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ABSTRACT 

 
A method is described for the analysis of phosphine in two agricultural food commodities (cotton and 

wheat). The method involves reacting the sample with aqueous H2SO4 and toluene in a capped analysis glass 
bottle. The H2SO4 hydrolyzes Zn3P2 to phosphine gas (PH3), which is trapped in toluene. The sample bottles 
are centrifuged to break the emulsion formed by mixing, and the toluene layer is then analyzed by gas 
chromatography. PH3 is detected with a nitrogen-phosphorus detector. This method is capable of detecting 
quantities as low as 0.03 mg/kg phosphine. The method has been validated for cotton and wheat. 
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Introduction 
 

Stored products of agricultural and animal origin are attacked by more than 600 species of beetle pests, 70 
species of moths and about 355 species of mites causing quantitative and qualitative losses (Rajendran, 2002) 
and insect contamination in food commodities is an important quality control problem of concern for food 
industries. In industrialized countries like Canada and Australia there is zero tolerance for insects in food grains 
(White, 1995; Pheloung and Macbeth, 2002). Fumigation plays a major role in insect pest elimination in stored 
products. Currently, phosphine (from metal phosphide preparations, cylinderized formulations and on-site 
generators) and methyl bromide (available in cylinders and metal cans) are the two common fumigants used for 
stored-product protection world over. Methyl bromide has been widely used for quarantine treatment of timbers, 
wooden packaging and logs for many years (Ren, 1996; Ren et al., 1997, 2006). However, MB is being 
withdrawn as an ozone-depleting substance under the Montreal Protocol (UNEP, 2006). Potential alternative 
fumigants such as phosphine (PH3) and ethanedinitrile (C2N2) were therefore re-evaluated or developed to 
replace MB for rapid fumigation and quarantine treatmentof timber and wood packaging. Phosphine has world-
wide registration as a fumigant for grains. Fumigation with phosphine requires long exposure periods (>5 days) 
to control eggs and pupae of many species. 

 
Experimental Procedures: 

 
Reagents: 

 
 Concentrated sulfuric acid (Fisher, reagent grade) was diluted using distilled water. Analyzed grade toluene 

was used to dissolve the PH3. Silica gel, chromatography grade, 200-425 mesh (Applied Science Division, 
Milton Roy Co., State College, PA) was used for diluting the standards. The silica gel was dried in an oven at 
100-150 °C for 1 h, followed by cooling in a desiccator before use. 
 
Instrumentation: 
 

A rotary mixer (Millipore Corp., Bedford MA) at 30 rpm was used to mix the sample matrix with the 
H2SO4 and to extract the PH3 into the toluene layer. Calibrated solvent pipettor pumps were used to dispense 
toluene (10 mL minimum capacity) and sulfuric acid (90 mL minimum capacity). The bottles were centrifuged 
in a Beckman model TJ-6centrifuge. A capillary gas chromatograph (Hewlett-Packard Co., model 5890) 
equipped with a nitrogen-phosphorus detector (NPD) was used in GC analysis. 
 
Gas Chromatograph Operating Parameters: 
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(a) Column: 30 m _ 0.53 mm _0.25 um  i.d. DB-5 (J&W Scientific). (b) Nitrogen carrier gas, 20 mL/min 

flow rate; total flow (carrier + makeup): 35 ml/min; hydrogen, 3.5-4.5 mL/min; air, 85-95 mL/min. (c) Column 
temperature: 40 °C isothermal or 30-100 °C gradient. (d) Injector temperature: 120 °C. (e) Detector temperature 
(NPD): 300 °C. (f) Injection volume: 4 íL (of the toluene layer), manual or auto-injection. (g) Run time is 5 min. 
Splitless for 1 min. (h) Two types of beads were used as the nitrogen-phosphorus detector, a quartz bead or 
rubidium bead. For PH3, the quartz bead produced better results.  
 
Preparing Standards: 
 

Due to the insolubility of Zn3P2 in all organic and aqueous solvents, the standards were diluted and handled 
either in the solid phase or as dispersion in propylene glycol. The solid-phase standard mixtures were prepared 
by diluting Zn3P2 w/w with 200-425 mesh silica gel in a 50-mL flask. (The initial concentration of the primary 
standard was taken into consideration in preparing the necessary dilutions.) In a tarred flask, the appropriate 
amount of finely ground Zn3P2 (ground with a mortar and pestle) was weighed out. Oven-dried silica gel was 
then added to make a total weight of 10.0 g. The mixtures were mixed for a minimum of 30 min on the rotary 
mixer, so that the vials turned end over end. Initially, a 1000 íg/g standard was prepared, and the more dilute 
standards were prepared from this mixture. The standards were stored in a desiccator, in labeled 50-mLflask. If 
Zn3P2 is kept dry, it is relatively stable and can be stored for extended periods of time. 
 
Calibration Standards: 
 

GC calibration standards were prepared from the Zn3P2/silica gel mixture. The mixture was weighed as 
described below. Fresh standards were prepared with each set of samples and treated in an identical fashion to 
the samples: 

0.03 g of the 10 mg/kg standard (in 10 ml of toluene) = 0.03 mg/L. 
0.1 g of the 10 mg/kg standard (in 10 ml of toluene = 0.1 mg/L  
0.5 g of the 10 mg/kg standard (in 10 ml of toluene = 0.5 mg/L. 
Immediately, 10 mL of toluene solvent was added (to trap any phosphine gas generated by the reaction of 

the Zn3P2 standard material with water in the atmosphere) followed immediately by 90 mL of 5 N H2SO4. The 
bottles were capped immediately following the addition of the H2SO4. The standards were then mixed by 
rotating the bottles end over end for 1-1.5 h in a rotary mixer. 

One g of the cotton or wheat sample was weighed into 100 ml bottle with rubber septum and aluminum cap 
and then 10 ml toluene was transferred immediately to the bottle (to trap any phosphine gas generated with 
water in the atmosphere) followed  immediately by 90 ml sulphric acid (20%). The bottles were capped 
immediately after adding sulphoric acid. The samples in the bottles were then shaken for 1-1.5 h on shaker. 
After mixing, all bottles were centrifuged for 2 min at 1500-1800 rpm. For injection the toluene phase was 
transferred from sealed bottles to the sealed GC vials using a syringe. 
 
Fortified Samples: 
 

Untreated sample (1 g) were weighed out into100 ml glass bottle and then spiked either by weighing out the 
appropriate diluted Zn3P2/silica gel standard into aluminum foil and then transferring it on to the matrix the 
untreated matrixes were spiked as described below: 

0.03 g of the 10.0 mg/kg standard in 1 g of sample matrix = 
0.03 mg/kg. 
0.1 g of the 10.0 mg/kg standard in 1 g of sample matrix = 
0.1 mg/kg. 
0.5 g of the 10.0 mg/kg standard in 1 g of sample matrix = 
0.5 mg/kg. 
The same procedure was done as previously described. 
 

Gas Chromatographic Analysis: 
 

The samples to be analyzed were entered into a sequence on the chromatography data station. The standards 
were run in order of increasing concentration of Zn3P2. The samples were run following the standards in order 
from blanks, to least concentrated to most concentrated, if known. The fortified samples were run last, in order 
of least to most concentrate. A check standard was included in the sequence after approximately half of the 
samples were analyzed, if there were more than 10 samples. The calibration standards were again run following 
the spikes, thus bracketing the samples. A total of 4 µL of the toluene layer of each sample was injected. In the 
case of a manual injection, the syringe was rinsed three times each with toluene from two vials, simulating that 
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of the automatic injector. The retention time of PH3 (generated from Zn3P2) on the GC is approximately 1 min. 
The estimated detection limit (LOQ) for this method is 0.005 mg/kg, and the practical quantitation limit (PQL) 
for this method is 0.03 mg/g. 

 
Results And Discussion 

 
The method described here for the analysis of phosphine is rapid, sensitive, and free of all chromatographic 

interferences. It is possible to analyze a batch of 20 samples and 3-6 recovery check spikes in 1 day (8 h). This 
is a significant improvement over other colorimetric and headspace assays, and the relative simplicity of the 
procedure is another advantage. Unlike colorimetric assays, phosphate impurities from the solvents and 
apparatus were not a problem since the Zn3P2 was analyzed as PH3 and not as PO4

-3. The instrumental limit of 
detection for this method was determined to be 0.005 mg/kg by estimating an amount that produced a signal 
greater than three times the signal-to-noise ratio of the instrument. However, preparing Zn3P2 standards at very 
low levels was difficult because of the variability in the distribution of the Zn3P2 particles in the silica gel 
matrix. It was found that 10.0 mg/kg Zn3P2 in the silica gel was the lowest concentration level that was 
practical. Below this concentration, the dispersion of Zn3P2 in the silica gel was not reproducible. Also, the 
smallest quantity of the Zn3P2/silica gel standard that could be weighed out to give reproducible results was 
0.03 g (delivering 0.03g of Zn3P2 when using the 10mg/kg standard). Quantities lower than this gave non 
reproducible results. All the calibration standards above 0.03 mg/kg were prepared by weighing out appropriate 
amounts of the Zn3P2/silica gel mixtures.  

The PQL for this technique was estimated at 0.03 mg/kg (0.03 g of the 10 mg/kg standard delivering). 
However, it is possible to detect quantities of Zn3P2 (as PH3) at concentrations as low as 0.005 mg/kg. The 
main problem being the ability to accurately deliver this small a quantity of Zn3P2 to the matrix. A technique 
suggested by Mauldin (1997) was to prepare a suspension of the finely ground compound in propylene glycol. 
The suspension of Zn3P2 in propylene glycol was much easier to work with and gave more reproducible results. 
Using this technique, it was possible to accurately deliver quantities as little as 0.01 g of Zn3P2. With the 
Zn3P2/silica gel standard, the smallest amount that could be accurately delivered was 0.03g. Since this was the 
limiting factor for determining the limit of quantitation, the Zn3P2/propylene glycol standard enables detection 
and quantitation of 0.005 mg/kg Zn3P2 in 1 g of sample. But preparing of Zn3P2 in activated silica gel keeps 
the standard as stable as possible so it was preferable to use.  Furthermore, for matrixes such as cotton, wheat or 
other matrixes that irreversibly absorb larger amounts of PH3, it is possible to work with 1 g of sample in order 
to reduce the matrix absorption and increase recoveries. For cotton, the recoveries for the 0.03, 0.1, 0.5 mg/kg 
ranged between 96 to 104% for cotton and wheat these data are compatible with Johannes C. et al., (1998)  
,found that the recoveries in spinach for 0.05 and 0.1 mg/kg were 62% and 58%, respectively, when 10 g of 
sample was used. The recoveries went up to 88% (0.05 mg/kg) and 86% (0.1 mg/ kg) when 1 g of sample was 
used. Similarly for hay grass, the maximum recoveries obtained for 10 g of sample was 30%; however, when 1 
g of sample was used, recoveries of 80% and 73% were obtained for 0.05 and 0.1 mg/kg, respectively. The 
calibration curves obtained by this technique were found to be linear over the range of 0.03-0.5 mg/ kg. The 
correlation coefficient values for the calibration curves were 0.998 or better most of the time; however, 
occasionally they did fall as low as 0.986. This was because of the difficulties in diluting the standards in the 
solid phase. Also, slight differences in the volume of air trapped in the glass bottles causes variation in the 
partitioning of the PH3 (gas) between the air and the toluene phases. Table 1 shows the percent recoveries for 
Zn3P2 and the respective standard deviations on two agricultural commodities (cotton and wheat. The percent 
recoveries and standard deviations were calculated at three levels (0.03, 0.1, and 0.5 mg/kg) in six replicates, for 
all matrixes. The high standard deviations that were observed may result from the uneven distribution of the 
Zn3P2 in the silica gel or propylene glycol. There is a possibility that there are pockets of higher Zn3P2 
concentrations within the silica gel matrix or the propylene glycol dispersion, and even longer mixing times do 
not solve the problem. The relative standard deviations for two matrixes range from 5% to 13%. This technique 
is quite reliable and convenient to use for the rapid detection and quantitation of Zn3P2 as PH3 in a large 
number of agricultural commodities. Robison and Hilton (1971) observed that about 42% of the total PH3 was 
irreversibly absorbed by the sugar cane in the acid medium. Furthermore, Mauldin et al. (1996) reported that, 
for stomachs containing grasses as dietary components, the amount of PH3 recovered decreased as the amount 
of the grass content increased and also that the recoveries were lower for smaller concentrations of Zn3P2. 
Berek and Gunther (1970) also showed that varying amounts of PH3 were absorbed in different matrixes and at 
different temperatures. These observations highlight the difficulty in achieving good recoveries in fortified 
agricultural commodities. In our studies, we found that the NPD was sensitive to the detection of PH3. Figure 1 
shows the chromatogram of the 0.03 mg/kg Zn3P2 standards on the NPD, and Figure 2 shows the 
chromatogram of the 0.1 mg/kg  Zn3P2 standard on the NPD. The solvent peak is observed on the NPD between 
1.5 and 2.5 min. The uneven baseline observed on the NPD is as a result of the rising column temperature and 
the solvent peak (sharp drop at 2.8 min). None of these interfere with the PH3 peak, which elutes at 1.1 min. 
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The baseline is very stable between 0 and 0.8 min. In Figure 1, the signal for the 0.03 mg/ kg (LOD) Zn3P2 
standard on the NPD is barely seen above the noise (S/N ) 3). We observed that the NPD is approximately 
sensitive for the analysis of Zn3P2 as PH3. These figures (1,2,3) show that no chromatographic matrix 
interferences are observed for any of the matrixes on the NPD. This is true for all the matrixes studied in this 
work.  

In conclusion, we feel that the technique described in this work is quite suitable for the analysis of PH3 in a 
wide variety of raw agricultural commodities. It is very sensitive (LOD= 0.03 mg/kg) and free from 
chromatographic interferences. This method allows for analysis using relatively small sample sizes with low 
reagent consumption. The technique is rapid, robust, and easily adaptable to auto-injection systems. The use of 
smaller sample sizes, the lower acid concentrations, well caped bottles were primarily responsible for increasing 
the recoveries and decreasing the amount of PH3 reacting irreversibly with the matrix in the acid medium. We 
also use this method to proof that the exported agricultural commodities are free from storage pests by detecting 
phosphine in them.  

 
Table 1: Method Validation Data for Zn3P2 expressed as PH3 on two different types of matrix (cotton and wheat).  

Matrix Fortification level(mg/kg) 
n= 6 

Average recovery (%) CV (%) 

Cotton        0.03 96 11.11 
0.1 98 12.82 
0.5 104 4.59 

Wheat 0.03 99 13.08 
0.1 101 9.61 
0.5 104 5.21 

 

 
(a)                                                                             (b) 

Fig. 1: Chromatogram of a 4 uL injection of the 0.03ug/mL (LOQ) Zn3P2 (as PH3) standard, in wheat (a) and 
cotton (b) Retention time for PH3 is 0.9 min. 

 
  

       
 (a)                                                                           (b) 

Fig. 2: Chromatogram of a 4 uL injection of the 0.1ug/mL Zn3P2 (as PH3) standard, in wheat (a) and cotton (b) 
Retention time for PH3 is 0.9 min.  
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    (a)                                                                                (b) 

Fig. 2: Chromatogram of a 4 uL injection of the 0.5ug/mL Zn3P2 (as PH3) standard, in wheat (a) and cotton (b) 
Retention time for PH3 is 0.9 min 
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