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Dual CCC is a separation method that is based on solute partitioning
between lighter and heavier liquid phases moving through a coiled column
in the opposite directions (countercurrent) to each other.!”? A liquid-liquid
partition clean-up system with n-hexane and acetonitrile, using a separatory
funnnel is commonly employed to remove oil and fat from food extracts. In
our previous report, we used this two-phase solvent system for dual CCC to
effectively remove the aliphatic sample matrix from food extracts. We
described the theory of dual CCC separation, and applied it to the dual
CCC using this two-phase solvent system for the determination of residual
carbaryl, fenobucarb, and methomyl in vegetable oil and fruit.’®! The
reported dual CCC method required only 5 min for separation of three pesti-
cides and interfering substances originating from the sample matrix, and suc-
cessive injection of multiple samples can be performed at suitable intervals
without risk of contamination by interfering substances, thus leading to
rapid and efficient sample preparation. Therefore, we considered that the
previously reported method can be applied to the clean-up of nine
carbamate pesticides (Fig. 1) in cereals and beans.

In the present studies, we developed a high-throughput analysis method
using dual CCC and ESI LC/MS/MS to determine nine N-methyl
carbamate pesticides in cereals and beans.

EXPERIMENTAL
Chemicals and Reagents

All organic solvents were of pesticide-grade, obtained from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan). Reagent grade formic acid was
purchased from Merck (Darmstadt, Germany). The high purity deionized
water was obtained from a purification system Auto Pure WT100 (Yamato,
Tokyo, Japan). Aldicarb, aldicarb sulfoxide, aldicarb sulfone, methiocarb,
methomyl, and oxamyl were obtained from Riedel-de-Haen (Hanover,
Germany), carbaryl, fenobucarb and pirimicarb from Wako Pure Chemical
Industries, Ltd. (Osaka, Japan), and fenobucarb-d3 (chemical purity
>99.9%), carbaryl-d7 (chemical purity >99.7%) and methomyl-d3 (chemical
purity >99.7%) from Hayashi Pure Chemical Ind., Co., Ltd. (Osaka, Japan).

Each stock standard solution and internal standard was prepared in
methanol (1 mg/mL) and the working standard solutions were diluted prior
to analysis.

Dual CCC

The dual CCC equipment is a multilayer coil planet centrifuge which was
designed and fabricated at the National Institutes of Health, Bethesda, MD,
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USA. The coiled column, consisting of a 10 m x 2.6 mm 1.D. PTFE tube with
a capacity of 50 mL, is connected to five flow channels, the upper phase col-
lection line and the lower phase inlet line at the upper phase inlet line at the tail
end, and the sample feed line at the middle portion of the column. Two liquid
lines each enter into the coil through a Kel-F (polymonochlorotrifluoro-
ethylene), three-way adaptor at the respective terminus where the tubing
extends into the coil for about 50 cm at the head and about 100 cm at the
tail. A rheodyne injector is set on the upper phase inlet line, which is joined
with the liquid supply pump. A resistance coil, made of PEEK-tube (93 mm
long, 0.25 mm 1D.), is placed at the end of the upper phase collection line,
which is needed for establishing the hydrodynamic equilibrium to restrain
the natural pumping force. The system was rotated at 420 rpm. We reported
the details of the design and conditioning in our previous report.[g]

ESI LC/MS/MS

The ESI LC/MS/MS system and the operating conditions were reported in
our previous method report.” -5

Measurement of Partition Coefficients

In our previous report,®™ we described the measurement of partition coeffi-
cients (K) by flow-injection ESI-MS/MS using a simple test tube procedure
as follows: A 100 pL aliquot of a mixed standard solution, containing nine
carbamate pesticides, and a 20 pL aliquot of a mixture of three internal
standards, each 5 mg/L, was pipetted into a test tube, and the solvent was
dried gently under a nitrogen gas flow. Then, a 2 mL aliquot of each phase
of the equilibrated n-hexane/acetonitrile was added to the above test tube.
The contents were thoroughly mixed and allowed to settle at room tempera-
ture. After two clear layers were formed, a 1 pwL aliquot of each phase was
determined by flow-injection ESI-MS/MS. The K was obtained by dividing
the concentration of the upper phase by that of the lower phase.

Sample Preparation

The whole sample was ground and homogenized with a mill. A 10 g aliquot of
the homogenized sample was weighed into a 250 mL centrifuge tube, and
25 pL of working internal standard solution (40 wg/mL) was added. The
mixture was blended with 100 mL. of ethyl acetate with a high speed
blender. The extracts were centrifuged at 3,100 rpm for 10 min and the
upper organic layer was decanted into a flask. Then, the flask was placed in
a water bath at 35°C and the solvent was gently evaporated to near dryness.
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The remaining solvent was allowed to evaporate in the air. The residue was
redissolved in 5 mL of ethyl acetate, and a 100 pL aliquot of the solution
was loaded into the dual CCC. The eluate collected between 1 and 4 min
was concentrated to dryness. The residue was resolved in 1 mL of ultra
pure water by sonication and the precipitate was filtered off by an 0.45 um
syringe driven filter unit (Millipore, Billerica, MA, USA) into the autosampler
vial. A 50 pL of the solution was injected into the ESI LC/MS/MS system.

Quantitation

Calibration curves were obtained by the construct which is peak-area ratios of
- the pesticides to the internal standard. Quantitation of the pesticides in the
cereals and beans was achieved from the calibration curves and reported in
grams of sample weight (mg/kg). Recoveries were calculated by dividing
the peak-area ratio of the analyte to the internal standard from the fortified
samples with that of the corresponding standard solutions as follows:

Recovery (%) = (Aanalyte x Sstandard)/(Sanalyte x Astandard) x 100

where Aanalyte is peak area of analyte in the samples; Astandard, peak area of
internal standard in the samples; Sanalyte, peak area of analyte in the corres-
ponding standard solutions; and Sstandard, peak area of internal standard in -
the corresponding standard solutions.

RESULTS AND DISCUSSION
Dual CCC Conditions

We used a non-aqueous binary two-phase solvent system consisting of
n-hexane-acetonitrile for dual CCC. When the aliphatic sample matrices are
mostly partitioned in the upper n-hexane phase and the target pesticides in
the lower acetonitrile phase, dual CCC produces the successful clean up
effects. It is important to determine the partition coefficient (K) of the target
compounds, from which we can predict their behavior in the two-phase
solvent in the running column. In our previous report,’™ we had measured K
values of three pesticides (carbaryl, fenobucarb, and methomyl) to investigate
their applicability to the dual CCC clean up. In the present study we investi-
gated the K values of nine pesticides in this binary solvent system with the
following results: aldicarb, 0.020; aldicarb sulfoxide, 0.002; aldicarb
sulfone, 0.032; carbaryl, 0.015; fenobucarb, 0.037; methiocarb, 0.026;
methomyl, 0.007; oxamyl, 0.005; and pirimicarb, 0.074. Judging from these
K values, we can expect that all nine target pesticides would elute together,
immediately, in the acetonitrile phase to facilitate a rapid analysis.
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Extraction and Clean Up Procedure

Our previous studies!® employed the following analytical procedure: Samples
were dissolved in n-hexane, the solution was evaporated to dryness, and was
then dissolved in 5 mL of n-hexane. This solution was injected into the dual
CCC, and the effluent was collected and concentrated to dryness. The
residue was redissolved in methanol and injected into the flow-injection
ESI/MS/MS. We had targeted only three pesticides using n-hexane as an
extraction solvent."™ However, in the present study, we targeted the nine pes-
ticides and, therefore, it was necessary to investigate a suitable extraction
solvent. We examined a variety of solvents, including ethyl acetate, aceto-
nitrile, acetone, cyclohexane, and n-hexane. When acetone, cyclohexane,
and n-hexane were used, the recoveries of aldicarb sulfone, aldicarb
sulfoxide, and oxamyl were all less than 35% while, if acetonitrile was
used, the recoveries of aldicarb sulfone and aldicarb sulfoxide were still less
than 70%. Only ethyl acetate was able to extract these pesticides quanti-
tatively, i.e., over 95%. Therefore, we selected ethyl acetate as the extraction
solvent in this study.

Next, we evaluated various organic solvents used for sample injection
into the dual CCC with the following method: One ml of the mixed
standard solution of the N-methyl carbamate pesticides (1 pg/mL, each),
dissolved in methanol, was evaporated and the residues were redissolved
1 mL of acetonitrile, n-hexane, n-hexane:ethyl acetate (1:1) and ethyl
acetate. Then, 200 pL of each sample solution was injected into the dual
CCC, while the eluate (acetonitrile phase) was collected for 10 min and con-
centrated to 0.5 mL. After adding 50 pL of a mixture of three ISs solutions
(1 pg/mL), it was made up to 1 mL with acetonitrile. The solution was
analyzed by flow-injection ESI MS/MS. At first, n-hexane was examined.
The recoveries of aldicarb sulfone, aldicarb sulfoxide, and oxamyl were
each less than 35%. These pesticides are more hydrophilic than the others,
and we considered that the solubility was the problem, since aldicarb
sulfone, aldicarb sulfoxide, and oxamyl were all less soluble in n-hexane
than in other pesticides. The resulting recoveries were less than 35%. Then,
we tried to use acetonitrile, n-hexane:ethyl acetate (1:1), and ethyl acetate.
Among these, only ethyl acetate gave a satisfactory result for all pesticides.
Therefore, we selected ethyl acetate as the injection solvent in this study.

Next, we investigated the injection volume into the dual CCC. In our
previous study,’™ a n-hexane sample solution was injected into the dual CCC
column after establishing hydrodynamic equilibrium between n-hexane and
acetonitrile. In this case, even an injection volume of 200 L did not cause
any disturbance to the hydrodynamic equilibrium in the column, because the
sample solution was prepared from the two-phase solvent system used for sep-
aration. However, in this study, we used a relatively large volume of ethyl
acetate as the injection solvent, which might alter the hydrodynamic equili-
brium and lead to unsatisfactory results. Thus, we compared the effect of
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injection volumes of 100 and 200 pL. As shown in Fig. 2, a 100 p.L injection
gave over 90% recoveries, while a 200 L showed less than 85%. Therefore,
we selected 100 pL as the injection volume in this study.

In order to determine the elution time of the nine carbamate pesticides in
the dual CCC, we analyzed each pesticide in the effluent at one minute
intervals. All nine pesticides were mostly eluted between 1 and 4 min, i.e.,
aldicarb, 96%; aldicarb sulfone, 92%; aldicarb sulfoxide, 99%; carbaryl,
96%; fenobucarb, 100%; methiocarb, 99%; methomyl, 98%; oxamyl, 95%;
and pirimicarb, 101%. Therefore, we decided to collect the effluent between
1 and 4 min for the analysis of the pesticides.

Validation of Analytical Method with Various Fortified Samples

Based on the above experimental results, we established the analytical method
shown in Fig. 3.

Accuracy of the method was determined by calculation from the cali-
bration curves constructed from the peak-area ratios of the pesticides to
internal standard; they were found to be linear over the range of 0.005-
1.0 pg/mL with correlation coefficients of over 0.999.

120 ~

Recovery (%)

Aldicarb

Aldicarb sulfone
Aldicarb sulfoxide
Carbary!
Fenobucarb
Methiocarb
Methomyl
Oxamy!
Pirimicarb

Figure 2. Influence of injection volume on the recoveries of the pesticides from dual
CCC: B injection volume of 100 pL; & injection volume of 200 pL.
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The recoveries were measured from various samples, such as brown rice,
wheat, soybean, corn, and red bean (adzuki bean), each fortified at levels of
0.01 ppm and 0.5 ppm. They were analyzed according to the sample prep-
aration procedures described above in this paper. The coefficients of
variation (C.V.) for precision are listed in Table 1. The average recoveries
from fortified brown rice were 78.6 to 117.1%, with C.V. less than 6.3%,
from fortified wheat 73.9 to 111.4%, with C.V. less than 11.3%, from
fortified soy bean 81.8 to 106.6%, with C.V. less than 5.6%, from fortified
brown rice 78.6 to 117.1%, with C.V. less than 6.3%, from fortified corn
76.6 to 113.0%, with C.V. less than 9.1%, and from fortified red bean
(adzuki bean), 74.8 to 119.6%, with C.V. less than 6.8%. The limits of
detection were 0.005 pg/mL (S/N > 3) for each pesticide. Figure 4
shows typical MRM profiles of the fortified brown rice with the pesticides
at the a level of 0.01 ppm and the blank brown rice. All of the MRM
profiles of the fortified samples were almost the same as the respective
standards. The analysis time, including sample preparation and determination,
is less than 40 min, which is much shorter than the conventional analytical
method.

Overall results indicate that the presented method has satisfactory repro-
ducibility, recovery, and accuracy for the high throughput analysis of nine
carbamate pesticides in cereals and beans.

Sample 10 g

add internal standards

homogenize with 100 ml of ethyl acetate
centrifuge at 3,100 rpm for 10 min
Ethyl acetate layer

evaporate

make up to 5 ml with ethyl acetate
Dual CCC

Aceletonitrile phase (1~4 min)
evaporate

Residue

redissolve in water 1 ml

Test solution
|
ESI LC/MS/IMS

Figure 3. Analytical procedure for the carbamate pesticides.
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Figure 4. Typical MRM profiles of the fortified and blank brown rice samples.

CONCLUSIONS

We reported, here, a new rapid sample preparation method for the simul-
taneous analysis of nine carbamate pesticides in cereals and beans using
dual CCC. The method was effective for separating the pesticides from the
aliphatic matrix in cereals and beans. In addition, this method using LC/
MS/MS with isotopically labeled IS enabled us a simple, rapid, and reliable
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analysis of N-methyl carbamate in cereals and beans, where the analysis time,
including sample preparation and determination is much shorter than that
required by the traditional method. Therefore, we strongly recommend the
present method for the monitoring of the pesticides in cereals and beans.
The present method may also be applicable to other pesticide residues in foods.
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, BAREBEO 2 &R THBEIEARE THEE L VWE T O
MIDHEETEN 36008237485 -1, ZOKA
BB TR 17TE 3 ARTHRT Lichs, BaM - BEHD
BWEMIT, PR I6EEOREFEIRT E L BHER
TS PMEKTEL R -2 bDIOVTR, 1 FHOER
DD LN, Fh—FT, <A F {0 BT,
X, EHlELSEVWEEE ST, T
TERBEEREBESTELLMAOBANEL SN TS,
<4 =IOV Th, F—TLEERICANTE S
A& B L, BREECESOWTHERT S I L,
BEEEADEIMNCDENEEBbN S,

3. I 15 FOBERRENIE

X5z, AL 1546 A 11 B A S i BRI
FEIBOTE, BEBFIFORERTILBVT, BEEY
BREERERAET A ENEE ST SN Thick
D, BEBGLEKBIIEBEENEEINS I LILUE -

fo. LB, BESHHCREEICL AEMRIECRIE
EEGREEENREINTOEY, BEEHHEICLIE
HEEPEREINIETICL 2ED A4 L5705,
EHRAEEECE TRESRHES W T HEREEFIC X
ZEGBOMEBZECETER VLY, B> Tt
ZATHS.

4. HREBERESBRELEENE

—7, BEEENECEEL T, AREEESIECD
fchEE s,

41 ER 14 EOBSRBERRE

F9, PR I4ECERIET, B ELEREEREC
BR L, TOREESWENE SN THRVESEOE, HHsf
POOREDORBICOVT, SAfEMICIAZEIETAILE
BTE LI ICRGEEENSHESN, 98 7 B ST
Shtc. EROBDERL EHMT 2 EREICOVWTIE, M
SHRELETOEER 60 FOEKRENBBL R 5% LI Lo
BEIHRENBLSTHA. '

42 TR IBFEOBERBERINE (BYEBEECRY

F 47U R MHEA)

oI, ERK 1545 A 30 BATORS#EEED KK
ET, 3FELNKETTINEIELEE LT BEBRESE
GYREEESRUEERIMMEEL) WiV 74 7Y R
MEEBATE I EDEDAEN., RYF 4 7Y XM
ERERIC T NTEEELZET, SN0
DBUAPELTRENBEEWSHRTH S, Ko, &4
F4 7YX MRIERERICERTH 20, BlEIhbd
DOWYRPELTREINDEVHIARTH B, INETO
DOAECEEEEEEIIRTF 4+ 7 ) A bR ART, B
FREELZRTFEL, ThEBAL L0020 - T
tohs, T OBSREBEEENRREOBEE I O>VTI,
AR EnTOEETEY, LA ->TVWhdDT
HA5B.

SEIOR YT 47 ) R MEITIE 700 DI Lo BIESE Y
FREIREEN, BENREINTVWEVLDIZIOVT
3, —EE (—EEE) LESThTVAEEI, T08&
RofF@EsEAcEEsnd &b, L, Ry
74 7 )R MHOFEAME S LT, FFEREL LSV
DHOEL » D LB H B,

IoXHi, BEERESICELT, ERCEELERE
L BSINERINE I L0 b, TOEXDIELRN
WHEIT S REEXTH B LD D, B EOFK 1845
Bzl BYEBRKEOEYF 4+ TVRA NN -
FEBI LT B,

5. RUF47URMICHITZ—2EE

SEIORYF 4 7R MNHTE, BESS LR
(0.01 ppm) WA TEE T 2 BROREELE T 3,
1L, WEAMBEELTRYT 4 7Y R MEloHgA s
SntPEe, SEEEREENRTE S NS »EEEENHR
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BN AEHEECOVWTE, TOREL TIIREZRD
B, LLnSFERKE-TWE, WRAYE, Tabb,
TADRBREABLIBZINOLROVIENHELHTHLHD
L LTEEASEAESEDZYE ] L LT, BERE,
BRI REAESE 11 210D ARBEEEFMET ADI
DBENTRBEEINIYE (TRyFH T V), BRR
mmcbdddb0 (Fra vy YT aEE), Rfug
AN, BELTHNB TV,

— MG 001l ppm & XNTWVA, ZOLXATOME
glEE LT, BEMUATRTZ S MY vy ORBIHE
10.0 ppb (0.01 ppm) K EHH 5. L NABL L XLT

, BEO—FHFETEIHETERLVHOE V., £
0)7‘:?95, O Lot R SE I, BIEEE
IKEmORIC, DFEOTERRREEZ SN 2 HEH—HE
b icAans @64 LI TV ). O
DERRR T, BHEOESICHEELL GC/MS —FSH
WL TOETRLTH S, $7/, 2BBITHEBLILEZD
LOEVEAFRHELTWE, 20w, HBEREZAV
NE—AEEL XLV THREFRLEEEHB5THAS D

L, s, DS OEVCRBIEYLEDEVICLY, <
DEBRA TR PRELZEGH B THA D, HARE

MH, WoZDIETNT00l ppm OFRT -ZHd 5

LVHIERLH 5.

6. RIF4TURMHICHBITEEEREE

RffA B CREORRIC L AERFAEENRES
NIEH 120 i,WﬂMBE@%T%é.IIuE%%Eﬁ
HEINEEHOZEERT, SEORYF 7YX b
e, HRETHELN TV EEE 714 5 H (1600
FREE 5 200 B3 IWEERENREINE TOF
VT4 7 ) A MEEAMNAK S i Hk, EREREMEIR 229
BREBIU 26 BPEICEEINTV ALY TH-1. T
DI Ewdh, SEORIF 4 TY X MEHITODBICEL D
BEGICUERERREINLILEDINBTHESLS. &
fo, FWAMLG EOMEHICL D ADISRETE L VWIS

300

250 /‘
=
%
& 200
4= //
;3.:2
B 150 /
e
&
w 100
g‘q
B
i 50

o M .

& &h\ﬁcﬁét‘;\& K \& ‘$< &Q&@i{d« R A ¢< é« & ‘&

&

B 1. EREEESSHGE S ho BEBER O ERHERS

©, EEEETADIVWERETERVWEEMsATVEY
BliioWwTiE, BRPIEBVWTC [FREH] L3hb [R
M) &N BBIEEER 1 IKRT.

oI, EREBECTBISSIEEBEYN 130 1ES
ncwiens, SEOR YT 4 7Y 2 MEITIREKREY b3
FIMA SN TEY, BEEOEISHIC BRI BIEN 5 T
ST B,

COMEREARET ABIISE L S EEED, O
a5y g REHEE, QEHMEELE, @IMPR % JECFA
TOFRICHEE SN TV AERHRR T - s L ES»
THEEAEELZRELCVLE QU KB, »+4, -
ZrS5YT, 2a—-Y~3vF§) ORETHY, ODO@®
BicgwMans @OoEOEZE, RYVF 1 702 %
BHLTWE, bBEORYF 7Y R NEELENAED
HELZHELELLOE, E2IRYT. ¢ TREYF 4 7
DR MEERBLTOIEEVALE S, boEel~s &
BEMIZNIEESE TN,

RIS LNET 214810, RERMOASERS
Nh5, HEE.- BRELFESOBENED - F0FK 14 F
ol BRERESEFHAEZSISBLOTIHRT S
N, REFMEFPNCEBL TS BB ROEEL S
#TWicWie, BECHE TEIERESEEICRETM
ERARAT A0 TH B0, FNTH—IHERBTME

£l ARPEsSOT MR &7 RESO0—H

m B & * 4R
2,4,5-T BIE . BRETKY
TIbo- 3K - BREH
ATk R - BEA
AWKy 7 2 (F /59 V2R VEEEED) EEE - SRIEE]
J<wH R @J%% x:nmg‘

AR NN Y L - UEME
sgulrawdy EEE - SHFRE

I FARF IR b o—L(DES)
INFYFURET VI aF v

VALY S =

7Yy b
=toysvE(=btoTu3 VY, 75VY Ry,
7a7 5 A

Abho=4gy—n

0= 49—

=hOTFTVRL Y, TINYS V)

B - w e vH

B . 5 = HRA

L - S EEERA - HUR
BRI - R

BEE « SRR

R - BRER - R
L - Z5A ERERA - DU R
L - A IR - TR
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F2 HEARKCBULBZREEDOEIF 4 7Y R MEIE S OHREORD HE
FLUERTE BERR — R
KE #7350 0.01~0.1 ppm THEH
(ER% 15 5 4 A5
AP #7150 0.1 ppm (EE L&)
(ERK 15 £ 6 BB
Za—YU—5 K #11500%) 0.1 ppm
(GFA% 14 5 12 A5 (B F 7 %2FICHE)
KAy #7400 0.01 ppm
EU FKIE 0.01 ppm
R (AEREASHER 18 4 AF TICEE) BL, —RSAITEREHMEL, SEEL, B8
W EICHRE
REMWIAERRZEC.
FEERTE IR —REE (F)
H 740 (YEFLE) + 66 GRITHLEE) 0.01 ppm

5b, FICEEE L TERENS DK 600
(Erk 17 F 4 B

HL, OFEEFSZICE T AEERBEZICHWS
SHEOEERHRNS 0.01 ppmBOEBSE, EER
RHax b -7, QADIDHERD T/hE W (03 ug/kg/
day Rif) b0, [FRE] 25-T, QREIH
FoBEHEDI0.01 ppmRIED b D3, BHEEESY
boT, —BEECbLIEERELRET 5.

# 9l FARLEEES CER17THE 4 H 21 HEEE) B 2-2 kb,

EHLTWE, —F, SEORIF + 7 ) X MEliKBITS
B EESMAER LT\, HEREIIhT
W3, BEIMAEET L&, EYBEERBRT - B0
723, TMDI (Theoretical Maximum Daily Intake) 3
JEsmEA—-HENERE: JREEEEX Z0RRDE
WE, THE) choX342%29, ADIDO80% =HA 2
EOMBENELTEIELTFEHEINE,

WERAMEMER, B 1IREMSERIGELIOA 28 H,
HEoWRBRERIGHESH20H, FIRE ERE
SER 1746 B 3 HicAEah, ThZhEBEREEN SN
to. 1B, PUAEMERERIER I VWTIE, FERNICRE
Shi-boXxkE, BITHRE B8Rl EYEEZERL
TRELHV] (BR—BEOBRSHE: EM34E &
U TR, BEIRRUENER, {LFENaMRTT 25EE
VEAEB L TREORV] (HME) 220 R
LTI 2FETH 2 (NEERBA, trvevfind
R EROBBNIZ IS, B, EAFEE TR TE,
5, PHEMELCAERRERIICT L TReRBERTETS T
EHTEREICIE - 7 LOEHT, F0FETOYoREED RN
i, EBCEEOBREEEREL TETVE,

7. HEEREICSTIKEHHEORY HH

BEEARTRE s h 300, REoREEHN
Btancli~NEETERVIESIE, REYLED TE
ERREESNG, SEOUERERECTE, ENEOEE
bEEILEINLD, TNOBENTEDLEEME S
ZELLIEBRBLTVWEWVE, B-TEEICLTLE IR
BHE, Ei, BRTERT VYN TREILEYD S
THEEEEARTFINTVAY, EAETRAEDEED

FEEEAREINTVS, 0L cREYPEETE
BWETERYT 354, Btat i RErmTRE S
LTERINTOWAIES, £, #KoBRENEUREY
L BIEAY, EREENE—LEME LTatian b5
Hicid, BEEORTEEIELL S, SEOETERET
OEOFWIE, PToL5ThH B,

1) EAERLEYE LTOTEEEE
NERINTOIEEREEERE, RAME LTS A b
B TwatawE LTORE/ETH D, Fic Y
EEUESCR, BERETHRENSE, FIZE, HvF
75 VOEMEREROMEIR, TOED KINVET S
VRO SOH A NET S OB THEHI &, i, &
WETZS I [RANVKRNVT 7, XV TSHVT,
T5FAHNVTHREOHNET S v EED. | T EMNEEHE
ENTWVAS,

2) BEEEFN6-2 (REETOERRD)
BramEREYTH s u s, BEYEROBREERED
EOABICEELZbOIC2OTIER 6-2 L 3 h, EHiE
EEKREOHEIIEIC 6-2 Li#iah TV A,

3) BHEEEZRU(LEMELTHWMTEER
FHEAL L THRT 2RESHTPIc AL TLE DR
T, EROBESFEUETORaNE I EMEV. B
Z13, FSoA Y VIiIEGCHIECT VS A MY TS
fifd B, BITAETREERXBITEIV., TO®
Y, BE@EERETR (Fuyx b)Y vyRUFIBA MY
v] ELTHEEMRINTWE, T, YFA AN -
NBEEAE CS, BTN T 5L, HrOREEZRFITE
W, FOfw, DFAANA—FOIEET, [7 2V
NL, wvaAET, RVRT, AFFh, BYh—sNA—
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b, 7OEXT, FI5L4, VRT, YS5Lb, =y FILEX
(VFAH =2 =) O¥MECS EHETRT. ] &
BiEFcEshTw3

8. MIBRWYN—TH,

p;]

Tk 14 EOREEEME T BHELAEDILOE, b
EFEABt LYY O TH- 1. PN TRRCIIES
EEESBEEI NI - 7205, BAENHEEER 14E3 A
20 B BEESRE 0320001 B4, 75 vF v IE
BEOEMT ARG DV T IEREEELERE L T &8%
RLTWi, Lal, gE0KXYF 4+ 7Y 2 MEITR, &
NTOMLIAERE WRELTWE Tz, a3~
Ty ABENS B DI 0 WT, HERELRETS
FETHS. WEREZHFELBTV OIK2VTIE, BT
B S UEREICES U BEMEPE RS < i L
boREETETEEENTWS, BEEFHENAELT
WA Yy FWISIEBEOEZ FAR 2 ITRT.

REGOEIETE, BFZWEHARERHE1EMH
CPRL9FE 12 H26 H) 25, #ABHC B £ U DDT ©
ATERDH B, ThoDREENIY VY, vV, &Y
TR, =Py, =Y UVRTHEINTYVWS, —F, &
RO — TP BEX ST [EEDNIEIEEE AT S L
VR D REG EHE LS WS ERE (BEED ] &&h
rEHMEHC VLTI, AROED e SICA LD, #Y
T4 7 )R MHOWRICEE, 0B, ~N—THREIEEL

T, ARSHEIC 2ot — 78 OEEFICET
THEBEZREL, BE LTS HHBIToHE N

IRFIY 5 —5—EROEF

2 fzofho - 78Il 27vy v, £0 Y
GFE-2), o, Ny FE-F) 2BROSTEON—T
MYRAMNT v 7ERTWS,

IAGNNY - —FFIloWTE, 2—F v 7 AR
5V, 2003 FICHES N WHO SREKKE S 1 K 5
1 vESER, MIEHOYUEREENREIND, KEE
ORIENCGENEREE LT, 1644 1 Hh ST hT
WA, B [EFYE] L L OKEEEEEREEED
FicAnoh, 101 BESEBIFOSNTVS, 20, 3
FINT 3 — 5 —ERPORBEIZOVWT D, %nn@w%@
BHMELOTHAS. 1210, KEKEEETIZE 101
BEOBEEEARL, SRHBE/ZEEEOETH 1 %
AW EEWAEYTHY, Fi, KEHIBRORES
EpoBBENMEBELBRLCHET 2L EShT
39,

9. EEMHOMEENE

B EE T REEEELRE L BRI\ T, -
oy b2y P ARICEABEEERO—HIERERAE
(b= FA4 Ty FRFF 4, TDS) #EMEL, KEK
DEFIC >V TOREWEHERL TE TS, Pk 3~14
FEEToRETE, 150 BEOENEHEESFHL .
21 BEMX VTN TDS ERE TR iy, By
D129 BE O VWTHVWThoERBIIBLW T HREX
NTWEWY, BENRE S NG D - RSB TIR TR
A 20% DEENSEENTVWA EFEL T, ERNEOT
ADIH AR E T 5 &, 21 BEPTHEHEMN 163% (KK

[[ BBELEGEDT1TY XD []

INI(HE)
. WDTH ED. BET D

1 EEY IKIZEBFR
RGO ABOMHEDERS %

‘t" T47")7<!~’n1’i‘10)21&

OhOHHEDBEIZLLBEOET
QR DERE
OmMIIz&3HEE %

BSOS NI OAEFICLYSRBEQTATL

i SHSHLEMIRRISERNORENERETS
CEFEE

P /[, = E3 2. 2
BakCRRE
; ([ AR I R 005ppm) | BR
e e > (HEFIHE) 0.2ppm X 10%=0.02ppm
12 o 3EA UNEESHER)
e /INEH300g. 7k 150g. #£10g
(E#{E) BEZE : L.0ppm
| [ emmmin Gamm osopm |Eommmd> | A

e o e e > (H{ERIHE) 1.0ppm X 65%=0.6500m

BEEFBEERESRERREHNAEHLY

K2 MIBR~NOHEFEEEOEBIIH>VT
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HkobDbEEND) LESET, TNUABTNTE%
KiETH 7. —F, WThOoRAEGHTOREBINAL -
FEETE, TAYANLTOLIIIC 304N IETEHD
bd -k,

ZoFiEE, SEEEAERRETABEICHL TS,
BHTAFETHS. Lrl, TOHETRHZERZICY
ZEEAESE L TWTHEL TDS &&E (THoFEEH
FIEL SEOHE - BEHEL ) ofioARIK L DR
S, NDi#HE-TLES X —2ABEW, Z0O7H, TDS
THELHEZERTETH, BREFZHETLLETE
MW, g, ADIA/NE K RHBRMSKE WEEDOES
Wi, BERARD 20% S WO BOFSBAREED, I
ADI HEsR&E L ->TLE D,

10. HEFEORREZS

OHETE, BENSREINS L TOEBEEZRT ON
— T B, REBERINhE TORBEETCIERS D
BERETH - 1oh, SENEAIENh S @R, oK
L, BRdc I gl s BEZ0ERELOWT
3, SRand, 0RVF 4 7)) R MElTOBRECE
HE bz, EROERAEBRE S Rk oRBREUSN
i1, BEELEEsATVE (RRCEET EE &
BRI 3B AEER O Th 2 WEORRE | F
B 17 5E 1 B 24 BN B%RHE 0124001 SEAFEEE
HeLHRGEEIEE®.

101 EDLDUREBESHTEERRAT N

pEE 1 SOEEICH LTI >ORBENERENTS
fo. f2E L, SERER11EE10 A 1 B O AERFRE 1422 5
KBWT, TRR, RIS oRKERCED 55 RE L
BIEEDl Eoie2E T 5 R o nAEERE] 2HV TS
TwsEmssh Ty, £/, EkoOFE4H8HNMNW
BLE 43 B TEREBEAESMTEONBIL>WT] T,
FERNTE (R ) —= v 7)) PBRIhTVS, 0
FEEld, BEIESEREE (GCECD), YL axng FREHEK
(GC-ECD), B# 1) v %2 B F(GCFPD), EX R B
(GC-NPD % 7212 GC-FTD), N-* F A V32— b FRE
W (HPLC), £ 3 #47 (HPLC) D Z v —7 & LTHH
TEAHETHDL. COEEREN: [BINENBBLA
70~120% 1 &\ —ESHrEOHMTEEY, —RIcZT
ANSNTWS, Zzoficd, WL 2hO—FDIESER
LXNTVEBY,

AEOEYF 4+ 7Y X MEITREBOBESE 2T S
1, —BOWEAREES A2V, LrL, BRE
430 Codex BHEMNH A BIII>WTHE, ZOEEHENS,
ERIHTE BB L TB BEPH B LEL NS,

102 —REEY - BKEHOSTEDERFE

PRE 15 EED D, EHROBEOSMEET, BERE
SOVERN S N, ARITREHEESRIES N
to. BEDTORE SNV, BKEDTOBES V-
7, BAEER SV~ T D3>0 T N~ TIah,

fEELED STV b, BEr» oRESETHIALL
fo— B BRI > LT ORE R g, fEEsE
HoHNTWA,

RBEL I —F0ER 1) BEYTOBREEIEGC/
MS —E g (B (OFFERCRECEHSE, QFHE
GHEKUEEEOBES), 2) BKEVMTOKREREGC/
MS —E Sk () Ghd: OfiA, Bl ik BE
RUBNEOBE, O, WKkUEBEDCHS, il E
B: OmA, IBI, BN ARUII0EE, OFEEY
BEoEs OBEOCEAR), 3) BEUIOoREERE
LC/MS MS) —E S () (B (OHEXUVREDS
&, OFSE THRUEFERHOES), 4) BEYhoiRd
BEIELC/MS MS) —FaE ) & (OFEXRURE
DS, QO SHERUEEROEES), 5 LKEYS
OEFRBIE LC/MS MS) —Fnhe (B 065-TH
%, &bic, BERRE (BERE) THtTtEE 4R
B oBEEEERSTL, ZSv—7 « @RIOITEICOWT
LR LTV 3,

HYHERZICI>VTS, —FAEEZEDILC L
LC/MS (MS) i & 3 5 >0OHEEBAEERL, TOHEICK
AEEREERE TORMENGER Y, HEEEREOHRE =
FEL TV A,

IhSoERoOEE I oWTIE, FER17THEE 27 H
IEASEE k— 6=V T [ALICEET2BEED
RYF 4 7Y 2 EIEICR D DTEOBREIREIC> W T
LLTRAFEENLD. e oRECOWTORGETHRCE
INR FieonWTid, Tk 1748 A 25 HicBEET#HE
DOF—s— Y FTARSN, BMETRE EETRTR
) EAEEREATA LKL E ED S/N=10 » 53K,
SIG L7 2 BB ED S BIEVWADEERB L. £/,
BV 13 0.1 ppm TORMENGEEEE, &2 #EIcBL
TTVEIc> S ERL B0, n=3 ORFEHPEE L TR
L7, BELL—FOWMEL2OBBRICHEBTE 20O
L TWRE i, BIRCESVTI v radL
THb RORFPEROBROLFICOVTE, H—4A
=Y P BANEE LTEHLKE#H SN TOwE0T, &
EBHEAWIILEID,

10.3 MIESZOSFEORSR

AEOE VT 4+ 7Y X MITEINTAER O HRICED,
-5y 7 AEENH B EDIOVTIE, HEREELRE
sh3. 22T, MIAROBEE T 30EbLELS
H3, ChiCHLTE EEPEAPEELLTVAEE
BRI [k —FEE L T AR EER O R
BRI ] othTRIhTH B, T—F v 7 AEENDHS
MT RIS X, SRS e 5560 BEE—FINT
% GC/MS AR L, BRIR(E2EIET 57001 GCKR
BEAELBRFLTVS, oiT, MIB&EFOH LN
2 — F REEOEHEY v REEICXT 5, SR - B
Eo LC/MS/MS EO#EHZ#RIT LTV 5,
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11. SHEBROSROTFE

% 17 S OBREBESSITERETSE, BYRESE
S5 A 17TH, BER7THIGHICEEL 2. P17
FEEOMBMERIEERICIRBHEIN S, FEK18ES
HA20HODEYF 4 7Y A MRS — MBICRBLEH 50D
FE IR IR T, EARMICIIER 16 FEEFE TORET
SHEEX B A Z I, 72150, BN g dahk
BEEZICo VLT, RBEEZE 17411 A 29 HicdR
TE7W, TEHHD LIEVEREL T, SR
TERLIcE 2 ATH B,

SR 17 11 B 29 AMEAEEEOEROBII, &R
EEOABEMNBEME LI EBSEZ L0, 11 A 29
AT @R (%5 1129002 8) TR, o b ok
—EOEICR o e, £ oA D W TIENRRE
HLTWL DS, 2y — rEHC TREHR] & LTEARES
ZWETFHEENG, Fi, RAY— MEICBOT SO
FMEECMTERBE LB FESNTEY, 5, T
SETEOYUEREORBE LIFELZEALLE, TORY
Foa4 7R PEPEHRT Zo0ic, BREEENEXICDh
FoOfEET A ETRE IS,

12, RIEZOXIG
BRICEEEOIIE TS 305, BEBERDE,I, B
FHEERICE L TOHE ML - 12,

12.1 EHERBICRIEBEZREEELEOWRE (EX 15 E

O BEERURRCE & BEE)

REHGHRICE D C BREAREETREAESED 2 b
DI, YRR, TR EE, JKEREYICH T
LEHEEEE, KEBRICRIE®NS L. 055, fEY
IR 2 8RB R, AREEERCE S BENDS
BHEERENERHY, TOBEEBREARENSEDE T &I
WoTWwab, LpL, 8Tk XDic, BEOWHES
F - BATLA L EM I ARREEOREREELRFET S C
I o2, BIBRENSFRICED 30B I3 1
D, WICEBEESREINI O, BEOBEREE
HEELHER L T EESROMTORA TV 3,
BHREEEEONTEERET DI, IhE Tl
ETHBESRRIEERENTEREIN ST RE L
ERREROEVHMASHEENIBO CEL), SHIEE
WEPIHEEKE I B & WS T ETlRREh, BEEHE
BHORY T 4 7 ) 2 MO EBER & HEE - HEL
REBEORBEEONTEREICH2EG 2L 51
-7,

122 HERFRUKEFTEHICRI BEESIEREED

B (POPs &% & OE)

BEhTOHBE I CEMBFRCERLYT WE T
& % POPs (Persistent Organic Pollutants, S
TEoE) oM %, ERRENCHE L CREL To s
#TH % POPs 554y REMWERGEIE BT 5R b vy
7RI AR 2001 F5 H 22 HiIKRIR& 41, 2004

5 A 17T HIE L, —F, #BAEOEBERSICBY
T3, FICEU R ET, BETOREECEYIEMRENE
BMENBEIICH-TEL TOLD BEERINEED S,
EES IERNOBERSI B 2 HEREE L ONEESR
W0R 5 BESHRERELTREST S Lt L.

9, TERFIcovTE, HEREREE0 s 54 7
TERERDO T1F] S5 T180H] BT HIERL
fo. T 180 HE W IHEEMIZ, POPs&EHOR 7 ) —=
VOO CHEU I ETH B, F, HEREEEEE
He 3 doEBREIC > VT, TR TRERBRRUE
BARR] taxhTvior [EERBR] oA icfHs T
sl chid, MESNER] c3EBREMSEL 3
3 EEYOTEESET L, BEhEREsECTTLE
A1 DTHB.

—7, IKEEBICR S BERREBEETE, BEICHERS
NIKOBRUC X B8 L, BYUKIc L 0BG L 1KEY
DOERUC L 2HEAERT IREND 5. BHEOEE S
WTIE, BNETOEYBEEEEL, A28 —n/K
SEAREL (log Pow) 25 3.5 LIE ({bEEikic L) o 23
D WAV ORBREGE T BB O, EYRRERE
285,000 2 Z BZGEICIEYBREEAZEE L KEB
BRI BREEERRET A LI L., T, £
IBREREDS 1,000~5,000 0 BE >0 Tid, EBENE
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