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Composting is a predominant method of recycling waste including food waste,
livestock waste, wood waste, straw and husk, yard trimmings, municipal solid
waste and sewage sludge. Pesticides could be applied to these wastes for the
control of insects and weeds during composting. Thereby, pesticides are
potentially present in the compost from various wastes. Several current
insecticides (chlorpyrifos, diazinon, malathion, etc.) and herbicides (2,4-D,
alachlor, atrazine, etc.) have been detected in the compost (Biiyiiksénmez et al.
2000).

A number of studies have been performed on pesticide degradations during
composting. These investigations dealt with insecticides, such as chlorpyrifos
(Fogg et al. 2003b, Vandervoort et al. 1997, Vischetti et al. 2004) and diazinon
(Leland et al. 2003, Michel et al. 1997, Petruska et al. 1985), as well as fungicides,
e.g., chlorothalonil (Fogg et al. 2003a, Fogg et al. 2003b) and metalaxyl
(Vischetti et al. 2004), and herbicides, e.g., clopyralid (Vandervoort et al. 1997),
imazamox (Vischetti et al. 2004) and isoproturon (Fogg et al. 2003a). The
pesticide degradations have been evaluated during the composting of citrus pulp
(Vischetti et al. 2004), pear moss with potassium hydroxide (Leland et al. 2003),
sawdust (Petruska et al. 1985), vine-branch (Vischetti et al. 2004), winter wheat
straw (Fogg et al. 2003a, Fogg et al. 2003b), turf grass (Vandervoort et al. 1997)
and yard trimming (Michel et al. 1997). However, there are few investigations of
the degradations of pesticides during the composting of food waste and fowl
droppings, which are common raw materials of compost.

We have previously reported the determination of 14 pesticides in compost using
a pressurized liquid extraction for the gas chromatographic/mass spectrometric
(GC/MS) method. Furthermore, this method was used for the determination of
chlorpyrifos and fenitrothion in compost samples prepared by adding the
pesticides to food waste from a restaurant; fenitrothion was completely degraded
by 100 days of composting with mixing every 20 days, whereas 25% of the
chlorpyrifos remained in the compost during the same composting conditions
(Kawata et al. 2005). This paper describes the degradation of organophosphorous
insecticides during the composting of food waste and fowl droppings. Food
waste, a major waste in Japan, is expected to be a candidate for compost, because

Correspondence to: K. Kawata

391



approximately 90 % of food waste is incinerated or disposed in landfills
(Government of Japan 2002). Fowl droppings are a common waste for
composting in Japan. The investigated insecticides included diazinon, EPN and
fenitrothion as shown in Table 1 (Kanazawa 1996). They are designated as the
Class I chemicals under the law concerning the pollutant release and transfer
register in Japan, and commonly used in Asian countries including Japan.

MATERIALS AND METHODS

An ASE100 System (Dionex, Sunnyvale, CA, USA) with 11 mL stainless steel
ASE vessels was used for the pressurized liquid extraction. A Finnigan
POLARIS Q gas chromatograph—mass spectrometer (Thermo Electron, Waltham,
MA, USA) equipped with a Combi Pal auto injection system (CTC Analytics,
Zwingen, Switzerland) was used for the quantitative analysis. A 30 mx0.25 mm
id (0.25 um film thickness) fused-silica J&W DB-5MS column (Agilent, Palo
Alto, CA ) was used for the GC separation.

The standard chemicals were purchased from Kanto (Tokyo, Japan) and Wako
(Osaka, Japan). Solvents of pesticide analytical grade were purchased from
Kanto. Each standard pesticide was dissolved in acetone to make up a 1 mg/mL
stock standard solution. A standard solution of a mixture of the target pesticides
(40 pg/mL) was prepared in acetone. An internal standard solution (40 pg/mL)
of 9-bromoanthracene (Aldrich, Milwaukee, WI) was prepared in acetone. The
purified water was from a Milli-Q system (Millipore, Bedford, MA, USA). The
bamboo porous carbon was prepared using the same method as previously
described (Asada et al. 2002), that is, Moso bamboo (Phyllostachys pubescens)
was heated from room temperature to 100 °C at 1.3°C /min, then from 100 °C
(held for 1 h) to 400 °C at 5 °C/min and was carbonized for 1 h using an electric
charcoal kiln. The result carbon was sieved to a particle diameter of 25 - 125 um.

Food waste from a restaurant and droppings of laying hens were used as the
starting materials for the compost. To one kg of food waste was added 4.0 g of
each of the pesticides. The treated food waste was mixed well with 99 kg of food
waste. To one kg of fowl droppings was added 2.0 g of each of the pesticides and
mixed well with 99 kg of fowl droppings. Each starting material was piled in a

Table 1. Properties of target pesticides.
IUPAC name Sw® Log DTs0°
(ug/l) Pow _(d)
Diazinon O, O-diethyl O-2-isopropyl-6-methyl- 40 3.15 34-45
pyrimidin-4-yl phosphorothioate

EPN O-ethyl O-4-nitrophenylphenyl 3110 3.85 7-16
phosphonothioate

Fenitrothion O, O-dimethyl O-4-nitro-m-tolyl 21 345 11-22
phosphorothioate

2 Water solubility. ®50% decline time in soil (Kanazawa 1996).
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plastic greenhouse. The piles were stored for 100 d with good mixing every 25 d.
The average air temperature during the composting was 24.1 °C. The
concentrations of the three pesticides in the piles were determined at 0, 25, 50,
75 and 100 elapsed days (» = 5). The water contents of the food waste (75 %)
and the fowl droppings (77 %) were reduced to 11 % and 14 %, respectively,
after the composting.

The determination of the pesticides was performed using a previously published
method (Kawata et al. 2005). Briefly, a 2 g sample was packed in the ASE vessel.
The vessel was then closed and placed in the ASE system. The sample was
extracted twice with acetonitrile. The extraction conditions were as follows:
extraction temperature, 120 °C; extraction pressure, 11 MPa; static extraction
time, 5 min; solvent flush volume, 6.6 mL; nitrogen purge time, 5 sec. The
extract was evaporated to 5 mL and purified with 2 mL of hexane by shaking for
1 min. After the hexane layer was discarded, the acetonitrile layer was
concentrated to 1 mL under a purified nitrogen gas stream. A 100 mg of the
bamboo porous carbon was added to the acetonitrile solution. The solution was
shaken for 1 min and filtered. Two mL of hexane and 3 mL of purified water
were then added to the filtrate. After shaking for 2 min, the water layer was
discarded. The hexane layer was washed with 3 mL of purified water by shaking
for 1 min. After the hexane solution was dried over anhydrous sodium sulfate,
the solution was concentrated to 1 mL under a purified nitrogen gas stream.

A 5 pL aliquot of the internal standard solution was added to the concentrated
solution and 1 pL of the resulting mixture was injected into the GC/MS
instrument. The monitored ions for quantification and identification were 152
and 199 for diazinon, 157 and 169 for EPN, 125 and 109 for fenitrothion, and
256 and 258 for 9-bromoanthracene, respectively. The ratios of the peak areas of
the quantitative ions to those of the internal standards were used for
quantification of the pesticides. The GC/MS conditions were as follows: column
temperature, programmed from 50 °C (held for 1 min) to 280 °C (held for 10
min) at a rate of 15 °C/min; injector temperature, 200 °C; injection mode,
splitless; helium carrier gas flow rate, 1.0 mL/min; MS transfer temperature,
290 °C; ion source temperature, 250 °C; ionization mode, electron impact;
ionization energy, 70 eV; mass scan range, 50-450. The overall recoveries of the
pesticides from the food waste compost fortified with standards (4 pg each) were
89 % for diazinon, 98 % for EPN and 85 % for fenitrothion. The relative
standard deviations of diazinon, EPN and fenitrothion were 16 %, 6.1 % and
12 %, respectively.

RESULTS AND DISCUSSION

The residue concentrations + standard deviation (dry base) of the pesticides in
the food waste and the fowl droppings upon composting are given in Figure 1.
The average concentrations and relative standard deviations of diazinon, EPN
and fenitrothion in the food waste were 41 pg/g and10 %, 36 pg/g and13 %, and
37 pg/g and 11 %, respectively (r» = 5). These values were 101 % of diazinon,
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Figure 1. Pesticide residue concentrations on composting.
(A) food waste, (B) fowl droppings.

90 % of EPN and 93 % of fenitrothion fortified in the food waste. The
concentrations of diazinon, EPN and fenitrothion decreased to 14, 1.4 and 0.31
pg/g after 50 d, respectively. Diazinon decreased to 9.5 pg/g after 100 d, while
fenitrothion and EPN were not detected (<0.05).

In the fowl droppings, the average concentrations (relative standard deviation) of
diazinon, EPN and fenitrothion were 21 pg/g (13 %), 18 ng/g (4.1 %) and 20
pg/g (19 %), respectively. These values were 104 % of diazinon, 90 % of EPN
and 100 % of fenitrothion fortified in the fowl droppings. The concentrations of
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Figure 2. Residues of pesticides on composting. (A)
food waste, (B) fowl droppings.

diazinon, EPN and fenitrothion decreased to 9.3, 0.11 and 0.21 pg/g after 50 d,
respectively. Diazinon decreased to 4.0 pg/g, after 100 d, while EPN and
fenitrothion were not detected after 100 d and 75 d, respectively.

The percentile degradations of the pesticides upon composting are given in
Figure 2. Diazinon in the food waste and the fowl droppings decreased to 51 and
70 % after 25 d, 34 and 44 % after 50 d, and 23 and 19 % after 100d,
respectively. Several reports have been published on the degradation of diazinon
under aerobic conditions; the reported degradation rates were affected by the
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starting materials of the compost and composting conditions. Petruska et al.
(1985) studied the composting of a mixture of cattle manure and sawdust; during
3 weeks of composting, about 21% of the '*C-diazinon was recovered as a
volatile organic material. Michel et al. (1997) reported that <1 % of the B
diazinon was extracted after 54 days of composting yard trimmings in a
laboratory compost. Leland et al. (2003) evaluated the degradation of ¥C_diazinon
upon the composing of pear moss added potassium hydroxide. They reported that
95% of the diazinon was degraded after 60 d of composting. The degradation
rates of this study were lower than those reported values, while the rate for the
food waste was approximately similar to that for the fowl droppings as described
below. Hence, it is likely that the difference in these degradation rates mainly
depended on the compositing conditions.

EPN in the food waste and the fowl droppings decreased to 7.1 and 1.5 % after
25 d, and 3.9 and 0.6 % after 50 d, respectively. There is no paper describing the
EPN degradation during composting. On the other hand, 210 pg/g of fenitrothion
in food waste from a restaurant was completely degraded by composting for 100
days with mixing every 20 days based on our previous report (Kawata et al.
2005). In this study, fenitrothion in the food waste and the fowl droppings
decreased to 4.3 and 2.8 % after 25 d, and 0.8 and 1.0 % after 50 d, respectively,
and <0.1 % after 100 d.

The degradations could be interpreted using first-order reaction kinetics (Fogg et
al. 2003a) in the following equation:

InR=kt+C [1]
where R is the residue of the pesticides (%), k& is the degradation rate (/d) and t is
the time (d). Figure 3 shows In R versus elapsed time with the regression line
using the least-squares method. The calculated & values and the determination
coefficients (7*) are given in Table 2. The degradation plots of diazinon were
extremely well fitted to the first order reaction given by equation [1]. On the
other hand, the plots of EPN and fenitrothion were rather less fitted to the first
order reaction compared to those of diazinon.

To evaluate the degradation rates of the pesticides, the 50% decline times (DT50)
were estimated using the established relations (Table 2). The DTso values of
diazinon (38 - 30 d) were much greater than those of EPN and fenitrothion (11 -
5.8 d). The pesticide degradations were faster in the food waste than in the fowl
droppings. Fogg et al. (2003a) reported that the degradation rates of the herbicide
isoproturon (11 - 456 pg/g) and fungicide chlorothalonil (7-287 pg/g) decreased

Table 2. DTso of pesticides during composting.

Food waste Fowl droppings

DTso(d) % r DTs0(d) & 7
Diazinon 38 -0.0138 0.913 30 -0.0177 0.980
EPN 11 -0.0499 0.871 7.4 -0.0713 0.807
Fenitrothion 7.7 -0.0685 0.884 5.8 -0.0914 0.903
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Figure 3. In R vs. time with regression lines by using the
least-squares method. (A) food waste, (B) fowl droppings.

with the increasing concentration up to 20 times. In this study, the initial
concentrations of the pesticides in the food waste were only twice as high as
those in the fowl droppings. The starting materials for the compost, therefore,
affected the differences in the degradation rates in this study. Moreover, the
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composting conditions accelerated the degradations of EPN and fenitrothion, but
not that of diazinon.

The obtained DTso0 values (Table 2) during the composting were compared to
those in soil (Table 1). The ratios (Rs) of the diazinon's DTs0 values to those in
soil were 0.84 - 1.1 (0.96 in mean) for the food waste and 0.67 - 0.88 (0.76 in
mean) for the fowl droppings; the Rs of EPN were 0.69 - 1.6 (0.96 in mean) for
the food waste and 0.44 - 1.0 (0.61 in mean) for the fowl droppings. These
results show that the composting conditions for the food waste were extremely
analogous to soil for the decomposition of diazinon and EPN, and that the
conditions for the fowl droppings were considerably analogous to soil. On the
other hand, the R values of fenitrothion were lower than the other pesticides:
0.35 - 0.70 (0.47 in mean) for the food waste and 0.26 - 0.53 (0.35 in mean) for
the fowl droppings. This indicates that the composting conditions were suitable
for the decomposition of fenitrothion compared to soil.
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