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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 OKkIHASHL* Yoko Kitacawa, Kazuhiko AXUTsU, Hirotaka Osana and Yukio TANAKA

Osaka Prefectwral Institute of Public Health, Nakamichi 1-3-69, Higashinari-ky, Gsaka 537-0023, Japan

{Received March 2, 2005; Accepted July &, 2005)

A method was established for the determination of 180 pesticide residues in fruits and vegetables. The procedure
ivolved extraction with acctonitrile, followed by a salting-out step with anhydrous Me80, and NaCl Removal
of sediment and water was performed simultaneously by centrifugation. Co-extractives were removed with 2 dou-
ble-layered SPE column, and graphitized earbon black and primary secondary amine {GCB/PSA) solid phase ex-
traction cleanup cartridge. The eluate was determined by GC/FPD and GC/MS without farther cleanup, Recov-
ery data were obtained by fortifying 9 matrices at 0.05-0.1 yp/e. Recoveries of 180 pesticides were mainly
T0-110% and the relative standard deviadon (RSD} was below 25%. Limits of detection ranged between (.01
and 0.03 pg/e for tested pesticides. © Pesticide Science Society of Japan

Keywords:  pesticide, residue analysis, muliiresidue, graphitized carbon black / primary secondary aming.

INTRODBUCTION

In Japan, maximum residue levels {MRLs} have been set for
over 200 pesticides in the last decade, and this number will be
increased to over 400 in 2006. In addition, agricultural prod-
ucts that contain pesticides not on MRL lists will be excluded
from the market as dlegal, with 2 positive-list system to be in-
troduced in the fiseal year of 2006.

Pesticide residue analysis of foods has been performed by
numerous governments and private laboratories throughout
the world." Regulatory agencies involved in the monitoring
of pesticide residues in foods require fast and efficient mul-
tiresidue methods with a broad scope of application in order
to maximize the coverage of their monitoring activifies, Mod-
ern residue monitoring programs are expected to be respon-
sive to the Intest 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-
teaction or eleanup. The system for supercritical ffuid extrac-
tion (SFI),™¥ accelerated solvent exiraction (ASE)” Y and
gel permeation chromatography (GPCY2 operate automati-
cally. But only one sample 1s processed at a time, and the set-

* To whom correspondence should be addressed.
ciph.profosaka jp
i Pesticide Science Society of Japan
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tings must be changed for each sample, consequently the cost
is high. The aim of this study was o develop a simple and ef-
ficient multirestdue analysis that fakes just one day and does
not require expensive instruments for sample preparation. The
main focus was to shorten the analytical process during ex-
traction and cleanup, Anastassiades ef al. reported a rapid ap-
proach to the analysis of pesticide residues in fruils and veg-
etables, named QuEChERS.™ We exanined QuECKERS and
found that the method contained a respective point, small size
liquid-liquid partitioning, and also found two negative
aspects, weak extraction potency (shake) and insufficient
cleamup (batch). In this study, we developed a more efficient
method, adapting a cleanup cartridge using a graphitized car-
bon black (GCB} and primary sscondary amine (PSA) dou-
ble-layered (GCB/PSA) solid phase extraction (SPE) for the
analysis of 180 pesticides in fruit and vegetable samples.
These pesticides were detected by gas chromatography mass
spectrometry (GCMS) in the electronic tonization mode (E
and negative chemical ionization mode {NCI), and by GC
with a flame phetometric detector (GCFPD). The newly de-
scribed method would compensate for the negative aspects of
the QUEChERS method.

MATERIALS AND METHODS

I Apparatus
1.}, Electron ionization (EI) mode GC/MS
A POLARIS Q ion trap mass spectrometer {Thermo Flectron
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Corp., USA} equipped with a TRACE GC Ultra; columm,
Rix-5ms capiflary column 30 m <025 mm»0.25 gm {Restek
Corp.. USAY, & helium carrier gas flow, 1.5 miémin injection
temperatare, 250°C, transfer line temperature, 280°C; ion
source temperature, 200°C; ion mode, eleceronic fonization /
scan mode; oven temperatwre program: 60°C for min,
$*C/min fo 2807C and held for Smin; splitless injection at a
volume of 1 ¢l by a AS-2008 auto sampler.

L2 Negative chemival ionization (NCI) mode GC/MS
A GUMS-(QP20I0 gas chromatograph / mass specirometer
{Shinsadzu, Japan}); column, DB-5 capillary column 30
X025 mmXx0.28 pm {J & W Scientific, USAY; helium car-
rier gas flow, 1.7 mbmin; injection temperature, 250°C; inter-
face temperature, 250°C; on source temperature, 200°C; lon
mode, negative chemical ionization / selected ion monttoring
mode; reaction gas, methane; oven temperature program:
60°C for 1 min, 20°Cimin to 170°C, then 6°C/min to 300°C
and held for 7min; splittess injection at a volume of 1l by a
Shimadzu AQC-201 auto injector.

1.3, GCFPD
A GC-17A (Shimadzu, Japan) equipped with a flame photo-
metric detector (FPD); column, DB-1701 capillary cobumn 30
mX0.32 mmx0.25 gm {} & W Scientific, USA); helium car-
rier gas flow, 2.0 ml‘min; injection temperatare, 250°C; detec-
tor temperature, 280°C; oven femperature progran: 86°C for
Taun, 20°Chnin to E80°C, then 4°C/min to 260°C, then
10°CAmin to 280°C for 3 min, sphiless injection at a volume
of 2 ul by a Shimadzu AOC-14 auto injector.

2 Chemicals
Acetonifrile, toluene, acetone and n-hexane were of pesticide
analysis grade from Wake Pure Chemical Ind. (Japan). Anhy-
drous magnesium sulfate, sodivm chioride and acetic acid
were of analytical prade from Wako. SPE tubes, GCB; Supel-
clean ENVECarb (250 mg) and GCB/PSA; Supelelean ENVI-
Car/PSA (300 mg/300 mg), were purchased from Supelco
(USA}. GCB/PSA SPE was preconditioned with 2 30ml mix-
ture of acetonitrife-toluene (3 : 1) containing 0.53% acetic acid.
Pesticide standards were obtained from Wako, Kanto Ka-
paku {Japan), Riedel de Haén {Germany), Hayashi Pure
Chemical (Japan} and Dr. Elrenstorfer G.oubH. (Germany).
Each compound was dissolved in acetons to make a
1000 pg/mi stock standard solution. Mixed-compound inter-
mediate solutions were prepared from stock solutions at con-
centrations ranging from 40 to 100 gg/ml. Spiking solutions
were prepared from intermediate solutions containing approx-
imately 100 or 200 compounds at concentrations of 5 ugiml.
Spiking solutions were used for fortifying the smmples and
also for the calealation after appropriate difution,

3. Sample Preparvation

Al crops were purchased at a local market in Osaka and we
vonfirmed that the concentrations of pesticide residues in
foods were below detectable levels with the proposed method.

= Extraction

10 g sample
20 mi acstonitrile + 0.1 mi acetic acid
Homogenize with a probe blsnder

== Separation

Add 1 g NaCl, 4 g Mg&804
Shake & centrifuge to separate the layers

= Cleanup !

Take 16 ml acetonitrile layer
Load o GCB/PSA
Elute with 50 ml acetonitrile / toluene (3:1)

- Evaporate

Concenfrate, solvent exchange fo
8 ml acstona / hexane (1:9)

= Analyze
GC-FPD, GG-MS (El mode, NCI mode)

Flp. 1. Flow chart of the multiresidue method.

About 300-1000g of food was chopped i a QS-7 food
processor { Toshiba, Japan) for more than | min o obtain thor-
oughly mixed hamogenates.

An aliquot of 10 g of sample homogenate was weighed into
a2 BLUE MAX 30wl polypropylene conical wbe (Becton
Dickinson, USA) and 100-200u0 of spiking solution
{5-10ng/gl for all compounds) was added. The mixture was
left 1o stand for more than 30min before extraction. The
spiked sample was extracted with a mixture of 20 ml of ace-
tonitrile and 0.1 ml of acetic acid by a HG30 homogenizer
{Hitachy, Japan) for 1 min, One gram of NaCl and 4 ¢ of anhy-
drous MgSQ, were further added and shaken immediately for
about 30s with the serew cap on™® The extract was cen-
rifuged for 18w at 6000 rpm using a Himac SCR 208 (Hi-
tachi, Japan) to separate the sediment and water from the ace-
tonitrile. Next, 16 ml {equivalent to 8 g of sample) of the ace-
tonitrile layer oblaimed after salting out was loaded into a
GCB/PSA SPE tube, Pesticides were eluted with 50ml of
acetonitrile-toluene (3: 1), The eluate was evaporated and the
residue was dissolved in 8ml of acetone-hexane {(1:9) for
GC/FPD and GC/MS analysis. The concentration of the sam-
ple represented by the test solution was 1 g/ml. Figure 1 swm-
marizes the procedure,

Calibration was achieved by preparing matrix martched cali-
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 1o the spiked concentration.

RESULTS AND DISCUSSION

L Method Development

Anastassiades ef af, reported a guick, easy, cheap, effective,
rugged and safe method named QuECHERS.™ Pesticides
were extracted by acetonitrile using a vortex mixer, the
cleanup procedure was performed by dispersive-8PE using
PSA particles, and the final extract was injected directly inte
the GU/MS system. They avoided the solvent evaporation and
reconstitution steps fo save time and labor. But we found that
this procedure was not sufficient in removing food colorings
such as chlorophyll, carotene, and water sofuble materials,
such as sugars and sodim chloride, when we used the
QuEChERS method. We have introduced the positive aspects
of QuEChERS, such as 3 small extraction scale, and phase
separation with Mg80, and NaCl, to a conventional acetoni-
trile extraction and further improved the cleanup step. Dupli-
cated analyses were performed for the comparison of extrac-
tion between the QuEChERS method (shaking} and our pro-
posed method thomogenizing) using samples contaiming in-
curyed pesticide residues. As shown in Table 1, the five de-
tected pesticides, especially organochlorine pesticides, had
lower values after shaking with QuEChERS than after vigor-
ous mechanical homogenization with the newly proposed
method.

Anastassiades ef af, and Schenck ¢f of. reported that the re-
sults with the vortexing procedure were similar to those with
the blender for incurred pesticides % It was suspected that
the results might be affected by the difference in pesticides
detected and the capability of our foed processor. In any case,
the probe homogenizer has an advantage over a shaker to
break down foods into particles. The homogenizer needed a
certain volume of solvent. Extraction was conducted with
10g sample+20m! acetonitrile. The homogenized exteacts,
1:2/sample:solvent ratio, were a darker color than the
shaken extracts, 1:1/samplesolvent ratio. The conclusion
was reached that homogenizing was superior to shaking as an
extraction method. Moreover, we obtained broad peaks of
weak intensity on GC/MS and GC/FPD chromatograms with
direct injection of the acetonitrile solution.

We chose traditional SPE involving evaporation and recon-
stitution for removing hexane-insoluble sugars and ssits. We
did not use internal standards because triphenylphosphate,
which B wsed in the QUECHERS method, was trapped in
GUB. The separated acetonitrile confained a small amount of
water.'® We distegarded the change in volume because we
considered it o have little effect.

2. Measurement

Almost all of the targeted pesticides were measured by El
maode GCMS, but foud matrices were Trequently detected and
sometimes interfered with the results, To aid with wentifica-

Table 1.
extraction methods

Comparison of analytieal results obtsined using two

Food Pesticide Shaking  Homogemzing
{ppm}
Pamplon Dieldra 0611 013
Pumpkin Endrin 4.009 0612
Steing bean Dicofol 0.4 .34
String bean o -DOT 0.011 {4025
String bean Methanudophos 083 4693

tion, GU/FPD for organophosphorous pesticides and NCI
mode GOMS for organochlorin and pyrethroid pesticides
were adopted. Organophosphorous pesticides were detected
using GC/FPD with a DB-1701, a nud-polarity phase column.
Acephate and methamidophos were hitle detected using
GCMS with a DB-3, a low polarity phase column. Azinphos-
methyl and monocratophos were not detected by GOMS
under the proposed conditions. Organochlorine and pyrothroid
pesticides were detected with NCE mode GO/MS, which could
detect halopenated compounds with high sensitivity.” Seri-
ous interference was not observed with NCI mode GO/MS
and pyrethroids could be detected af lower levels than with
GCIMS in the Bl mode or GU with an electron capture detec-
tor (Fig. 21 Matrix enhancement effects were sometimes ob-
served especially in EI mods GO/MS chromatograms, Abowut
60% of pesticides showed unacceptably high responses
{>~120%) with an orange matrix. Pesticide concentrations cal-
culated with standards in solvent slone may be much higher
than expected. Calibration was achieved by preparing matrix
maiched calibration standards from the extracts of blank sam-
ples, in order to compensate for the matrix effect.

3. Cleanup
GCB with 30mi of acetonitrile-toluene {3:1) was compared
with GCB/PSA. The GCB column was effective a! elimmat-
ing pigment and a primary secondary amine columa could re-
move polar matrices and fatty acids. Extraction tests using
bioth columns were conducted 5 times for each sample of let-
tuce, orange, and paprika. All extracts became clear after
SPE, but the eluate from GCB contained some sediment and
was dark. Next, 6ml of extract {equivalent to 6 g of sample)
was dried in a preweighed lest tube, and the amount of coex-
tracted material was determined from the difference in weight
afier the extract had dried. Figure 3 shows that the double-lay-
ered SPE column showed about 40% or more cleanup for the
residual weight of dried matrices in all samples, compared
with single GCB. Figure 4 shows the total ion chromatogram
of banans extracts eluted from GCB and GCB/PSA.

These chromatograms indicated that PSA reduced GC-de-
tectable matrices. Saito of ¢l also reported that the combing-
tion of GCB and PSA provided excellent cleanup for removal
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Fig. 2. GOMS chromatograms of pyrethroid  pesticides  at
() 2 pgml. A El mode {sean); B: NCT mode ($1M). 1: Cyhalothrin,

2: Permethnin, 3: Cyfluthrin, & Cypermethnin, 5 Flucythonate, 6:
I‘enmkmi& : Fluvahnate, & Deltamethnn,

of matrix materials.™ Almost all of the targeted pesticides

were recovered sufficiently from GUB/PSA with the proposed
procedure except chinomethionate and chlorothalonil. They
were not recovered from GCB/PSA with acetonitrile-toluene
{311}, though both pesticides were well recovered from GCB.
The potency of the PSA column was examined using a mixed-
pesticide solution and the results showed that these pesticides
were captured by PSA. PSA was capable of removing of fatty
aecids, and these pesticides might be captured as a result. We
tried to weaken the effect of PSA by adding ethyl acetate or
acetic acid to the mixture of acetonitrile-toluene, We found
that the addition of 0.5% acetic acid improved the recovery of
both pesticides from the double-layered SPE column. The re-

s
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(n=5}

Paprika Orange

Fig. 3.
two mini columns,

Corsparison of residual matrices in cluates obtained from

covery of chlorothalonil was over 70%, but the recovery of
chinomethionate was still below 50%.

4. Recovery Test
The recovery tests were conducted 5 times for each sample of
tomato, lettuce {n=5%2), orange and paprika at a level of
0.05 g/g, and apple, banana, broceoli, spinach and grapefruit
at a fevel of 0.1 pg/g. The data are summarized in Table 2.
Recoveries 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
broceoli. Organophosphorous pesticides had lower RSDs than
other pesticides. 1t was speculated that GC/FPD was more ac-
curatz than GC/MS. In routine analysis, it is easy to recognize
the negative results for organophosphorous pesticides from
one vopy of a flat chromatogram. The data from GCMS 1s
composed of many mass chromatograms and fakes some time
to confirm. GC/FPD is useful to shorien the time needed for
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Fig. 4. Comparison of total 1on chromatogram of banana extracts,
A1 GCB; B: GCB/PSA,
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Table 2. Recovery data for compounds deteravined by the multiresidue method

Spiking level {itg/n) 0.05 0.1
Momtorion  LOD Mean RED Mean RSD
Compound Detector ) A n . " o . .
{miz} {ugfy) recovery (%) (%3 recovery (%) {%)
o-BHC NCI 7 101 259 .l % 254 85 1
B-BHC NCI kil 501 259 93 9 25% 86 H]
y-BHC NCY 7 0.01 259 93 % 25% g6 8
$-BHC NCY 71 0.1 259 ] 8 259 85 12
Tefluthrin NC1 241 0.0 254 93 il 250 87 9
Chiorothaloni] N 266 401 254 73 30 254 72 P2}
Heptachlor N 360 .01 257 100 i 25 85 7
Aldrin NCT 237 .02 254 91 9 254 83 6
Dicofol NCI 250 051 259 9] 12 254 50 14
Heptachlor-cpoxide NC1 282 .01 187 86 6 16% 84 6
Captan NCI 150 0.02 23 87 19 109 ND —
Procynsidone NCI 282 0.02 25% y3 i1 254 86 4
o’ -DDE NC1 13 .01 259 9 ) 259 84 9
Dieldrin N1 237 0.0 259 92 il 254 87 9
Endrin NCT 237 4.01 259 96 1t 25% %7 12
Chlorobenalate NI 278 .01 1% a5 6 254 §1 23
2p"-DDD NCY 71 0.0 259 9% 10 25% §5 7
op'-DIYE NCI k! .01 259 99 10 25 85 9
pp-DOT NCI 71 4.6 25 [0 1} 25 % 1
Cuptafol NC1 150 401 23 73 27 ¥ 43 20
Cyhalothrin NCT 205 .01 259 e 12 254 38 13
Permethrin NCI 207 02 254 9 14 25 &7 19
Cyfuthrin NC1 207 0.0 257 104 14 254 87 12
Cypermethrin NI 207 0.0 259 101 14 259 89 12
Flueythrinate NCI 243 oo 25 101 i4 5% 82 1%
Fenvalerate NCI 211 .01 254 ] 14 250 83 13
Fluvalinate NC 294 0.0 259 105 13 25% 82 17
Deltamethrin N1 79 0.01 259 47 16 167 78 12
Dichlorvos FPD - 0.01 259 89 7 25% 85 6
Mathamidophos FPD o 001 28 7 14 254 62 24
Acephate FPD {136)* 401 10” 86 6 brad 39 34
Eihoprophos FPD {158 .01 259 99 12 254 0 %
Dioxabenzofos FPD {216)* 401 259 93 7 257 40 4
Terbufos FPD (2313* 0.0 257 92 6 284 %7 %
Diszinon FPD (179)* 0.1 25 93 6 2§ 90 5
Iprobenfos FPD (204y* 0.01 25 94 12 284 91 12
Dichlofenthion FPD Q798 0.01 259 9% 7 25 88 6
Tsazophos FFD (17y* 4.01 19 85 12 162 85 10
Monocratophos FPD a.01 1% 89 5 149 84 4
Cyanophos FPD {243)* 0.8 199 8 9 109 &7 &
Dhmethoate FPEY (87y* 0.01 107 93 it 254 77 i
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‘Table 2. {Contmued)

Spiking level {pe/g) §.08 &1
Compound Detector Monitor on  LOD . Mean RSD \ Mean RSD
{miz} {fpfy) recovery (%) (%) recovery (%3 {%)

Chlorpyrifos-methyl FPD {2861 G401 I 86 8 25% 83 7
Tolelofos-methyd FPD {2857% il 250 94 8 234 91

Pirimiphos-methy! FpD {2907 R 254 95 b a5® 97

Chiorpyrifas FPD (2585 o0 259 95 6 250 ) 6
Phosphamidon ¥PD {12m® 602 o 91 3 14 89 4
Fenthion FPD {278y 301 257 H 9 254 86 7
Malatuon FPD {127y HAH 250 y3 7 234 8y 17
Bromophos-methyl FPD {330 &0l (o 86 & g8 84 9
Fenitrothion FPD {260* (A4} 25 94 7 24% &6 t
Dimethylvinphos FPD {295p® 601 it 20 3 i 88 5
isofenphos FeD {2139 0.01 234 96 7 254 93 4
Phenthoute FPD (274" .01 259 93 7 25 92 4
Fosthiazate FFD {27 .02 1 N 3 e §4 11
Prothiofos FPD {3093* 11| 259 95 6 25 91 6
Tetrachlorvinphos FPD {3291 601 1 90 4 199 82 12
Methiduthion FPI {145y* 001 254 94 7 254 94 10
Profencfos FPD (37 4. 1 92 4 169 g8 6
Butamifos FPD {2867 G 259 Q6 7 254 93 5
Fenamiphos FPD {303 301 o 20 4 19 Y 2
tsoxathion FRD i lerie 0] 25 o8 b 254 93 &
Ethion FPD {235 HA e 97 7 254 93 5
Edifenphas FPD {up® .02 HH 87 6 25% 76 22
Trinzophos FPD (62* o0l 1 95 4 109 95 3
Cvanofenphos FD {160 661 T 92 3 17 42 K
EPN FPD {169y* 0601 25% 9 k4 25% 91 ]
Piperophos FPD {3200* 01 W 92 f g9 93 3
Pyridaphenthion FPD (3407* 6.01 25° 93 9 259 91 it
Phosalone FPD {182)* 6.02 23" 93 & 259 93 8
Azimphos-methyl FFD 402 i 87 3 18" B4 12
Pysaclofos FPD {3em* 0.2 to® 87 4 108 90 3
Pyrazophos FPD @ o 1o® 8% El 169 84 5
Metolearb £l 1% 4012 1o 82 1 259 81 2
Isoprocarh £l 136 002 1 $9 12 254 91 13
XMC Et 122 002 0" 80 12 25% 87 20
Xylylearh El 122 .02 1 86 i 9% 83 {49
Tecnazene El 3 a0 1o 77 9 109 82 8
Fenobucarh El 12 G402 e 57 H 25 & 14
Prapachlor El 120 02 1 87 B 1% 83 3
Propoxur El 116 (L2 o 86 4§ 254 83 19
Chiorpropham 14 127 .02 1 87 13 5% G 12
Bendiocarb £l 131 ¢l o 82 20 209 79 st
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Table 2. {Continued)

Spiking level {pipfe) 0.65 ol
Momtorion  LOD Meun RS0 Mesn RSD
Campﬁund Deteetor o n o o n )
{miz} (') recovery (%6 (%) recovery (%) (%)

‘Trifluralin £l 264 .02 107 8§ HE 25 %5 13
Benfluralin El 292 00 g 56 7 1 84 19
Dheloran El 176 UETH s 31 6 1 &3 i1
Semazine El a0 002 1 45 9 102 87 &
Carbofuran El 164 0.03 1on 4 17 207 89 24
Atruzine El 260 0.02 10M 88 @ lg¢ ] 8
Clomarone £l 204 042 16" 85 H 104 &4 6
Quintozene £l 237 1102 10 58 9 169 82 4
Propyzamide El 173 0.02 1 88 ¢ e &5 7
Pyrimethaml El 198 002 1 83 Hi i 83 &
Tri-allat El 268 0.02 ¥ 74 14 japet T &
Benoxacor El 120 02 i 91 9 o & &
Pirunicarb Fl 166 X1 iy 93 5 pA 838 14
Ethiofencarh 24 168 002 10 78 7 200 67 24
Benfuresate Fl 163 0.0t 108 87 6 254 &7 8
Propanil El 161 002 1% 83 @ 1o g2 6
Bromobutide El 232 0.02 0% 86 9 e £3 7
Dimethenamid El 154 R3] g 58 7 25% 59 12
Metribuzin El 19K 002 14" 52 2 25 80 16
Acetochlor El 223 1. 1P 87 7 1o &1 &
Vinclozolin El 285 0.02 167 94 g o 82 &
Sumetryn El 212 302 0% 85 @ jot £4 &
Crrbaryl El 144 .04 10 R2 26 24 &4 50
Alachlor El 158 0.02 109 89 12 25" 58 12
Amutryn £l 227 003 0" 75 I5 it 3] 44
Prometryn ¥ 241 02 1" 87 8 e 85 4
Metahaxyl Bl 160 002 10" £ 9 1g? 84 12
Fihofumesate El 07 0.02 i1t g 12 199 K0 14
Esprocarb El 22 0.02 10" 81 14 25% #3 13
Bromacil El 205 004 w 77 3l 1 %5 2
Probenazole El 130 0.03 g 57 2 e 71 2%
Thichencarb El 257 043 1o 73 19 1e® 82 17
Diethafencarh El 225 .04 liid 7% 34 298 84 18
Metolachlor El 162 .02 g 84 @ 25% 46 8
Fenpropmorf El 128 6.02 1Y 87 i o ¥2 7
Cyanazine El 225 .42 19" 79 15 e 6% 41
Trisdimeton El 208 02 1 94 9 254 82 i1
Chisrilud-dimethyl El 301 002 1 87 9 it &1 3
Nitrothal-isopropyl El 23 002 169 %0 @ o 77 kS
Tetraconazole Bl 336 002 oM &9 i 24 %4 15
Fthalide El 243 X173 1M 86 i i 0 12
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Table 2. {Continued)

Smkang level (gig) 0.os 0.1
Monitorion  LOD Mean RSD Mean RED
Compound Detector o n ) n
{miz) {1efe) recovery (%) (%) recuvery £%) (%)
Diphenamid El 167 8.2 it #6 1 1o 83 15
Dimethametryn El 212 .02 e M 9 1o# 83 1]
Pendimethalin El 252 0.2 " £3 14 25% 84 6
Penconazole El 248 n.o2 it 87 i 254 88 10
Pynifenox El 12 52 1o #5 1 254 75 22
Triadimenol El 168 .63 57 £ 23 2 93 52
Triflumizole El 218 0.03 {5k 87 22 1088 IF e
Chinomethionate El 206 0.02 1 26 45 209 38 48
Pacrobutrazol El 236 .04 HP 74 27 254 87 ¥
o-Endosalfan El 24 0.03 59 93 18 o2 ¥ —
Butachlor El 160 002 o 94 1 5 72 B2
Flutriafol El 123 142 59 8 13 104 3
Napropamide El 128 0.02 1% 95 13 163 ¥
Fhutatanil Kl 17 0.02 1 ) 10 25% 80 21
Hexnconazole El 2i4 0.2 1 &8 i3 pii £8 24
Isaprothiolane El 204 %3] P 81 19 18 &9 12
Metominostrobin B El 191 11142 g 95 13 i 86 14
Uniconarole El 234 no2 HH 95 10 200 9 i
Pretifachlor El 238 0.62 i LE 4 254 9% H
Fhudioxonit El 248 (.62 S 84 & 254 85 2]
Oxadiazon El 175 0.62 (i #4 12 18 &1 S
Flamprop-methyl 3 23¢ 0.81 W Ll 7 1 %3 7
Myelobutanil £l 179 402 (g 8 12 254 78 28
Oxyfluorfen El 252 62 W 87 i} 0% ) 8
Buprofezin El 175 0.02 W | 14 167 80 13
Flusilazole El 233 0.02 1 90 1 25% &2 t4
Bupinmate El 193 002 Y 93 0 9% 86 H
Kresoxim-methyl Bl 116 0.02 o 92 9 25% 8 14
Motoninostrobin 2 Bl 141 0.2 w? 4 i4 168 §1 11
Cyproconazole El m 502 10" 87 12 209 8% 12
B-Endosuifan El 241 0.04 1” 88 24 s 56 24
Onadixy) El 132 0.3 i 7 19 Ly 94 I2
Mepronil El 269 0.04 T 7] 24 25% #0 24
Fluacrypyrim El 204 X1] 109 93 9 e 81 6
Carfentrazone-cthyl El 312 4.0 1 94 i e 89 i
Diofenslan El 186 0.62 w0 92 13 102 7 17
Benalaxyd El 148 0.02 0% 90 % 1o 87 B2
Quinoxyfen El 237 402 10 §4 % i 3 H
Norflurazon El 303 0.2 1% il i3 1p% &7
Lenacil El 153 6.02 1 % 9 254 84 17
Trifloxystrobin El 16 0.03 H 93 15 o8 25 1
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Table 2. {Continued)
Spiking level {pg/z) 005 0.1
Monitorton  LOD Mean RSD Mean RSD
Compound Detector A ) n )
{miz} (Hefe) recovery (%) (%) recovery (%) (%)
Hexazinone Ei 171 0402 107 85 i i 75 20
Tebuconazole El 250 314 104 86 12 25 86 17
Diclofop-methyl Ei 340 0.02 ik 92 4 1ot ]% 16
Thenylehlor El 288 002 1o &7 15 254 87 Is
Propasgite El 135 0.02 59 a5 12 Nad 82 48
Diflufenican El 266 602 1o 89 13 254 87 12
Pyributicarh 3£} 165 0.02 109 290 13 1o 84 21
Iprodione Et 34 15 & 40 32 199 B2 23
Brompropylate El 341 0.04 9% 102 28 1ot I¥
Bifenthrin El 181 082 1o 88 4 254 87 16
Picolinafen Kl 3% 402 10 91 il o9 92 8]
Mathoxychlor £l 227 0482 1 9 HE g B6 14
Fenpropathrin El 265 002 5 79 9 200 9% 1]
Tebufenpyrad El 333 004 1% 59 45 258 91 13
Phenothrin Ef 183 0.02 109 8BS 15 1o% 87 32
Totradifon El 356 003 57 Hg 39 5 88 10
Furametpyr El 298 .02 197 93 12 25% 88 17
Pyriproxyfen Ei 136 o 0% 96 16 194 83 26
Cyhalofop-butyl El 357 003 109 105 32 100 87 9
Mefenucet El 92 0.03 1% 86 22 344 94 24
Fenarimol El e 007 10% 94 8 244 83 24
Bitettanol ¢} 170 0.03 10" 94 ig 25% &7 35
Pyriduben El 147 0.04 10 73 28 10 IF -
Fenbuconazole El 129 0.04 9 59 26 109 IF e
Pyrimidifen E} 184 0.03 54 65 26 248 89 16

“ Recovery data for orange, papriks, lettuce and tomato. ® Recovery data for lettuce and tomato, @ Recovery data for tonmto. © Recovery
data For apple, banana, grapefruit, broccoli and spinach, @ Recovery data for apple, banana, grapefruit and broccoli. # Recovery data for

apple, banana, grapefruit and spinuch. ¥ Reecovery data for brocooit and spinach. % Recovery data for broccoli. ¥ Recovery data for

spinsch. NI® Not detected. IF: Interfered.
* Also monitored by El mode GO/MS.

identification. A few organophosphorous pesticides were
measured with GO/MS because of interference in broccoli.
Captan was not recovered from spinach and broccoli.
Captafol was not recovered from spinach, it was poorly recov-
ered in broceoki, and its recovery was fractured in other crops.
Carbaryl, endosulfan, pyridaben, fenbuconazole and probena-
zole showed low recoveries and/or high RSDs in tested crops,
The method was considersd a scresning procedure for these
compounds. The Emits of detection (L.ODs} were defined as 3
times the standard deviation of 5-25 replicate analyses of
samples fortified at 0.03 or 0.1 ygfp with EI mode GCMS.
The LODs of the pesticides detected with GC/FPD and NCU
mode GCMS were calculated based on the notse levels on

the chromatograms of the blank sample solution and the re-
spective standard peaks, since serious interfering poaks were
not observed. In this work, the minimum LOD was defined as
0.01 g/ to take account of instrumental dispersion.

The proposed method shows good sensitivity and recovery
and allows for rapid analysis. A single chemist can prepare 6
homogenized samples within 4 hr. The method requires only a
small volume of solvent per sample and needs no special
equipment. It covers a wide range of pestieides, 15 applicable
to various fruits and vegetables, and is ideally suited for use in
a regulatory laboratory. Further research will focus on the ex-
pansion of this method to other pesticides.
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Systematic analysis and overall toxicity evaluation of
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Almtenet

A systematic method For snalyzing diesins (BCDs, PCTIF and dioxin-like PUBg), hexachlorobensens (HHCH), hep-
tachbsr epoxide and f-hexschloroowlohesane (HCH} in hamaa mith was developad o determing the residued smounl
of HCR in humen milk amd Lo evaluate the everall toaddty of both dioxing snd HCB in human mitk, The fractionation
behavior of O on chromatography with siliva g, altming, and astiated carbondsilics gel, and the congentrated sul-
furic acid devomposiden method, which is widely used as & diozin gleanup methed, vere studied in crder to make the
prepriscesiing opermtion for HUB megsurement compatible with that for conventional dioxin measurement. HOB was
forursd to be aluted in the 3% dichloromethans {DOM Whesane 60 ml Drsction from an dluming column, Heplachlor
epoxide and w et of FHCH were elutad in the Wy DOMMbesane 50wl Traction from o silive gd column, while
the remuining FHCH was eluted in the 25% DOMMbexans 60 ml fraction from an activated curbondsilics gel column,
Murepver, HOR showed significant sorrelation with diptin congeners having high tesieity squivalence factors (FEFs).
The resilts suggest that the exposire route o FHCH and is socumidision behavior in the tumen baaly are similar to
those of the dioxins.
£ 2005 Fhevier Lid Al rights reserved.

Kewworde Metwdolbpy: Posisent arganie pollawat; Blologieal ssmple; BBk sssssment, Correlithn analysis

1. Infraduction nol, pentachlorenirobenzme and tetrachlorotliophens,
angd a8 @ by-prosduet in the wmanufastare of chlormited

Hexachlorommne (HOCB), an organochloring pesti- organde solvents such as trichloroethydens, eirahlors-
cide {DCF, was weed s 2 fungicide for soods and w2 ethylene sl carbon orachloride (Sakal et ol 2000,
wond preservative. In sddition, HCB exists a8 an impu- HOB is slsn mmeied by prbe g incineration and metal
rity tnsuch or ganoshlorine chemicals s pentachlorophe- refinement. Stmilur o dicems {PCTH, PCDF and oi-
pgindike PORs), HOR is listed s infentional and

1 S49E 5960, undntentionel Persistent Organie Pollutans (POP) n
ip 4 K. Saitn). the “Steckhelm Convention”™ adepisl in 2000, As

" Correspossding msthor. Fax: +41
Eanal adidrew. ksabtofhoashiae,

GOA5-HI%% - pee Tromt miatter € B¥E Ebevier Lid AU rights reserved.
doi 18060 chomrsplere. X905 04033
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remerds the main toxic effects of OB on the Bving body,
its camcinpgeniaty {Caboal et al, 877 wradogenicity
{8 hers, 19741 and endocrine-disrupting elfects {Foster
et al., E99%) have bwen shown in anmimal experiments.
Un the other hend, porphyns cutanes rds {Poers
et al., FOR2: Farrell ot al, PR and immune diseases
{Ruerse ot al, W8} have been detected in humans,
altheugh its carcmogenteity in humans rerosing to be
proven. The past stedies so B bewe indicatsd that
HOB binds te the arvl hydrocarbon (Ab) receptor
{Hahn et xl, 1989, Van Birgden, 198), resnling in
disgin-like effects and bicsccumulaion. Accondingly,
the owverall toxicity evaluation of dioxing and HOH in
human milk shoukl be re-examined ws the wxicity equiv-
gleney factor {TEFY set by WHO 5 only Tor PO,
PP s, non-orthe PCOHs, mono-orthe PCHs and dogs
not imclude HOB, Many studies of dioxins or GCP pollu-
tion in human milk have been conductad, However, only
& fow of them have anabviad both diosing gnd HCH inthe
s sarmple (Polder o al, P98 This may be due o
the limited availability of the samples, a5 repeated sam-
phing of targe smednts of human mitk is difficalt, More-
gver, only a lew stodies are avatlable regarding the
averall wxicty svaluston of disking and HOB in
humarn mitk.

The shizetive of the prasent study was to deelop a
systematic method for analvang dioxing amd HOR,
anel Lo eblain addidondd mformation of the overall
texicity evaluation of disxing and HOB in human
milk. The corrdation betwesn HOB residusl level and
each dioxin congenerss in human wilk was abko
examined.

2, Matertak and sethods
21 Maerials and chemioals

All of the diexin stndards such as PODIs, PODF
and non-orthe POBs were from Wellington Laborato-
ries anad were diluted with decane Lo appro priste concen-
traticms, The OCPs were s-heouhlorsopclohesane
(MO, PHCH, +HOH, 5-HCH, o p-DT, pp™
DY, o - D300, pp D00, 0p"-D3DE, p o' THDE, hep-
techlor and heptachlor eposide, all of which were from
Wake Pure Chemicel Industrizs {Osaka, Japan) and
ware dhiluled with hexane to the appropriaie concenirs-
tions. Most of the organic solvents, such a5 hesane, -
tong, dichloromethane {DUAMY, whiee, divthyl ether
and ethunol, weee of diexin snaless quality and were
from Kant Kagaky {Tokyo, Japan) or Wake Pure
Chermica! Industries (Osaka, Japan) Al other chermicals
were of PCB anabsis quality grade for POB measure-
ment or special quabity grade md osed without further
purification,

2.2 Magsurpment of divins and HCR

Human mitk was swnpled from HE Japansie primi-
paroe Whose mean ape was 2E3 vears old, The standard
sempling timing for the human milk was set st 3 duys
after birth, Approdimately 30 g of the milk sumple was
used For the soalysis, The sample pretrestment for dios-
in messurement wis carried out in secordance with the
manual compiled by the Minigry of Health, Labour
andd Wellare, Japan, Briefly, a stable isotope of sach con-
pener of PCDHT s and non-ortho PO was addal a5 2
sterogte affer (ot was extracted from the milk sample.
The fat was then subjected 1 washing with concentrated
sulfuric sad and then to chromatography with silica gl
{L5g of silica gl pucked in a2 glass column of
Momxbdom 14, duted with £20 ml of hesane, ol
lowd by 60ml of W% DOMMexane; aluming (6.5 2
of baic duming packed in o2 glass column of
HMiemx ES5em 14 eluted with 60 ml of 2% DOMbes-
ang, Followed by 10 ml of &% DOMMesanet; and scti-
vated carbunssilice gl (0.8 5 of sctivated carbondsilive
gol packed in # glas owolomm of 28emxA8em 14,
elutad with it ml of 25% DCMMesane, ollowed by tol-
uene} ws the demup operation, followed by GUIMS
measurement of the diogins.

For the measwrement of HOCR, the 2% DUMMbexane
fraciion that was eluted from the sluming column was
evgporited ©onesr dryness movacuo, and the residoe
was dissolved with L ml of hexsne and subjected (o
GU-BOT (electvon capture detection), For the nuwure
ment ither OCPs such s hiptachlor eposide snd part of
-HOH, the 805 DO hexane Mraction that was eluted
from the silica el column was subjected 1o the same
proosiure asabove. For the messwement of the remaan-
ing BHOH, the 25% DUMMexae Fraction that was
cluted from the activated carbondilica gl column was
also subgpscted to the same procedire as above,

2.3 GUIMS measwranent

The PCDIVFs were subjectad to HERGOAIRMS
using & JEOL IME-N00 mass spectrometer aquipped
with # capillary DE-ITHT colwmn (30w 425 mm
L, 85 g film thickness) with helium s the carvier
gas at a lmear velooity of 35 amfs in the splitless inpection
musde {§ph), The GO program was as Tollows 150°C
{F min} o 20°C {0 mind ot 3 *Clmin and subsequently
#t & *Choin o 280°C, then mantained fbr 8.3 min o
2802C The njester temperature was 280°C and the
GOIMS mterfuce lemperature was held st 280°C. The
S was operated o the selected fon monitoring mode
with i muss resolution of O, snd the electvon impad
ienization energy was 38 eV with an jon source mper-
sture of 260 °C. The PODDNT s and now-ortho PO
were quantfied using @ molecular fon (M), an b+ 2
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fom o an Mo+ 4 ton. The deretion Hmits {p'g fa) of
the respective analvies were as follows: 06 D 4
SCDEs, 13 for 6-TCDINEs, 30 for DUDIVE and
non-psrthis POBs. The tosic squvalent quantity {TEQ)
wan caleulnted using the international toxic equivalencs
factor {L-TEF) (NATTOICCME, 198 By PUDDR and
PCOFs, and Aldborg TEF (Ahlborg et al, 1994) for
non-ortho PCRs.

24 G-ECD moresmareraeny

HOE and other QU ware subjectad to OGCHTCD
wsing an PSR Series 11 A gilent b equipped with & cap-
ilkery DB-5828 solumn 30m =025 mom 14, .25 pm
fitm thickness) with helium as the carrier pas st a losar
selocity o s in the splithess inpetion mede {F pl).
The GO program wis s Tollows: W0 {Tmin) o
ES0C (miny at 207 Chmin and subsequently st 3°C7
min b 27070, then mamisined for Bimin at 2R °C
The injector tempersture was ZHOC and the detector
!;a:mltze.frézturc wies held st 300°C. Quantificaion of the
OUPs was carried owl using the absolute wandard curve
mathodd . The detection it of these OCPs in milk (o
was | ngle.

2.5 Rumisticad analysiz

Al stutistical analyses wers performed using the Sta-
tistical Puckage Tor the Social Sciences (3PS5 The po-
fentigd correlutions between the residusl levels of the
OCPs and the dipsin conpgeners o huroen otk fut wen
st using the Pearson anabvis, The statisical test for
apnificant difference was set al P,

3. Rewits and discmsion

34 Behavior of HOB and ovter QCPx i prepray
aperatim for dioxin messurenent

g ing

%

In fapan, it & generadly difficult to semple extra otk
from the seme buman for diogin and HOB masarsment
becuuse human milk 15 2 valuebl fowl for babies
Tharefore, the behavior of HCB and other DOPs
the preproosssing operation for diowin messurement
was exumined i wdir to dewdop a systematic method
foer smalyeing dioxins and HOR

The preprossssing speration curmently inwide uss for
the messurerment of dioxin in buman milk invelves T
sxtraction, washing with sulfuric scil, and chromatop-
raphy on & silics gel column, an sluming cobimn dnd
wn activeted carbordabiza gel column., Fhen, the behue
ior of OB and other OCPs in cuch preprovessing oper-
alion was sxamined. In the silice gel columm, OB and
st of The OUPs were elused in the fivst fraction Thes-

wre, § N ml} acept heptachlor eposide, FHOH and part
of B-HCHL Then, we sttempied to elute the rensining
pesticides by adding W DOM/hesane (6 ml) 16 Lhe sil-
e ml column. As x resull, heptachlor spoxide and &
HOH aewell as the remaining P-HOTT were efuted in this
seeond fraction. In the aluming column, HOB, o p*
DE wnd pp’-DOE were eluted mthe fisst Frection
{2% DO hesane, 60 mb), However, OCPe other than
B-BCH were elubsd neither in the fiost fraction my in
the second fraction {600s DCMMbesane, 0 ml) On
the other hand, in the sdtivatad carboniilica gel column,
alt the OOP wers clued in the 25% DOBhevane
{68 ml) Fraction,

From the sbvse-mentioned results, the fractionabion
of THCB and other OCPs is shown in the fowhurt of
Fig. 1, It was found thet HOR and such pesticides as
o -DDE, pp DI, heplachlor eposide, f-HOH and
SHECH could be systematcaly analyzed with dioxins
when they werssubjecied o the preprocessing operation
for dioxin messurement, However, o0’ - DD, pp'- D0
and &HOH were pmitted from the analvsis berasuse in
the preliminary expeniments of the recovery study, &
HOH showed low recovery, which was caused by thein-
creased solubility of SHCH in the Gsulfurie wid
phase in the provess of sulfurie sad decompedition

RETT
H, K}{ trratmen

I Silien pdd cohnwn chrwratopraphy |
B

Flumzsny § 2 el
1R D Mhesane # ml

Heprachbor eposide,
SHCH, SR

FCDENES, FOT, HOB, DI, coHOH,
B, Hemackior, 2HCH

k4
I atumioa b ; |
B DCM e 10 ml
% DM e WE ol l
, . HCH. o.47.0DE,
| o, Cobens, pHCH | o DU PO
¥

lAcﬁw&Lf carboekifon gel vobumm x:éammﬁiﬂgm;!hy] | [l ] |

238 DCMP by s B mi

e 150 md

CPCnias, teitis | [ mar |
; __j;»_;_____

IHBCCHIRES

Fig. 1. Flowchart of systematic analysis of dioning, hexachloe
roherzens and ober orgasechlavios pesticides In human milk.
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{Wallsewskl snd Sevmcomski, 982, whereas pp™-
DO showed high reosvery exceeding WP, which
was pssurmed fo be caused by the debyvdrochlonination
of ppt-DOFE (L et Soeey, 1951

3.2, Recovery study and HCR poliution level 1 fnoman
ik

fiovine milk samples Tortified with B ngly each of
HOB, hepuechlor eposide angd B-IHCH were wsed for
{he recovery study, becsuse human milk was 2 valuable
Foind For babies snd it was ditfienlt 1o obtsin exire sam-
pdes. Table § summarizes the recoveries of the OCPs
The eversll mean recoveries ranged from HL3% 1w
ML5%% and the sandurd dedations (505) werr kess then
Fea, The recovery of BHCH was caleulsed by wking
the summabion of the recovery from the silica gel end-
wisn and that From the sctbaed arbondsitice gel col-
winn, #% shown in Fig, §

Tabde 2 lists the residual ey of dioking and GOPsy
in BHI human milk semples. The residual level of BOB
was b o DLE ngle Gat frsen: 338 ngdg Gan). Hepta-
chlr epoxide and B-HOH were alse found in all the
samples. These duda sugeesied thal the hwman milk
had been polluted by these persistent orgsnochlorineg
COMETINARE.

1.4 Corvelarion analvsiz

W have proviously reported the correlation betwesn
the msidual lewds of divsin congeners in human milk
sl FEO) {Takekuma et b, 2004). In wldition, theee
was alse # study of the correlation bevween OCPs {ox-
cept HOB) and diosin TG {(Nakagowa ot o, 19995
Hovwaeser HUB wi not desltwith in both of thoss stud-
izs. In this study, Pearon's corvelation coeflivients be-
tueen the redual lewls of OCPs and esch dioxin
congener in lomen milk were cxsmined using data of
the MK sumples, HOB showat sdgnificent positive corre-
lations {p < 005 with most of the diexin congeners; on
the other hand. heplachlor epoxide and BHCH showed
poor correls tons with the diosin compenees {Table 3, In
adiition, highly simificant positive corredutions were

Tablk |
Recovedes of HOB and other orgasochlovhse pesticides from
bovine milk

Added {npfey  Bocovery %Y 5D

HOE 15 &1 T4
Heptachlor epoxide 146 .3 IR
[RECHY 143 s 2R

* Average of Tour replicates.
®The reovery of BHOH we cakslaod by takisg the
st of two fractions,

Table 2
Residual lovels of divsin oonpeners, FICE and other psipano-
ehlprine posticides o buman itk

Edencin & (0P bean Min Max 5D
{pw fag = 1Y
TATETCHD 1.3 LR 8 4R
L2 TP &3 2% Rz 2
LA AT BT 2B a8 47 12
L2347 8-HalDD 143 43 A28 43
LIATE S HIDD iy LN D ¥ U I
LEIAATEHpCDD {18 e #BE 35
O FiL IR) 241 434
AT ETODE 3 a8 23 4E
LA TP LN “d 24 4a
LIATABAOF 13.3 34 BT 43
LA AT EHUDE 34 X LA ¥
LEAST B-HCDE 33 e 128 1%
2,386,785 Ha 0¥ i3 X ¥
,u,3 TR 5-HaDE 45 G4 D 4B
LIZARTEMHpCDE 23 fd B 14
LIZAT S8 HpUDF 48 G B8 OB
OCHF £51] 13 I N
YA TeCB{HTH §.5 B4 BT 43
LY44BPUB #8135 45 W4 I 4
Y4455 HaOR e £ T B8 WY 154
HOB {ngle o 135 4.1 #WE ie3
Heptachlor epodde fogfp faty 74 L4 21 48
F-HCH {npd fan 627 51 13 %12
Table 3

Comelation betwesn diorin congeners and FUR, Heprachho
aposide and FHOH in human will

Erioin tsomer HOB Heptachlor  FHOR
epasids

Baarson's correlation coefiickat
fa = 198, 2= 001

13 AT wAT 2 ALY
1,23, 7 8Pl 0 i 5335 a3
12347 8 HxCDE 83345 @16 BT
123,67 8- Ha OO B 8IET o307
1,237,585 Hx OIS a3y 6199
1,2345, 15-HpODD 0275 B2
QDD 0257 $EITH
ATRICDE : o6 i f‘; #7153
1,237 5 PeCoF DA 0096 SBETE
2,34, L5-PeCEF ga .35 ’z,a.zw'
1,230,478 HeODE g FIREAY f’é"} 6?‘7")
1,223,467 8- HxCDH a4y masn

I 3ALT BHUDF 4418 [t 4
L2346, 75-HpOF @ l% =011

LY A4 TeCB [R ] *i’zﬁl‘? i
1LV 5B B35 i.156)

LYAH S Y HAUR

37 Tetal {TECH

The dats i parestheses are not significant ip & G481,
* Rignifieant {p < 881,

€.245 {6 é)?%’?’j
#3580 $.263
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stipesers; Comelations Tetssen (A HUE and 2YH-TUTEY, (B HOB ad 12378

F‘*{"‘UE}, 07 FOB and 2M7E08CDF, and 00 HOB avd Total TEQ,

!twmi bepween HUB and dioxin congeners huving high
; s ZIFRTCDD, L2307 8-CTHY and
2347 BB g 2A-C) These result suggest that
the sxposurs route and the cumulative exposure to FHCR
of the humaen boady throughout & hletime are similar to
those of the dioxins,

F4. Dverall voxicity ewipation of dinxine wnd HOR

According o rcent study of the Al receptor bind-
ing activity of OB, the roxicity value (TEP) of HOR &
reported to be corresponding e 8001 (Van Birgelen,

R, This walue s s low as those of OCDD and
U, gl s i the sume rmge s that of mong-orthoe
PUs, Hlowever, it hus boen reported that the residual
bewed of FHCB i higher than that of PODIVE in human
milk. When HUB waicily was caloudated using the pro-
prissedd Lemp&mr\' TEF L0001} in the exparimental re-
sults shown in Tabde 2, the TEQ of 1108 & human
milk was (48 1o 9.2 pe TR Tt (mean: 3.4 pp TEQY
g fut, o= WD, There waes an increase of approximately
% {uverape value) when these results were summed
with the TEQ {alowdated waing FTEF of dioking. On

the basds of these results, overgll tosiaty evidustion with
the indusion of HOR i seemed to be necessry for diox
in tslity evaluation in human milk,

4, Conchsim

A zestemate method for analyzing diesing, HOR,
heptachbor epogide and BHOH was developad using
fractions derived Trom the preprocessing operation for
shesin messurement,

Pearson's analysis revesled 2 signifient sorrelation
between HOR and high-TEF PO congeners, The
sosumuletion behavior of OB in the Hving body and
s exposire rou bk were assumed to be similer o thoss
af diing,
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Laboratory-performance Study of the Notified Methods to Detect
Genetically Modified Papaya (55.1)
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Japan; *Hatano Reseavch lanstitute, Food and Drug Safety Center: 729-5, Ochial,
Hadane, Kansgawa 2678523, Japan; | Corresponding authori

To investigate important factors affecting the veliability of the analytical results, proficiency
tesls were attempted for the histochemical method {GUS method: and the qualitative PCR method
{PCR method) to detert genetically modified papaya (B5-13 in the Japanease official method. The
test samples were distributed to twentythree laboratories that participated in the study and were
examined according to the protocol All the data coliected from participating laboratories were
statistically analvzed. In the PCR method, one pegative sample was detected as positive asin
detection primers in one laboratory, though the swmple was negative when checked using
confirmation primers. Contamination mnight have occurred in the step of the preparation of the
PCR sarnple solution nging detection primers. In the GUS method, 3l the test samples ware
identified as expected. Thus, all the laboratories reported corvect resulls overall
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