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Rapid Method for the Determination of 180 Pesticide Residues in
Foods by Gas Chromatography/Mass Spectrometry and
Flame Photometric Detection

Masahiro OKBiasHL* Yoko Kitacawa, Kazuhiko Axursy, Hirotaka OBana and Yukio TANAKA

Ocaka Prefectural Institute of Public Health, Nokamicki 1-3-68, iligashinari-kn, Osaka 3370023, Japan

{Recetved March 2, 200%; Accepted July 4, 2005)

A method was established for the determination of 130 pesticide residues in fruits and vegetables. The procedure
imvolved extraction with acetonitrile, followed by a salting-out step with anhydrous MgSO, and NaCl. Removal
of sediment und water was performed simultaneously by centrifugation. Co-extractives were removed with a dou-
ble-layered SPE columa, and graphitized carbon black and primary secondary amine {GCB/PSA) solid phase ex-
travtion cleanap cartridge. The elumte was delermined by GOFPD and GCMS without further cleanup. Reeov~
ery data were obltained by fortifving ¢ matrices at §.05-0.1 ugfg. Recoveries of 180 pesticides were mainly
70-110% and the relalive siandard deviaion (RSD) was below 25%. Limits of defection ranged between 0.01
and 0.05 gpp for tested pesticides, £ Pesticide Science Society of Iopan

Keywards. pesticide, residue analysis, muitivesidue, graphitized carbon black ¢ primary secondary amine.

INTRODUCTION

in Japan, maximum residue levels {MRIs}) have heen set for
over 200 pesticides in the last decade, and this number will he
ncreased to over 400 in 2006, In addition, agricultural prod-
ucts that contain pesticides not on MR1. lists will be excluded
from the market as illegal, with a positive-list system to be in-
troduced in the fiscal year of 2006

Pesticide sesidue analysis of foods has been performed by
numerous governments anpd private laboratories throughout
the world.™ Regulatory agencies invelved b the monitormg
of pesticide residues in foods require fast and cfficient mul-
tiresidue methods with a broad scope of application in order
to maximize the coverage of their monitoring activities. Mod-
ern residur monitoring programs are expected m be respon-
sive ta the latest developments in agriculture and new legisla-
tion.

To date, many multiresidue analytic methods have been re-
ported % Some of them require special instruments for ex-
taction or cleanup. The system for supercritical flud exivac-
tion (SFE),™* accelernted solvent extraction ( ASEY> Y and
gel permeation chromatography {GPC)™" operate automati-
cally But enly one sample is processed at a time, and the set-

* To whom correspondence should bo addressed.
E-muil: okihastigiiph pref osaka jp
€% Posticule Science Sovieiy of Japan
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tings rmust be changed for vach sample, conseguently the cost
is high. The aim of this stedy was o develop a simple and ef-
ficient multiresidue analysis that takes just one day and does
ot require expensive instruments for sample preparation. The
main focus was to shorden the analytical process during ex-
traction and cleanup. Anastassiades et al. reported o rapid ap-
proach to the analysis of pesticide residues in fruwts and veg-
etables, named QuEChERS.* We examined QuFChERS and
found that the method vontained 4 respective point, small size
liquid-liquid partitioning. and also found two nupative
aspects, weak extraction potency {shake) and nsufficient
cleanup (batch), In this study, we developed o more efficient
method, adapting a cleanup cartridge using a praphitized car-
hon black (GCB) and primary secondary amine (PSA) dou-
ble-layered (GCB/PSA) solid phase extraction (SPE) for the
analysis of 180 pesticides in fruit and vegetable samples.
Theze pasticides were detected by gas chromatography mass
spaetrometry (GC/MS) in the elecironic fomzation mode (F1)
and negative chemical ionization mode (NC1), and by GC
with a flame photometric detecwor (GCTPD). The newly de-
scribed method would compensate for the negative aspects of
the QuECHERS method.

MATERIALS AND METHODS

1. Apporatus
1.1, Electron ionization (EL} mode GC/AMS
A POLARIS (3 1on trap mass specirometer (Thermo Flectron
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Corp., LISA} equipped with a2 TRACE GU Ultra; column,
Rix-Sms capillary columm 30mX0.25 mm %925 pm {Restek
Corp., USAY, a helium carrier gas flow, 1.3 mlmin; injection
temperature, 250°C, iransfer line tempersture, 280°C: ionm
spurce tfemperature, 200°C; ion mode, clectronic iomization /
scan mode; oven temperstwe progmm: 60°C for 1min,
£ Cmin w 2807°C and held for 5 mun sphitess mgection at 2
vodume of { g by a AS-2000 auto sampler.

1.2, Negative chendeal ionization INCH mode GCMS
A GOMS-QP2010 gas chrommtograph 7 mass spectrometer
{Shimadzn, Japan}k column, DB-5 capillary column 38
m #2025 mmX0.25 pm {F & W Scientific, USA); helium car-
rier gas flow. 1.7 mbmin; injection temperature, 250°C; inter-
face temperature, 2300 ton source temperature, 200°(; ion
mods, negative chemical Jonization / selected fon monitoring
mode; reaction gas, methane; oven femperature program:
60°C for t min, 20°Cimin to 176°C, then 6°Cimin to 300°C
and held for 7min; splitless injection at 2 volume of L i by a
Shimadzu AQC-201 nuto iector.

13 GCFPD
A GC-17A (Shimadxu, Japan} cquippzd with a flame photo-
metric detector (FPDY. column, DB- 1701 capillary colunin 30
mA0.32 mm X025 pm (3 & W Scientific, USAY, helium car-
rier gas flow, 2.0 mi‘min; injection temperature, 230°C; deteo-
tor temperature, 280°C; oven temperature prograne 30°C for
2min, 20°C/Amin to 180°C, then 4"Clmm 1o 280°C, then
H°Chnin to 280°C for 5 min, splithess injection at a volume
of 2 gl by a Shimadzu AOC-14 autn Injector.

2. Chemicaly
Acetonitrile, toluene, scatone and n-hexane were of pesticide
analysis grade from Wako Pure Chemical Ind. {Japan). Anhy-
drous magnesiom sulfate, sodivm chloride and avetic acid
were of analytical grade from Wako. SPE tubes, GCB: Supel-
clean ENVI-Carb (230 mg) and GCB/PSA; Supelclean ENVI-
Carb/PSA {S0Dmy/SiDmy). were purchased from Supelco
{USA). GCB/PSA SPE was preconditioned with a 38mi mix-
ture of acetomitrile-toluene (3 : 1} containing 0.3% acetic acid.
Pesticide standards were obtained from Wako, Kanio Ka-
paku {Japan), Riedel de Haln (Germany), Havashi Pure
Chemical {Japan) and Dr. Fhrenstorfer GanbH. (Germany).
Fach compound was dissobved in acclone fo make a
L0 grp/mal stock standard solution, Mixed-compound inter-
mediate sofutions were prepared from stock solulions at con-
centrafions ranging from 40 to 100 ggimk Spiking solutions
were prepated from inlermediate solutions containing approx-
imately 100 or 200 compounds at concentrations of S jtg/ml.
Spiking solutions were used for fortifying the somples and
alse for the calculation afier appropriate dilution.

3. Sample Preparation

Al crops were purchased o » local market in Qsaka and we
confirmed that the concentrations of pesticide residues in
foods were below detectable levels with the proposed method,

— Extraction
10 g sample
20 mi acstonitrite + 0.1 mi acetic acid
Homogenize with a probe blender

— Separation

Add 1 g NaCl, 4 g MgSOs
Shake & cantrifuge to separate the layers

— Cleanup I

Take 16 mi acetonitrile layer
Load to GCB/PSA
Elute with 80 ml acetonitrile / toluene {3:1)

— Evaporate

Concentrate, solvent exchange to
& ml acetone / hexane {1:8)

— Anialyze .
GC-FPD, GC-MS (El mode, NCI mode}

Flow chart of the andeiresidie method.

Fig. 1.

About S00-1000 g of food was chopped tn a2 QS-7 food
processer { Toshiba, Japan) for more than | min to obtain thor-
oughly mixed homogenates,

An abiquot of 10 ¢ of sample homogenate was weighed inte
a BLUE MAX 50ml polypropylene conical tube {Becton
Dickinson, USA) and 100-2%igl of spiking soletion
{5-18agiyl for all compounds) was added. The mixiure was
left to stand for more than 30min befure extracion. The
spiked sample was witracted with & mixture of 20ml of ace-
writrife and 0.1 ml of acetiv actd by a H(G30 homogeaizer
{Hitachi. Japan) for ¢ mun. One gram of NeCl and 4 g of anhy-
drous Mg5(,; were further added and shaken immediately for
shout 305 with the screw cap on.'¥ The extmct was cen-
wifuged for 10 min af 6000 rpm using a Himae SCR 208 (Hi-
tachi, Japan) to separate the sediment and water from the ace-
womitrife. Next, 16 ml tequivalent to 8 g of sampley of the ace-
tonitrile layer obfained after sslong out was loaded inte z
GLB/PSA SPE whe. Pesticides were cluted with SOmi of
acetonitrile-toluene {3 13, The eluate was evaporated and the
residue was dissolved in Sml of acetone-hexane {1:9} for
GCPD and GCIMS analysis. The concemration of the same
ple represented by the test solution was 1 ¢/ml. Figure 1 sum-
marizes the procedure.

Calibration was achieved by preparing matrix matched cab-
bration standards from the extracis of blank samples in order
to compensate for the matrix effect. Analytes were quantified
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by using a 3-point calibration with those matrix matched cali-
bration standards corresponding to the spiked concentration.

RESULTS AND DISCUSSION

1. Method Develapment

Anastassiades el of, reported a quick, easy, cheap, effective,
rugped and safe method named QuEChERS! Pesticides
were extracted hy acetonitrile using a vortex mixer, the
cleanup provedure was performed by dispersive-SPE using
PSA particles, and the final extract was injected directly inio
the GC/MS system, Fhey avoided the solvent evaporation and
reconstiiution sieps to save time and lzbor. But we found thai
this procedure was not sufficient in remaoving food celorings
such as chiorophyll, carotene, and water soluble materials,
such as sugars and sodium chioride, when we used the
QuEChERS method. We have mtroduced the posilive aspecis
of QuliiChERS, such as a small extraction scale, and phase
separation with Mg80, and NaCl, o & conventional acetoni-
trile extraction and further improved the cleanup step. Duphi-
cated analyses were performed for the comparison of extrac-
tion between the QuEChERS method (shaking) and our pro-
piosed method (homogenizing) using samples containing in-
curred pesticide residues. As shown in Table 1, the five de-
tected pedticides, especially organochlorine pesticides, had
tower values after shaking with QuEChERS than after vigor-
ous mechanival homogenization wath the newly proposed
method.

Anustassiades of of. and Schenek ef of. reported that the re-
subts with the vortexing procedure were similar fo those with
the hlender for mcurred pesticides.'*™” It was suspected that
the results might be affected by the difference in pesticides
detected and the capability of eur fond processor. In any case,
the probe homogentzer has an advantage over a shaker to
break down foods o particles. The homogenizer needed a
certain volume of solvent. Extraction was conducted with
10g sample+20ml acctonituale. The homogenized extracts,
1:2:sample: solvent ratio, were g darker color than the
shaken extracts, 1:17sample: solvent ratio. The conclusion
was reachied that homogenizing was superior to shaking 2s an
extraction method. Moreover, we obfained broad peaks of
weak intensity on GOMS and GC/FPD chromatograms with
direct injection of the acetonitrile solstion.

We chose traditional SPE involving evaporation and recon-
stitution for removing hexane-inseluble sugars and sals, We
did not use internal standards because triphenylphosphaie,
which s used mn the QUECRERS method was trapped in
GUB. The separated acetontirife contained 2 small amount of
water,'” We disregarded the change in volume because we
considered it to have little effect.

2. Measurement

Almest all of the targeled pesticides were measured by El
mode GC/MS, but food mairices were frequently detected and
sometimex nterfered with the results. To aid with wkentifica-

Table 1. Comparison of unalytieal results obtamed using two
extracoon methods

Food Pesticide Shaking Homogenizing
{ppm)
Pumpkin Dieldrin 681 65013
Pumpkin Endrm 5.064 4.012
String hean BDustol .44 434
$inng bean o g -DOT 0.0t 0.025
Biring bean Methammdophos 083 D93

tion, GCAPD for organcphosphorous pesticides and NCh
mode GOMS for organochlonin and pyretiroud pesticides
were adopted. Organophosphorous pesticides were delected
using GU/FPD with 2 DB-1761, 2 mid-polarity phase columm.
Acephate and methamidophos were fitle detected using
GOMS with a DB-3, a low polurity phase column. Azinphos-
methyl and monocrotophos were not detected by GCMS
under the proposed conditions. Organochlorine and pyrethroid
pesticides were detected with NCI mode GOMS, which conld
detect halogenated compounds with high sensitivite.!”! Seri-
cus imterference was not observed with NCI mode GO/MS
and pyrethroids could be detected at lower levels than with
GCIMS in the El made or GC with an electron capture detec-
for {Fig. 2). Mairix enhoancement effects were sometimes ob-
served especially in FI mode GU/MS chromatograms. About
60% of pesticdes showed wnacceplably high responses
{»120%) with an orange matzix. Pesticide concentrations cal-
culated with standards in solvent alone may be much higher
than expected. Calibrating was achieved by preparing matrix
matched calibration standards from the extracts of blank sam-
ples, m order to compensate for the matrix effect.

3. Cleanup
GCB with 30ml of acetonitrile-toluene (311} waz compared
with GUB/PSA. The GUB column was effective atl eliminat-
ing pigment and 8 primary secondary amine column could re-
move polar matrices and fatly acids. Exwraction tests using
both columns were conducted S times for each sample of let-
tuce, orange, and paprika. All extravts became clear after
SPE, but the ehuate from GCUB containad some sediment and
was dark, Next, 6ml of extract {cquivalent to 6 g of sample)
was dried in o preweighed fost tube, and the amount of coex-
fracted material was defermined from the difference in weight
after the extract had dried. Figure 3 shows that the double-lay-
ered SPE column showed about 3094 or more cleanup for the
residual weight of dried matrices in all samples, compared
with single GCB. Figure 4 shows the fotal ion chromatogram
of banzna extracts eluted from GCB and GCB/PSA.

These chromatograms indicaied thal PSA reduced GC-de-
tectable matrices. Saito er of. also reported that the combina-
tion of GCB and PSA provided excellent cleanup for removal
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Fig. 2. GOCMS chromatogrems of pyrethrond  pesiicides  al
0.2 grg'ml A: B} mode (sean; B: NCT mode (SIM). 12 Cyhalothrin,
2: Permethrin, 3: Cyfluthrin, 4 Cypermethrin, 5 Flucythrinate, &
Fenvalorate, 7 Fluvalinate, § Deltamethrin,

of mairix materials.'¥ Almost all of the fargeted pesticides
were recovered sufficiently from GCB/PSA with the proposed
procedure except chinomethionate and chivrothalonil, They
were not recovered from GCB/PSA with seetonitrile-toluene
(3 - 1), though both pesticides were well recovered from GCB.
The potency of the PSA column was examined using a mixed-
pesticide solutton and the results showed that these pesticides
were captured by PSA. PSA was capable of remuoving of falty
weids, and these pesticides might be captured as a resnlt. We
tried to weaken the effect of PSA by adding ethyl acetaic or
acetic acid to the mixture of acetonitrile-toluene. We found
that the addition of 0.3% acetic acid improved the recovery of
both pesticides from the double-layered SPE column. The re-

Matrix content in eluate(mg)

i

Paprika QOrange Lettuce
(r=5)
Flg. 3. Comparison of residus! matrices in clustes oftamed from
tws mind columns.

zovery of chiorothalonil was over 70%, hut the recovery of
chinomethionale was still below S9%.

4. Recovery Test
The recimery tests were conducted 5 times for each sample of
tomata, lettuce {n=5x2), orange and paprika at a level of
0.05 ug’p, and apple, banana, broceoli, spinach and grapefruit
ata tevel of 0.1 ig'g. The data are summarized in Tabls 2.
Recoverias of 180 pesticides were between 70 and 110%
and the relative standard deviation {RSD) was below 25% at
each spiked level except for some pesticides in spinach and
troceol. Organophosphercus pesicides had lower RSDs than
ather pesticides. ¥ was speculated that GCFPD was more ac-
curate than GC/MS. In routine analysis, it is easy to recognize
the negative results for organophosphorous pesticides from
one copy of 2 flat chromatogram. The data from GCMS is
composed of many mass chromatograms and takes some time
1o confirm. GC/FPD is usefl te shonten the time needed for

A

1

[
>
R

Menstty

<

J L

5 10 15 2 25 30
Retantion fime {min)

Flg. 4. Companison of total fon chromatogram of barane extracts.
A: GCB; B: GCB/PSA.
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Table 2. Recevery data for compounds determined by the multiresidie method

Spiking level {ug/s) _ 05 6.1
Montorson  LOD Muean RSD Mean RSD
Compound Deiector _ _ n ] n . \
{m/z 23] reeavery (%5 (%) recovery (%3 (%)
a-BHE Nei 7 8.1 25 91 % 25 85 10
BBHC NC) A a0 259 93 9 259 8 %
y-BHC NCI 7 6.0 234 93 8 259 85 8
SBHC NCi 71 o 25 »n $ 28 85 12
Tefluthrin NCI 241 0.01 25% 93 11 254 87 9
Chlorothalonil NI 266 o0 234 73 30 25 72 n
Heptachlor NCL 300 a.01 250 106 i1 254 85 ?
Aldrin NCi 237 0.02 257 91 9 2% %3 6
THeolol NCI 250 a0 259 91 12 3 % 16
Heptuchlorepaxide NCI 282 .01 19 86 & it 34 6
Caplan NCI 150 002 pas &7 1 16 ND
Procymidone NOL 282 8.02 25% 93 1) 50 86 @
oo’ -DDE NCE KM a0 239 9 10 25 %4 y
Dieldrin NGt 237 0.0 254 2 11 25% 87 @
Endrin NCE 237 8.0t 23% 96 i 25 87 12
Chiorabenzilate NCI 278 am 1 ¥ 6 234 8t 23
2 -LDD NCL # 0.0 254 96 10 pi 85 7
ap’-DOT NCi 7 an 257 w 19 25% 5] 9
o9 DDT NEL 7 8.0 25% 100 11 239 24 1
Captabol NCI 150 801 3¢ 7 7 L4 43 20
Cyhalothrin NCH 205 o0 259 100 12 259 83 15
Permethrin NCi 207 802 25% o 14 259 7 19
Cyfuthrin Nt 207 9.0 25 101 14 259 87 12
Cypermethrin NCi 27 an 254 101 14 250 89 12
Flecythrinate NCL 243 g.0 25 104 13 25" 82 1%
Fonwalorate NCI 21 a0 254 w» 4 258 ] 13
fhavalinae NCt w4 oM 254 105 13 25 52 17
Deltarmothrin NCI ye 8.0 25 97 16 10t 7% 12
chlorvos D a1 254 89 7 25? %3 6
Meithamidophos ¥PD 4.0 25 7 14 P 62 24
Acephate FPD {136)* a4 10 80 5 229 59 3
Edhoprophos FPD {158y 001 259 99 12 25" 92 8
Dioxahenzofas FPD {216y o0 25 %% ? 259 96 4
Yerbufos FPD {2y a0 25 92 6 23" 57 §
Diazinon FPD {179y 8.0 234 95 6 259 %0 5
Iprabenos FPD {2041* a0 254 94 12 239 91 12
Dichlofenthion FPD2 {279y 0.0 254 9 ? 25 83 6
Tsazophas FPD {172 o0 1 8. 12 10% £ 14
Monocmtophis FPD o a4 1% 3¢ 5 10% 2 £
Cyunephos FPD 233 801 197 84 Y 14 §7 6
Dimethoste £PD 37 a0 197 43 16 259 77 2
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Table 2. {Coninued)

Spiking leved (yg/z) .08 @3

Mamtorion  LOD Mesn RS Mean RSD

Compound Detecior . n . ) n
[£5+] I recovery (%3 (%) recovery %) (%)

Chlerpyrifos-mothyl reh {285 3.0} Hd % % 25% 88 H
Tolclolos-methy! FPD {2655 .61 254 94 % 28% 1 £
Picmiphos-methyl FPD {296y 4.9 25¢ 98 6 25% 2 4
Chinmpynifos ¥PD (2SR} 8.0 285 95 % 258 89 &
Phosphamidon FPD {127y 6.02 g %1 3 T 89 4
Fenthion FPD {278 a0 25 # 25 36 7
Malithion FPD {127y (.61 235 93 7 247 87 17
Bromophus-mctin} P {3385« 8.61 i 3 % 0% %3 9
Fenitrothion FED {260y 0.0} 254 94 7 287 84 |
Dimethyivinphos ¥PD {2955 0.0 g 20 3 10 £ 5

Fsofenphos P 2138 ik 239 96 7 23% a3

Phenthoute FPD {274y 8.1 25% 93 7 25% 2 4
Fosthiazate FPD {227 602 1 9 3 T 84 11
Prothiofes FPD Rl 8.6 5% 95 6 255 41 8
Tatrachlorvinphos FPD (329)* 6.01 Hig % 4 17 82 12
Methidsthion FPD {14351* 8.6 254 94 7 5% 93 10
Profencfos FPD (337)* 901 g 92 4 e 8% 6
Busmmifos FPD (286" 8.1 254 % 7 250 93 3
Fenamiphos PP {303)* 0.1 o 9 4 192 89 2
Isoxathion PR e .61 25% 9% & 15% 93 4
Ethon FPD {231y o 25 97 7 28% 4 3
Edifenphos P 30 8.2 i &7 6 1% 76 22
Triazophes FPD {162y 6.01 e 95 4 W 93 3
Cyanaferphos FPD {169)* gt 1% 92 3 16 92 3
EPN PD {1697 0.0 25 % 4 5% 91 £
Piperophos FP (3200* a0 Hig 92 6 1 93 5
Pyridaphentiion FPD {3407 0.01 23 9 9 25% 91 10
Phosalonc FPD Qs a.02 pas 93 § 234 93 g
Aznphos-methyl PO 0.02 i %7 5 T 84 12
Pyractofos FPD {360)* (o2 ek 7 4 i 96 5
Pyrazophos FPD {221y 6.02 17 3 3 16 84 15
Metolearb Et 108 8.2 10 52 i 23% 81 29
Isoprocarh El 136 0.02 i ] 12 257 9 15
XMC Bl 122 0.2 ik 86 12 23% 57 2%
Xylylcarb E 122 6.02 1 86 16 1y* g3 19
‘Tecnazene i 20 2.0t 10 77 9 i 52 &
Fenoburark B 121 602 1 87 % 25% 89 14
Propachlor Bt 120 0.02 107 &7 § hizg 83 5
Propoxur £l 116 0.02 i %6 ¢ 25% 83 19
Chiorpropham ¥ 127 0.2 10 87 13 280 94 i2
Bendiocash Fi 154 0.03 g £ 20 25 7% 30
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Table 1. (Continued)

Spiking leve! (1eg/n} 6.05 6.1
Monttorion  LOD Mean RSD Mean RSD
Compound, Detector ] o n . n . .
{mic} (jeainl recovery (%) %) recavery {9 {94}
Triffuralin El 254 8452 1% 36 ) 254 %5 13
Benfluralin Bt 292 &0 10 86 7 12 %4 10
Dicloran £ 17 6.0 167 81 6 14 3 1
Simuzine El 21 B.02 104 %6 9 1% %7 %
Carbofuran 3 164 %0} 167 84 17 247 g9 24
Atrazine £l piii] 802 10% 8% ¥ 157 85 §
Clomazone El 204 .02 147 &8 19 6% 24 6
Cuanicrens Ei 27 602 1% 88 9 1% 2 3
Propyzamide El 173 602 1% 88 9 9% %5 7
Pyrimethani El 193 642 16% $5 19 16% 3 6
Tri-aliat El 28 602 1w % 14 19 77 %
Benaxacor El 120 42 14 2% 9 14 8% 8
Pirmicarh El 166 8.0 g a3 5 258 88 16
Ehiofencarh El 16% 642 1 78 17 247 67 24
Benfarcsatz Bl 163 8.0 109 87 3 25 87 5
Propanil £l 161 602 L ]2 9 o2 82 6
Bromobutide ] 232 6.2 16% ) ¥ 19 £3
Dimethonamid El 154 6.0 1¢% 88 ? 284 % 12
Metribuzin i 19% 42 164 52 12 259 83 1%
Acetochior El 3 601 1@ &7 7 162 &t E
Vinclozohin 2| 288 o2 16% 94 ] 16¢ 82 6
Simeiryn £l 213 602 1% 88 9 1% %4 %
Carbary] 51| 144 603 10" ) b 0 50 3
Alachior £1 158 642 16" Y 12 25% 88 12
Anweiryn {511 227 203 16 75 bs 199 5% LY
Prometryn £l 241 602 16 87 8 1w ] 4
Moyt Ei 150 £02 107 92 3 19 54 12
Ethofumesate £l 207 662 16" 89 12 1? ] 14
Esprocah N 222 802 10" %1 14 23% 83 12
Bronsact El 05 i3e) 1% 77 3t 17 8s 21
Probenazole £l 136 B3 U 57 26 1 7 2%
Thivbencarb Et 2357 603 10” 78 19 199 2 17
Dicthofencarb El 28 6.04 167 76 4 25% 84 1%
Metolachbor Bt 162 602 1% 84 9 284 86 $
Fenpropiour! £l 128 0.2 i 87 10 1w 82 7
Cyanazing ki 225 02 10 N 15 1099 58 f
Friadimefon £l 208 642 u# i 9 250 2 1
Chivrthal-dimethy} i3] 301 #.02 16% 87 g 192 3! 3
Nitrodul-isopropyl 3] 236 .02 ¢ RO 9 g% 77 8
Tetraconaznic ¥l 336 {13724 164 2% 16 blr2d 84 18
Fihatide £1 743 em 1 88 ¥ 148 % 12
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Table 2. (Continued]

Spaking level {gofg) ans 0.1
Moniorion  LOD Mean RSD Mean RSD
Compound Detoctor . . n o = n L o
{miz) {ug'ey recovery 8% (%) reoovery 25 (%)
Dhiphenamid El 167 0.02 10 % i e 83 is
Dimethametryn ¥ 242 6.02 197 D] 4 10 8% I
Pendimeihatin £t 282 0.02 1 83 )] 25% 84 %
Penconzzole i 248 992 17 %7 1 25% 8% )
Pyrifenox El 262 0.02 1 P33 it 257 73 22
‘Triadimenol £ 168 0.3 L4 83 23 240 93 52
Triflumsizole £t 218 .43 g 57 22 109 = -
Chinomethionate £t 268 502 1% 26 45 20 3% 48
Pacrobutrazot Ei 236 0.04 107 4 27 pid 87 17
o-Endosulfan £ 244 003 b 9 i% 1% ¥
Butachlor £l 156 6.02 iz % i1 5% 72 12
Fheriafn] 191 123 0.02 g 8 13 e v e
Wapropamide El 128 0.02 1 95 13 107 /S
Flutobsnit ¥ 173 0.02 1 92 TR T 0 2
Hexaconazele £t 214 002 iz §8 i3 26¢ 8% 26
tzoprothiolane El 204 8.03 1 81 137 102 8% 32
Metominesirobin E ] 191 092 197 95 L3 1 84 14
Uniconazole Ef 234 0.02 1 RS 10 AP 3 i
Pretifachior £ 238 (.02 1 94 ¢ 25% 90 1
Fhadioxoait £t 248 6.02 1% & % 25% 85 3
Oxadigzon Et 178 002 1% 84 12 102 83 8
Flemprop-methy} E 230 .01 o R 7 102 83 7
Myclobutanti B 17y .02 1 &% 12 25% 75 28
Oxyfluorfen B 252 092 1w %7 it 1w 8 g
Buprofezin B 178 @02 10 41 14 19 50 33
Fhesilacoke £l 233 0.02 1o 59 i1 25% §2 4
Bupirimate £t 193 0.02 1 93 10 1y $6 H
Kresoxim-metin] El 116 0.2 1w 2] 9 28% 8% 14
Metomsizobis 2 £l 194 0.02 iz 0 14 19 83 0
Cyproconuzole £ 22 0.62 1% 7 12 24 88 13
P-Endosuifan i 241 .04 Hrid 88 25 5% 56 24
Oxadixyl Bl 132 8.03 1 7 19 10 4 12
Muopronil El 264 0.04 10 » 24 25% 80 24
Fluacrypyrim £ 204 0.02 16 N ¢ 1% §1 §
Carfenizazone-ethyl ¥i 312 102 0 94 i e £ 14
Diofenolan B 186 0,02 10 ) 13 10 87 87
Benalasyl El 14% 002 10% 90 8 102 87 12
Quinoxyfen E 237 4.02 19 R4 ] 1% %3 i
Norflurszon 21 3 .02 197 9 13 158 §7 9
Lemseit 53 3 0.02 1 9 ¥ 25% 34 17
“Friffoxystrobin E 116 0.03 10% 93 15 108 88 £}
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Table 2. (Centipuxd)

Spiking level (g/s) 0.05 ot

Monitorion  LOD Mean RSD Meoan RSD
Compound Detector L - n ;

imiz) (gipl reeovery %) (% recovery (%) {34)
Hexazinone Et 17 0.02 10% 33 11 1 75 24
Tebuconwole £1 254 002 164 86 12 288 86 17
Dicinfop-methyt Ei x40 0.02 16# 96 9 108 &8 16
Thinyichler ] 288 002 10% 87 15 350 &7 15
Propugite El 133 0.02 5% 83 12 Lo 2 48
Diflufenican ¥i 264 002 i 24 i3 354 £7 12
Pyributicarh Et 163 002 1% 96 3 107 %3 g3
tprodions El N4 008 g a9 32 19 £ 3
Brompropylate El 341 0.4 ¥ 102 25 107 ¥ e
Bifenthrin El 181 02 107 8% 9 54 £7 it}
Picohimafen Ef 376 602 gl a3 11 {14 92 1t
Mathoxychler Ei 227 002 16*% L 19 iz £ 14
Fenpropathrin E 265 0.02 5 79 9 20 4 19
Tebufenpyrad ] 333 604 o 59 45 25% 91 13
Phenathrin El 183 602 ¢ 85 15 1% 87 32
Tetradifon Et 356 003 § 118 39 &85 58 10
Fummetpys Bt 298 6.02 167 a3 12 258 %8 17
Pyriproxylen Et 136 003 g @ 16 19 %3 26
Cyhalofop-buryl El 357 .03 1 i 32 108 &7 :
Mefenscet El 192 003 117 86 2 244 93 24
Fenarmol i 39 .02 14 40 B 24% 85 24
Bitertano} Ei 170 003 16 40 1% 234 %7 35
Pyrilaben £l 147 004 lig 73 28 109 F
Fendnssomrale Et 129 004 o 94 2% 1w F e
Pyrmidifen R 184 003 5 63 2% 44 ) 16

* Revavery dats for erange, paprika, leituce and tomato. * Revovery dain for ketiuce and tomate. ¥ Recovery data for tomato, ¥ Recovery
duta for apple, banana, grapefruit, brocooli and spinsch. * Recovery dats for apple, banana, grapefruit and brocesli, # Recovery data for
apple. banuna, grapefruit and spinach. @ Recovery datz for brocooli and spinach. ® Recovery data for broceoli. ® Recovery data for

spinach, NID: Not detected. TF: Inferfered.
* Alse monitored by £l mode GUAMS.

wdentification. A few organophosphorous pesticides were
measured with GC/MS because of interference in broccoh.
Captan was not recovered from spinach and broceeli
Captafol was not recovered from spinach, 1t was poorly recov-
ered in broceoll, and its recovery was fracturad i ofher crops.
Carharyl, endosulfan, pyridaben, ferbuconazele and probena-
zole showed low recoveries andfor high RSDs in tested crops.
The method was considered a screening procedure for these
compuunds. The limits of datection (1ODs) were defined as 3
times the standard devigtion of 5-23 veplicate analyses of
samples fortified at 0.03 or 0.1 ug/g with £l mode GO/MS.
The 1.ODs of the pesticides detected with GCTPD and NCT
made GCAIS were calculated based on the noise levels on

the chromategrams of the blank sample solution and the re-
spective standard peaks, since serious interfering peaks were
wot observed. In this work. the minimum LOD was defined as
0.0 ugly to take sccount of instrumental dispersion.

The proposed method shows goud sensitivity and recovery
and allewes for rapid analysis. A single chemist can prepare 6
homogenized samples within 4 hr. The method requires only a
small velume of solvent per sample and needs po special
equipment. It covers a wide range of pesticides, is applicable
1o various Trats and vegetables, and is sdeally suited for use in
a regulatory Inboratory. Furiher research will facus on the ex-
pansion of this method to other pesticides.
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Systematic analysis and overall toxicity evaluation of
dioxins and hexachlorobenzene in human milk
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Abstract

A systenstic methind for analyding diesins (PCDDs, PCIWs and Guxindikie PCBS), hexachlorobenzens (HOB), hep-
tuchlor g:paméc anik - h*md]lﬁmc}e ohesane (HCH) in haman mitk vas developad o deteomine e readuaal amonmt
of ACH in humen wifk and to evabuate the overall toxialy of both dioxing wnd HOB in humen milk. The actionaion
behavior of FICB on chiromatography with sifivs g, slunting, and avtivated carboalsibica g8l, and the tonaenteated sul-
furic acid decomposition method, which b widely wsed 23 2 diovin dleanup method, were studind in onder 1w muake the
preprocessing operation for HOB meanement compatible with that for convantionat diokin memurement. OB was
fouml 1o be zluted in the 2% dichloromethane (DM herane 40 m) fracton fom an slumins eclumm. Hepachlor
epoxide and. & part of B-HCH were cluted in the 1 DOMMexane 30 ml fraction from 2 sifica gd column, white
the remuining BHCH was ehuted in the 2% DCMMhexns fihmd fraction from an actvated carbonfsilics gel colunm.
Moreover, HOB showed significant correlation with dioxin congeners having high toxicity squivalence factors {TEFs)
The results sepgest that the exposure soste o OB and its scommubation behavior i the heman body are smilar to
those of the dioxins. '

3 2003 Fleevier Lidh AR rights reservd.

Kivwaeds: Methodology: Persisteat ivgasic pollutant: Bivlogeal sample; Rk asessment; Corrdation analyss

1. Intoduction ok, pentachloronitrobenzsne and tinxchlorothiophens,
and 23 a by-peoduct in the meenufacture of chlormaed

Hexmehloro bmmne (HOB), an organochioting pesti- organic selwnts such as trichlorosthylens, wetrachioro-
cide {OUP), was uied i 2 Tungiide o seods ond =« etbvlens wd carbon erraddoride {Sakai of ak, 2008,
wend preservative. In addition, HOR exists 5 an mapi- HOB s also grnerated by morbape incineration and metal
aty in smh wrgesochlorine chemicals 25 pentachlorophe- refinement. Simitar to dioxmns (FCOLs, PCDFs and di-
oxinbike POBs), HOB s Hsted 2 ait intenfonsl and

* Correspomding auhor. Fax: +51 3 5498 5764, unintentional Persistent Ovgamic Pollutanes {POPS) i
Emal address: Ysuito@hokiaejp (K. Saol the “Stickholm Coovention” sdopied in 2001, As

GAS-HTANS - 50 front matter 5 Y903 Flavier Ld. Al vights reservad.
It 1018164 chenuwphore 205 54538

-75-



1215 K Xabia et & } Chernngphers 61 (208 12153220

regardds the maim toxic offects of HOB on the living body,
its carcinogenicity {Cabral et al, WYY eraogeniciy
{Khara, 1974) and endoenne-disrupting eflects {Fogter
et ab., 1995} have been shown in animal experiments.
On e other hand, porphyria cutanca wrda {Pebors
er 21, B983; Jurrd! et ak, P95 and mmune diseases
{{} ;wi'w ot zl E?‘?S"t Iw« becu d*wtrd in fnnmns.

ywvtn ic p&t amdm %o far de mzluwd tha
HOB binds te the aryl hydrocachon (Al reteptor
Jlahm ot 2k, 1989 Van Birgden, T9E), cxudtng in
dioandike effects and bscumulation. Acepedingly,
the overall tomcity swaluation of dioxing and HOU in
husnan gulk should be ro-amined 29 the bty sgpuv-
slency factor (EEF) st by WHD is only for POTHDs,
PLDFs, nonorths POBs, monowrthe PCBs and doss
et ingchude HOB. Many studies of dioxing or OCP podla-
ton in human mitk have beoe condectad. However, only
z few of them have analyred both dioxins and HOB in the
same sample (Polder o ol 198 This pay be due te
thie Jmited availebality of the semples, a5« repeated sam-
pling of birgz smounts of human milk b5 dffiaule. Mors-
over, undy u Fow studies are available regunding the
overzlt toxichty evaluation of dioxing and HOB in
hugenas mitk.

The objecive of the present study was to desclop a
systianate method for anidyvdng diotins and HCE,
and to obain additionsd miprowtion of the overall
voxicity svaluation of diexbns asd HOB in human
mitk. The goredation betwean HUB residduat kevel and
cach dioxrs congmers in human mitk was abo
cxamined.

L Maxeriak and nwithotds
2.4, Materids smd chemivaly

All of the dioxin sindards such ax POCDIs, PO
wid fen-ortho POBs weee fromm Wellington Laborato-
vics wid were diluted with decans to appropriste concét-
trations. The OUPs woe s-howdhlosooyclehexane
{HON), BHCH, +HCH, SHCH, o0 DIXE, pp-
DUF, 0p-D0D, p p7-DDD, 0p~DDE, pp-DDE, bhep-
tarhlor and heptuchlor epoxide, all of which were Fom
Wake Pure Chemical Industries {Osaka, Fapen) znd
were dibited with hexane to the appropriate concentrs
tinns, Most of the proanic sofvems, such as hexane, uee-
tony, dichloromethane OOME, ohiome, disthy ether
#nd ethanol, were of diexin anslwis quality and were
from. Kante Kagaku {Tokvo, Japan) of Wako Pure
Chemia! Indusiries (Osaka, Japan) Al other duemicals
wer of PCH snalisis quaity gade for POB measure-
ment or special qualiy wade and ased withour further
purification.
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2.2, Measurenunt of divxing and HCB

fuman milk was sanpled from HX Japangic primi-
parae whose mean ags was 283 yeurs olld. The suanducd
sampling tieing for the buman milk was e at 30 days
after birth. Approsinusely 3bg of the naik sample was
wsed for the amalyas. Thesample pretreatment for diox-
in neastirenion t was camied ot in dcondanot with the
nignual compifed by the Ministry of Healkh, Labous
and Welfare, Jupan, Briefly, a stable sotope of @ach con-
gener of PCOD s and non-otthe POBs was addal a8 s
surropte alier fut was extracted from the mlk sample.
The fat was then subjeded iz washing with congentrated
siffirg acud amd then chmnmtagmpbv with silics gt
{13z of sihcn gl pumked m 2 gdass colomn of
a{) cmz(f ‘"!cm td., d.dcd mfh f?) rr'} nf h"mm* ﬁﬁ—

wf b«m&. shumnng gy&kai o g}zm_ wlmm' oi‘
3pem i Sem 14 eluted with & mi of 2% DCMéhex-
wne, followed by H00 ail of 60V DOMMBexanes; and sctv
vated carbonfsitice gt 0.3 of wtvand carbonisilica
ped packed i 2 phs olen of 25n < B8cm 14d;
zhuted wath 60wl of 23% DOMbexans, followed by ok
uens} a5 the cleanup operation, followed by GUAMS
meastirement of the dioxns.

For the measiurement of HUB, the 2% DUMMbexans
fraction that was euted from the dumina cohunn was
evaporaied. @ near Jdryness in vague, wnd the residus
was diolved with b of hexane wnd subjected to
GC-BCD {elactron capture detection]. For the measure-
et other OCPs such 25 heptachlor eposide und part of
B-HUH, the W5 DUMMeme fraction that was shipd
from the silica geb oolumn wis sehjected 10 the sume
prowsurs as above. For the messumment of the remain-
ing B-HCH, the 25% DCAVhesune fraction that was
elurt from the activatad cacbonfiilica izl column was
alsn subjected 1o the same procsdure a8 above.

2.3 GUIMS nmpaswrones

The PODITR were subpeoted 1o HRGOHRMS
wsing 4 JEOL IMS- 700 mass spedrometer euipped
with 2 capillary DBITHT colommn B3fm <025 mm
dak, LES pun b ehickress) with hdium o the carier
pas at 2 hnear vdogity of 33 cmis in the splitless injection
maode {1 uf). The GC program wis a5 follews: 130°C
{1 mm te 220 °C {6 win} 2t X *Chovin and subsequently
2t & “hmin 1 B0°C, then mamained for 6.3 min ar
280°C. The mjector tempeeature was 280°C amd the
GUMS interlace temperatuze was hadd a¢ 280°C. The
MS was operated in the selected ion menitoring nde
with i s resolution of G, and the ehetron fmpac
worization enetgy was 38 ¢V with anion source emper-
ature of 260°C. The PUDIMES and non-ortio PCBs
were quantified using 2 molecular wn (M), an M + 2



