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Abstract

A gas chromatographic—mass spectrometric method was developed for the determination of pesticides in compost. The investigate
pesticides included two fungicides, two herbicides and 10 insecticides. The pesticides were extracted from the compost by pressurize
liquid extraction. The extract was cleaned up by a partition between hexane and acetonitrile followed by a dispersive solid-phase extractior
using a porous carbon made from Moso bamtRioy{lostachys pubescen3 he overall recoveries were 81-104% and the relative standard
deviations (RSDs) ranged from 2.4 to 12%. The minimum detectable concentrations were 0.02-.04This method was successfully
applied to a compost sample from food waste as well as commercial compost.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction alachlor, atrazine, etc.) and insecticides (chlorpyrifos, diazi-
non, malathion, carbaryl, etc.) have also been detected in
Composting is a method of recycling waste as well as compos{3]. Thereis no legislated orrecommended reference
reducing waste amounts. Livestock waste, food waste, woodvalue for the pesticidesin compost. However, itisimportant to
waste, straw and husk, sewage sludge, etc., are used as werify the complete absence of pesticides in the final compost
matrix for compostind1]. However, some waste can con- because the use of contaminated compost can cause soil con-
tain toxic chemicallR—4]; the contamination of compostwith  tamination. Moreover, the contaminated compost applied to
toxic chemicals such as polycyclic aromatic hydrocarljghs  the soil could cause the environmental contamination. There-
and PCB95] has been reported. Pesticides are potentially fore, the development of determination method for pesticides
present in composting feedstocks including yard trimmings, in compostis also important in order to monitor pesticides in
municipal solid wastes and agricultural residygs. For the environment.
example, in USA, compost products from feedstocks contain-  Pesticides in compost are determined by GC{23],
ing the herbicide clopyralid have damaged non-target cropsGC [7] or HPLC [8] after extraction. Several extraction
[6]. Wagman et al[5] detected organochlorine pesticides procedures have been developed: Soxhlet extradBpn
(pentachlorobenzene, hexachlorobenzene, DDTs, dieldrin,microwave-assisted extractifr], solvent extractiofi8] and
c-heptachloroepoxide, chlordanes and nonachlors) in com-static subcritical water extractida].
post samples generated from vegetable leftovers from the Pressurized liquid extraction (or accelerated solvent
staff’'s lunches, peat, potato peel, vegetables, fruits, news-extraction) has been developed for the extraction of pesti-
papers, bananas and other waste from vegetables, fruitxides in soi[9] and food10]. However, there are few papers
and newspaper. Moreover, several current herbicides (2,4-D,describing the applicability of the method for the extraction
of pesticides in compost.
* Corresponding author. Tel.: +81 250 25 5162; fax: +81 250 25 5161. This paper describes the determination of pesticides
E-mail addresskawata@niigatayakudai.jp (K. Kawata). in compost using a pressurized liquid extraction for
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GC-MS determination. The investigated pesticides were in acetone. The purified water was from a Milli-Q system
two fungicides (imazalil and isoprothiolane), two herbicides (Millipore, Bedford, MA, USA).
(mefenacet and thiobencarb) and 10 insecticides (carbaryl, Bark compost, cow dung compost and food waste compost
chlorpyrifos, chlorpyrifos methyl, cypermethrin, diazinon, were obtained from Honen Agri (Niigata, Japan), Yoshida
O-ethyl O-4-nitrophenylphenyl phosphonothioate (EPN), Agri Factory (Fukushima, Japan) and A&M Shimota Farm
fenitrothion, fenvalerates, malathion and pirimiphos methyl). (Ibaraki, Japan), respectively. Bamboo porous carbons
They are commonly used for cultivation in Asian countries (BPCs) were prepared using the same method as previously
including Japan. described[12-14] In brief, Moso bambooRhyllostachys
Fogg and Boxallj[8] determined the pesticides, isopro- pubescenswas carbonized using an electric charcoal kiln.
turon and chlorothalonil, in compost by HPLC without Three BPCs, BPggo, BPC;00 and BPGgoo Were obtained
any cleanup procedure. However, Florisil column chro- by carbonization at final temperatures of 400, 700 and
matography[5,7], gel permeation chromatograpfy] and 1000°C, respectively. The temperature for BRgwas pro-
solid-phase extraction (SPE) using octadecyl si[2hevere grammed from room temperature to T@at 1.3°C min1,
reported as cleanup procedures for GC—MS or GC determi-then from 100C (held for 1 h) to 400C (held for 1 h) at
nation. Regarding pressurized liquid extraction, interfering 5°C min—1. The temperature for BPigo was programmed
components can be co-extracted from samples together withfrom room temperature to 10C at 1.3Cmin~1, from
the target pesticides. Therefore, a partition between hexanel00°C (held for 1 h) to 500C at 6.77C min~! and from
and acetonitrile and a dispersive solid-phase extraction 500°C (held for 1 h) to 700C (held for 1 h) at 3.3C min—1.
were evaluated as cleanup procedures. Anastassiades €éthe temperature for BPigoo was programmed from room
al. [11] reported that the dispersive solid-phase extraction temperature to 100C at 1.3°C min~1, from 100°C (held for
with a primary secondary amine sorbent could remove 1 h)to 500°C at 6.7°C min—! and from 500 C (held for 1 h)
many polar matrix components, such as organic acids,to 1000°C (held for 1 h) at 2C min~1. The resulting porous
certain polar pigments, and sugars, from the food extractscarbons were crushed and sieved to a particle diameter of
to some extent. We evaluated porous carj@é@s14]as the 25-125.m. The BET-surface area and the total pour volume
solid-phase. of BPCy00, BPGoo and BPGooo were 2.50Ag~! and
<0.01mlg?, 251 nfg~tand 0.143mig?, and 300 g1
and 0.153 mlg?, respectively14].
2. Experimental
2.3. Determination procedure
2.1. Apparatus
A 2-g sample was packed in the ASE vessel. The
An ASE100 System (Dionex, Sunnyvale, CA, USA) vessel was then closed and placed in the ASE system. The
with 11-ml stainless steel ASE vessels was used for the sample was extracted twice with acetonitrile. The extraction
pressurized liquid extraction. A Finnigan POLARIS Q gas conditions were as follows: extraction temperature, 20
chromatograph—ion trap mass spectrometer (Thermo Elec-extraction pressure, 11 MPa; static extraction time, 5min;
tron, Waltham, MA, USA) equipped with a Combi Pal auto solvent flush volume, 6.6 ml; nitrogen purge time, 5s. The
injection system (CTC Analytics, Zwingen, Switzerland) extract was evaporated to 5ml using a rotary evaporator
was used for the quantitative analysis. A 3&r.25 mm at 30°C, and purified with 2ml of hexane by shaking for
i.d. (0.25um film thickness) fused-silica J&W DB-5MS 1 min. After the hexane layer was discarded, the acetonitrile
column (Agilent, Palo Alto, CA, USA) was used for the GC layer was concentrated to 1 ml under a purified nitrogen

separation. gas stream. A 100-mg sample of Bygwas added to the
acetonitrile solution. The solution was shaken for 1 min and
2.2. Materials filtered. Two milliliters of hexane and 3 ml of purified water

were added to the filtrate. After shaking for 2 min, the water

The standard chemicals were purchased from Kantolayer was discarded. The hexane layer was washed with
(Tokyo, Japan) and Wako (Osaka, Japan). The purities of the3 ml of purified water by shaking for 1 min. After the hexane
standard chemicals were 96.0% for sypermethrins, 98.0%solution was dried over anhydrous sodium sulfate, the solu-
for EPN, fenitrothion, imazalil, malathion and pirimiphos tion was concentrated to 1 ml under a purified nitrogen gas
methyl, and 99.0% for the other pesticides. Solvents of pes- stream.
ticide analytical grade were purchased from Kanto. Each
standard pesticide was dissolved in acetone to make up a2.4. GC-MS analysis
1 mgmi! stock standard solution. A standard solution of
a mixture of target pesticides (4@ ml~1) was prepared A 5-pl aliquot of the internal standard solution was added
in acetone. An internal standard solution (#&®mi=1) of to the concentrated solution andullof the resulting mix-
9-bromoanthracene (Aldrich, Milwaukee, WI, USA) and 1,4- ture was injected into the GC-MS instrument. The target
diiodobenzene (Tokyo Kasei, Tokyo, Japan) were preparedpesticides in a sample were simultaneously determined in
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Table 1
Retention times and selection ions for determination of pesticides
Compound Ut MwP  TR(minf miz
Qd Ile
Carbaryl | 201.2 13.46 144 116
Chlorpyrifos | 350.6 13.93 197 199
Chlorpyrifos methyl | 322.5 13.29 286 288
Cypermethrins | 416.3 19.84 163 181
20.00 163 181
20.07 163 181
20.16 163 181
Diazinon | 304.3 12.59 152 199
EPN | 323.3 16.99 157 169
Fenitrothion | 277.2 13.72 125 109
Fenvalerates | 419.9 21.47 181 152
20.90 181 152
Imazalil F 297.2 15.14 215 217
Isoprothiolane F 290.4 15.19 118 162
Malathion | 330.3 13.80 127 125
Mefenacet H 298.4 17.76 192 136
Pirimiphos methyl | 305.3 13.65 180 233
Thiobencarb H 257.8 13.97 125 72
9-Bromoanthracene IS 329.9 15.04 256 258
1,4-Diiodobenzene IS 257.1 9.96 330 203

a F, fungicide; H, herbicide; I, insecticide; IS, internal standard.
b Molecular weight.

¢ Retention index.

d Quantitation ion.

€ Confirmation ion.

one injection. The monitored ions for quantification of the
compounds are listed ifable 1together with their retention

K. Kawata et al. / J. Chromatogr. A 1090 (2005) 10-15

temperature, 250C; ionization mode, electron impact; ion-
ization energy, 70 eV; mass scan rangé, 50-450.

3. Results and discussion

3.1. Evaluation of the pressurized liquid extraction
conditions

Extraction conditions, namely, extraction solvent, extrac-
tion temperature and extraction cycle times, were evaluated
in order to achieve the most efficient extractions for the
target pesticides. These conditions are important parameters
for achieving a quantitative extractidd5]. Experiments
for the evaluation were performed on fortified compost
samples for optimization of the pressurized liquid extraction
conditions. The 11 pesticides listedTable 2were used for
the evaluations.

First, the extraction solvent was evaluated. Desorption
efficiencies from the compost after one extraction cycle were
studied for the 11 pesticides. Hexane, dichloromethane,
acetone, methanol and acetonitrile were investigated as
extraction solvents. The results are showiafle 2 When
hexane was used, the recoveries of the target pesticides did
not exceed 30%. Dichloromethane, acetone and methanol
produced recoveries of 44-84%, 47-95% and 45-96%,
respectively. Among the solvents investigated, acetonitrile
produced the best recoveries of 58-108%. Moreover, the
partition between hexane and acetonitrile was successfully

times. The ratios of the peak areas of the quantitative ions toperformed (86—95%) for the target pesticides as will be
those of the internal standards were used for quantificationdescribed later. Therefore, when acetonitrile was used as the

of the pesticides.

extraction solvent, the extract was simply cleaned up by the

The GC-MS conditions were as follows: columntempera- partition between hexane and acetonitrile. Consequently,

ture, programmed from 5@ (held for 1 min) to 280C (held

for 10min) at a rate of 15C min—1; injector temperature,
200°C; injection mode, splitless; helium carrier gas flow rate,
1.0mImint; MS transfer temperature, 29G; ion source

Table 2
Influence of solvent extraction on pesticide recoveries

acetonitrile was recommended for the extraction of the target
pesticides.

Second, the effect of the extraction temperature on
the recoveries of the 11 pesticides was evaluated for one

Analytical recovery (%)

Hexane DCM Acetone Methanol Acetonitrile

Mean (%) RSD (%) Mean(%) RSD (%) Mean (%) RSD (%) Mean(%) RSD (%) Mean (%) RSD (%)
Carbaryl 7 7.9 57 19 60 21 60 12 73 3.7
Chlorpyrifos 7 9.4 44 18 48 9.2 43 13 58 3.3
Chlorpyrifos methyl 16 14 56 16 a7 8.6 49 9.4 62 3.3
Diazinon 23 13 64 15 55 7.3 52 6.2 77 2.4
Fenitrothion 19 19 64 19 56 20 60 12 73 6.1
Imazaril 22 26 84 20 95 9.0 96 7.6 108 5.7
Isoprotihiolane 6 16 a7 26 61 18 66 17 98 4.6
Malathion 14 20 65 16 67 15 74 12 90 2.8
Mefenacet 13 27 51 17 73 12 71 15 78 3.4
Pirimiphos methyl 15 18 50 18 61 16 51 12 67 2.4
Thiobencarb 15 16 68 16 64 11 65 12 87 2.6

Pesticides (2.g each) were spiked to 2 g of compost(3).
a Value after one extraction at 12Q.
b Dichloromethane.
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Table 3

100 Influence of extraction cycle times on pesticide recoveries

Recovery (%)

la 2a 3a
90
Carbaryl 91 91 90
g Chlorpyrifos 86 88 89
= Chlorpyrifos methyl 82 99 98
2 50 Diazinon 84 95 94
3 Fenitrothion 89 92 94
& - . Imazaril 84 95 96
—M- - Averge “arbary s
70 —0— Chlofpyril‘os —A—Chlo'rpyrif'os methyl :\;Zﬂ’g::;g:]dane 98 06 994l.1 99 65
—2— Diazinon —=&— Fenitrothion
—0— Imazalil ---#--- Isoprothiolane Mefenacet 96 95 97
-0+ Malathion -4~ Mefenacet Pirimiphos methyl 96 93 95
" ---A---Pirimil?hos methyl ---l---"l:hiohencarh Thiobencarb 87 95 96
80 100 120 150 Mean 88 94 95

Temperature (°C
P ) a8 Number of extraction cycles.

Fig. 1. Effect of extraction temperature on pesticide recoveries.

cycle times for those of carbaryl, mefenacet and pirimiphos
extraction cycle. These results are shownFig. 1 The methyl. These pesticides were well recovered (>90%) after
recoveries of chlorpyrifos methyl and fenitrothion at 2aD one extraction and hence did not affect the extraction cycle
were higher than those at 80, 120 and 160 Those times. The mean recoveries after one, two and three extrac-
of carbaryl, chlorpyrifos and mefenacet increased as thetion cycles were 88, 94 and 95%, respectively. Although
temperature increased. On the other hand, those of the othelré€ extraction cycles provided the maximum recovery, the
pesticides at 120C were the highest of the investigated difference between two and three extraction cycles was not
extraction temperature conditions. Moreover, the mean significant. Moreover, it should be noted that three extraction
recovery at 120C (88%) was higher than thog:e at |0 cyclesincrease the extraction solvent volume and prolong the
(81%), 100°C (84%) and 150C (86%). It is suggested total extraction time without any remarkable effect. Conse-
that the increased temperature can disrupt the strongduently, we chose two extraction cycles for this study.
solute—matrix interactions of the solute molecules and active

sites in the matri{16]. However, Concha-Gna et al[9] 3.2. Evaluation of cleanup

reported that recoveries of organochlorine pesticides from

soils on the pressurized liquid extraction at *&B0were A partition between hexane and acetonitfil@] was eval-
slightly lower than those at 10C. In this study, the mean uated asacleanup procedure. Five milliliters of an acetonitrile
recovery at 150C was rather lower than that at 120, extraction from the cow dung compost containingd of

which agreed with the results of organochlorine pesticides. the target pesticides was added to 2 ml of hexane, and then
Therefore, we selected 12Q as the extraction temperature. shaken for 1 min. Recoveries of the pesticides from the ace-
Third, the influence of the extraction cycle times on the tonitrile layer are listed infable 4 All the pesticides were

recoveries of the pesticides were examined at’20rhese nearly 90% recovered. This partition procedure was applied
results are given iffable 3 The recoveries of chlorpyrifos, tothe compost extracts. The procedure was found effective in
fenitrothion, imazaril, isoprothiolane, malathion and thioben- removing fatty substances in the extracts as shown by slight
carb increased as the extraction cycle times increased. Thosgellow coloration in the hexane layer.

of chlorpyrifos methyl and diazinon were the highest for A dispersive solid-phase extraction was evaluated as an
two extractions under the investigated conditions. In contrast, additional cleanup procedure. Activated carbons are typical
negligible differences were found between one, two and threeadsorbents for the cleanup procedure. Generally, amounts

Table 4
Partition between hexane and acetonitrile

Recovery (%) RSD (%) Recovery (%) RSD (%)
Carbaryl 93 2.6 Fenvalerate 94 9.1
Chlorpyrifos 86 1.9 Imazalil 94 7.6
Chlorpyrifos methyl 91 3.9 Isoprothiolane 92 5.6
Cypermethrin 93 6.7 Malathion 95 6.4
Diazinon 87 2.0 Mefenacet 95 1.3
EPN 94 1.8 Pirimiphos methyl 92 4.1
Fenitrothion 91 25 Thiobencarb 88 2.7

Pesticides (2.g each) were spiked to extract of compastQ).
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12 BPGCyooWhich adsorbed them less than Bfggs[13]. There-
fore, BPGgoowas used for the cleanup procedure.
These cleanup procedures were applied to extracts from

& compost samples using the pressurized liquid extraction. The
L 08 extract was of dark yellow color. On the other hand, a pale
g +'€;§:§el yellow solution was obtained after the proposed cleanup pro-
0.6 —O— Chly if
§ —k— Chlgr[E;/E;fg: methyl cedures.
q>) —2— Diazinon
‘= L —®&— Fenitrothion .
g 04 Tmazalil 3.3. Evaluation of method performance
~ ---@...Isoprothiolane
-+-Q--- Malathion
02 - et oyl To evaluate the performance of the method, the overall
- Thiobencarb recoveries of the target pesticides from the compost sam-
0 1 1 . . ry
None 200 200 1000 ples were investigated. A compost sample (2 g) was fortified

with standard pesticides (Oulg each) and left for 30 min at
room temperature for solvent evaporation. The sample was
Fig. 2. Pesticide recoveries with the dispersive solid-phase extraction using treated by the method described in Sec@da®and analyzed
porous carbons. by GC-MS as described in Sectiar.

Three compost samples, bark compost, cow dung compost
of compounds adsorbed to the activated carbon increaseand food waste compost, were used for the evaluation. Two
as the surface area and the total pour volume of the acti-grams of each compost sample was treated using the method
vated carbon increase. A typical commercial porous carbon described above, and the obtained solution was used as the
(the BET-surface area, 135Cmy1; the total pour volume,  blank sample. No target pesticides were detected from the
0.611 mlg?) made from coconut-shell adsorbed the pes- blank samples.
ticide bensulfronmethyl strongljl4]. Therefore, the dis- The results of the overall recovery tests for 14 pesticides
persive solid-phase extraction using the activated carbonare shown irTable 5 Recoveries of the pesticides from the
should give poor recoveries of the pesticides. On the otherthree compost products ranged from 81 to 104% for the bark
hand, the bamboo porous carbons had the BET-surface areasompost, 86-99% for the cow dung compost and 87-102%
of 2.5-300M g1 and the total pour volumes of <0.01 for the food waste compost. These results indicate that the
to 0.153mlg?, and adsorbed less amounts of bensulfron- recoveries of the pesticides were good. The relative standard
methyl than the activated carbfit]. deviations (RSDs) ranged from 4.2 to 12% for the bark com-

Therefore, three porous carbons, Bigé; BPCrop and post, 2.4-11% for the cow dung compost and 3.6—-12% for the
BPCiooo Were examined as the solid phase to remove the food waste compost. These results indicate that the accuracy
matrix compounds. These results are showfimn 2 The of the method was good. Consequently, the pesticides were
mean of the recovery ratios with the procedure to those with- satisfactorily determined by this method.
out the procedure were 0.95 for BRfg, 0.88 for BPGqo The minimum detection limits (MDLs) were calculated
and 0.69 for BP@yoo This tendency agreed with the result by considering the values three times the standard deviation
that BPGqo adsorbed bisphenol A and estradiol less than of the replicate analyses jng g~* obtained from the results

Carbonization temperature (°C)

Table 5
Recoveries from compost samples and minimum detection limits of pesticides

Bark compost Cow dung compost Food waste compost MBdg )2

Recovery (%) RSD (%) Recovery (%) RSD (%) Recovery (%) RSD (%)
Carbaryl 96 6.6 88 6.5 88 7.5 0.02
Chlorpyrifos 90 9.9 93 9.0 97 4.5 0.03
Chlorpyrifos methyl 89 11 93 9.0 87 3.6 0.03
Cypermethrins 91 10 95 6.5 95 5.7 0.03
Diazinon 85 6.7 92 7.6 96 6.0 0.02
EPN 101 11 99 2.4 97 3.8 0.03
Fenitrothion 91 6.5 86 10 88 9.7 0.03
Fenvalerates 91 5.9 91 6.9 95 8.4 0.03
Imazalil 81 11 98 8.5 100 6.8 0.03
Isoprothiolane 86 4.2 99 7.4 100 10 0.03
Malathion 85 5.9 92 11 93 12 0.04
Mefenacet 104 12 96 6.1 96 7.5 0.04
Pirimiphos methyl 89 6.4 95 9.0 99 7.0 0.03
Thiobencarb 87 5.3 96 8.8 102 7.9 0.03

Pesticides (0.{g each) were spiked to compost(5).
& Minimum detection limit.
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of the recovery testsnE 5) using the three compost prod- the extraction process, two extractions with acetonitrile at
ucts (Table 5. Since the MDLs could be affected by the 120°C, were established. A partition between hexane and
matrix of the samples used, the largest value derived from acetonitrile and a dispersive solid-phase extraction using a
the three recovery tests of each pesticide was determined agporous carbon made from Moso bambBogubescensvere

the MDL [18]. The calculated MDLs of the target pesticides successfully adopted as cleanup procedures. This method was

were 0.0ugg! (carbaryl and diazinon) to 0.gdgg ! validated using three compost samples fortified with standard
(malathion and mefenacet) as showTable 5 pesticides, and was successfully applied to a compost sample

from food waste as well as commercially available compost
3.4. Application to compost samples in Japan.

This method was used for the determination of the pesti-
cides in four commercially available compost samples. The References
samples were rice husk compost, leaf compost, cow dung
compost and fowl droppings compost. No target pesticides [1] Cabinet Meeting, Biomass Nippon Strategy, Government of Japan,
were detected from the blank samples. 2002.

. . . 2] A.E. McGowin, K.K. Adom, A.K. Obubuafo, Chemosphere 45
This method was also used for the determination of pes- 2 (2001) 857 ! Hou P

ticides in a compost sample prepared by adding chlorpyrifos (3] F. uyikssnmez, R. Rynk, T.F. Hess, E. Bechinski, Compost Sci.
and fenitrothion to food waste from a restaurant. The concen- Utilization 8 (2000) 61.
trations of chlorpyrifos and fenitrothion in the waste were 1.5  [4] M.D. Webber, H.R. Rogers, C.D. Watts, A.B.A. Boxall, R.D. David,
and 21Q.g g~ on dry weight, respectively. The waste was R. Scoffin, Sci. Total Environ. 185 (1996) 27. .

- .. [5] N. Wagman, B. Strandberg, B.V. Bavel, P.-A. Bergqvist,Qberg,
Compo_sted for 100 day_s with mixing every ZQ days. The con- C. Rappe, Environ. Toxicol. Chem. 18 (1999) 1157.
centrations of chlorpyrifos and fenitrothion in the compost [6] U.S. Composting Council, Position Paper in Clopyralid and Com-
were 0.38 and <0.02g g~ on dry weight, respectively. The posting, 2001.
water content of the waste (76%) was reduced to 12% dur- [7] J. Losier, L. Girard, Int. J. Environ. Anal. Chem. 80 (2001) 1.
ing the composting. The other investigated pesticides were [g] E' Fcogg'hA'BGQ' BOI’\‘Aa'I“'TAg”C' FCOOd Chgm'M51 (2003) 5344' 5
not detected from the sam_ples. Fenitrothion_was comple?ely o Lépe?&a‘;;j’ ErTaF‘erﬁ'n'de:_ ?:f;ndff, ub. P'rad:_n;g%%l;; gregrf; '
degraded by the composting because the increased micro-  matogr. A 1047 (2004) 147.
bial activity of the compost can increase the degradation [10] H. Obana, K. Kikuchi, M. Okihashi, S. Hori, Analyst 122 (1997)
rates of fenitrothion. On the other hand, 25% of chlorpyrifos 217. 5
remained in the compost during the composting conditions. [11] '\A"C')A’?:”?:ttazziiggzé )51';'7 Lehotay, Btajnbaher, F.J. Schenck, J.
ViSCheFti et aI[19] reported that chlorpy_rifos was d_ecom' [12] T. Asada,. S. Ishihara, T. .Yamane, A. Toba, A. Yamada, K. Oikawa,
posed in a biological reactor system, while chlorpyrifos was J. Health Sci. 48 (2002) 473.
the best retained compared to the fungicide metalaxyl and[13] T. Asada, K. Oikawa, K. Kawata, S. Ishihara, T. lyobe, A. Yamada,
herbicide imazamox due to its physico-chemical character-  J. Health Sci. 50 (2004) 588.
istics. Moreover, the half-life of pesticides were affected by [14] T- Asada, T. lyobe, K. Kawata, K. Oikawa, in: M. Yang, S. Onodera

. . . (Eds.), Proceedings of China—Japan Joint Symposium on Environ-
composting conditions. Therefore, the lower degradationrate mental Chemistry, Chinese Chemical Society and Japan Society of

of chlorpyrifos in the present study resulted from the charac- Environmental Chemistry, Bejing, China, 2004, p. 302.
teristics as well as the investigated composting conditions. [15] W. Zhuang, B. McKague, D. Reeve, J. Carey, Chemosphere 54
(2004) 467.

[16] B.E. Richter, B.A. Jones, J.L. Ezzell, N.L. Porter, N. Avdalovic, C.
Pohl, Anal. Chem. 68 (1996) 1033.
[17] V.A. Isidorov, U. Krajewska, E.N. Dubis, M.A. Jdanova, J. Chro-
matogr. A 923 (2001) 127.
A pressurized liquid extraction method was developed for [18] K. Kawata, T. Asada, K. Oikawa, A. Tanabe, J. AOAC Int., in press.
the gas chromatographic—mass spectrometric determinatiori19] C. Vischetti, E. Capri, M. Trevisan, C. Casucci, P. Perucci, Chemo-

of 14 pesticides in compost. The optimum conditions for ~ SPhere 55 (2004) 823.

4. Conclusions
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