0.4 77.8
1.0 0.6 53.9
1.1 0.6 56.9
7.1 6.2 87.3
7.1 6.0 84.5
8.2 6.9 84.1
13.8 12.6 91.3
13.8 12.9 93.4
14.0 12.0 85.7
27.3 24.5 89.7
29.9 26.6 88.9
35.0 30.6 87.4
Mean 88.0+3.1%

DAdded and recovered amounts were expressed as the amount of
phosphine.

IMean value was calculated using the samples of which added
amount was above 7.0 ppm.

Table 3. Distribution of detection concentration of phosphine

Detection frequency (%o)

Detection Wheat
range (ppb) Wheat flour
USA Australia Canada
0.0-0.3 4 (7%) 18 (67%) 1(33%) 26 (48%)
0.3-0.5 3 (5%) 6 (22%) 1(33%) 9 (17%)
0.5-1.0 6 (10%) 2 (7%) 1 (33%) 10 (19%)
1-2 20 (34%) 1 (4%) 8 (15%)
2-3 6 (10%) 1(2%)
3-4 7 (12%)
4-5 2 (3%)
5-6 3(5%)
6-7 0 (0%)
7-8 1 (2%)
8-9 1(2%)
9-10 1 (2%)
10-20 3(5%)
20- 1 2%)"
Total 58 27 3 54
"80.9 ppb
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Table 4. Determination of residual ratio of phophine in products

Phosphine (ppb) Residual ratio
Sample ID o
Wheat Wheat flour (%)

DS 806-1 29 0.6 22

DS 806-8 1.2 0.3 21

DS 909-3 1.3 0.6 44

DS 909-4 134 2.7 20

SH 813-1 3.7 0.6 15

SH 813-2 2.7 0.4 14

SH 813-3 5.4 04 7
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1. Berck B. Sorption of phosphine by cereal products. J. Agric.
Food Chem. 16: 419-425 (1968)

Table 5. Reduction of the amount of phosphine in each products after milling process

Products

Total PH., Reduction rate
Sample Wheat 3
amp o a b & (ng) (%)
Weight (g) 2976 1902 114 878
1 Amount (ppb) 6.0+0.7 1.9+0.1 4.940.1 3.1+£02 6.9 612
PH; (ug) 17.8 3.6 0.6 2.7
Weight (g) 2977 1871 79 769
2 Amount (ppb) 94409 1.840.1 52405 77405 59 78.8
PH, (ug) 27.8 34 0.4 2.1
Weight (g) 2976 1873 117 832
3 Amount (ppb) 80.94+8.0 10.8£0.1 10.6+0.1 90404 29.0 88.0
PH; (ug) 240.8 20.3 12 7.5
"Wheat flour.

JIndustrial powder.
Wheat bran.
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