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STUDY OF ALUMINUM PHOSPHIDE LEVELS  
IN WASTE FUMIGANTS FROM FOOD SHIPMENTS  
FOLLOWING SIMPLE IMMERSION TREATMENT 

Increasing concentrations of aluminum phosphide (AlP) in waste fumigants and residues pose 
a serious threat to human health. This study focused on the effectiveness of the widely used simple 
immersion treatment for waste fumigants from shipments, which usually have a higher concentration 
of residual AlP. A field survey of an operational process was conducted followed by a quantitative 
analysis of the immersion treatment’s hydrolytic effect on AlP. Further investigation on the safety of 
waste fumigants after the immersion treatment was conducted. It was found that the AlP concentration 
in the waste fumigant varied significantly with the sampling date, ranging from 12.93±0.67 wt. % to 
29.50±1.18 wt. %. Simple immersion treatment could reduce the concentration of residual AlP in waste 
fumigants but the hydrolytic effect varied largely ranging from 19.5% to 31.9%. The concentration of 
residual AlP remained high (9.1–20.1 wt. %) after the immersion treatment. About 3.2–15.2 wt. % of 
AlP remained in the samples, following an additional 40 days of natural air-drying when phosphine 
gas release was not detected. The study indicates that conventional simple immersion treatment cannot 
ensure the complete hydrolysis of AlP from waste fumigants of shipments. 

1. INTRODUCTION 

The development of global economy and expansion in international trade have re-
sulted in the extensive usage of chemical fumigants in the import and export of agricul-
tural products in order to meet the quarantine requirements of importing countries and 
pest and disease control during long-distance freight transport. Aluminum phosphide 
(AlP) is currently the most common chemical for pest control of stored foods in most 
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countries [1, 2] and is regarded inexpensive and effective. Consequently, AlP fumigants 
are transported across various countries along with foodstuff  [3-5].  

However, abundant fumigants are wasted when the temperature is low or transport 
distance is short. These waste fumigants residues are mainly composed of AlP and its 
hydrolytic products [6,7] such as aluminum oxide, etc., which are highly toxic inorganic 
compounds mainly because of AlP. It can release phosphine (PH3) gas on contact with 
either moisture or acid in the environment, as shown in the following chemical reaction: 

2 3 3AlP + 3H O Al(OH) + PH  

PH3 is a colorless gas at room temperature under atmospheric pressure. Addition-
ally, pure PH3 is odorless at concentrations up to 282 mg∙m–3 which are highly toxic. 
The autoignition temperature of pure PH3 is 38 °C but the presence of impurities, par-
ticularly diphosphine (PH2–PH2), often causes the reacting product to ignite spontane-
ously at room temperature and form explosive mixtures with air at concentrations 
greater than 1.8% [2]. Thus, the AlP presence has a significant effect on the safety of 
waste fumigant residues, and can be hazardous to humans, animals, and the environment 
if not handled properly [8, 9]. However limited researches have focused on it. 

In recent years, several safety accidents caused by improper handling of AlP fumi-
gant residues have been reported posing a substantial risk to the health of food inspec-
tion and quarantine personnel, as well as food safety [8, 10, 11]. Hence, there is an 
urgent need to identify suitable methods for handling waste fumigants to ensure smooth 
workflow during the inspection and quarantine of imported foodstuff and guarantee 
steady progress in food safety strategy. 

Generally, domestic and foreign treatment methods for waste fumigants mainly in-
clude burial or incineration [12, 13]. However, with increasing urbanization and scarcity 
of land resources risk of residue leakage, spilling, and water contamination caused by 
traditional deep burial treatment is high. Equipment requirements for incineration are 
substantial and need to be set up in close proximity, resulting in higher costs and oper-
ational difficulties. Additionally, waste fumigants produced during shipping exhibit 
higher fluctuating concentrations of residual AlP, compared to waste fumigants gener-
ated by ordinary food storage increasing the risks of these techniques [8, 11, 14]. Fur-
thermore, due to differences in temperature and duration of food storage, waste fumi-
gants two to five times the volume of the original fumigant, containing undecomposed 
AlP (3–30 wt. %) are produced [8, 9, 14, 15]. According to data published by the Gen-
eral Administration of Customs, the preliminary estimate of waste fumigants produced 
by the shipping of food was more than 300 t in 2015. Therefore, simple conventional 
fumigant burial or incineration techniques are no longer applicable and specific pre-
treatment of waste fumigants before their safe disposal is required. 

Immersion hydrolysis treatment is currently used to treat waste fumigants of ship-
ments [11–13]. The danger of waste fumigants mainly arises from non-hydrolyzed AlP. 
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As AlP is easily hydrolyzed treatment solutions such as water, detergent water, acid and 
alkali solutions are added to promote the degradation of unreacted AlP in the residues 
[4, 11]. This method is simple, convenient, and easy for project implementation. How-
ever, research in this field is limited and quantitative analyses investigating the effects 
of the AlP degradation and its safety are lacking.  

In this study, an actual project using immersion treatment to process waste fumi-
gants was used as a case study. Samples were randomly selected between March to 
November 2015 and the hydrolytic effect of immersion treatment on AlP levels was 
investigated. In addition, concentrations of AlP and phosphorus in the hydrolytic resi-
dues obtained after air-drying for 40 days were investigated, to analyze the safety of 
waste fumigants following the immersion treatment.  

2. MATERIALS AND METHODS 

Field survey of case study. Samples were obtained from an operational project that 
used immersion treatment for waste fumigants in Zhoushan, China. The handling capacity 
of this project was 50 t/year. The site occupied an enclosed area of around 1000 m2, and 
included temporary storage, processing, and natural air-drying areas. The 300 m2 main 
processing area used a simple detergent solution for immersion treatment to process 
waste fumigants. The process flow of the project is shown in Fig. 1. Around 65% of the 
immersion pool was filled with water and detergent equivalent to 3 wt. % of the residue 
mass was added. After ensuring the safety of the surrounding environment, packaging 
containing waste fumigants obtained directly from a shipment was placed in the exposed 
immersion pool and PH3 gas produced during decomposition was allowed to diffuse 
freely. At the end of the treatment, the residues were removed from the pool and air-
dried naturally. They were stacked randomly on the ground without cover until PH3 gas 
was not detected (usually about 40 days). Then, the residues were subject to deep burial 
treatment. 

 
Fig 1. Process flow of simple immersion treatment of waste fumigants in the case study 
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The treated waste AlP residues were solid pills used for grain fumigation during 
long-distance freight ship transport. Once the grain had been loaded into the cargo hold, 
it was treated with AlP pills placed on the surface of the grain piles in each hold. Nearly 
1–1.5 g of AlP was used per m3 of storage. The large quantity of AlP products reacted 
when they came in contact with the air, water, or moisture to release PH3 gas thereby 
killing insects and larva. Therefore, some unreacted AlP and its hydrolytic products 
such as aluminum hydroxide remained in the waste residual. The specific contents of 
these components differ between different waste fumigants, but the main hazardous 
component is AlP.  

Sample collection. Samples between 100 g and 200 g were randomly collected for 
investigation from March to November in 2015. They were packed in sterile glass vials, 
sealed, and sent to the laboratory for testing. Each sample was obtained by mixing three 
repeats from each sampling point. Basic information about the samples collected is 
shown in Table 1. 

T a b l e  1 

Basic information on randomly collected samples 

Sampling date 
(average temperature Sample category Sampling point Sample weight 

[g] 
March 2015 
(16.5 °C) 

original 3 150 
air-dried 3 100 

July 2015 
(29.2 °C) 

original 4 200 
hydrolyzed 3 180 
air-dried 3 100 

August 2015 
(32.0 °C) 

original 4 200 
hydrolyzed 3 150 
air-dried 4 120 

November 2015 
(12.4 °C) 

original 3 160 
hydrolyzed 3 150 
air-dried 4 100 

Original sample: fresh sample obtained from the ship, i.e. input sample for immersion treatment. Hy-
drolyzed sample: sampling after immersion treatment, i.e., output sample. Air-dried sample: output sample 
after 40 day of air-drying, i.e., sample considered safe for land filling with phosphine gas not detectable. 
In March, as the immersion pool had been empty for about 10 days on the sampling day, the hydrolyzed 
sample, i.e., output sample after immersion treatment could not be obtained

Detection indices and method. Testing indicators were residual AlP, total phospho-
rus, and total nitrogen concentrations. AlP concentration was determined using the spec-
ified titration method [16]. Well-mixed residue powder was treated with sulfuric acid to 
release PH3 and treated with potassium permanganate solution for oxygen absorption. 
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Subsequently, oxalic acid was added and back-titrated with potassium permanganate. 
Potassium permanganate consumed was recorded and the concentration of AlP was cal-
culated [16]. Based on this, the hydrolytic rate of residual AlP was calculated using the 
equation  

 
   

 
OS HS

OS

AlP AlP
Hydrolytic rate = ×100%

AlP
C C

C


  (1) 

where C(AlP)OS is the AlP content in original samples; and C(AlP)HS is the AlP content in 
hydrolyzed samples. Additionally, the activity level of waste fumigant was expressed as the 
AlP content of waste fumigant divided by the AlP content of fumigant product (56 wt. %). 

Total phosphorus and nitrogen levels were determined by the spectrophotometric 
method. After the residues underwent successive heated digestion using aqua regia, hy-
drofluoric acid, and perchloric acid on an electric hot plate, the resulting solution was 
loaded onto 0.22 μm microporous membrane to remove the impurities which could not 
digest, and then measured according to the existing standards [17, 18]. 

Statistical analysis. Mean values and standard deviation of the data were analyzed 
using Excel (Microsoft, 2007, USA) and OriginPro7.5 (OriginPro 7.5, OriginLab Cor-
poration, Northampton, USA). Significant differences were determined using Fisher’s 
Least Significant Difference (LSD) test at p < 0.05 level. 

3. RESULTS AND DISCUSSION 

3.1. CONCENTRATION OF AlP IN WASTE FUMIGANT 

The concentration of AlP in the original samples varied significantly with the sam-
pling date ranging from 12.93±0.67 wt. % to 29.50±1.18 wt. %, except during July and 
August (p > 0.05) (Fig. 2). Compared to the content of AlP in the product (56 wt. %), the 
level of activity in residues reached 23–53%. This was mainly due to factors such as dif-
ferences in weather and the length of fumigation use (the length of time in freight) [8]. 

Compared with the AlP content in the waste fumigants produced by ordinary food 
storage (3–10 wt. %) [10, 11], the concentration of AlP in fumigant residues generated 
in shipments was higher, resulting in a high risk from these types of residues. The resi-
dues can produce highly toxic PH3 if disposed poorly, and come in contact with water 
[8, 19, 20]. The concentration of AlP in fumigant residues showed significant difference 
at various sampling temperatures and was low during hotter months and high during 
cooler months. This indicates that the AlP content in waste fumigants exhibits seasonal 
variation to a certain extent. Therefore, with humid climate in winter, safe storage of 
fumigant residues before their final disposal is very important. 
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Fig 2. Content of AlP in original and hydrolyzed samples 

3.2. HYDROLYTIC EFFECT OF IMMERSION TREATMENT ON AlP  

The hydrolytic effect was analyzed by comparing changes in the concentration of 
AlP in the original samples with hydrolyzed samples as shown in Fig. 2. The results 
showed that the concentration of AlP in the waste fumigants decreased significantly 
after the immersion process. However, the hydrolysis rate varied in various batches ranging 
from 19.5 to 31.9%. The hydrolytic effect was highest in March when the concentration of 
AlP decreased from 29.5 to 20.1 wt. %. In contrast, hydrolytic effect in November was the 
lowest as the concentration of AlP decreased from 15.9 to 12.8 wt. % only. The decrease 
in the concentration of AlP during July and August was moderate. This was probably 
due to low concentration of AlP in the input samples as temperature was higher during 
July and August as shown in Table 1. Moreover, artificial stirring to promote hydrolysis 
was not carried out during these months. However, as the concentration of AlP was 
higher in the input samples during March and November, certain degree of artificial 
stirring was performed to accelerate the hydrolysis. Therefore, the hydrolytic effect dif-
ference was mainly because of the AlP concentration in the input samples as well as 
technical parameters such as reaction temperature etc. 

Furthermore, although the hydrolytic effect was the highest in March, the concen-
tration of residual AlP was still high at 20.1 wt. %. From July to November, the con-
centrations of AlP in the output samples were also considerably high ranging from 9.1 to 
12.8 wt. %. These levels threaten the safe disposal of residues even after the immersion 
treatment. 
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3.3. SAFETY ANALYSIS OF WASTE FUMIGANT AFTER IMMERSION TREATMENT 

Although immersion treatment reduced the concentration of AlP to some extent, the 
concentration after treatment was still considerably high ranging from 9.1 to 20.1 wt. % 
posing a hazard during deep burial. Hence, further processing of the waste fumigants 
was investigated. The residues obtained after immersion treatment were air-dried for 
40 days, and the residual amounts of AlP, total phosphorus, total nitrogen, and their 
variation patterns were studied. The results are shown in Table 2. 

T a b l e  2 

Test results of relevant indicators for air-dried waste fumigants 

Sampling 
date 

Stirring
degree

Concentration of AlP
[wt. %]

Total phosphorus (TP)
[mg/g]

Total nitrogen (TN) 
[mg/g] 

March 2015 artificial 15.17 44.17 0.11 
July 2015 no 6.19 22.91 0.18 
August 2015 no 3.21 16.18 0.23 
November 2015 artificial 7.60 24.17 0.15 
 
Air-dried samples considered completely treated (PH3 gas was not detectable) still con-

tained 3.2–15.2 wt. % of AlP. This was mainly due to continuous increase in pH during 
hydrolysis, which caused the precipitation of aluminum hydroxide. These formed partial 
inclusions over AlP particles, and combined with the stationary state of the solution, led to 
poorer exposure of AlP to the solution. This eventually resulted in a large amount of residual 
AlP in the solution. However, the concentration of nitrogen in the AlP residues was very 
low and there was almost no discrepancy. This indicated that the focus should be on AlP 
and phosphorus levels during the course of subsequent disposal. 

Graver and Whittle [9] found that even after 19 months of deep burial of the waste 
fumigants, up to 4.1% of the toxic PH3 gas could be released. This suggests that the 
simple immersion treatment employed in this study cannot guarantee complete hydrol-
ysis of the fumigant residues. Currently, simple immersion treatment and deep burial 
techniques that are widely used in China pose a large risk to the environment and human 
health. Developing effective technologies for the detoxification of waste fumigants 
through decomposition or hydrolysis of AlP are needed to ensure that processed resi-
dues can meet the safety standards of landfills.  

4. CONCLUSION 

A field survey of an operational project that utilized simple immersion treatment for 
waste fumigants from shipments has been conducted. The results showed that simple 
immersion treatment could reduce the concentration of residual AlP in waste fumigants 
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but the hydrolytic effect showed considerable variation among different samples ranging 
from 19.5% to 31.9%. Moreover, the concentration of residual AlP following immersion 
treatment remained relatively high ranging from 9.1% to 20.1%. Even after 40 days of nat-
ural air-drying, when the release of PH3 gas was not detected, 3.21–15.17 wt. % of AlP 
remained in the samples. This indicates that simple immersion treatment employed in 
this study could not guarantee the complete hydrolysis of the fumigant residues. 

These results provide a single example of effects of simple immersion treatment on 
AlP degradation that was dependent on the sample contents and treatment temperature. 
Evidently, more research is required to determine whether the content of the active in-
gredient can be reduced below the levels of landfill standards using improvements in 
immersion technology or adopting other effective technologies. 
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