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Development of Determination Method of Melamine in Pet Food by LC-MS/MS
(1) Study of Determination Method for Dry, Semi Dry and Wet Food

KOZUKA Kenji’!, YAMAMOTO Kengo*? and OSHIMA Shinji"3
("! Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center (FAMIC)
(Now Kobe Regional Center, FAMIC),
*2 Fertilizer and Feed Inspection Department, FAMIC (Now Agricultural Chemicals Inspection Department,
FAMIC),
*3 Fertilizer and Feed Inspection Department, FAMIC)

We have studied a quantitative determination method of the melamine concentration in pet food (dry,
semi dry and wet food) using a liquid-chromatograph electrospray-ionization tandem mass
spectrometer (LC-ESI-MS/MS).

Having added acetonitrile-water (1:1) and melamine internal standard solution to a sample,
melamine was extracted by homogenizing, and the extracted solution was filtered. The filtrate was
then diluted with acetonitrile-water (1:1). The diluted solution was purified with a solid phase
extraction column (Oasis MCX, Waters Co.; Milford, MA, USA), and injected into an LC-MS/MS
to determine the concentration of melamine. LC separation was then carried out on a hydrophilic
interaction chromatography column (SeQuant ZIC-HILIC, 2.1 mm i.d. x 150 mm, 5 pum, Merck
Millipore Inc.; Burlington, MA, USA) with a gradient of acetonitrile and 10 mmol/L ammonium
acetate solution as a mobile phase. In the MS/MS analysis, the positive mode electrospray
ionization (ESI+) was used.

Recovery tests were conducted on five kinds of pet foods. Dry food for dogs were added with 0.5
mg/kg of melamine. Dry food for cats was added with 2.5 mg/kg of melamine. Semi dry food
for dogs was added with 1 mg/kg of melamine. Wet food for cats was added with 0.5 mg/kg of
melamine. Wet food for dogs was added with 0.25 mg/kg of melamine. The resulting mean
recoveries ranged from 90.2 % to 106 %. The repeatability in the form of the relative standard
deviation (RSDy) was less than 0.6 %.

A collaborative study was conducted by 10 laboratories using dry food for cats, semi dry food for
dogs and wet food for dogs, all of which were added with melamine according to the following
specifications: 2.5 mg/kg for dry food for cats, 1 mg/kg for semi dry food for dogs, 0.25 mg/kg for
wet food for dogs. The resulting mean recoveries ranged from 93.8 % to 107 %. The repeatability
and reproducibility in the form of relative standard deviation (RSD; and RSDg) were less than 3.5 %
and less than 12 %, respectively. The HorRat ranged from 0.44 to 0.85.
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This method was thus validated as useful for inspections of melamine in pet food (dry, semi dry and
wet food).

Key words: melamine; liquid-chromatograph tandem mass spectrometer (LC-MS/MS); electrospray
ionization (ESI); pet food; collaborative study
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1,3,5-Triazine-2,4,6-triamine
CsHeNe MW: 126.12 CAS No.: 108-78-1
Fig. 1 Chemical structure of melamine
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Table 1  Ingredients list of pet foods used in the present study

Pet food types

Ingredients

Dry food for dogs

Grains (corn, wheat flour, wheat bran, corn gluten feed, corn gluten meal, etc.), beans (defatted soybean),
oils and fats (beef oil, chicken oil), meats (pork meal, poultry by-product meal, chicken extract,

powdered beef bouillon, etc.), fishes (fish meal, etc.), vegetables (spinach, etc.), minerals (Ca, P, Na, Cl,
Zn, Fe, Cu, Co, Mn, 1), vitamins (A, Bi, B2, Bs, Bi2, C, D3, E, K3, choline, nicotinic acid, pantothenic acid,

folic acid, biotin), antioxidants (tocopherol mixture, rosemary extract)

Dry food for cats

Chicken, rice, corn gluten, corn, animal fat, soybean, chicken extract, cellulose, yeast, fish oil, minelals
(Na, K, Cl, Ca, S, Fe, Cu, Zn, I, Mn, Se), vitamins (A, Bi, B2, Bs, B12, C, D3, E, f-carotene, niacin,
pantothenic acid, folic acid, biotin, choline), amino acids (arginine, taurine, methionine), antioxidants

(tocopherol mixture, citric acid, rosemary extract)

Semi dry food
for dogs 1

Grains (corn, wheat flour, etc.), sugars (high-fructose corn syrup, sucrose), meats (poultry by-product

meal, beef meal, powdered chicken breast tender, etc.), beans (defatted soybean, powdered soybean, etc.),
animal fat, fishes (fish meal, dried small fish), brewery yeast, cellulose powder, vegetables (spinach powder,
carrot powder, pumpkin powder, etc.), cheese powder, propylene glycol, minerals (Ca, Cl, Cu, I, K, P, Zn),
emulsifier, preservative (potassium sorbate), malic acid, food colors (titanium dioxide, acid red, tartrazine,
sunset yellow FCF, brilliant blue FCF), vitamins (A, B1, B2, Bs, Bi2, D, E, K, choline, pantothenic acid),

antioxidants (tocopherol mixture, herb extract)

Semi dry food
for dogs 2

Grains (corn, wheat flour, etc.), meats (poultry by-product meal, beef meal, powdered chicken breast
tender, etc.), sugars (high-fructose corn syrup, sucrose, oligosaccharide), beans (defatted soybean, etc.),
animal fat, brewery yeast, vegetables (beet pulp, carrot powder, pumpkin powder, spinach powder), herb,
fishes (dried small fish), propylene glycol, glycerin, minerals (Ca, Cl, Cu, I, K, P, Zn), emulsifier,
preservative (potassium sorbate), acidity regulators (malic acid, citric acid), vitamins (A, Bi, B2, Be, Bi2,
D, E, K, choline, pantothenic acid), food colors (titanium dioxide, acid red, tartrazine, sunset yellow FCF,
brilliant blue FCF), antioxidants (tocopherol mixture, herb extract)

Wet food for cats

Tuna, whitebait, oligosaccharide, minerals (Ca, P, Fe, Cu, Mn, Zn, I), vitamins (A, D, E, K, B1, B>, Be, Bi2,

niacin, pantothenic acid, folic acid, biotin, choline)

Wet food for dogs

Chicken meat, beef meat, rice, oligosaccharide, polysaccharide thickener, minarals, emulsifier, vitamins,

color former (sodium nitrite)

212 A K
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W7z,
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Table 2  Operation conditions of LC-MS/MS

Column SeQuant ZIC-HILIC (2.1 mm i.d. X 150 mm, 5 pm), Merck Millipore

Mobile phase Acetonitrile-10 mmol/L ammonium acetate solution (17:3) (hold for 7 min)
— 8 min — (2:3) (hold for 20 min) — 8 min — (17:3) (hold for 7 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Mode Positive

Ion source temperature 150 °C

Desolvation temperature 400 °C

Capillary voltage 0.6 kV

Table 3 MS/MS parameters

Precursor Product ion Cone Collision
Target ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) V) (eV)
. 85 - 46 16
Melamine 127
- 68 46 22

Melamine-13C315N3 133 89 - 50 18




6 FRPEIFZER 5 Vol. 47 (2022)

4 i
BoNZ SRM 708~ T B AT IVERAT I U-BCGPNs O — 7 fifEZ KD TH
BEHECIVBREREZERL, REFOXTZIVEEZEH L
B, EEEOHERE %L Scheme 1 (278 L7-.

Sample 1.0 g (50 mL centrifuge tube)
——added 20 mL of acetonitrile-water (1:1)
——added 0.5 mL of melamine internal standard solution (1 pg/mL)
——homogenized for 1 min
— filtrated through diatomite and filter paper (No.5B of JIS P3801) under reduced pressure
I
residue
added 10 mL of acetonitrile-water (1:1)
homogenized for 1 min

filtrated through diatomite and filter paper (No.5B of JIS P3801) under reduced pressure

——filled up to 50 mL with acetonitrile-water (1:1)

Oasis MCX (500 mg / 6 mL)

——washed with 5 mL of 0.1 mol/L sodium hydroxide methanol solution
——washed with 5 mL of 0.1 mol/L hydrochloride methanol solution
——washed with 5 mL of acetonitrilie

——washed with 5 mL of 4 v/v% formic acid solution

——applied 3 mL of 4 v/v% formic acid solution and 2 mL of sample solution
——washed with 5 mL of acetonitrile

——washed with 5 mL of acetonitrile-diethylamine (499:1)

——-ecluted with 15 mL of acetonitrile-diethylamine (49:1)

——evaporated to dryness under 40 °C

——dissolved in 4 mL of acetonitrile

——ultrasonic treatmented for 5 min

——filtrated through a membrane filter (PTFE, 0.2 um)

LC-MS/MS

Scheme 1 Analytical procedure for melamine in pet food
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T (FEHisE T3R) RS2 L 02 Az, Kid LC-MS/MS DOIEEER & L M H T HE e
FEHRIK (B 2 1%, JIS KO0557 IZEF S 47z A3 XL A4 DK) ZHWT-.
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2) FEfrEkEK
MEMAERIEERK (A7 I 10 ug/mL &F) , WIEERK (X7 I -BC3PNs 1 pg/mL
), R RBRMAEER (27025 ugml &4) , 3 K70 85 RN SR
(AZIv 1lpgmL &8) LOY =y MRGTSMAERER (X7 12025ugmL F/) =41
A, WEEIXFE@EN T 2.2.1 OREBHFE & O TR RBREICRA L.
223 opbralEl
22.1 ORBAREZIEHTRD 2 SNETHWE, SR E LT, AT7I0ELTRIA
U2 2.5 mg/kg AR Y & BRBR T ECEN 1.0 g loxt LC R 7 B IR AR HEIR 1 mL % 1E /e L2 IRAN)
Z, I RT7A8RIC I mgkg FHSE GRBARE 1.0glcx LT FT 0 BRI AEUER 1
mL ZIEMEIZIRN) %, 7= v ML 025 me/kg A4S & GRBRARE 10gicxf LTy = v ML
AR YERR | mL % BRI %, SrBsEorie (7 = v NG O B 58T B 4G 30 43 A1)
WESINL TRt L 7.
224 EEITIE
21412k -7,
225 #WEHIE
SYMHELE, OHTRREREE (mg/kg) THEL, 4 HTAZMNBTLAL THOMN K 3 E THREE
KD,
22,6 rHr SR
Wk 2542 H 18 A B R 2543 H 26 HE T
227 T
FEROMATIX, EHEMICAN—FF A XS ELFERBRICBET 5 FIE 9% %352, Cochran
7E, single Grubbs 5 & & O paired Grubbs & & Z 17V, AU DA 2 2 L 7 L T BT,
M UKSEE (RSDy) K OVEMFIHREE (RSDr) 2% ML, 55472 RSDr 706, EIE Horwitz
A D% v HorRat R 7=,
228 AR
h [ B R S AR 20 T, — B S AL 2 B AT AF e A s S 2, WEIE A~ A 2 b
X ook, MEREAN BRSOt 2 —R8Mutsear, —BMEEAE B AREmHS,
FE A B AR Z B A SR 2R Ze & o % —, JUSTATBOE N AR OK PE B 22 28l & o
g — Bkt 2 e A, Fletr 22—, AabtEtr 22—, RfFtr 2 — (G 10 #l5r=E)

3 BRRUBER
3.1 CERI{EDIER
3.1 REMROIER
1 mL H2AF 3L 1LT05, 25 50, 100, 125, 150, 175 KTR200 ng & H L, »OAT
IUBCPN; L LTS ng A EH T AKERERR 2 pL & LC-MS/MS I[ZVEAL, 5517~ SRM 7 o~
NTTZENBERATIVROAT I V-BCGYEN; O — 7 HfEH 2RO TREREZIER LT-. ZOfs
B, MEBMRIIFig 2080 ERD, ATIVKOAT I V-BCGUN; OV — 7 HFEL 0.1~40 (A
7L L T0.5~200ng/mL (FEA&EE LT 1~400pg) ) OFPH CEMRIMEEZ R L.
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70 +

y = 1.616x - 0.3742
60 - R? = 0.9992

50 -
40 -
30 -
20 -

10

Peak area ration of melamine/melamine-'3C;'5N,

0 10 20 30 40
Relative concentration of melamine/melamine-13C;'5N,

Fig. 2 Internal standard calibration curves of melamine by peak area

3.1.2 3K, MBESICHKT AT I VOREFEORFT

2.1.1 T L2508 2 vy, CERI JEIZ LV i U723 UBHAK 2 LC-MS/MS IZIEA LT L Z
6,wfﬂwﬁﬂ#%%f?iymﬁ—ﬁﬁﬁﬁéhk:kﬁ%,ﬁ%,“E%ﬂ%%?iym
E— 7 BI85 hE R L. #EE2 HWdI2 CERI 50O —E O #EAEFIEIC X v §RH
L 7o 283l Im i &2 LC-MS/MS THIIE L7fE R, REENL AT I vBmiiah s 2 k##%
L7z,

ZTIT, MRENTEREEICHETIATIVERETIZLOOHEEL LT, BEOWRELEE
Bt Uiz, BRMICIZRD DI E LZ ET, CERIECEI VO LIz 25, ERBRiAIKIC
BIFE2ATIVEORBIED L.

1) HI7AMOBAEERTD. HRACHE-TE, DO UOBERES L%, KEK, B

fik, 7 F=bF U ATIHERESF LD EMHEHT 5.

2) = HWTLCVY—AN"—FEE L THEAT 256, V== 072/ o) U2 Hn

5.
3y FAYUHIETER= RV L—K (14]) [ZEREBSE, Wl LANS A EICH Smm OJE &

Wb &AW LiIAL, BT =FY =K (1+1) 2 THEETS.

3.1.3  IRINIEIGEER

3.2 O EOWHHFICHE Lz BT, HERBRIZE LD P & LT CERIEIZHE > THIN
@Wﬁ%%%%bk.ﬁﬁﬁﬂu,F?%%&(ﬁ%)ﬁosmygﬁ%%,F?%@&(ﬁ%)
1225 mgkg fHYE, I FIA48E (RA) 2121 mgkg AN E, Y= v MG OfH) |
mg/kg, 7= v MG (KH) (2 0.25 mg/kg fAYE (V= v MLE ib\Tﬂ%F%EP/Ef) D A
FIVERMUTHBL .

ZOFEFRIL Table 4 ® L R0, FEHEULRIT 90.2~106 %, <+ O UK EE 13 AH k1 % 7 2=
(RSDy) & LT 2.9 %L FOMARDGF BT,
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Table 4 Recoveries for melamine

Dry food for dogs Dry food for cats Semi dry food Wet food for cats Wet food for dogs
Spiked level for dogs 2
(mg/kg) Recoverya) RSDrb) Recoverya) RSDrb) Recoverya) RSDrb) Recoverya) RSDrb) Recoverya) RSDrb)
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.25 - - - - - - - - 106 1.0
0.5 90.2 2.9 - - - - 102 0.6 - -
1 - - - - 96.5 0.9 - - - -
2.5 - - 97.3 2.6 - - - - - -
-: Not tested

a) Mean (n =3)
b) Relative standard deviation of repeatability

3.2 JL[AEEER
22025 0 HFEFEBR A L L 72 FE R Table S D LB THhHo72. 1 BR=EICBWT, §XTO
REFCHRR LI FENSOBRBN H > 72720, YR BREOR RIXR Lz, EHEI R
93.8~107 %, RSD; I 2.1~3.5 %, RSDgI% 7.0~12 %, HorRat /% 0.44~0.85 T& ¥, RERIEDZ Y1
ERIEICED DN BRI HHREEO BAEME (K7 /85T 28 %L T, I K74 85T 32 %2
T, vy MU T39%) &L Tz,
B, 2ELLTHERRECHEA L7 LC-MS/MS DRSS % Table 6 (277 L7=.
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Table 5

Collaborative study for melamine

Lab. No. Dry food for cats Semi dry food for dogs 2 Wet food for dogs
(mg/kg) (mg/kg) (mg/kg)
1 2.23 2.26 0.867 0.835 0.264 0.266
2 2.49 2.41 0.953 0.958 0.243 0.247
3 1.74 1.88 0.821 0.874 0.219 0.202
4 2.53 2.58 1.00 1.01 0.269 0.264
5 1.87 2.12 0.944 0.896 0.336 0.312
6 2.53 2.57 0.953 0.945 0.256 0.267
7 2.49 2.47 0.999 0.992 0.276 0.280
8 2.43 2.47 1.04 1.02 0.301 0.289
9 2.63 2.53 0.972 0.995 0.251 0.271
Spiked level (mg/kg) 2.5 1 0.25
No. of labs ¥ 9 9 9
No. of outliers * 0 0 0
Mean value (mg/kg) 2.35 0.949 0.267
Mean recovery (%) 93.8 94.9 107
RSD: (%) 3.3 2.1 3.5
RSDg ¥ (%) 12 7.0 12
PRSDx © (%) 14 16 20
HorRat 0.85 0.44 0.62

a) Number of laboratories retained the outliers were removed.

b) Number of the removed outliers

c¢) Relative standard deviation of repeatability within laboratory

d) Relative standard deviation of reproducibility between laboratories

e) Predicted relative standard deviation of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 6 Instruments used in the collaborative study

Lab. No, LC-MS/MS LC column
(i.d. x length, particle size)

1 LC: Alliance2695, Waters SeQuant ZIC-HILIC, Merck Millipore
MS/MS: Quattro micro API, Micromass (2.1 mm x 100 mm, 3.5 pm)

5 LC: Alliance2695, Waters SeQuant ZIC-HILIC, Merck Millipore
MS/MS: Quattro Premier XE, Waters (2.1 mm x 150 mm, 5 um)

3 LC; Prominence, Shimadzu SeQuant ZIC-HILIC, Merck Millipore
MS/MS: AP14000QTrap, AB Sciex (2.1 mm x 150 mm, 5 um)

4 LC: ACQUITY UPLC System,Waters SeQuant ZIC-HILIC, Merck Millipore
MS/MS: Xevo TQD, Waters (2.1 mm x 150 mm, 5 pm)

5 LC: 1200series, Agilent Technologies SeQuant ZIC-HILIC, Merck Millipore
MS/MS: 6410, Agilent Technologies (2.1 mm x 150 mm, 5 um)

6 LC: ACQUITY UPLC System,Waters SeQuant ZIC-HILIC, Merck Millipore
MS/MS: ACQUITY TQ Detector, Waters (2.1 mm x 150 mm, 5 um)

7 LC; Prominence, Shimadzu SeQuant ZIC-HILIC, Merck Millipore
MS/MS: TSQ QUANTUM ULTRA, Thermo SCIENTIFIC (2.1 mm x 150 mm, 5 pm)

g LC; Prominence, Shimadzu SeQuant ZIC-HILIC, Merck Millipore
MS/MS: AP14000, AB Sciex (2.1 mm x 150 mm, 5 um)

9 LC: ACQUITY UPLC System,Waters SeQuant ZIC-HILIC, Merck Millipore
MS/MS: ACQUITY TQ Detector, Waters (2.1 mm x 150 mm, 5 pm)

4 FL&&H
ZEEM AR OBRERBERT DA T IOV T, CERI IEOBREE~OIE O /[ K 2B L

2L A, UTOMENGELI, SEOWREBEFEIIEET LI LT, WHENAETHI EEZX L.

) BERIZATIVERAT I UBGPN; OB — 7 HfEH 0.1~40 (27 22 & L T0.5~200 ng/mL
(FEAREE LT 1~400 pg) ) OfiPH CTEMMEL R L.

2) wBEOWEHEICEETLHZLICLD, HRRIBEKICBIT 52 A7 I VEOKEAED b,

3) ATIVELTRIAEE (KA 1I205mgkg Y E, N7 85 A 12 2.5mgkg Y
2, EIFT7AA8E CRH) 21 1 mgkg fH4E, vy M (FH) 1205 mgkg, V= v b
R (KA 12025mgkg Y & (U =y PRGRITOTR LR HPIRE) 23N L 72302 v
T, mBOEHEICHEE L ET, CERI BIZft>o TER L L Z A, FEHEINE T
90.2~106 %, RSDr%‘i29%L)l—F“C“§>o7’:.

4) ATZIVELTRIARMIZ25mgkgHHY &, I 7RI ImgkgHYEZ, RAV=
> MLHIZ 0.25 mg/kg AR B A RN L 723 0EH 2 V0 T 10 BRI B W TARIEICHE W LR &
Ehi L7z 2 A, RERIEOZ Y IEMERRIEICE D b2 B FHHAE R O B AR % 9 72 97 B AF 2ok R
DL,

B  #
RIS L T T 720 72 i R BRSNS A S8, — A% B R s A AL 7 0 B AT AT ZE A A O
P, MHEA~A = b REs, MEEANRARRL ST o 2 —EMOF7EET, —M
R BT BARRRUE 2 e OFERITE AN B AR A B EHR A ) 2 B A B TE & o 2 — 1236 1T 2 BIFRE 4%
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Development of Determination Method of Melamine in Pet Food by LC-MS/MS
(2) Validation Study on Application to Snack Type Pet Food

TAKAHASHI Akiko*!, KOZUKA Kenji*? and OSHIMA Shinji"?
("! Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center (FAMIC)
(Now Planning and Coordination Department, FAMIC),
*2 Fertilizer and Feed Inspection Department, FAMIC (Now Kobe Regional Center, FAMIC),
*3 Fertilizer and Feed Inspection Department, FAMIC)

We have made a validation study on the applicability of a determination method of melamine in pet
food (dry, semi dry and wet food), which has been listed in the inspection method for pet foods of
Japan, to snack type pet food.

Having added acetonitrile-water (1:1) and melamine internal standard solution to a sample,
melamine was extracted by homogenizing, and the extracted solution was filtered. The filtrate was
then diluted with acetonitrile-water (1:1). The diluted solution was purified with a solid phase
extraction column (Oasis MCX, Waters Co.; Milford, MA, USA), and injected into an LC-MS/MS
to determine the concentration of melamine. LC separation was then carried out on a hydrophilic
interaction chromatography column (SeQuant ZIC-HILIC, 2.1 mm i.d. x 150 mm, 5 pum, Merck
Millipore Inc.; Burlington, MA, USA) with a gradient of acetonitrile and 10 mmol/L ammonium
acetate solution as a mobile phase. In the MS/MS analysis, the positive mode electrospray
ionization (ESI+) was used.

Recovery tests were conducted on five kinds of snack type pet foods. Melamine was added at the
levels of 0.5 mg/kg and 2.5 mg/kg to samples respectively. The resulting mean recoveries ranged
from 84.6 % to 106 %. The repeatability in the form of the relative standard deviation (RSD;) was
less than 6.4 %.

This method was thus validated as useful for inspections of melamine in snack type pet food.

Key words: melamine; liquid-chromatograph tandem mass spectrometer (LC-MS/MS); electrospray
ionization (ESI); pet food; snack type pet food

F—U— R AT ks B N ST T LT AR RSE Ly hr AT L —
q AL BEEBMBEER . AT 2 8,

1
EoiE AR EOREE (LT TH&E] &), ) DICIET 2 0Eic->n» T, e

Tiji

UORSIATEOE N EMOKE B 2 E T v # —IEER L AR A, B A
2 MSEATBOE N EMOKEE &2 2t v ¥ — Ik 2 2 RAERR, B e r ¥ —
S OMRSEAT B N EMOK EE I B 2 B L 2 — R R A
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FOEEEOZ W, REXRER (FI7A4, EIRIA KO oy NG 250250817 L T %
HED 7223, Ak 25 I KE FDA 28, FEEY v —F —ITRK 32 & HEH S D Kt~ UK A B
DB EORALZAR VLD, ZRPBPETHLY Y —F—FDORAF v 78 Y (LIF TxF
78] LS L) EREBIEORNR LT EODOME BT

INEZTT, BEWEDO —DOTHDHAT I VONIIECO D THRHMNALEL 2D, JEIchE
BIZNHE SNTZRAERBEREZN G LT DIRIKZ o~ N7 T 75207 ZBVEESHTE (LT TLC-
MSMS| W9, ) IZEDHHIEICSNT, ATy 7 BEICHE AT 2 720 O %Y MR % 3 L
72DT, TORREMET D.

2 EBRAE
2.1 &K
TROZBEMH DO AT v 78O 5 B Y v —F%—, FMELEY Y —F— (hN—KZ AT
KOV 7 A7) KOEFHIT, ZAENHEMAE | mm OR 7 U — 0 243858 LI iiei Tk
L, St HEEE Lic., 7ok, ALAOEE TIIMSNEEZRZBHT, XS %2 VTRl L7z
OHEME LTz, FIER ITmm U TN ThoemINTZIZZOEE S AR L L THWE.
mE, MEHIHWE ATy 7 8% Table 1 1R L7z,

Table 1 Ingredients list of snack type pet foods used in the present study
Pet food types Ingredients

Meats (chicken breast tender, etc.), starches, vegetables (cabbage, carrot, etc.), oils and fats,
. dietary fibers (cellulose powder), thickening stabilizer (modified starch, glycerin), preservative
Formed jerky for dogs . . o . ) ]
(potassium sorbate), flavor, food colors (titanium dioxide, new coccine, acid red, tartrazine,

sunset yellow FCF, brilliant blue FCF), antioxidants (tocopherol mixture, rosemary extract)

Meats (chicken, beef), soy protein, wheat flour, fish meat, beef oil, silver vine, glycerin,
. thickening stabilizer (modified starch), sorbitol, minerals (Ca, P, Na), preservative (sorbic acid,
Formed jerky for cats ] ) ) ) o )
sodium dehydroacetate), perilla seasoning, color former (sodium nitrite), deodorant (sodium

polyacrylate), food colors (caramel, acid red), vitamin E

](?1:11?(‘113;;1;})/ for dogs Chicken breast tender, pea protein, glycerin, sorbitol, minerals (Na), acidity regulator
Chicken breast tender, egg white, glucosamine, oligosaccharide, cartilage extract

Dried jerky for dogs (chondroitin-containing), trehalose, glycerin, acidity regulator, propylene glycol, thickening

(soft type) 1 stabilizer (modified starch, xanthan gum), potassium chloride, antioxidants (sodium erythorbate),
preservative (potassium sorbate), color former (sodium nitrite), raising agent

Dried jerky for dogs Gizzard, salt, sorbitol, propylene glycol, antioxidants (sodium erythorbate, V.E, V.C),

(soft type) 2 preservative (potassium sorbate), color former (sodium nitrite)

Dried jerky for dogs Beef rib, salt, sorbitol, propylene glycol, antioxidants (sodium erythorbate, V.E, V.C),

(soft type) 3 preservative (potassium sorbate), color former (sodium nitrite)

Wheat flour, margarine, granulated sugar, egg, fermented rice germ*soybean extract,
Confectionery (biscuit)  galactooligosaccharide, protein concentrated whey powder (dairy products), skim milk,
for dogs lactose, vegetable oil, sweetner (D-sorbitol), calcium carbonate, green tea extract,
antioxidants (V.E, rosemary extract)
Milk powder (skim milk, casein), oils and fats (vegetable oil, animal fat, y -linolenic acid),
egg yolk powder, soy protein, oligosaccharide, L-carnitine, minerals (Ca, P, K, Mg, Fe, Cu,

Milk powder for dogs . L. o L
Mn, Zn, I, Co), emalsifier,vitamins (A, B1, B2, Bs, Bi2, D, E, K, nicotinic acid, pantothenic acid,

folic acid, choline), flavor, taurine
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22 #®O¥
1) 7 hr=hkVU/ (LC-MS/MS DIFBEHK DI LC-MS il) M OA X ) — /L3R AR - PCB &
B, BT =7 AL LC-MS H, £ OO ERITFEAR R A FH V72, /KiE Milli-Q Integral
5 (Merck Millipore #) (2 & 0 S L7-@MiZk (JIS K0211 @ 5218 |Z/EFR S Lz @@itiK) %
A=
2) AT I UEUERK

AT I UAEAEE, (R TR, M 99.0 %) 10 mg Z IEMEICE > T 100 mL D27 7
AR, T R=RU V=K (1+1) 22 CEML, FICERE CREEZMZ TAZ
SUMEBEFR AR L (ZOW ImLiE, #7320 TI100ug 28FH) .

3) AT BN NAE e

A Z 22BN EYERE  (Cambridge Isotope Laboratories Inc. 8, i 13C3 99 %, N3 98 %,
100 pg/mL) 1 mL % 100mL D287 7 A 2 ZIEMIZAN, EHRETTE h=HFUL—K (1+1)
ZEMZTAT I -BCNs WERERAZFM L7 (Z0# 1 mL X, A7 I2-BCGPN; & LTI
pe *EAH) .

4)  RREMER AR R

HRICEE LT, AT I U EEFIEE A T 2 BN WIEEHER O —E'&E 7T b=k UL
TEMICHRL, ImLFICAT I E21LTO05, 1, 2, 5 10, 50, 100 % 1r200ng = &4 L
MOAZI-BCEN; E LT Sng #5067 HMREMIERIEERZRIL 7=

5 A4V vU+t

NA T r A==t (FOGHBETER) 2.

HHIROW B Az 4720, 77 F—RFEICEB L XIS mm OESIZRDLIED T
AV LEE—I—IZED, WEBNTA YT TORBEO 2GEEREICETAETTEN=FY
=K (141) ZE—h—ZMx CHB 7. MHRE2ZT28 8627 7 —KR}O FIC@E
&, MBI AEZ A (5 F B) TWRsSIA@ LR, EOE—T—KkOAREDT AV 7 L ZER
YEOTE = FUL—K (1+1) THHEL, RERICEKSIABEB L. ZOE——RkOTr AV
U L OV A A FITE AR D R LT

6) 0.1 mol/L Kf&fbF vV o7 A RA X 7 — VIRHK

KEEILFT FY 7 A 8gZ/K100mL IZHENL, BIZZOW SmLIZAF /) —/L95mL Mz T
TR L 7=,

7) 0.1 mol/L ¥§Mg A & / — VIRIK

WElE 8.5SmL IZ/KEZMATSOmL &L, FIZZOWESmLIZAX /J—195mL 2z T L
7.

23 HEELUEHE
1) ¥y - ZM 200 Retsch B (HBI& 1 mm A7 U —, i FHEfE#E54% 14000 rpm)
2) HRETFAH— : Polytron PT-K Kinematica #
3) BREEVERGA A ARBEI =BT L (LT [R=HF 41 L. ) : Oasis MCX (FRTAHA
& 500 mg)  Waters
4) A7 77 4% — : HLC-DISK 13 &M% (FL#£% 0.2 um, [EAE 13 mm, PTFE) Bk

2T
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5) LC-MS/MS :
LC B : 1200 Series Agilent Technologies
MS/MS #B : Agilent 6410 Triple Quad LC/MS  Agilent Technologies
24 EEIFE
BMABEHIED 1 D BIZXK o7, AHEICHIT D LC-MS/MS O JIESA: % Table 2 XU 3 (27
L.

Table 2  Operation conditions of LC-MS/MS

Column SeQuant ZIC-HILIC (2.1 mm i.d. X 150 mm, 5 um), Merck Millipore

Mobile phase Acetonitrile-10 mmol/L ammonium acetate solution (17:3) (hold for 7 min)
— 8 min — (2:3) (hold for 20 min) — 8 min — (17:3) (hold for 7 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Mode Positive

Nebulizer gas 340 kPa

Drying gas 350 °C

Capillary voltage 4kV

Table 3 MS/MS parameters

Precursor Product ion Fragmentor  Collision
Target ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) V) (eV)
) 85 - 100 16
Melamine 127
- 68 100 30
Melamine-"C;'°N3 133 89 - 100 18

3 BRRUBER
3.1 WiEWE O

SFHHD AT v 7B A 1 RZ M, RIEICLFAR L 723 EHAKRE LC-MS/MS IZTEA L, &
BELTHAEC—V OFEEERLI-EZA, BEEV—T7IIRO NN ST,

=L, REICBENTCE, EHTREE - BEFICHRT 2 AT I VAR IS Z &2V
LTHED, RHBARMERD2/NERLOTEHLN, WTROREOBEICBNTHE AT I
ODE—I7 BB ERT. o= 2R ETOAZI & LTHEBT S & 00232 ~ 0.0645
mg/kg Tl > 7z.

3.2 IRINENGRER
S DO AT v 7 BBIZONTENZI 0.5 KO 2.5 mg/kg FAMED A T I &R L7230k
(A BHAIR P T4 5 ROV 25 ng/mL Y &) ZHWT, REICHE->T s AT CcEREL, F
B f O U E 2RO 72, ZORERIL Table 5 O LBV, AT IO YRR
84.6~106 %, MK LREE IZMH R MR A (RSD) & LT 6.4 %L FTHY, ELudhiy %D
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BRAEF 11 BRlBREOZ Y EMGRE (LT TRBREOZ4EMEEE Evw)H . ) TED LR
B R OOHMTRE O BAEME (B 80~110 %, F5EE : 0.5 mg/kg IRANTIEL 18 %, 2.5 mg/kg WNT

L 14%) ZWil-T BRERERTH-T-.

Table 5 Recoveries for melamine

Spiked level (mg/kg)
0.5
Pet food types 2 ) 2 )

Recovery RSD; Recovery RSD:

(7o) (%0) (%) (%0)

Formed jerky for cats 99.1 1.4 98.6 1.6
Dried jerky for dogs (hard type) 106 2.1 98.7 0.8
Dried jerky for dogs (soft type) 1 99.5 1.1 98.6 1.3
Confectionery (biscuit) for dogs 98.0 2.2 97.9 0.8
Milk powder for dogs 93.8 1.4 84.6 6.4

a) Mean (n =5)
b) Relative standard deviation of repeatability

3.3 EEMRA (FR) KOBHRA

RiEOFEERF (FIR) KOBRHRAZMET 2720, 3.2 ORMEIEBRICEL W Hohniz
nX 7 A0 r7a~w 7T 5 (Fig 1) WHATZIVOE—27IC8BT5H SNILEHER L.
DFER, WTFhosttAREHZBWTH, RNEIERICB T2 7 n~ b7 7 400G 007
— 7 D SN M 10 LA ETH - 2 IRIMEREIX 0.5 mgkg THY, £/, FFEICSNEA3 LU ETH
STERMEEX 02 mgkg ThoTz, 2O D, KEIBITH2AFy 78O EERR (F
BR) K OMHIRAIL, #kD KT 4 KOk FT40E LR, T2 0.5 mgkg KN 0.2

mg/kg T > 7z.

<



18 fREHFSEHE Vol. 47 (2022)
A B
%104 x104
9 94
2 s 2 g
- | N
_e 6 'E [
© 51 © 51
= 4 =
3 3l 3
o 24 o 21
SERE E 1
25 3 35 4 45 5 55 & 25 3 35 4 45 5 55 &
Retention time/min Retention time/min
C D
%104 x104
9 94
2 s 2 8-
S 71 S 7
3 & l 2 s
— —
o 5 © 5
> Z 4
3 3 @ 34
9 2 o 24
£ 1 £ 1
25 3 35 4 45 5 55 6 25 3 35 4 45 5 55 6
Retention time/min Retention time/min
E F
=104 %104
9 94
£ g 2 e
S 7- S 7-
_e' 6 _e 54
S 5 S 5 l
2 4 2 4
2 3 @ 3
_.CI_.') 2 _.CI_.') 24
25 3 35 4 45 5 55 6 25 3 35 4 45 5 55 B
Retention time/min Retention time/min

Fig. 1  Typical selected reaction monitoring chromatograms of melamine in standard and

spiked sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrow indicates the retention time of
melamine.)
A: Standard solution (5 ng/mL)
B: Sample solution of formed jerky for cats (spiked at 0.5 mg/kg of melamine)
C: Sample solution of dried jerky for dogs (hard type) (spiked at 0.5 mg/kg of melamine)
D: Sample solution of dried jerky for dogs (soft type) 1 (spiked at 0.5 mg/kg of melamine)
E: Sample solution of confectionery (biscuit) for dogs (spiked at 0.5 mg/kg of melamine)
F: Sample solution of milk powder for dogs (spiked at 0.5 mg/kg of melamine)
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4 FEOH
REZICHENEOBRARBEREZNRE LA T I ONHEICONT, ATy 7 8~ H o

AR ERE LIz 2 A, LTORERSELN, HEHNARETHDL EEX L.

1) KBS THONIZSRMZ v~ 77 AT, SHEOAT v 7/ LICBWTEREZIT S
=3B ool BB, WTORX Ty Z7EEIZE W THERHRARBO AT I 0
E— 7 BN Eh.

2) STEHEOARAF v 78I ONTZENEIN 05 LT 25 mgkg fHHEED XA T I 2RI LERE %
AWT, RIEZHE-> TS AOMTTERL, FHEIGER R LEEA RO L 25, RBRIED
FUVERERIEICED DN BEE R OHMTREO BB A2 T B REEN GO,

3) REIZBIT DA Ty 7 /O EERA (FR) KOCBRERAL, RO KT A KOEI FTA
L L FER, FN 0.5 X TN0.2 mgkg TH 7.

X M
1) MSZATEOE NEMOKPEH B Z it v 7 —BER@Em « [ZREHEBEORELE] O
EWCOWT, k2149 H 1 H, 21 {856 1764 =5 (2009).
2) U.S. Food and Drug Administration: FDA Releases Progress on Jerky Pet Treat Investigation,
http://www.fda.gov/AnimalVeterinary/NewsEvents/CVMUpdates/ucm371450.htm.
3) BMAAKES : Ny b7 —FOZEHEKAICETIHESE 2 HEITER, EF 6,
http://www.maff.go.jp/j/study/other/pet food/index.html
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2 FHHBPOFATI7XR—bOREI OIS T2 0T LBEEESHE
[CL DA ITEDRFE

B SET WS RRILT?, JEH AT, B ORAET
Development of Determination Method of Thiophanate in Feed by LC-MS/MS

OKUTOMI Yuki*!, TASHIMA Maho"?, SAKAI Tae"! and MAKINO Daisaku"?
(*! Fukuoka Regional Center, Food and Agricultural Materials Inspection Center (FAMIC),
*2 Fukuoka Regional Center, FAMIC (Now Japan Accreditation Service for agriculture, forestry and
fisheries, FAMIC),
"3 Fukuoka Regional Center, FAMIC (Now Kobe Regional Center, FAMIC))

We have developed a quantitative determination method of the concentration of thiophanate in feed
using a liquid-chromatograph electrospray-ionization tandem mass spectrometer (LC-ESI-MS/MS).

Having added water and sodium L-ascorbate to a sample, thiophanate was extracted with methanol,
and the extracted solution was filtered. ~The filtrate was diluted with methanol. An aliquot of the
filtrate was refluxed at 120 °C for 30 minutes with copper acetate in 50 % acetic acid solution to
form ethyl benzimidazole-2-ylcarbamate (EBC) by ring closure reaction. The solution was washed
with n-hexane and the aqueous layer was adjusted to pH 6.8~6.9 with 1~10 mol/L sodium hydroxide
solution. EBC was extracted with ethyl acetate, inverted into a methanol solution and then injected
into an LC-MS/MS to determine the concentration of EBC. LC separation was then carried out on
an ODS column (ZORBAX Eclipse XDB-C18, 2.1 mm i.d. x 150 mm, 5 pum, Agilent Technologies
Inc.; Santa Clara, CA, USA) with a gradient of 2 mmol/L ammonium acetate solution and methanol
as a mobile phase. In the MS/MS analysis, the positive mode electrospray ionization (ESI+) was
used. Standard solution of EBC to make the calibration curve was also prepared from thiophanate
by ring closure reaction.

Recovery tests were conducted on formula feed for layers, barley, maize, timothy hay, rice straw,
paddy rice and whole-crop rice silage (WCRS). Thiophanate was added at different levels as
following: 0.2 and 1.5 mg/kg for formula feed for layers; 0.2 and 1.2 mg/kg for barley; 0.2 and 1.5
mg/kg for maize; 3 and 20 mg/kg for timothy hay; 7 and 40 mg/kg for rice straw; 1 and 10 mg/kg
for paddy rice; and 1.78 and 11.1 mg/kg for WCRS. The resulting mean recoveries ranged from
83.8 % to 116 % for EBC, excluding 122 % of paddy rice for which the recovery rate was out of
target. The repeatability in the form of the relative standard deviation (RSD;) was less than 10 %
for EBC.

Key words: thiophanate; ethyl benzimidazole-2-ylcarbamate; ring closure reaction; liquid-
chromatograph tandem mass spectrometer (LC-MS/MS); electrospray ionization (ESI); feed

F—U—R:FFT77R2— 1 TFNL2RUT A I = LI nN~w— bk BBRKE
ks va~ 7775807 MREEGHE ; =L 7 b 2T b—A X Akik s ik

OMSIATBOE N EMOKEIH B R i v 4 — Rk v 2 —
2OMSIATEBUE NRMOKEHE Z 2t v 2 —mit 22—, 8 BEkr¥—
BOMSIATBUE N RMOKEN B Z 2B v 2 —miit ¥ —, B R ¥ —
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1 #% B

FAT7 72— MIAAREENFIE LIZEEO Y Foafy, RO ER, R0 7 vk micmEi
ENDHERVAALAIFY =V REEATHD. HATIE 1969 HFITEIEE L THEI LR,
1974~1987 AT T TERERAKRZD VL, 1983 R CREDORIE T2 T4 7 7 F— M A FVICE
Ebolml ENTWD Y. N TOREIRDLIZ OV T, 2021 FERAICBWT EU, 7T AU b,
T F BT OBGFRIIMR TE TV RW— T, FAO N7 U7 B % %512 2015 F121T - 718 T,
ME—JLFAREIC B W THIE D BREN H D LR SN TS Y.

ENRETORBBIF ORI, IARUEIL, X)) IANEIARE D LAGEICHRE LT 0,
FA T 7 X — b WNRUE TV AEGREICBAELEZLOR T AT 7 F— A FNLE IR H YA
BRICHBELZbODRIE LT, AR, KE, INE, Ak T7AET 0.6 mgke, &9
A Z LT0.7mgkg, I T 10mgkg, Fad 5 T20mgkg, FRIEEMEIE (LK TWCRS) &9, )
K OVIK T 5 mg/kg & 72> TW5 99,

R OSHTEE LTIE, Rk 17 FEICHK S OB v~ 7T 7 E &5t 2 o 72 il
B DI NS ZV N, FAT 72— b, TAT 73— F AT VKON IVORINE RILE Bt
LIed, 747 7 % — bOBRPEN HEED 70 %& Fhlo7izd, F47 73— &R 3 foy
DRI BHIEN RO Y DI S TWD. F47 7 F— MoV TiE, PRk 22 I,
WHEN ARSI & =80 TE O EDEESITERBRLFEE] BT, XL
DFHEEEBEE 7 v~ 7T 75207 LREESHE (LT TLC-MS/MS) &WwW9H . ) v
EEE (BLF NFRLIE] 0D, ) OGS EITo720, ZOFHEINEIT 66.2~81.2 %L 20, —
HORBHZBWT, SR BT R UER R 3 ORBRIED Y VEMERIET A FT A4 > (BUF T34 PERER
EAARTA ] Lo ) IZED DAL BAME (70~120 %) ZHi7Z LW odz.

ZOREORBRF T, W OSIERHELS N TWRWF 47 7 2 — MIZOWT, JFRL D
BT BEA~ DI DO W B2 H LD T, ZOMELERET D.

BEZTF AT 73— FOEER AL Fig. 1 1R LT,

NHCSNHCO_C_H
272 5

NHCSNHCO.C _H
22 5

Thiophanate

ethyl N-[[2-(ethoxycarbonylcarbamothioylamino)phenyl]lcarbamothioyl]lcarbamate

C14H18N4O4S2  MW: 370.5 CAS No.: 23564-06-9

Fig. 1 Chemical structure of thiophanate

2 EEBRAZE
2.1 &R
R E AR, KE, Lo9bAZ L, FEV—EE, b RUOMKIIZNAEFNHARX
Ilmm DAYV — 2 Z8E LMl L, o HEEE L7z, WCRS IE 60 °C T 10 FRFfH
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Math, WICHENICEE L CREL L%, RARICHRELomrERE S L.
728, MEHZ AW A A% Table 1 1278 L7-.

Table 1 Compositions of the formula feed

Formula feed type Ingredient type Prop((:/rt)ion Ingredients
0
For layers Grains 53 Corn, polished white rice, paddy rice
Oil seed meal 24 Soybean meal, rapeseed meal, linseed meal
Brans 7 Dried distiller's grains with solubles
Animal by-products 2 Fish meal, poultry by-product meal
Others 14 Animal fat, Calcium carbonate, salt, calcium phosphate, citric acid,

purified wood vinegar, soft chacoal powder, paprika extract,
silicic anhydride, extract of marigold petal, fermented milk powder,

culture of Pannier Bacillus, feed additives

22 &I
1) FEfET TV KON TR SR - PCB B 2 2. A & — VITIEBER e OV
%ﬁﬂmw X LC-MS Ml (& L7 A v ARDEHEBERSOIEA R b R/) 2 v, Zallsh
IR - PCB RBA A V. LT A E VT Y A, LT NY A, K
ﬁé, FERE, BEEERER (1) —/KF# KOS N U v & (oK) TRFE/FKREH W, 1
mol/L EHEfET &= v ARIRITE IR 7 v~ N7 7 (BEL 74 v afiepisisl) %
M=, AKIZHRO LC-MS i (B + 7 A 4 AFe s s LB s b2 8) 2 -,
2) FAT 7 xr— MERERIK
FH7 7 x— MEES (BEL7 AV AFEMEER, #E 99.6 %) 25 mg Z IEMEIZE > T 50
mL OEET T AIZAN, A¥ /) —VEMLTENML, TITERE CRREZN: T 47
7 r— MEWEFFRAZFHLZ (ZO@RImLiX, 47 75x—hrELTO05mg 2EH) .
I LT, ZOEERKRO —ER&RE A ¥/ — /L TEMIZHIRL, 1 mL FIZF47 7%
—%&LTMMg%@ﬁ?é@%%ﬁ&%@%ﬁﬁ%%@b,zmomﬁ%@iﬁ@@ﬁ%ﬁ
BHER & [FERICAT o 72, EOFEEIRO —E&RE A X/ — /L THRL, 1 mL FIZFF7 7 % —
%ELTI,LIQ2&5Qlmﬁwﬂm@(I?W%Nyf4iﬁ7%wﬁWN7%ﬁ(u
T TEBCJ &w9H. ) &L 7TO0.554, 1.11, 2.77, 5.54, 11.1, 27.7, 554 KN 1llng) = &HT
% i B O B AR ER 2 TR L 7.
3) EBC fZ#Ej%
EBC FEYES (MM T 25, S 98.9 %) 10 mg Z EFEICE > T 100 mL D& T 7 A 2|Z
A, AZ ) —)VEMZCTWMNHL, FIERE CHRBE %N T EBC EH¥FKZHR L7
(ZO# 1mLi%, EBC X LTCO0.1mg&&4) .
EAICE L C, EBCEEFIRO —EREZ A X/ — /L CIEMIZAHRL, 1mL FIZEBC & LT
TN 05, 1, 2.5, 5, 10, 25, 50 KO 100 ng & &4 T 5 M ERRVERH 0O 418 HE ik % 8
L7z,
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23 WELUOHE
1) Fofet :
Mg 1 (FRAER, K&, &95bAZ LEKUREKH)
ZM 200 Retsch ! (HBI& 1mm A2 U —>, 4 flF[E655 14000 rpm)
ek 2 (FF v —HLHR, fid b KO WCRS M)
SM 100 Retsch ! (HPA& 1mm 227 U—, [E#zE ((E4£) 1430 rpm)
2) IRVIEEHE: Ly 7 ui =—H—SR-2DW ¥ A 7 v 78 (AR L 9 %% 300 rpm)
3) LC-MS/MS :
LC #F : Nexera X2 BE#l{EA U
MS/MS #5 : LCMS-8045 & il = fip il
24 TEEHFE
1 #h
SIATEREE 100 g 8-> T 300 mL OIAe =7 7 AT AN, L-TAIALE BT NI T A
lg, K20mL (FEL—#HE, fitb b LK WCRS OHA1X 30 mL) %1% 30 5 MEE%, &
IZAZ 7 —/L 100 mL (FE ¥ —HE, fibo bk WCRS O%4A 1% 120 mL) 1%, 30 43[H
ROBEETHH L, 200mLOE2ET7 7 Aa%27 7 —F}IO FICES, Mtz A% (57
B) TWARIAM LI, D =A7 7 A aRUOFEIZIERAZ /7 —/L 50 mL THEF L, [FERIC
WEl A LT, SHICRET TAIOEMRETAY ) — NV EMxT. EHEEHESEE, X
Z, Lo2bAZ LI, ZOWREMBRKIGICIT 2HEHAKRE Lic, T2 —HE, bbb, W
KBEOYWCRS 1E, ZOW2mL % 20mL ORET 7 A2IMZ, BEMRETAY /—LEMNMZT-
% PABRBOS I3 2 BUBHA K & L7z
2) PHBRBOG
AEHAR 1 mL &2 S0mL D723 ~7 7 A CEMIC AR, S512, FifE (1+1) 10 mL, #E
fRgR (1) —/KFd 0.2 ¢ B OVhA 2 50BN 2, Z8miE 2 4ke L7=1%, 120 °C Ol T30 5y
BN L CF A7 72— b & EBCICAM Lic& i Uiz, Juntk, 1 mol/L Hil% 10 mL % 25
BO RS IMA TEREZ T L, REHAIRICA DY, iESE 1+ 2530kHAK & LTz
MEMIZH WD 400 ng/mL T4 7 7 x— MEMERK | mL & FERICPHBEROSICH L, DUREFURE
IR & R OBEEIT - 7.
3) WRIRSHEL 1
WEHRRZH S UL MU U A5 g & A7z 200 mL O3 iR Az, #EHAIR
DA> TN TIE T 7 A% 1 mol/L #gfE 20 mL TP L, iRz RENARICAE DY, &
SITHRIEF AlZ~F 2 20mL 2%, 5HOMRVIBEEZHEL, KE (T/E) % 200mL
DR BICANTZ. DR BICA~FH 2 20mL 1%, 5OMIRVIEEEBEHEL, K
J& (FHE) % 100 mL @ b — L E——IZ A, WRIKSE I 2 aehaii & L.
4) RIS 1T
ABHAW Z 1 mol/L & T 10 mol/L /KEE{kT N U o A¥EHK T pH 6.8~6.9 |[ZFH%E L 7=, 300 mL
DR Clz ATz, BEHEIR D A > Tz b —b B — 1 — % Fifig = F /L 50 mL TS L,
Pl REHR IR IC G bW, SikiEF C & 5 IRV IBE - %§HFEL, KB (TE) % 300
mL D3R D IS A, B~ F vk (BE) % 200 mL D=7 7 A3l Az, 2k
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S DICHEFR = F L 50mL 2N A, 5 oIV IBEIRFHEL, KE2#ET, FR-FILVEE%E
DA77 AIHLEL. MR- FVEZEEOMEET MY v o (BEK) THAKL, 300
mL ORTIET7 7 AIAH (5 fE B) TAHMLE. BO=ZA7 7 AazbaOFETF /LT
Ve L, RIREZ LD AMEE L TARICAEDETZ. A% 40 °C L FOKIBTH 1 mL F T
JEIRMG L7oth, ERFAZES THE L. AF /—/ 2 mL & EMICNZ TEREDEZENL,
5000 X g T 54y Loy L, EEAMK%EZ LC-MS/MS ORIEIZHET 2 3EHEK & LT-.

5) LC-MS/MS (Z X % lE
FUBHA IR M OV EBC A HEIR 4 2 uL & LC-MS/MS IZEA L, EREJGH T (LU TSRMJ &
Wo. ) rm~ NI AEG. WERMA Table2 XU 3 ITR LT,
Table 2  Operation conditions of LC-MS/MS
Column ZORBAX Eclipse XDB-CI18 (2.1 mm i.d. x 150 mm, 5 pm), Agilent Technologies
Mobile phase 2 mmol/L. ammonium acetate-methanol (3:2) (hold for 5 min) — 5 min
— (5:95) (hold for 5 min) — 0.1 min — (3:2) (hold for 8 min)
Flow rate 0.2 mL/min
Column temperature 40 °C
Ionization Electrospray ionization (ESI)
Mode Positive
Nebulizer gas Air (3 L/min)
Drying gas N2 (10 L/min)
Heating gas N> (10 L/min)
Interface temperature 350 °C
Heat block temperature 500 °C
Desolvation line temperature 120 °C
Collision gas Ar (230 kPa)

Table 3 MS/MS parameters

Precursor Product ion Collision
Target ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (eV)
. 160 - 17
Thiophanate 206
- 134 20

6) #t 5
ol SRM 7 e~ b7 T L)L E—7 HELADOE S 2RO THREMRZIERL, B
EBC xR L7z, 7ok, RIETIE, T4 7 7% — MIBREFIZ EBC IZE#H I NS 7-® EBC
ELTERL, EBCEIZ1.806 2 U CTF A7 7 x— MEIZHEFE L7,
B, EEIEOEE% Scheme 1 (TR L7z,
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Sample 10.0 g (300 mL Erlenmeyer flask)

—added 1 g of sodium L-ascorbate and 20 mL of water (30 mL for hay, rice straw and WCRS)
——allowed to stand for 30 min

—-added 100 mL of methanol (120 mL for hay, rice straw and WCRS)

——shook for 30 min

— filtrated under pressure (No. 5B of JIS P3801, receiver: 200 mL volumetric flask)

—— washed with 50 mL of methanol

—filled up to 200 mL with methanol

— diluted sample solution of hay, rice straw, paddy rice and WCRS 10-fold with methanol
Ring closure reaction (50 mL evaporator flask)

—— 1 mL of sample solution L1 mL of 400 ng/mL standard solution
|

followed the same process as sample solution

——added 10 mL of 50 v/v% acetic acid, 0.2 g of acetic acid copper (II) salt monohydrate and 2~3 grains of zeol
—— connected evaporator flask to waterless condenser

— reflux in oil bath (120 °C ) for 30 min

—— washed the condenser with 10 mL of 1 mol/L hydrochloric acid

Liquid-liquid distribution I
|
200 mL separating funnel A

——added 5 g of sodium chloride

—— transferred sample solution to separating funnel A

—— washed the evaporator flask with 20 mL of 1 mol/L hydrochloric acid
——added 20 mL of n -hexane

——shook for 5 min

|

Aqueous layer (lower layer) n -hexane layer (upper layer)
| |

200 mL separating funnel B waste

——added 20 mL of n -hexane
—— shook for 5 min

|

Aqueous layer (lower layer) n -hexane layer (upper layer)
| |

Liquid-liquid distribution II waste

l—adjusted to pH 6.8~6.9 with 1~10 mol/L sodium hydroxide solution
300 mL separating funnel C
added 50 mL of ethyl acetate
shook for 5 min
[ 1

Ethyl acetate layer (upper layer) Aqueous layer (lower layer)

|
300 mL separating funnel D

added 50 mL of ethyl acetate
shook for 5 min

200 mL Erlenmeyer flask

[ |
Ethyl acetate layer (upper layer) Aqueous layer (lower layer)
| |

i¢
—added suitable amount of sodium sulfate and dehydrated the ethyl acetate waste

— filtrated through filter paper (No. 5B of JIS P3801, receiver: 300 mL evaporator flask)
——washed the evaporator flask with small amount of ethyl acetate

——evaporated to dryness under 40 °C and dried with nitrogen gas

—dissolved in 2 mL of methanol

— centrifuged for 5 min at 5000xg
LC-MS/MS

Scheme 1 Analytical procedure for thiophanate in feed
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2.5 IINEGER

22 O THBMULIZF A7 73— MEBRFIR X ILFNE A F /) — )V CIEMICHAR LI ERER %
I AWT=.

FA 77 Fr—bE LT, RBFAEARAEENC 02 KO 1.5 mgkg Y4 E Gr&EHAK T T
FA47 7% —bh& LT 0.005 %0 0.0375 pg/mL, EBC & L T 0.00277 &% 0.0208 ug/mL) , K#
1202 KON 1.2mg/kg FHY & (BKIEET CF 47 75— k& L T0.005 %000.03 pg/mL, EBC &
L T 0.00277 % *0.0166 pg/mL) , &9 HAHZ LIC 02 KT 1.5mg/kg #1248 (Fei&ilehaig s ©
FA4 7 7 F— k& LT 0.005 % 0.0375 ug/mL, EBC & LT 0.00277 %% 0.0208 ug/mL) , FF
VRT3 KON 20 mg/kg MM E (REARBHAKT CTF A7 7 12— & LT 0.0075 T 0.05
pug/mL, EBC & LT 0.00415 &Y 0.0277ug/mL) , fiid> 512 7 LT 40 mg/kg tHY & (& akHA
WHTF A7 75— hELTO00175 Xr0.1 pg/mL, EBC & L T 0.00969 K O 0.0554 pg/mL)
FIKIZ 1 LN 10 mg/kg Y & (REEREHAR P TF 47 7 % — F & LT 0.0025 % T 0.025 pg/mL,
EBC & L T 0.00138 %} 0.0138 ug/mL) , WCRS (ZJF##% LT 1.78 X OV 11.1 mg/kg FHY & (i
BREHRI P cF A7 7 x— F & LT 0.01 T 0.0625 pg/mL, EBC & L T 0.00554 & O* 0.0346
pg/mL) (2725 X2 ICENFNEMG L SIBA Lz, —&HELZEIC 24 16> T 5 HATE
2L, WINENER K OOR UFSE 2R 7-.

72%, WCRS ~OUIMTBMEm eIk L TF A7 7 % —FE LT 4 KO 25 mg/kg fHY &I
5 EITV, EMTIRE~OHEX, FEWH R OREZAT ORI EREE 60 %L 10 % &8
ELT, FY OkSEER60 %) TRE=REY OKSEAERE10%) FRE 225 oXic kv
1To7-.

2.6 FIRIZIS T 2B o i R A

K 10.0 g 28> T 300 mL D3 =/ 7 T 2 a2 At, 2.4 O DIRT A E 200 mL D4
7T AATERT DBIEETITY, BONTZRBHRRE A2 /7 —/ T 10 £5 (BT OMRER)
20 5 R OV 40 f5 AR L, ZORBHATE 1 mL 2k L, FEKORAEMTH S 10 mg/kg FHY EDF
F7 72— b (REREHERCTTF A7 71— h& LT 0.025 pg/mL Y4 &, EBC & LT 0.0138
ng/mL AHY &) ZIRMEN 40 uL L N2 5 L) IR L7z, &REHT 2.4 @ 2)~3)I2HE > THSE
%, HITW->TARERN 1 mL 22D FTRERMELZSDZ 25 mL DR LT I 232 L,
SOICHEE—F NV 2 mL TBLIALRZIToIct, ER T A ko T Lz, A%/ —%&, 10
EAR U 7230BHZ X 2 mL, 20 f5A R4 L72alkBHTIE 1 mL, 40 54 R4 L72&EHTIL 0.5 mL %
ZNENWERMIZMZ CTHREMEZEN LI, 5000Xg T 5 @O L, EEAEE LC-
MS/MS ORIEIZHET 23EHAIK E L, EBC OEUEZ iR LTz, 7ok, irEfEX 2 RB#E T
FRE 1 HT 2T o7z,

3 HERUER
3.1 JFRLEND DT N

JFRL {EIX TR @O EBC FEHES ) DR EMZMER L TV DR, TOWEREIZENT, F47 7%
— MEWERIZOWTHBRRIE, ~F % U R OEEE = T VERIE 21T o 7286 5, BEIERIE 80.6 %
Poltt#ELTND. Fe, AN ZOBREEZRDOLKOTF £ —iEE AW T PR Lz
LA, BN 70 %% FEIAZMENE SN, £ T, F47 7 F— MEWEK Z AT &
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RIS PHBR RS ICHE L, B 47z EBC IR A W TREMRAIER T2 L H5EE T 52 LIk
D (AR SR A L L7z
32 MEMR
22 D 2)ITHE - T L7~ EBC HEHEH 4% 2 ul %2 LC-MS/MS ICIEA L, 55 7- SRM 7 n~ |
TITADLE—7HELOEIZHNTREREIER L. SO HRERO —FIIX Fig. 20 &
BV THY, EBC IE 0.554~111 ng/mL (FEAE L LT 0.00111~0.222 ng FHY &) O CEMpME
L.
B, YUHMmERORERPIL, T4 77 F— M%E 0.04~8mgkg A T D o k2 Rk
TEWVIHER U 7 B & SUBHA IR P O IR EE G IS M 7 5.

12000000 900000 -

10000000 - 750000 - = 6050.5 x + 9882
® y =75198.1 x + 79884.4 dg y Rz2=0 5))(981
2 el .
E. 8000000 - R*=0.9989 S 600000 -
s N
S 6000000 - £ 450000 -
o =)
® £
x 4000000 - ~ 300000 -
(5] [
a e

2000000 - 150000 -

0 4 T T T T T ) 0 T T T T T )
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Concentration of EBC / [ng/mL] Concentration of EBC / [ng/mL]

Fig. 2 Calibration curves of EBC standard by peak area (left) and height (right)

33 WiEWHEORE
AT AELA R, K&, LH2bAZ L, FEV—RE, bbb, KK WCRS & 1 AL
RV, REICE 0L ZRENAKRE LC-MS/MS IZHEAL, 6N SRM 7~ N/ T L%
R L7z, ZOREE, —fHoREHIB W T EBC &R UAFRFMICE—27 BB N2, 2
PMERIETA RT7A VICED DN YEE—7 OFRFHBIHNTH -T2 0D, YZE—7I13E
BEETL2LOTIEIRWE WLz, ok, 5617 SRM 7 e~ 7 J7 LAO—fl% Fig. 3 12
~ LT
WiEY— 7 OFFRGHE  EETEAEEMBDO 13 LFOHEIE, Tov—7 o (XiTEHS)
2, EEEICHY T2 E—7mfE CUIES) O 1/10 Kl (72720, &= FIREEICHY
THE—ZHEME (EEI) 2@z enI e ) .
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Fig. 3  Typical Selected Reaction Monitaring (SRM)

Retention time / min

chlomatograms of EBC in standard and

blank sample solutions

(LC-MS/MS conditions are shown in Tables 2 and 3.

A: Standard solution (0.5 ng/mL: 0.001 ng as EBC)

B~H: Sample solutions (B: Formula feed for layer, C:
straw, G: Paddy rice, H: WCRS)

34 < U w7 A ROMER

Arrows indicate the peaks of EBC)

Barley, D: Maize, E: Timothy, F: Rice

24 D D~HIZ L VL -k EBEEHE AR, KEZ, £95bAZ L, FEV—HE, bb,
Bk KN WCRS O 7 F o 7V iRBHAIRICT 47 7 32— F & L TENEI 1.44, 1.44, 1.44, 21.7,
39.7, 10.8 XN 21.7 mg/kg F Y & (BEREHAK CTF A7 72— b & LTENEN 0.036, 0.036,
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0.036, 0.054, 0.099, 0.027 }2*0.054pg/mL #H% &, EBC & L CZ# ¥4 20, 20, 20, 30, 55,
15 X030 ng/mL AHY &) @© EBC ZifkM L7z~ bV v 7 AEHERIZOWT, 2.2 D DIZHE- TR
L 7= [FREE @ EBC EEMERRIC XT3 2 v — 7 mifE b 2 fEsB L 7=

ZORERIT Table 4 DL BV THY, RE~ M) v 7 RCLDREREBLZTHL2E
ENARETH - 7.

Table 4  Matrix effect study

Concentration of thiophanate

Samples Matrix standard Samplea) Matrlxoeffectb)
solution (ng/mL) _ (mg/kg air dry-basis) oo
Formula feed for layers 20 1.44 93.4
Barley 20 1.44 99.6
Maize 20 1.44 98.2
Timothy 30 21.7 96.1
Rice straw 55 39.7 106
Paddy rice 15 10.8 103
WCRS 30 21.7 95.4

n=1
a) Converted from the concentration in matrix standard solution

b) Ratio of peak area of EBC in the presence of matrix to that in the absence of

matrix

3.5 WRINEIIEER
2.5 2HE > TIRINENGRER 2 £ L7-. ZOfEHRIL Table 5 © L B0, 5 HECAGE, K
#z, LHobAI L, FEV—HE, fbb &K WCRS IZ2WCIEFEHENLE 83.8~116 %, T D
MR USRS XA HER 72 (RSDy) & LTIE 10 %A FTH Y, ZUMHERIETA RT4 VICE
D IV EE KOG TR O BAFRE & 72 3 RAF 2/ R G b iviz. Kk & JFRL IE CTORER %
e L7 fE R, W oREBHZB W T O EIRENSE Lz, —JF, BRIV TIE, FHEILE
2 77.0~122 %, RSD: 728 82 %LAF & 720, ZUVEMGRIET A KT 4 VIZED b= EEO B IEfHE
IO & WERME L.
1) EFE 70 %80 E 120 %L F
2) PHTHEEE : 20 %LA T (IRINREE 0.2 mg/kg) , 16 %LL T (A 1 XY 1.2 mg/kg) , 15 %A T
([F 1.5 mg/kg) , 14%LLF (7 3mg/kg) , 13%LLTF ([ 4mg/kg) , 12%LLF ([ 7 mg/kg) ,
11 %LLF (A 10 mg/kg) , 10 %LL T (7 20 & T8 25 mg/kg) , 9 %LL R ([7] 40 mg/kg) .
7k, BoN-SRM 7 rn~ 77 ADO—fl% Fig. 4 IZR LT,
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Intensity/arb.units

Table 5 Recoveries of EBC from spiked feeds

Spiked level Our method JFRL method
Feed types (mg/kg Recovery” RSD,” Recovery” RSD,”
as fed basis) (%) (%) (%) (%)
Formula feed 0.2 99.1 10 75.8 10
for layers 1.5 110 4.4 109 4.6
Barley 0.2 99.6 3.6 77.8 34
1.2 116 4.8 88.6 4.6
Maize 0.2 83.8 2.9 71.0 2.7
1.5 101 4.0 85.4 4.1
Timothy 3 87.2 3.7 70.8 3.8
20 95.4 3.2 72.6 3.1
Rice straw 7 95.2 7.7 71.0 7.9
40 91.5 2.7 45.2 2.8
Paddy rice 1 77.0 8.2 63.0 7.5
10 122 7.4 75.0 8.0
WCRS® 1.78 94.4 2.8 86.2 2.7
11.1 108 2.4 91.9 2.5

a) Mean (n =5)
b) Relative standard deviation of repeatability
c¢) Thiophanate were spiked to air-dried WCRS samples one night prior to extraction. The
spike levels were 4 and 25 mg/kg as air-dry basis for thiophanate. The levels of thiophanate
as fed basis were calculated with following equation on the assumption that the moisture
content of WCRS samples was 60 % as fed basis and 10 % as air-dry basis.
The levels of pesticides as fed basis (moisture 60 %)

= the levels of pesticides as air-dry basis (moisture 10 %) / 2.25

140000 A 140000 A
90000 - € 90000
e
ks
=
40000 A 2 40000 -
[
<
-10000 T . r -10000 r . .
7.5 85 95 10.5 75 85 95 10.5
Retention time / min Retention time / min

Fig. 4 Typical SRM chromatograms of EBC in standard and spiked sample solution
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the peaks of EBC.)
A: Standard solution (55.4 ng/mL: 0.111 ng as EBC)
B: Sample solution of rice straw (spiked at 40 mg/kg as thiophanate (22.2 mg/kg: 0.111 ng as EBC))
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3.6 EEFREOHH TR
HUMVEERIETA RTA VICED b E R FTIRO B RIS LT 1/5) T ORE
(BB B AL, KERRE I HAZ LI 0.2 mgkg YR (RE&REHAR T T 0.005
ng/mL fHY &) , FE—HE L 3 mgkg FHY4 & ([F 0.0075 ng/mL F84 &) , fiid 51 7 mgkg
Y& (A 0.0175 ng/mL A1 &) I ONZ WCRS (JAFZ#H) T 4 mg/kg F124 & ([A 0.01 ng/mL #H
YE) ) ICBTAEMENEEBEOREE, ot —2DOSNENRI10LL ETHo72720, Zhb
EFA 7y 3r— FOEETRE L. 723, Table 5 IR L2V, YEEE TREEICET
2 WINENGGRER #E R IT B AF T o 72
RIEOKBH TIRZ2HERT 5720, BIMEGRBRICE DV EONT-E—27 O SN R 3 L biRE
RO, EORE, B TRIIASESRSTHESEE, RELDTE S H A LTO0.06 mgkg, T
£V —FLE T 0.9 mg/kg, fi 5D T2mgkg KON WCRS (JAFHH) T1mgkg THY, RERICE
UHHERIETA FTA CCED b BARE (A EICK LT /10 BLF) &z LTz,

3.7 BEKIZI T Dl EU o JFUK A
35128V T, K Z DT m i B O INEN R 2 e sd L 72 BR @ E (122%) L 72-o722
Lo, FIKZFHELZ. 34 L0 LC-MS/MS HIERFDO A A L ALREEFEZ ~ TR 5T, F
7o, FEERRIIREHAIR & A CEEZ T o TB U BE LoEEIIHEI LTV B2 bhb 2k
NG, REHARICE N DI XD HABRISOMRENRE TIERnWnE&EZX bz, £I T,
Bk D7 Z o 7 3B 2 T 2.6 IZHEVy, PABRBUSICHES 2 3UEHA TR O #BUC K 2 IR~ D 52
BEMER L., TOREIL Table6 D L 50, 20 5 40 fEARICB W CGRENR AL E S, *
72 40 5RO 0 BAF R i R3G b LTz,

Table 6  Effect of sample solution volume for ring closure reaction on EBC recovery
Recovery (%)

Examiner - iluti
10-fold dilution ) o1 dilution  40-fold dilution

(original rate)
A 110 86.5 93.3
B 105 82.2 100
n=1
4 FED

fA Bt T 5T A4 7 7 21— MMZDOWT, JFRL ¥E% 2, LC-MS/MS % H 7= & &5 o fi kBt

S RE~DOHEO A FIZONTRFT L&A, 47 75— b &KL RIRFICHBR KR ST

372 EBC M EMICH WD HFIEIZEE T 252 LT, LTOMENGELNT.

1) MEMIL EBC & LT 0.554~111 ng/mL F824 & (GEAREE LT 0.001~0.22 ng tHY &) OHiH T
ERMEEZ R L. 0B, YHREBEROBEHIEILX, 477 %— b% 0.04~8mg/kg &4 T 50N
B2 RIEIHE VTR U 72 B BUBHAIR TP O IR PRI Y 37 5.

2) ARBEEREAEE, KE, LH2bAZ L, FEU—EE, WX, fibb K& WCRS (2o
T, KEIZE->THRNTZZ7a~ N7 T LML, EEZHTHAE—7FRBO LR T2,

3) REZH- THLNLEREHRIRIZONWT Y ) v 7 2R 2B LR, et~ rY v 7 2
WCEDREREBEZTLI LR EENAETH T,
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4) FAETZ7rx— L LT, KBHEHRGEELENE > AT LIC 02 KT 1.5 mgkg, KEIZ
0.2 X" 1.2mg/kg, FE I —HH|Z 3 KON 20mg/kg, Find HIZ 7 KO 40 mg/kg FHY &4, LK
1 XN 10mg/kg fH Y %, WCRS IZEMHHE LT 1.78 KOV 1.1 mg/kg Y &% ZnEnamL,
AIBHE - T 5 MPHMT oM 230 L, [EICER OO L E 2R 25, Bko @R EaNC
BOWCHYMEMRIETA RTA ZEDONEEO B EA BB T 5FE L2720, ZoMic>
W, BEROOHMTRE O BB 2723 BRAF R RS/ bz,

5) AREOEETFREOBME FRIZ, 747 7% —hE LT, WBHEEHRAEE, KEKRONE D
HAZ LTENZEN 0.2 TN 0.06 mg/kg, FF—#F T 3 KO 0.9 mgkg, fabobT7 KO 2
mg/kg ThH-o7=. F7= WCRS TIZREZY T T4 KO 1 mgkg ThoTo. &E LEEE FREOR
HTBRIE, ZUMHERIETA R4V ICED bR BEE AT LTz,

6) BKICEITD, ZUVEMRBIETA RTA VIR TEEOHEMZBE L-RKERE L2
A, PABRBOSITHET 23 0BHATK 2 20 (5 KR OV40 AR5 5 Z I K v lEIR A SE S, F7240
&I D 728 RAF 7255 R DG B ALz,

X &

1) BEMOKFEHE 2Rt o 7 — @ ek - RABEE®R, K2R -, http://www.acis.famic.go.
jp/toroku/, cited 25th Jan. 2022

2) REAS IRAE, WA Z, 5 T, BH OEAT, ATH FRR o BEGEME O, =485 (1988)
(ISBN: 4-385-35605-X) .

3) FAO: Progress in pesticide risk assessment and phasing-out of highly hazardous pesticides in Asia, RAP
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6) Jik WIHFE, Bl K& EERTOINRUE DN, FAETrR—F, FAT 7= MATFN
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3 FMFDCY Ty FRUNSII—rDREIOT TS T2 T LE
BEEXMETICL DREBFIITEDRFE

fl BT, O OEET, FEOERT, &iE M7, RE OHED, Fib =70

Development of Simultaneous Determination Method of Diquat and Paraquat
in Feed by LC-MS/MS

SAKAKIBARA Yoshinari*!, IZAWA Atsunobu”!, KUWABARA Masayoshi’!, TAKAHASHI Yuichi™?,
YASUDA Iyo™ and AOYAMA Koji"?
("' Kobe Regional Center, Food and Agricultural Materials Inspection Center (FAMIC),
*2 Fertilizer and Feed Inspection Department, FAMIC (Now Sapporo Reagional Center, FAMIC),
*3 Fertilizer and Feed Inspection Department, FAMIC)

We have developed a simultaneous quantitative determination method of the concentration of diquat
and paraquat in feed using a liquid-chromatograph -electrospray-ionization tandem mass
spectrometer (LC-ESI-MS/MS).

Diquat and paraquat were extracted with water and sulfuric acid by heating under reflux, and the
extracted solution was filtered. The filtrate was then purified with two types of solid phase
extraction (SPE) columns (Oasis MCX and Oasis MAX, Waters Co.; Milford, MA, USA). Having
oxidized these compounds, the sample solution was purified with an SPE column (Oasis HLB,
Waters Co.), and injected into an LC-MS/MS to determine the concentration of diquat and paraquat.
LC separation was then carried out on an ODS column (Inertsil ODS-3, 2.1 mm i.d. x 150 mm, 4
um, GL Sciences Inc.; Tokyo, Japan) with a gradient of 0.1 v/v% formic acid solution and methanol
as a mobile phase. In the MS/MS analysis, the positive mode electrospray ionization (ESI+) was
used.

Soak washing of the used glassware with NaOH solution (I mol/L) and nitric acid (1:10) was
necessary, because diquat and paraquat have a strong tendency to remain on glassware. Of the
feeds used in the present experiment, the matrix effect identified on milo and corn was successfully
removed by diluting the sample solution to be injected into an LC-MS/MS.

Key words: diquat; paraquat; liquid-chromatograph tandem mass spectrometer (LC-MS/MS);
electrospray ionization (ESI); feed

F—U—FR: VI Uy b RNTa—b ks~ NI 72T AREENE oL
7 bk AT L—A FAiE ; fE

1 ¥ B
Y7 Uy MR T 3 — M, Imperial Chemical Industries #1: (81 Syngenta #f) 12X VB i
IR O Y ) DV U ARBRERTH Y, EHONEHKICEY, Y7 Uy FTiREBk
Wi, N7 a— FTIEMmENEAEL, MYMREZBET 2 2 L THREDIRZ RTEEZIONT
W ),

TOMSIATBOE NEMOKEIH B R i v 4 —ME e o 2 —
2 MSEATEOE N EMOKEE & 22t v % —IEf R 2 2 RAR, B iRt o ¥ —
S OMRSEAT B N EMOK EE I B 2 B L 2 — R R A
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T Uy MY, BAETIE 1963 FICHIEEIERG ST Y, fEPoRERE Ve LT,
NE, INEKRDT~A 1T 2mgke, KET S5mgkg, £2HAZ LT 0.05mgkg, 7A4%T 0.03
mg/kg, HH T 100 mg/kg 23X E I TV D, BB OFPREMEMRE YL L TIE, b b R OFRsEEH
filkt (BLF TWCRS) &9 . ) T0.05 mgkg B E STV D.

NTa— I, FHAETIE 1965 FITHEEESFRINTE Y, kR REER YL LTk, z
WNEKL D~ A 1T 0.5 mgkg, K&E, NENDOTAZETO0.05mgke, &£95HAHZLTO0.1 mgkg 4%
BT 5 mgkg DX EINTW5D., SEFOFHEMEM Y- LCTiE, fid 57T 0.3 mgkg, WCRS T
0.05 mg/kg NWEXE LTV D,

ﬁ?ﬂt@@ I Ty RRORT a— FOSHEE LT, RO EERE B Wik n~ b

TR DMEBIGHTENNE ST WD, EEFREEEHES T HLO0NHD, £1o, EHR
h@%%h?))%éﬁmmT/DA%ﬁﬁﬁﬁ“é LD, GEOUBNAK Lo TS,

ZORHAE, —EMEEANBARESOIT T X =2 TR 28 4EREfRh o 3R iEB B &
FEHEE) ICBWTHE LAY DO 7 Uy REOART a— Ok u~ N7 7% 07 AR
#EoMrEr (LT TLC-MS/MS) W), ) ICX DK EREE® (LLF [JFRLIE] EWH. ) T2
T, BT EES~ONEHO P EZRF LD T, ZOBMELZHRET .

ks, EE *ﬁﬁéﬁfi HICP 7 Uy bERBLERAITZY 27Uy b - RikWE, /372
— kLR L /\7:1~I\—i’ﬁfh%%?ﬂ"c‘:ﬁn&éﬂfb\é EMD, AFINTHEY 7T
v FXF N7 a— |k knaijzbt CIEZFEEE DN E L.

BEIC /77/%&0/\72* OD%JEEC%%%Flg.I IR L7,

Diquat (dibromide) Paraquat (dichloride)
SO O
\_/

9,10-dihydro-8a,10a-diazoniaphenanthrene dibromide 1,1'-dimethyl-4,4"-bipyridinium dichloride
Ci2H12N2Br2 MW:344.05 CAS No.:85-00-7 Ci12H14CI2N2 - MW: 257.16  CAS No.: 1910-42-5

Fig. 1 Chemical structures of diquat and paraquat

2 EBRAE
2.1 &K
RNE, KRE, ~Am, INE, LI2bAZL, WHE (TAVT77 VT 7HEKOTA T T A,
) KOROLIZHEAE 1 mm ORT Y — 0 23835 Lo oL, ST AREE LT,
WCRS /% 60 °C T 10 RefE]Rz %, HIZENICHRE L Cmiz L7z%, ARSI Lot Halel &
L7z,
22 WO
) 7ER=FU /TR EIR-PCB RBHEH W, A% 7 — V3R A - PCB B
(LC-MS/MS DOAEBER DA LC-MS i (&L 7 A L AFnefisisl) ) #Hni-. X (BEEY
99 %) IZLC-MSH (BT A v afoeiidid) Z/Mnwie. b7 re=v L, HEEE, Kig
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fEF vV L, 7207 A6V UL KROREER TR AR 2 H 2. KiE Milli-Q Integral 5
(Merck Millipore $) (2 X 0 K58 L 72 ik (JIS KO211 @ 5218 I[ZEF& S =@ ki) 2 Hw
7.
2) VI Uy MERERIK
TEAAY I Uy h— KRR (&L T A L ARG, S 99.0 %) 2631 mg & IE
EICE > T 50 mL O2&E7 7 A2 AN, ¥R (0.01 mol/L) ZHX CTHENL, HLICHEMRET
FABEZ N2 CY 7 Uy MEERKZFHM L (Z0® ImLix, Y77y e LTO05mg %
“H) .
3) /T a— MEEREK
NRTa—rvrnl REER (FL7 0 v 2FemisEs, M 98.0%) 25mg # EfEIZ & -
T50mL OEET7 I 2aic A, HEE (0.01 mol/L) ZMA THEMNL, FICHEMRE CRIAL %
MMz TRTa— MEREFEREZFHHU L (ZOW ImLIE, X7a—hELTO0Smg2EH) .
4) IREEHERIKR
D7 Uy MEERIE 1 mL L ONT 22— MEFERHK 1 mL 2 25 mL O2®E7 7 X 3 AT
BAL, BIZHERE CHEEE (0.0l mol/L) M CRAEERKZAM L (Z 08 1 mL I,
I Ty hERONRTa—hELTH20ug 2 E5H) .
23 HEROGE
1) ek
M 1 (R AE, RE, ~AM 81, IE, EH5HAHZLH)
ZM 200 Retsch ! (HPE& 1mm 227 U —, i HKEEZS 14000 rpm)
Frteek 2 (REAE, findo & &Y WCRS M)
SM 100 Retsch ! (HBIZ 1mm A2 U —>, [A#EEH (fE6E) 1430 rpm)
2) GREEIEMERE A AU RZEEIIEI = T A (LI IMAX S=047 41 &9, ) : Oasis MAX
(500 mg) Waters ¢
3) GREERVERGA A REBIEI =T L (LLF TMCX =47 4] &9, ) : Oasis MCX
(500 mg) Waters ¢
4) Vbe=AXryEry—N-t=aAtnl) FUEESGERI=FTFL (LT HLBX=A7 4] LW
9. ) : Oasis HLB (60 mg) Waters
5) AT T 7 4% — : 13HPO45AN (fL£2 0.45 um, EE 13 mm, AV F hF7 7 4 ua=F
L) BRI
6) LC-MS/MS :
LC-MS/MS 1 (2.5 OREFHZAEH)
LC #5 : ACQUITY UPLC System Waters %
MS/MS i : Xevo TQD  Waters il
LC-MS/MS 2 (2.5 ISt o maticfE M)
LC &} : Nexera X2 S Epr il
MS/MS #5 : LCMS-8040 & it i/ py il
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24 ERFE
D #

SIHTEEE 10.0 g 8> T 300 mL DR T 7 7 X 22 A, /K 60 mL KO 30 mL % 0
Rz, ZEWE ZAT 120°C OB T 60 A EMEGERE L CHith L72. 200mL 02 &7 7 A a7
7F =0 TICES, Kekomtiie A8 (5 B) CRIIABLEE, kORTET T
A A KOFE S ZMARAK S0mL TYEH L, FARICRGI A L. 61T, 287 7 X a0 E
TAKREMZ /o, 2O 2mL (FHFEIE, HEICHE 3mol/L) TIEMIZ 25 HEAMLI%, €0
#2mL) ZARY) e L ®]e—h—ICIEMICHEIRL, K30mL 20z, KEEtFT NI DA
Wi (12 mol/L) T pH 5.5~6.5 I[ZFHFE L=, S0 mL F2E L 25 X5 KEMA, 7T LB
T D RBHAIR & LTz

2) 1T LALERT

MAX K O'MCX R =T L& ZTNERAY J—/L 5mL LUUK SmL THAKZES L, MAX
=HTEADOTIZMCX =07 LxwfE Lz, REHAKRZER I =0 7 AICAN, mEAFTT
AEID EIGIZET 2 F Tl B (WMEIZS CTHEA 1 mL/min BEICRD X H5WsI L7z, UUF
FEk. ) L7z, BEHABRDO A> TWleARY 7re L vy fe— 0 —%K 5 mL 35T 2 FEAERL,
Wi 2 ERERE S =0 7 A A, RIS S8z,

MAX S=#FA%IETL, 10mLAY 7oL r#leR 7522342 MCX 2 =47 A0 FIC
BE, b7 =0 AR (25 wiv%) 9 mL & MCX 2 =8 7 AZIATRERICHE T L, ¥
Uy NEONRT a— bEREHEEZ. SOIERECHEILT U E=0 0K (25 wiv) %
Mz, Bty 23Rk E Lz,

3) Mt

ABHAK 2 ml 25 5 LK b T MU U A% (12mol/L) 10 mL KO 7 =V v 7 b
Vo LR (1 wiv%) 1 mL Z ANRA LAY 7L fle— b — | EMEICMZ TrEiR
B, BT LAF IS 5B & LT,

4) T LB

HLB 2 =h724%7 v hr=hrU/L5mL KUK S mL THEHF L. EHRKEZ I =07 AT
A, BEHEBKDO AN > TWERY e bl —H—2K 10mL 35T 2 [E¥EH L, BEik%E
ER X =7 22Nz, WEAFETAHO EEEICET HE T FLZ. 50 mL ORTET T A
AEI=ATLADOPICES, 7= I AV SmL ZI=AT7HMIMATREREEICHKTL, Y7
T v hEORT a— hEEHEE.

R % 40 °C LT ORI TlEE A CHET 5 & TRUERME L7-th, BRI A2 iko Tz
L7z, K—=A% /7 —) (4+1) 1 mL (40X 4 mL) % EfECMZ CTEEMEREL, LC-
MS/MS 12 K 2 HEIHET 2 5B & LTz,

5) REROBALKL T T LB

RAEHEFWE 1 mL 2 20mL O &7 7 A3 Z A, EHE CHEE (0.01mol/L) %1% T
{ERBAEERZFH L7 (Z0]® 1mL X, Y77y hERORTa—k LT 1 g 28
) . BALREASERER 01 mL ROMEALT vF= 7 LK (25 wiv%) 2 mL 25 65 Lk
fefbF b U v A% (12mol/L) 10mL X O7 = U 7 UMb U U A% (1 wiv%) 1mL & A
NRE LR e Loy — 0 —|CIEMIZMZ T2, LLF )R 4)OHEE BN & Rk
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AT o721, K—A% /=)L (4+1) TEMIZHRL, 1mLHPICY 7Ty P RONTa— K&
LTO0.1, 0.2, 04, 0.6, 0.8, 1, 2, 4, 6, 8, 10, 15 KX 20ng Y EEEHT LK ROIEYE
AT LT,
6) LC-MS/MS (X % &
AREHAR K OV IR B HER4S 10 pL %2 LC-MS/MS ([ZVEA L, EIRFUSHE (LLF TSRMJ
EWoH. ) yuw NI ARG B, BEHETIZ LC-MS/MS SHE L7272, 2 BOMEE

AR LTz, BAEEOWESRM % Table | X2 (2R LT,
Table 1-1  Operation conditions of LC-MS/MS 1
Column Inertsil ODS-3 (2.1 mm i.d. x 150 mm, 4 um), GL Sciences
Mobile phase 0.1 v/v% formic acid aqueous solution — methanol (4:1) — 10 min —
(3:7) (hold for 2 min) — 5 min — (4:1)
Flow rate 0.2 mL/min
Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive
Source temperature 120 °C
Desolvation gas N2 (800 L/h, 400 C)
Capillary voltage 0.6 kv
Cone gas N> (50 L/h)
Collision gas Ar (0.1 mL/min)
Table 1-2 ~ MS/MS parameters of LC-MS/MS 1
Precursor Product ion Cone Collision
Target ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) V) V)
Diquat oxide 215 171 — 30 19
— 153 30 28
Paraquat oxide 217 174 — 39 25
— 104 39 48

Table 2-1

Operation conditions of LC-MS/MS 2

Column Inertsil ODS-3 (2.1 mm i.d. x 150 mm, 4 um), GL Sciences

Mobile phase 0.1 v/v% formic acid aqueous solution — methanol (4:1) — 10 min —
(3:7) (hold for 2 min) — 5 min — (4:1)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive

Nebulizer gas Air (3 L/min)

Drying gas N, (15 L/min)

Heat block temperature 500 °C

Desolvation line tenperature 100 °C
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Table 2-2 MS/MS parameters of LC-MS/MS 2
Precursor Product ion Collision
Target ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (V)
. . 171 — 25
Diquat oxide 215
— 153 10
. 174 — 31
Paraquat oxide 217
— 104 45

D

BHNT7Z SRM 7 ua~ b T AnbLE—ZHBLAOE S 2RO THRERZER L,

VU FEEORTa—- EEEH L.
B, EEIEOEE % Scheme 1 (2R L7z,

Ak o
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Sample 10.0 g (300 mL evaporator flask)
added 60 mL of water and 30 mL of sulfuric acid
heated under reflux at 120 °C for 60 min

——cooled to room temperature

—filtrated under reduced pressure (filter paper: No. 5B, receiver: 200mL volumetric flask)

washed with 50 mL of water
—filled up with water
|
1 mL of sample solution (25 mL volumetric flask) (grass)
l—fi]led up with 3 mol/L sulfuric acid
2 mL of sample solution (100 mL polypropylene beaker)
added 30 mL of water
adjusted pH to 5.5-6.5 with 12 mol/L sodium hydroxide aqueous solution
added water to make about 50 mL
Oasis MAX-Oasis MCX jointed cartridge
prewashed with 5 mL of methanol and 5 mL of water
attached Oasis MCX under Oasis MAX
applied pH adjusted sample solution and drain

washed with 5 mL of water (two times)
removed Oasis MAX

——placed a receiver (10 mL polypropylene volumetric flask)

eluted with 9 mL of 25 w/v% ammonium chloride

——filled up with 25 w/v% ammonium chloride

2 mL of sample solution or 0.1 mL of 1 ng/mL mixed standard solution

Oxidation (polypropylene beaker) \—

——10 mL of 12 mol/L sodium hydroxide solution . )
2 mL of 25 w/v% ammonium chloride

——1 mL of 1 w/v% potassium ferricyanide

homogenized
Oasis HLB

prewashed with 5 mL of acetonitrile and 5 mL of water

applied sample solution and drain

washed with 10 mL of water (two times)

placed a receiver (50 mL evaporator flask)

eluted with 5 mL of acetonitrile

evaporated under 40 °C and dried with nitrogen gas

——dissolved in 1 mL of water-methanol (4:1) (samples except for grass), 4 mL (grass)
——filtrated through membrane filter (PTFE 0.45 pm)

LC-MS/MS

Scheme 1 Analytical procedure for diquat and paraquat in feed

25 YUy FRUVST 3= hOBEEOTE HIEO R
HRT 577 ABAZUTO 1), DRV 2) +3) O 389 OFETEHS 2T, ThEND



40 M FEHE Vol. 47 (2022)

T A B AN T 2412060, REkE AT IcR B E i L7z,
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HIETE X (W15 o) LTHWE.
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Fig. 2  Calibration curves of diquat and paraquat by peak area (left) and peak height (right)
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L, b7 SRM 7 < N7 J A% HR L-. ZO/ME, WELIZERTOEBEE? DY
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Fig. 3  Typical Selected Reaction Monitoring (SRM) chromatograms of diquat oxide and
paraquat oxide in standard and reagent blank solutions
(LC-MS/MS conditions are shown in Table 1. Arrows indicate the retention times of
1: diquat oxide and 2: paraquat oxide)
A: Standard solution (The oxidative product of 1 ng/mL each as diquat and paraquat)
B: Reagent blank
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Table 3  Cleaning method study

Cleaning method
No 2 ) 9 Blank test results
New glassware™  Alkalin treatment’  Nitric acid treatment
1 O - - Not detected
2 - O - Detected
3 - O O Not detected
n=1, O: Tested, —: Not tested

a) About all glassware to use, the new glassware (or the one which haven't been
used by this experiment) was used.

b) 300 mL evaporator flask for extraction which was soaked by NaOH (1 mol/L)
for about 15 minutes was used.

c¢) About all glassware to use, the glassware which was soaked in nitric acid (1:10)

for one night was used.

3.3 WEWE OB

24 O DD XL 7ZKFE (AL, RE, ~f v, WL, &H5AZL, TA7
FTOT FRLEL, TA 7T AWK, fab b kN WCRS) OREHAKZ LC-MS/MS IZHEAL, 55
N SRM 7 m~ N7 T L&MHR L. TOMRKE, WInoRBHZBWTHEY 7 Ty RS
a— MNDOEREHTHE—7ITRBOLNed o7, 728, WCRSIZBWTY 7 Uy hé, b
IHAZ LEWNEZBRSHEEITANT a— K R URFREICE—7 08B O LN, v A1 1Ll
NOE—71F, BEETA RTA VICED DN EY — 7 OFRGHAN GEHEMICH Y5
— 7D 1/10 Riff) ThHhotlz. A 2DE—=7I1ZO\WTIE, EEA 4 LHRA A4 2 Ok
WEHER LI E AR EFAETHLZ ERNEHE YA B DOEMTHLIT VBT TONRT
a— ORI S, T a— 1k GREHRIRE 0.02 mg/kg) TH D ECHIB L

B, S5/ SRM 7 u~ k77 A% Fig. 4 [ZR L7z,
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Fig. 4  Typical SRM chromatograms of diquat oxide and paraquat oxide
in standard and blank sample solutions
(LC-MS/MS conditions are shown in Table 2. Arrows indicate the retention times of 1:
diquat oxide and 2: paraquat oxide. The baselines were shifted for display.)
A: Standard solution (The oxidative product of 1 ng/mL each as diquat and paraquat),
B~J: Blank sample solution (B: milo, C: alfalfa hay, D: barley, E: oats, F: wheat, G: corn,
H: ryegrass hay, I: rice straw and J: WCRS)

34 ~ VU w7 AR OMER

24 0 DB HIZE VAR U ZKRE (AR, RE, A v, IhE, E58AZL, 77
FIVT TR, TA T A, fib 5K ONWCRS) O 7T v 7 i REHARIC, KUk B UEfE AR
W (RRYEMEA R ERRKEE 20 ng/mL LA EOEAIE 10 ng/mL) OY 27 T v FKRORT a— |k
ZENZENRMULEZS~ BY v 7 ZEERRIZONT, 22 O D)0nb HEDN 2.4 O 5)ICht-> T
L7 E D& BRI T2 ¥ — 7 miEL AR L7z, TORE, Tabled DL BH TH
D, L29BAZLAPSABIZBNT, A4 bz ET L~ M) v 7 ZAGRPRBO LN, £
T, mERENRIREKRK—AZ )= (4+1) T2 EHIRLTELEEZ A, A4 fLilEE
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M Lt~ b v 7 ZAOEBEZIT D LR ERDTETH 2.

Table 4  Matrix effect study

Concentration _ b
Matrix standard Samplea) Matrix effect
Samples . ) . (%)
solution (ng/mL) (mg/kg air-dry basis)
Diquat  Paraquat Diquat  Paraquat Diquat  Paraquat

Oats 10 10 0.5 0.5 99.2 100
Barley 10 1 0.5 0.05 97.5 96.2
Milo 10 10 0.5 0.5 62.6 56.4
Wheat 10 1 0.5 0.05 98.1 99.0
Corn 1 2 0.05 0.1 69.7 67.3
Alfalfa hay 10 1 50 5 99.9 97.5
Ryegrass hay 10 1 50 5 98.0 97.9
Rice straw 1 6 0.05 0.3 90.9 92.6
WCRS 2.25 2.25 0.1125 0.1125 96.8 103
Milo (two times dﬂution)c) 10 10 0.5 0.5 98.2 103
Corn (two times dilution)” 1 2 0.05 0.1 98.1 105

n=1
a) Converted from the concentration in matrix standard solution
b) Ratio of peak area of pesticides in the presence of matrix to that in the absence of matrix

c¢) Blank solution (milo and corn) diluted by water-methanol (4:1)

4 FEOH
AR DY 7 Ty N ROV T a— MZOWT, JFRL #4232, LC-MS/MS % V7= R R E &1k

Z2WNWT, FRITRE~OIE O AR ZREFT LIz 25, LTFORENSE L.
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&) O CHEMAREL R L.

7B, YEMmBEROREGMIL, 27Uy NEKUURT 32— % 0.005~1 mgkg &8 T 508 H
PR & ARTEIZIE VTR U 72 B BURHAIR T O £ SR SEIR EE RGP IS Y 375 .
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Development of Determination Method of Bensulfuron-Methyl in Rice Straw,
Whole-Crop Rice Silage and Paddy Rice for Feed by LC-MS/MS

TAKEDA Zenya®, FUNAKI Norio” and SEKIGUCHI Yoshihiro"
(" Nagoya Regional Center, Food and Agricultural Materials Inspection Center)

We have developed a quantitative determination method of the concentration of bensulfuron-methyl
in rice straw, whole-crop rice silage (WCRS) and paddy rice for feed using a liquid-chromatograph
electrospray-ionization tandem mass spectrometer (LC-ESI-MS/MS). In addition, the application
of azimsulfuron, cyclosulfamuron, ethoxysulfuron, flucetosulfuron, halosulfuron-methyl and
imazosulfuron for a simultaneous determination method with bensulfuron-methyl was examined.

Having added water to a sample, azimsulfuron, bensulfuron-methyl, cyclosulfamuron,
ethoxysulfuron, flucetosulfuron, halosulfuron-methyl and imazosulfuron were extracted with
acetone, and the extracted solution was filtered. The filtrate was then diluted with acetone. The
diluted solution was purified with two types of solid phase extraction columns (InertSep K-solute,
GL Sciences Inc.; Tokyo, Japan and ENVI-Carb, Sigma-Aldrich Co. LLC.; St. Louis, MO, USA),
and injected into an LC-MS/MS to determine the concentration of azimsulfuron, bensulfuron-methyl,
cyclosulfamuron, ethoxysulfuron, flucetosulfuron, halosulfuron-methyl and imazosulfuron. LC
separation was then carried out on an ODS column (Mightysil RP-18, 2.1 mm i.d. x 150 mm, 5 pum,
Kanto Chemical Co.,Inc.; Tokyo, Japan) with a gradient of 2 mmol/L ammonium acetate solution
and methanol as a mobile phase. In the MS/MS analysis, the positive mode electrospray ionization
(ESI+) was used.

Recovery tests were conducted on rice straw, WCRS and paddy rice. Azimsulfuron, bensulfuron-
methyl, cyclosulfamuron, ethoxysulfuron, flucetosulfuron, halosulfuron-methyl and imazosulfuron
were added at the levels of 0.01 and 0.2 mg/kg for rice straw, 0.004 and 0.09 mg/kg for WCRS, and
0.01 and 0.2 mg/kg for paddy rice respectively. The resulting mean recoveries ranged as following:
65.1 % to 84.7 % for azimsulfuron; 88.4 % to 102 % for bensulfuron-methyl; 88.8 % to 105 % for
cyclosulfamuron; 84.9 % to 91.2 % for ethoxysulfuron; 78.4 % to 87.9 % for flucetosulfuron; 60.9 %
to 87.9 % for halosulfuron-methyl; and 62.5 % to 74.5 % for imazosulfuron. The repeatability in
the form of the relative standard deviation (RSD;) was as following: less than 14 % for azimsulfuron;
less than 5.3 % for bensulfuron-methyl; less than 7.1 % for cyclosulfamuron; less than 8.8 % for
ethoxysulfuron; less than 18 % for flucetosulfuron; less than 15 % for halosulfuron-methyl; and less
than 14 % for imazosulfuron.

Key words: bensulfuron-methyl; azimsulfuron; cyclosulfamuron; ethoxysulfuron; flucetosulfuron;
halosulfuron-methyl; imazosulfuron; liquid-chromatograph tandem mass spectrometer (LC-
MS/MS); electrospray ionization (ESI); rice straw; whole-crop rice silage; paddy rice
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Azimsulfuron Bensulfuron-methyl
CHs
N —
NN \ /—COLH; OCH,
A N~ CHy—SONHCONH— )
N, 3—SO,NHCONH—{/ N=
N N= OCH,
CHs OCHj
1-(4,6-dimethoxypyrimidin-2-yl)-3-[1-methyl-4-(2-methyl- Methyl @-(4,6-dimethoxypyrimidin-2-
2H-tetrazol-5-yl)pyrazol-5-ylsulfonyllurea ylcarbamoylsulfamoyl)-o-toluate

C13H16N100sS  MW: 424.4  CAS No.: 120162-55-2 CieH1sN4O7S  MW:410.4  CAS No.: 83055-99-6

Cyclosulfamuron Ethoxysulfuron

f 5 o OCH3 : :OCHQCH3 OCH3

c* N N
NH-SO,NHCONH— O—SO,NHCONH—
N= N=

OCH; OCHj

1-[2-(cyclopropylcarbonyl)phenylsulfamoyl]-3-(4,6- 1-(4,6-dimethoxypyrimidin-2-yl)-3-(2-
dimethoxypyrimidin-2-yl)urea ethoxyphenoxysulfonyl)urea

Ci7H19N5OeS  MW:421.4  CAS No.: 136849-15-5 CisH1sN4O7S  MW: 398.4  CAS No.: 126801-58-9

Flucetosulfuron Halosulfuron-methyl

CHyCHF Cl CO,CH3 N OCH3
CH-OCOCH;0CH- 0~-CH, [

N= N N\\ SO,NHCONH—(/ \

\ ) —SONHCONH-{ llxl N=
N= OCH
0~CH, CHs 3
1-{3- [(4,6-dimethoxypyrimidin-2-ylcarbamoyl)sulfamoyl]- methyl 3-chloro-5-(4,6-dimethoxypyrimidin-2-

2-pyridyl}-2-fluoropropyl methoxyacetate ylcarbamoylsulfamoyl)-1-methylpyrazole-4-carboxylate

C18H22FNsOsS  MW: 487.5 CAS No.: 412928-75-7 C13H15CINeO7S  MW:434.8 CAS No.: 100784-20-1

Imazosulfuron

Cl OCH,
N N
l ’\g-SOZNHCONH-</ N
B N=
_ OCHj

1-(2-chloroimidazo[1,2-a]pyridin-3-ylsulfonyl)-3-(4,6-
dimethoxypyrimidin-2-yl)urea
C14H13CINeOsS  MW: 412.8 CAS No.: 122548-33-8

Fig. 1 Chemical structures of azimsulfuron, bensulfuron-methyl, cyclosulfamuron,
ethoxysulfuron, flucetosulfuron, halosulfuron-methyl and imazosulfuron
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2 EBRAE
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TT7E a2z CREKEAEEFTIREZMAE L (20K 1 mL 1%, FEEELTEREN 20
ug xEA) .
BRI LC, BERGEERKRO —E&%, 7T h=FrU/b—K (1+1) TEMEIZHRL,
Il mL PCA&EEL L T05, 1, 2, 4, 6, 8, 10, 20, 40, 60, 80 XX 100 ng & AT 5452
IR A AR & g L7z,
5) 1 vV%FXRIEIK
FIe 1 mLIZKZIMZ T 100mL & L7z,

Table 1  Pesticide standards used in the present study

Compound Manufacturer Molecular formula MW CAS No. Purity(%)
Azimsulfuron FUJIFILM Wako Pure Chemical Ci3Hi6N10OsS 424.40 120162-55-2 99.9
Bensulfuron-methyl FUJIFILM Wako Pure Chemical Ci6HisN4O7S 410.40 83055-99-6 100
Cyclosulfamuron FUJIFILM Wako Pure Chemical Ci17H19N506S 421.43 136849-15-5 99.3
Ethoxysulfuron FUJIFILM Wako Pure Chemical CisHigN4O7S 398.39 126801-58-9 99.7
Flucetosulfuron FUJIFILM Wako Pure Chemical CisH22FNsOsS 487.46 412928-75-7 99.6
Halosulfuron-methyl FUJIFILM Wako Pure Chemical Ci3HisCIN6O7S 434.81 100784-20-1 99.9

Imazosulfuron FUJIFILM Wako Pure Chemical Ci14H13CIN6OsS 412.81 122548-33-8 100
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23 WELUHE

1) Foietk -
ek 1 CBKH)  : ZM 200 Retsch 8 (HBAE Imm 227 U —, A FREEIER%L 18000 rpm)
Wik 2 (fb 5 OWCRS 1) : SM 100 Retsch & (AB#E 1mm 227 U —, [z (i
£%) 1690 rpm)

2) IRVIEEHE: Ly 7oy 2—H—SR2W XA 7 v 78 (FHAFREE 9% 300 rpm)

3 Z4LVES A Y U+ T A InertSep K-solute (5 mL fREFH) T—= 41 = 2l

4 V77754 RMNI—RI=hT5 (LN =474 L5, ) : ENVI-Carb (500 mg)
Sigma-Aldrich

5) A7 Z 7 4% — :DISMIC-25HP (4L#% 0.20 um, EfE 25 mm, #H/KM PTFE) HPEIEHK
El

6) LC-MS/MS :
LC B : ACQUITY UPLC System Waters i
MS/MS # : ACQUITY TQ Detector Waters H

2.4 ERIE
D # o
SIHTRREE 10.0 g 2> T300mL DIk =/ 7 T 2= , /K 30mL ZM %, 30 5 H#E

%, BT b 120mL Z001%, 305 fﬁ%@&mﬁf%&ujg 200mL DEBET T AaET T
F—IRFO FICE S, HmlkE A8 (5 F B) CWBIABLE, KO=MAT7 7 A3 RUFES
ZNER T & F > 50mL Ty L, RERICHKEIABLZ. 61, 2BE7 7 AIDEMRETT &
FrZzMAl. ZoOW 10 mL % 50 mL D722 T 7 7 X 2 IZEMIZ A, 40 °C LLTF O KIETH
ImL & CRIERML, 77 20123 2EHRIRE LT

2) H T ALE T

AUBHAIRIZ 0.1 mol/L Y5 2.5 mL 2N x <RV B 7-%, M A VYU L H T2 (S5mL
REFH) ICAR, 10 Sy RIERE L7z,

100 mL ORTHT T A3z 7 LD FIZESE, MBHEROANS> TWERTIET 7 X3z~
I —Fik—F L (3+1) SmL$OT2EEF L, WRAZNERAY 7 224, WENAFTETA
FO EWICET HETH N L%, B~ d o —Ff=F /v (3+1) 40 mL &7 7 A2z,
RAVT O AFVELERSE .

WK Z 40 °C LN OKIB TR & A ERIE T 5 £ CRUERME Lk, ER T AL ko ThzlH
Liz. 7 b=F U b—K—F8 (50+50+1) 10 mL # Mz CTEREWEENL, 7T L0 1T
T HRBHAIR & L.

3) T LI
i:ﬁ?A%7tF;FUW5mL&@1M%?@%WSmL?@&%@Lk.ﬁﬂ%ﬁ%
ST AIIAN, WEHDPFETAFD BEIZZET 5 FE TR T (WEIZS U THSE2Y 1 mL/min
FREEIC2 D X9 Wl Lz, LLAFEEE. ) L7z, REHRBEO A TWiRhT 7 I 2Aa%T & b
= U—FE (99+1) SmL T5T 2 HWHE L, WKL I=07 KA, FERICHE S &
7.
100mL ORFTH 7T AE2I=HTLOFICEE, 7= ) L— Ly — X
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(75+25+1) 30mL Z I = A T AICMA TRy AL T 0w XA F LSRR SE 7.

W Z 40 °C LN OKIB TR & A ERLE 3 5 £ CRUERRME Lictk, ZRT AL ko Tz
L7z, 7 h=FU =K (1+1) 5mL % EFEICNZ CTEREMEZRN LR, AT 7074
NH—TAiL, LC-MS/MS IZ X B HE T 25hAK & LT,

4) LC-MS/MS (2 X 2 HlE

AEHATR B OV R AR R4 4 uL & LC-MS/MS IZHEA L, BIRSHE (LLF TSRMJ

LWwo. ) rux I aEG. WESRME Table 2 K3 TR LTZ.

Table 2  Operation conditions of LC-MS/MS

Column Mightysil RP-18 GP (2.0 mm i.d. X 150 mm, 5 pm), Kanto Chemical

Mobile phase 2 mmol/L ammonium acetate solution- methanol (9:1) —5 min — (1:1) (hold for 15 min)
— (1:9) (hold for 15 min) —5 min — (9:1)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI) (Positive ion mode)

Source temperature 120 °C

Desolvation gas N2 (600 L/h, 400 °C)

Capillary voltage 1.OkV

Cone gas N2 (50 L/h)

Collision gas Ar (0.25 mL/min)

Table 3 MS/MS parameters

Precursor Product ion Cone Collision
Target ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) V) eV)
) 182 — 25 15
Azimsulfuron 425
156 25 36
149 — 28 21
Bensulfuron-methyl 411
— 91 28 58
261 — 25 16
Cyclosulfamuron 422
218 25 27
261 — 27 14
Ethoxysulfuron 399
— 218 27 24
156 - 32 17
Flucetosulfuron 488
273 32 23
182 — 27 20
Halosulfuron-methyl 435
— 83 27 52
153 — 22 10
Imazosulfuron 413

258 22 23
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5 & &
BOHNTZ SRM 7 e~ h 7 7 AL =7 HBLEOES I 2RO THREREZERL, HEHF O
BEEREAZREB L.
7k, TEIEOWE %A Scheme 1 [Z/R L7z,

Sample 10.0 g (300 mL Erlenmeyer flask)

added 30 mL of water and allowed to stand for 30 min

added 120 mL of acetone and shook for 30 min

— filtered through filter paper (No. 5B of JIS P3801) under reduced pressure
washed with 50 mL of acetone

filled up to 200 mL with acetone

transferred 10 mL of sample solution to 50 mL eggplant flask

evaporated to the volume of 1 mL under 40 °C

added 2.5 mL of 0.1 mol/L hydrochloric acid

InertSep K-solute (applicable sample volume 5 mL)

placed a receiver (100 mL eggplant flask)

applied sample solution and allowed to stand for 10 min

washed the eggplant flask with 5 mL of hexane-ethyl acetate (3:1) and eluted (twice)
eluted with 40 mL of hexane-ethyl acetate (3:1)

evaporated to under 40 °C and dried with nitrogen gas

added 10 mL of acetonitrile-water-formic acid (50:50:1)

ENVI-Carb (500 mg)

washed with 5 mL of acetonitrile and 5 mL of 1 v/v% formic acid solution

applied sample solution

washed the eggplant flask with 5 mL of acetonitrile-formic acid (99:1) and eluted (twice)
—placed a receiver (100 mL eggplant flask)

eluted with 30 mL of acetonitrile-toluene-formic acid (75:25:1)

evaporated to under 40 °C and dried with nitrogen gas

added 5 mL of acetonitrile-water (1:1)

— filtrated through a membrane filter (0.2 um)

LC-MS/MS

Scheme 1 Analytical procedure for azimsulfuron, bensulfuron-methyl, cyclosulfamuron,

ethoxysulfuron, flucetosulfuron, halosulfuron-methyl and imazosulfuron
in rice straw, whole-crop silage (WCRS) and paddy rice

2.5 IRHNEIGRER
22 DNDFK BT A T v b= F VU —K (1+1) TEMICHR LM AW,
TIVRANTORY, RUANTA AT, V7R A)NTyrhay, TRhFVANLTRY, 7
B RALTBRY, NBALTRYAFLURRL Y ATyl LTERLEN, b 52 0.01
F Y 0.2 mg/kg FHY & (Rl EHAIR T 1 LTV 20 ng/mL) , WCRS IZF#HE LT 0.004 O
0.09 mg/kg FH Y 8 (&N T 1 %20 ng/mL) , FUKIZ 0.01 &8 0.2 mg/kg HHY & (i
EAREHRIRF T 1 KO 20 ng/mL) 12725 X5 ICEFRERIEMZ L IRA L, —&KEFE L7Z&IC
24 12> TERE L, FRENE K OHER URE 2RO 7.
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723, WCRS ~OUNINTEFZEHI R LA EHE S LT 0.01 XT00.2 mgkg Y &EIC2D XD
TV, FEHRE~OBEL, FWHh K OREZY ORI EREE 60 %L 10 % EHEE LT,
JW OK5r &8 & 60 %) HIRE=mizY (KoEAE10%) FRE 225 OXICEVITo 72

3 BRRUBER
3.1 EmR

220 HIZ LY PR - EEEASEYERSS 4 uL 2 LC-MS/MS IZVEA L, 55172 SRM 7 1<
N7 T AL E— 7 HEROE S &2 AW ERZ R L 7.

BoeRERO —HIIL Fig. 2-1~2-7 D& BV TH Y, % 0.5~100 ng/mL (FEFAZEE LT
0.002~0.4 ng fH 4 &) O#HiPH CEMRMEZ R LTZ.

RE, UM EROBERIEIT, &2KEZ 0.005~1 mgkg EAHT 550 HREE ARIEICREV R
B L 72 B AR SRR T oD 45 R SRR FE PR IS A2 5 5
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Fig. 2-1  Calibration curves of azimsulfuron by peak area (left) and peak height (right)
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Fig. 2-2  Calibration curves of bensulfuron-methyl by peak area (left) and peak height (right)
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Fig. 2-3  Calibration curves of cyclosulfamuron by peak area (left) and peak height (right)
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Fig. 2-4  Calibration curves of ethoxysulfuron by peak area (left) and peak height (right)
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Fig. 2-5

Calibration curves of flucetosulfuron by peak area (left) and peak height (right)
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Fig. 2-6  Calibration curves of halosulfuron-methyl by peak area (left) and peak height (right)
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Calibration curves of imazosulfuron by peak area (left) and peak height (right)

3.2 WHEWEORG

fado B 2 MK, WCRS2 MK K O 2 iR Z56tE LT, 2412 K 0 R L7 BRI % LC-
MS/MS IZIHEAL, BONTESRM 7 v~ N T AEfER LIE ZA, WTHLORBHIB W THE
BEGTHE—7ITBO N7
7B, BFONTZSRM 7 a~ N7 T AO—fFl% Fig. 312/ L7z,
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Fig. 3  Typical selected reaction monitoring (SRM) chromatograms of pesticides in standard and

(LC-MS/MS conditions are shown in Tables 2 and 3.

blank sample solutions

Arrows indicate the retention times of

1: azimsulfuron, 2: imazosulfuron, 3: flucetosulfuron, 4: halosulfuron-methyl, 5: ethoxysulfuron,

6: bensulfuron-methyl and 7: cyclosulfamuron.

The baselines are shifted for display.)

A: Standard solution (1 ng/mL: 0.004 ng as each pesticide), B: Sample solution of rice straw,

C: Sample solution of WCRS, D: Sample solution of paddy rice
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33 ~ MU v 7 AR OMER

240 DN H DICE VML L, WCRS KOWKD T Z 7 SBEHRKRIC T Y A AL T7 1
v, RUALTa U AT, YIuALTyrhshay, ThXRUANLTOLY, TAEBERALTOYV,
NBALTAYAF NI, v A T7ar e LTERZEN 0.1 mgkg FIY & (REalEHR IR+
T 10ng/mL fHY &) ZIRIML7EE~ N U v 7 ZAEHERIZOWNT, 2.2 O 4)ITHE-> TR L 7R
JEDBIKIBAIEERICK T o8 — 7 miEL AR L7Z. ZO/RRIL Table 4 O LBV THY, T
DOHKN WCRS FOT VLA LTay, NaALTarsAF LA~ A7 |l 20T
A A Mzl 2~ MY v 7 2R NRBO NN, FOMTIE~Y MY v 7 2ARITREO L
N otz.

Table 4  Matrix effect study
Matrix effect” (%)

Pesticides
Rice straw WCRS Paddy rice

Azimsulfuron 62.4 68.9 89.1
Bensulfuron-methyl 109 107 102

Cyclosulfamuron 105 105 96.1
Ethoxysulfuron 91.7 93.3 94.1
Flucetosulfuron 82.7 87.7 96.8
Halosulfuron-methyl 51.3 49.7 85.2
Imazosulfuron 49.1 58.2 87.4

n=3
a) Ratio of peak area of pesticides in the presence of matrix to that in the absence
of matrix. The concentration in matrix standard solution was 10 ng/mL (spiked

at 0.1 mg/kg as air-dry basis).

3.4 WINENTEER
SIZEVESMENGGRERZ LM L. TORIT Table 5 L0, XA L7820 AFNIZO0N

TUX, FEHEILEIL 88.4~102 %, Z Dl UG FEIIAE S EEME(R 2 (RSDy) & LT 5.3 %LA F DR
MG O, SR IEYERIR 3 O Y MEMERIET A RT4 Y (LLT T34 VEMRIET A N7
A2 LWL ) ICED BN B (B 70 %L E 120 %LA T, REEE 0 22 %L T (Fshnig s
0.01 mg/kg) Xi%20%LLF ([ 0.2mgkg) ) Zii-+TEBEFRERTH -7,

FERIS, TP AA T a Al onTE, BRI 65.1~84.7 %, RSD X 14 %L, v 71
AT 7 ABAZOWTIE, EHEILHET 88.8~105 %, RSDIE 7.1 %LLF, = hFvALr7my
WZOWTIE, EHEIETT 84.9~91.2 %, RSD: X 8.8 %L T, 7/t hALT B NI 20T,
SEHS AL 1L 78.4~87.4 %, RSD:IE 18 %LL T, /N AL 7oy AF o0 T, EHEIN R
60.9~87.9%, RSD I 15%LLTF, A4~V AL 7050 TIE, FEHEIERT 62.5~74.5 %, RSD;
T 4% UTTHY, YurLT7huy, TEXRVALTRKOT R FALT 0 3%
UPEMERIETA RIA VICED b BIEEELZ M2 T RIFRERTHo72. LrL, 7YVARL
TRy, NBALTOAUAFLRRA, 7Y AT a Al HONTIE, fib b KT WCRS TIRELEE
O B &2 72 L TR o 7z,

7B, BN SRM 7 a~ 7T AO—f% Fig. 4 lIZR LT,
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Table 5 Recoveries for pesticides
Spiked level Azimsulfuron Bensulfuron-methyl Cyclosulfamuron Ethoxysulfuron
Feed types (mg/kg as fed Recoveryb) RSD,” Recoveryb) RSD,? Recoveryb) RSD,” Recoveryb) RSD,”
basis)” (%) (%) (%) (%) (%) (%) (%) (%)
. 0.01 75.2 9.8 96.2 2.6 99.2 1.4 88.7 4.1
Rice straw
0.2 66.4 14 97.9 2.0 100 3.0 88.9 2.9
0.004 65.1 14 838.4 2.2 95.4 3.8 84.9 4.0
WCRS
0.09 73.0 10 102 2.4 105 1.2 89.2 5.5
. 0.01 77.4 2.0 91.9 53 88.8 7.1 85.3 8.8
Paddy rice
0.2 84.7 4.0 95.9 1.4 99.5 1.4 91.2 3.9
Spiked level Flucetosulfuron Halosulfuron-methyl Imazosulfuron
Feed types (mg/kg as fed Recoveryb) RSDTC) Recoveryb) RSDrc) Recoveryb) RSDrc)
basis)” (%) (%) (%) (%) (%) (%)
. 0.01 82.5 9.7 66.0 15 64.1 12
Rice straw
0.2 80.8 6.8 60.9 11 62.5 7.0
0.004 78.4 12 61.1 11 63.1 14
WCRS
0.09 82.4 15 65.5 15 67.6 9.6
. 0.01 87.4 18 77.2 4.2 71.8 7.2
Paddy rice
0.2 85.1 6.9 87.9 11 74.5 9.0

a) The pesticides were spiked to air-dried WCRS samples one night prior to extraction.

were 0.01 and 0.2 mg/kg as air-dry basis for each pesticide.

The spiked levels

The levels of pesticides as fed basis were

calculated with following equation on the assumption that the moisture content of WCRS samples was

60 % as fed basis and 10 % as air-dry basis.

The levels of pesticides as fed basis (moisture 60 %)

= the levels of pesticides as air-dry basis (moisture 10 %) / 2.25

b) Mean (n = 5)

c¢) Relative standard deviation of repeatability
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Fig. 4  Typical SRM chromatograms of pesticides in standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the peaks of 1: azimsulfuron,
2: imazosulfuron, 3: flucetosulfuron, 4: halosulfuron-methyl, 5: ethoxysulfuron, 6: bensulfuron-methyl and
7: cyclosulfamuron. The baselines are shifted for display.)
A: Standard solution (20 ng/mL: 0.08 ng as each pesticide)
B: Sample solution of rice straw (spiked at 0.2 mg/kg of each pesticide (as 20 ng/mL in sample solution))
C: Sample solution of WCRS (spiked at 0.09 mg/kg fed basis of each pesticide (as 20 ng/mL in sample
solution))

D: Sample solution of paddy rice (spiked at 0.2 mg/kg of each pesticide (as 20 ng/mL in sample solution))

3.5 EETREOHH TR

R AT A ATV ORERDERIEZE R LT, % 0.5~100 ng/mL O Rl & 72 2%
B (GUEHH T 0.01 mg/kg AHY B (R4 aBHE IR 1 ng/mL A &) ) OWANEIGEER O R
Table 5 DBV B THY, HONIZE—T D SN N 10 LETH-=720, XA Lv7nm v
AFIVOER FROPEEITHE T T0.0lmgkg & Lz, ZTOREE, X270 r 2T LR
D6 MY WCRS F1 O UL O R iz h i EE (24240 0.1 T 0.1125 mg/kg) IZXFLTE
ALEIL 110 oY 4/45 TH Y, ZUMEMRBIET A R4 ITED vl BEEE GEHEfEIZX L T
1/5 UUTF) 7L TWr., £, RUZALT7a U AFLOBRE TRAHKERT A0, WINEIY
REBICEVEONTE—2 0 SN W 3 ERDZBEEZRD. ZORE, HRH TFRIZEE T
0.003 mg/kg TH Y, [FRICZYWEMBIETA RT7A4 ZED S BAZRME (E¥EMIZx LT
1/10 LL'F) %7z LTz,

BRI, WINENGRBOERNBIF CHo7zv /v ANVT 7y auYy, T hFvALTaY KR
TN RALTRIZONTY, SONIEE—7DOSNENI0LLETH-T2728, E&TFRORE
FEIXREHH T 0.01 mgkg & L7z, F7z, IRMEGRBRICE VGO =27 D SNER3 LD
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WREZRDIZE ZA, Bl FRIZHEH T 0.003 mg/kg Th o7z,

3.6 WRKIZBITD~ MY v 7 AR OHER
331I2BWVWT, MMOOLKLDWCRS FOT7 Y AhA LTy, NaAL7ars AF LA <Y
N7 ANZDNT, FIERICA A A ZIHT 2~ MY v 7 ZRBRRBO LN, £ T, K&
AR ZH/INT D LICEV~ MY v 7 29RO ERGFT LTz, 24 © DD )T L Vi
L7 & KON WCRS O 7 7 v 7 SBHAIKIZ, &3 L LT 0.1 mg/kg Y& (FE AR
T 10 ng/mL FHYE) ZIRML7E~ MY v 7 ZEHERIT RZF~ N Y v 7 AEHERE T & F=
FUL—7K (1+1) T2, 5, 7KO10 FICAR LRI OWT, [RIRE O BIRIR A R I3
A — 7 AR L., ZOMEIEX Table 6 DBV, 7VLA LTy, N ATy
AFNVEOA S AN T ATHDNWT, FRTHZETY MY v 7 ZAFIT K DA A bl o
BEARBO SN, 5 FUEOFHRET D2 LT, BREAEERICHT I E— 7 mELN
80~120 %LIN L 720, v~ MY v 7 RCRDREREELZITHZ LR EENARETH 2.

Table 6  Matrix effect study by diluted sample soluton
Matrix effect” (%)

Pesticides Rice straw WCRS

x1” x2” x5Y x7” x10" x1” x2” x5 x7” %10
Azimsulfuron 74.8 87.8 94.4 102 99.1 66.6 64.1 95.4 101 101
Bensulfuron-methyl 96.9 100 96.7 93.2 91.0 9.7 922 100 103 91.8
Cyclosulfamuron 96.4 101 96.8 102 92.3 96.1 98.0 97.5 104 94.7
Ethoxysulfuron 87.7 99.3 92.7 103 82.3 89.8 84.9 94.3 102 86.6
Flucetosulfuron 79.5 90.5 100 107 88.0 78.1 74.0 98.0 104 86.0
Halosulfuron-methyl 70.2 82.6 92.4 102 105 63.8 59.6 82.9 104 111
Imazosulfuron 67.7  83.1 91.9 98.1 86.6 65.5 670 89.7 104 81.0

a) Ratio of peak area of pesticides in the presence of matrix to that in the absence of matrix. The
concentration in matrix standard solution was 10 ng/mL (spiked at 0.1 mg/kg as air-dry basis).

b) n =3 (no dilution)

c) n =1 (2 times dilution)

d) n =3 (5 times dilution)

e) n =2 (7 times dilution)

f) n=1 (10 times dilution)

4 FE&®H

fAEHARICER T 5 X AL T8 AF IO T, LC-MS/MS % V7= & &5 O il i Y
ANDORE DO HIZHOWTHRFILTIZE 2 A, UTORENELNT-. /7, TVLALTBR Y, [~
2 Tuy, ThFVANLTRY, YT ANT Ay, NBALTarAFILERT LR
ANT B ANZDNT, RALTa Yy AF N EDRIKREREE LTOEMHAZMTL TRFILIE & Z
5, UTORERPGELNT.
1) BREMRIIZNZI 0.5~100 ng/mL fHY & (FEARE LT 0.002~0.4 ng FHY4 &) O FLPH CE %

s L.

P, UHMEROBERMEIT, £52K%E 0.005~1 mgkg &HT 500 HREZ AEICHEVHR
B 72 e BRI P O IR EERIPHICH S 97 5.
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2) REZE-THEONTZa~ N T A2, EEEZHLTA2E—27FRBO oo,

3) RELHEWE LSRRI OWT Y b v 7 2R EZHER LIZRER, XvALTar AF
MZOWTIE~ MY v 7 AR D SN2 o720, Fib L& WCRS HOT P AA LT 1
YV, AT AT KON AL T B AT EY MY v 7 AT XD RERRD L.

4) FEo S K OBKICAEIE L LT 0.01 2T 0.2 mg/kg FAY4 &, WCRS IZ& KL L CIRMHaR L
T 0.004 }2Tr0.09 mg/kg FHY EA MM L, ARIEIZHE S T 5 BTN &2 FEhi L, B K& OHE
LEBELZRDIELEZA, RUAL T AFUTONTITRZYMEHRBIETA RIA4 VITED B
TeHEROOHMTREO AR 2w 3 R RERPGONT. o, = bR 217wy, V7
DANLT 7L kO T7E hALT O A ONW TGS U MERIETA T A o BHEME T
[P QAY .

5) RIEORUA LT oy AFIVOERE FIRIZ0.01 mgkg, & FIRIZ0.003mg/kg THH-7=. HIE
L7c & TRE O TIRIE, ZUMEMERIET A RIA4 VICED b BEMEZN 72 L T\
FFEIC, = hFv ATy, YIuaALTZysars kO 7)0 hZ2v7arOEE FIRIZ0.01
mg/kg, R FIRIX 0.003 mg/kg Th - 7-.

6) RKEIZEBWT M v 7 RCEDEERROONTMOOEOPWCRS FOT VAR LT R,
A=V ANTaRONTRALT B AFZONT, EEREHATR 2 W Ca R L CllE Lz
LA, SHEUEICART 2L T, v ) w7 2 RICEDEELZ T TITHEN TR TH -
7.
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Development of Simultaneous Determination Method of Benfuracarb and Carbosulfan
in Rice Straw by LC-MS/MS

ARAYA Hisanori"!, KONDO Masaru™?, FUNAMIZU Etusko™?, ARAKI Ai"? and AOYAMA Koji"™*

#*4

(*! Sapporo Regional Center, Food and Agricultural Materials Inspection Center (FAMIC) (Now Fertilizer

and Feed Inspection Department, FAMIC),
*2 Sapporo Regional Center, FAMIC,
*3 Sapporo Regional Center, FAMIC (Now Food Labeling Monitoring Department),
*4 Fertilizer and Feed Inspection Department, FAMIC)

We have developed a simultaneous quantitative determination method of the concentration of
benfuracarb and carbosulfan in rice straw using a liquid-chromatograph electrospray-ionization
tandem mass spectrometer (LC-ESI-MS/MS).

Having added silver nitrate solution and phosphate buffer (pH 8.0) to a sample, benfuracarb and
carbosulfan were extracted with acetone, and the extracted solution was filtered. The filtrate was
then diluted with acetone. The diluted solution was purified with a solid phase extraction (SPE)
column I (Bond Elut Jr C18, Agilent Technologies Inc.; Santa Clara, CA, USA), and injected into
an LC-MS/MS to determine the concentration of benfuracarb and carbosulfan. LC separation was
then carried out on a ODS column (Mightysil RP-18GP, 2.0 mm i.d. X 150 mm, 5 pum, Kanto
Chemical Inc.; Tokyo, Japan) with a gradient of 2 mmol/L ammonium acetate solution and
acetonitrile as a mobile phase. In the MS/MS analysis, the positive mode electrospray ionization
(ESI+) was used.

An elution pattern study of benfracarb and carbosulfan from the SPE column I was conducted. A
sample solution prepared by adding pesticides to acetone was applied to the SPE column I and eluted
with acetonitrile, acetone, and hexane. As a result, benfracarb was not sufficiently eluted.

Elution pattern and matrix effect studies of the pesticides were then conducted using the SPE column
IT (InertSep PLS-2, GL Sciences Inc.; Tokyo, Japan) instead of the SPE column I. A sample
solution prepared by adding the pesticides to a rice straw extract was applied to the SPE column II
and eluted with hexane. As a result, it was confirmed that the pesticides was sufficiently eluted
with hexane and the eluate with hexane effectively determined the pesticides without being affected
by matrix.

In addition, an elution pattern study of the pesticides from the SPE column IIT (ENVI-Carb/LC-NH2,
Sigma-Aldrich Co. LLC.; St. Louis, MO, USA) was conducted for adding a procedure of purification.
A sample solution prepared by adding the pesticides to hexane was applied to the SPE column III,
and eluted with different kinds of organic solvents. As a result, it was confirmed that the pesticides

MNZATBUE NBRWOKEEE Z 2Bt o 7 —fiit o 2 —, Bl RS2 A
MSTATBOENRMOKPETE R 2t v 7 —fLigt v 2 —
MSZATBUE N BNKEN R Z2EM T & — it v % —, Bl KRB
MSLATBOENRMOKPETH L 22 i 2 o 2 — IEERDER 2 i A
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were sufficiently eluted with hexane-ethyl acetate (7:3).

Key words: benfuracarb; carbosulfan; liquid-chromatograph tandem mass spectrometer (LC-
MS/MS); electrospray ionization (ESI); rice straw

X —TU— R RUTITHINVT  AAVRANT 7 RIEK7a~ NI 7405 AEES
Wrat, v bu 27— A4 1bik; b b

1 # B

R 7T ANTIEREAT, HAVRALT 7 0% FMC CKE) ICXVBRBESHIZH— A — |
%aﬁﬁf%@,mE®@%an FETHTEF L) o AT T—BOIEEERETH L

TRV EREEEZTRTEZELZ LN TWS D BETIE, X770 701F 1986 F1Z, HLR R
w77/m1%3ﬁumﬁaﬁﬁﬁén1wé.wwﬁxw77ymowfi fial ek o> 7 PR AL Y
fE2E LT, fid 5 T0.7 mgke, FAEAEE (LN TWCRS) & 5. ) T1 mgkg BEXE I
TWBD, SFENFR T HENE DICE S TVWARY. 2, R T7 T H 7o Tk
DIBEEIIHREINTWRNEDD, X7 T HNNT ROAIVERANT 7o OILENRE - YT
BDHINVRT T XIE 3-0H ANVART 7 URE SnGs, TOBULEM AR T L7120, X
TITHANT ETINVRANT 7 AXFRIRFIZOT CTELZENEEFLVWEEZLND.

Z 2T, MENENBARESL ST ' > &2 — D3R 21 A28 S OVFAR 23 AR BRI TR OfF EWE %
SOHTERFREEFEEE] BV TR LzaiiE 99 (BLF [JIFRL #] &wo. ) &5, kA
fa (Ffai> o, WCRS) X% EdT 5T HNTRODARAINLT 7 o OiRK 7~ N7 57 %
T LRV ESHTEE (LT TLC-MS/MSJ & W95, ) 1T K 2 [RIREE ik O il K453 47 25 1~ O I D
A SEERFILIZOT, ZoMELRETD.

BEIIRVTITHNLT ROBIVR AN T 7 o OB % Fig. 1 1R LT-.
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O (|3H3 (EH(CH3)2
OC—N g ~NCH,CH,CO,CH,CHs
O CH,

CHj

Benfuracarb
ethyl N-[2,3-dihydro-2,2-dimethylbenzofuran-7-
yloxycarbonyl(methyl)-aminothio]-N-isopropyl-B-alaninate
C20H30N205S  MW: 410.5 CAS No.: 82560-54-1

CH3 N /S\
N~ “N[(CH,);CH,],

oéko
20O, CH,
I

Carbosulfan
2,3-dihydro-2,2-dimethylbenzofuran-7-
yl(dibutylaminothio)methylcarbamate
C20H32N203S  MW: 380.5 CAS No.: 565285-14-8
Fig. 1 Chemical structures of benfuracarb and carbosulfan

2 EEBRAE
2.1 & OB
FOOIZABX Imm DR Y Y — 2335 Ui T L.
22 @ O#K

) 7Ebhy, BT RONF Y TFRE RS - PCB B 2 Wz, 7k b= KU i3k
W - PCB ] (LC-MS/MS DR DA LC-MS H (B{b5H) ) Z M7z, 1 mol/L
FEfE 7 =0 AT EEIRE 7 v~ b7 2 7 (BB R) 2RV, EEEER, U @
KFZEZFT PV TAROY U KFH VU LFTRERZLE H vz, Kl Milli-Q Advantage

(Merck Millipore ) (2 X 0 FH U=k (JIS KO211 @ 5218 [ZEF I =@ itiA) ZHwn
7.
2) 1/15mol/L U > [#% % (pH 8.0)
1/15mol/L U U EE/KFE —F N U o AFEIRIZ 1/15mol/L U g —/KFEH U v LK = Nz T pH
8.0 [IZFHEE L 7=,
3) Ry T T HNVT IR
N7 I ANTERER (L7 AV LREMEER, #E 99.6 %) 25 mg # EMIZE > T 50
mL OEET7 T AIZAN, T M ZMAXTHENML, FICERE CRIBEHEAZ N TR 77
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INTEEFEREEZRAL L (ZOW IlmLik, X757 HL7LLT05mg2ahH) .
4) ANVRANT 7 NERERR

ANKRANT 7 AERES (B L7 A4V LFEHMEER, #ME 99.8 %) 25 mg & EMEIZE > T
50 mL ODRFET T AZAN, TN ZMATHENL, BIERE CRREEZMZ TH AR
ANT 7 REMERE AR L (ZOW 1ImLi%, PLVRALT 7L T05mg2ahH) .

5) IRAIEMER

FREWEFIK 1 mL % 50 mL OR&ET7 7 A2 AN THREE L, BIERETTE M 22T
BAEEEFRZRU L7 (ZOW 1 mLi%, RTITHAVTROEILVRA LT 7 LTH 10
ng EAH) .

EAICE LT, RAEEREO —TC®&%, 7 F= MV L TERICHRL, 1 mL il
TIHNTROBILRANLT 7oL LT 005 0.1, 025, 0.5, 075, 1, 2, 3, 4 KX 5ng %
GHETOHIREEER LT,

23 WELUOHE

1) #Het% : SM 100 Retsch 8 (HBHE 1mm 227 U —, [Al#Es5 ((EEE) 1430 rpm)

2) WOEREHE : Ly 7oy =—h—SR2W Z AT v 78 (AR L 9% 300 rpm)

3y AV ETINTINMET U B FAI=hT A (LLF [2=8F 4 1) £vwW9. ) :Bond Elut
JrC18 (500 mg)  Agilent Technologies

4) AFLUVEARVEBUVRBESERI =T LA (LT IX=A745 1) 0. )
InertSep PLS-2 (270 mg) ¥ — = /LA = il

5Y U777 ANI—R/STI 7NN YN Y A SAEEI =T A (LLF T2 =0

Z L1 V9. ) : ENVI-Carb/LC-NH2 (500 mg/500 mg)  Sigma-Aldrich #

6) A7 77 4% — :DISMIC-13HP (fL#% 0.45 um, E 13mm, FAKM PTFE)  HVEIR
i
7) LC-MS/MS :
LC B : ACQUITY UPLC System Waters H
MS #F : Quattro Premier XE  Waters
24 E&EJIE (JFRLIE)
D #

INTEREL 10.0 g 8-> T 300 mL O =/ 7 7 222 A, 0.1 mol/L i§ERERIATE 2 mL &
O 1/15mol/L U > BR#EMTR 30 mL Z 1 2, 30 rfMEkEs%, BT & b 120mL 2%, 3045
MRV IBECHE L. 200 mL O2E 7 7 Aa%27 7 —HI O FICEE, Mz A (5
EB) CTWSIABLIE, O =AT7T7AaROEIZIERT £~ 40mL THE L, [FERIC
WAL, EHICEETTAAOERETT N 2. ZOWKE, BT L0ABRIZH
TOMBHAK & LTz,

2) H T AP

R=HTATIETERN=FUASmL KUK S mL THEF L. REHRR 2 mL2H 50U
K20 mL 2 AN RECEREICMZIBIL, =0T A TIZAN, KENFETAAIO LG E
T 5 FETHMH (IED 1~2 mL/min FREIC2 5 K5 %5 Lz, DLFREEE. ) S, 3 BHAIK
DANS>TWEREHEZTE M=V /b—/K (243) 10mL THE L, BEEREZI =V T 2112,
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EAZRHIEL. I0mLOE®ET7 7 A 252 I=AT7 21O FICESE, 7BEr=FJ/L 10 mL
I TATIEMATRUY T TANT RODIVEANLNT 7V BRH ST %I A T T 7
4 IVH—TAHE L, LC-MS/MS IZ L D HIEICHET 2REHARE LTz

3) LC-MS/MS (Z X % lE
AREHAIR K O IR B HER 45 2 uL 2 LC-MS/MS ([ZVEA L, BIREJSHE (LLF TSRMJ &
Wo. ) ru~ NI ARG, WESRMZ Table 1 X2 IZR LTz,

Table 1  Operation conditions of LC-MS/MS

Column Mightysil RP-18GP (2 mm i.d. x 150 mm, 5 um), Kanto Chemical
Mobile phase 2 mmol/L ammonium acetate — acetonitrile (1:1) — 3 min
— (1:19) (hold for 15 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive

Source temperature 120 °C

Desolvation gas N> (800 L/h,400 °C )

Cone gas Nz (50 L/h)

Capillary voltage 2.5kV

Collision gas Ar (0.25 mL/min)

Table 2 MS/MS parameters

Precursor Product ion Cone Collision
Target ion Quantifier Qualifier volltage energy
(m/z) (m/z) (m/z) V) (eV)
195 - 46 31
Benfuracarb 411
- 190 46 17
118 - 21 27
Carbosulfan 381
- 160 21 21

4 i
HBoHN7Z SRM 7 ua~ h 7 706 E—7HBEONES I ZRO THRERZEKL, e O
RUTIGHNTBROHVRANLNT 7 o EEEH L.
R, EEEOME % Scheme 1 127 L7-.
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Sample 10.0 g (300 mL amber Erlenmeyer flask)
——added 2 mL of 0.1 mol/L silver nitrate and 30 mL of 1/15 mol/L Phosphate buffer (pH 8.0)
—allowed to stand for 30 min
——added 120 mL of acetone
—shook for 30 min
— filtrated through (No. 5B of JIS P3801) GFP under reduced pressure (reciever: 200 mL volumetric flask)
—— washed with 40 mL of acetone
— filled up with acetone
2 mL of sample solution (50 mL test tube)
l—added 20 mL of water
Bond Elut Jr C18 (500 mg)
——washed with 5 mL of acetonitrile and 5 mL of water
— applied sample solution
——washed with 10 mL of acetonitrile-water (2:3)
eluted with 10 mL of acetonitrile
— filtrated through hydrophilic PTFE membrene filter (0.45 um)

LC-MS/MS

Scheme 1 Analytical procedure for benfuracarb and carbosulfan (developed by JFRL)

25 2=#7 A1 (BondElut Jr C18) 75 OIRH 4y DR
RUTTHANT ORIV RANVNT 70 LTENEN 00T mgkg FEYEE DX OWIMLTET
Ehr2mL%, HH00CHK20 mL 2 ANTCEFRITMAIRTIL, BT NP 5 1R 4K %
PR LU7Z, LI, B22520y FOI=FTATICONT, UTFOERBYEHE Y OMR %2 £
L7z,
) ~F¥Hrs5mL, 7#ho5mL, 7Eh=FU L 5mL KUK SmLDJEIZI =H T A1 %%
ik, EERAINZ, WREDSFETARO FIHIET 2 ETHRE IS, To2EAHERLZ
2) HO%, FBEEEROAS> TR EETE M=V /L—K (2+3) 10mL THFL, WHkKE I =
AT ATICMARHEE, To2EEZHEILLTE
3) 2y0tk, TEF=NINLEI=HTALTIZMZ, 0~5mL, 5~10mL, 10~15mL, 15~20 mL ®
B oy A BRI L T2
4) HTTEIF=PIUAVEMATE, BIZT7EFS5mL, ~F P4 5mL ZIHKI =T LTI
%, 20~25 mL K& OY 25~30 mL O¥F HE 5y & $REL L 7=
D, XN HITHONWTIE, BEEZT ' b=V VICE#RE, L )ICOVTUIEDOEE 24 O
MWL HITE->TERE L.
26 =% 7 L1 (InertSep PLS-2) 75 DI H 43 O Hfe 72
RTITANTRKORANKRANLNT 700 LTENEN0.0Tmgkg FHY EE D L HWRM LT
thr2ml %, HH00C0HK20 mL Z ANTEERITMAIRTIL, BT ZABIZ S 5 1R 4K %
L2, S=H T2 E~FH o 5mL, 7 5mL, 7 b=F U/ 5mL UK 5mL @
NEWZ Vi te, BRMERZ I =07 LA, WEAFLRTAHRO BIRIZET 5 ETRIBSERZ. £
D%, BEERDAN> TWIRKERETZ h=RFUL—K (243) THHEL, HKEZI=H T LI
Mz, WEDSFEAO EEICET 5 E CRHESE 10mL 28I LESKE L. T0%, 7 b
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=hrU—kK 3+2) , T h=btVUL—K (743) , 7T h=hVU L=k (4+1) , TE F=F
Jav—K (9+1) , 78 br=brVUN, TEF A KRONFHDIAIZAE 10 mL ZNEXR I =07 5 10
Nz, JHEZE 10mL Z S ICBRBLEE & Lz, SEBRLIZEE OB E 7% = kUL
B, 24 DKV D> TERE L.

2.7 X=#7 A1 (InertSep PLS-2) M D DM 4y OREFE (Fid b EHATR)

MHOOZHANT 240 DICXVHIHL, 2RV T7TINTRRINVRANLT 78 LTE
ILZAL 0.7 mg/kg fHY & (RERBHART CENEI 1.4 ng/mL #HY &) 2RI L 72K 0.2
mL %, H520U® 1/15 mol/L U »EEFEMIE 20 mL 2 ANT-REITMZIBFI L, BT LAHEIZH
TOHRENAR AR L., S=AF7 20 %E~FH > 5mL, 7 h=rU /L 5mL LT 1/15 mol/L
U U ERARMETE 5 mL ONEIC e, REHRIREZ X =5 7 LA ILIC AR, WiE 2 FE TAF O b E
THETHHSEZ., 51T =RV b—K (243) 10 mL ZFEHEIR DO A > TV FERIT
M THEHEL, iKEI =N T LM TEEZRSE. Z0%, ~FH L E2I=07 41
2z, 0~5 mL, 5~10 mL, 10~15 mL, 15~20 mL O HE 7 280 U7-. $REL 72 i 5K O %
A2 7% b= FULICERRE, 24 D)XV TERELT.

—J7, BEZEML 2 WHIERICOWTH REARICAE L, BELEESRICS 7 70T K
CANKRANVT 7o LTENEN 0.7 mgkg Y& (RE&REBHAKRT TZEN LI 1.4 ng/mL HH
i) 2Nz, WHEEZ T M= M) VIZERE, 24 O )R HIZES>TERL, v I w7 X
R AR L7z,

2.8 =47 A1 (ENVI-Carb/LC-NH2) 7> 5 O HH 43 O e 78

RUTITHANTRHRINVRANT 72 LTENEI 45 ng TV AU L 7R 10
mL ZFHf L7, S =0T L1 ZFB=F /L 10 mL L O~F 52 10 mL THRHE%, =17 A
I ISEUBHEIE, ~F o —EEg—F v (9+1) , ~FH o —Fg—F v (7+43) , ~FH o —[FF
s (1+1) , ~FHV o —FEg— T (3+7) , ~FH o —EFg=F L (149) , Fig=F /L
DIEICA 10 mL 2%, WHES 2R U2, SR LZESHOBEL2 7 b= b U LICER
%, 24D HKV D> TERE L.

3 BRRUBER
3.1 R

22 D SHIZT X VIR L - BIRAEENERR S 2 pL & LC-MS/MS I[ZIEAL, & 5H47- SRM 7 n<
N7 T AL E— 7 HEROE S &2 AW CTRRERZER L 7.

B o mERO —F1T Fig. 2-1 KW Fig. 222 DL EBD THY, £ 0.05~5 ng/mL (FEAREE L
T 0.0001~0.01 ng #HY &) OFiIPH CEMMEZ R L.

2B, YEMRERORE®RMPHIL, JFRLIEEL TR T IOV TROIIVEANLT 7 0 hk 4%
0.005~0.5 mg/kg & A4 2 AT FFEL &2 AR ICRE WV R U 72 e i RRUBHAIG P 00 45 i SR 2 46 D L 4
B 5.
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Fig. 2-1  Calibration curves of benfuracarb by peak area (left) and peak height (right)
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Fig. 2-2  Calibration curves of carbosulfan by peak area (left) and peak height (right)

32 =77 2.1 (Bond Elut Jr C18) 75 DY H 43 DR
JFRL I XV fao b 2 MW iRMEIGRRE O THiE 21T o728 24, WTivh RIFRAS
BEREonNhotz., TZIT, S=2HTL510D 210y MTOWT, 2.5 IZHEWVIAEHE Y % 8 L
7o, ZTOREREIZI Table3 D EBY THY, WTHOEIED JFRLIEOEHBETCHHLTE M=KD
LTIETSICERERTELT, TR 7 I DT EAFH U THFRIBEHR SRV &2
B L7z
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Table 3  Elution patterns of benfuracarb and carbosulfan from Bond Elut Jr C18
(standard solution)

Recovery (%)
Pesticides Serial/Lot No. Acetone-water - Acetonitrile- Acetonitrile Acetone  Hexane
(2:20) water (2:3) Total
about 20 mL 10 mL 0~5mL  5~10mL 10~15mL 15~20 mL 20~25 mL 25~30 mL
6577167-02 2 0 39 1 1 3 1 3 50
Benfuracarb
6593655-01 0 1 45 1 4 2 2 4 59
6577167-02 4 1 38 3 3 6 4 19 77
Carbosulfan
6593655-01 0 2 39 6 3 5 7 32 93
n=1
33 =% 7 A1 (InertSep PLS-2) 75 DA HH 43 D fife 72

//)

¢ﬁ7Alqu/77ww7w@mém&m EVHIB L7272, JFRL {ERFIRFICI =
NT7LTEDORBOENBED NPTt RESNTNDLEII=A T A MIZONT, 2.6 IZHEW
W 2 MR Lz, TOREIET Table 4 DBV Thoto., I=F7 AN ITEMBEDO D Z LT
bV, WHEEOWMEPES R 51E EAREITHEEINLT <D, Tabled LV, 7 F=F

Vb= (243) THEHABENBREHINT, ~FH U TlREITXTHEHEEINT-Z D, £FEHK
ZAME, TER=FUL—K (243) THEHEL, ~FV L VEHTLIZENREY B XD
ni-.

WIZ, 2.7 IRV, Fib b OREHEIR Z AV, & RIEO X o OFEHE 5y & O 1 4 @ﬁﬂ
<~ U w7 ACKDMEE~DEELEMHB L. 0B, ~ ) v 7 2AOFBE LRI TDHED
ﬂmmioszkLt.it,ﬁﬂ@w%ﬂrwﬁbtﬁn,Eﬁ&ﬁ%ﬂ%%h@ﬂot:
Linh, ARBHEIL 1/15 mol/L V U FRREEIR CAi$ o 2 L & Lz, TORIRIT Table 5 D & &
D, FRIEI~FH20mL THEH I, WTHOBEGHREE~ M) v 7 A2 KD KREREES
ZTHZERHERRETH > 72,

Table 4  Elution patterns of benfuracarb and carbosulfan from InertSep PLS-2 (standard solution)

Recovery (%)

L. Acetone-water Acetonitrile-water L
Pesticides Acetonitrile Acetone Hexane

(2:20) (2:3) (3:2) (7:3) 4:1) 9:1) Total
about 20 mL 10mL 10mL 10mL 10mL 10mL 10 mL 10 mL 10 mL

Benfuracarb 0 0 5 77 3 1 0 0 0 87

Carbosulfan 0 0 0 4 71 6 0 3 22 105

n=1
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Elution patterns and matrix effects of benfuracarb and carbosulfan from InertSep PLS-2

Table 5
(matrix: rice straw)
Recovery (%)
Pesticides Hexane
Total
0~5mL 5~10mL 10~15mL 15~20 mL
. Benfuracarb 87 12 4 1 103
Elution pattern
Carbosulfan 89 17 12 11 129
) Benfuracarb 88 90 89 85 -
Matrix effect
Carbosulfan 116 117 115 115 -
n=3

R =47 A1 (ENVI-Carb/LC-NH2) 75 O H T 53 O iR
R=ATLUNEANFY U THBEEZERT 256, BEBA+STHLZ BB
D, MORET T LOBEMEZRGF Lz, BAEREEEMSREMZ MR EMRRE 9 (LT @
HE] EWol ) BB, I=AT7 LM »DORMEGZ, 28 216> THER L. ZORE
X Table6 D LBV, FRIEO~FH U EREZAML, ~FH 2 —FEE= T L (7+3) THEHT D
ZEIZEY 70 % EOBEENREINTEX 22 0D, AFEOEEMK THLEII =T LT NHD
ANFYUIEHIKICOWTSE I = AT A I THRENIRETH D Z LAVRIBR S L.

34

Elution patterns of benfuracarb and carbosulfan from ENVI-Carb/LC-NH2

Table 6
(standard solution)
Recovery (%)
Pesticides Hexane Hexane-ethyl acetate Ethyl
(9:1) (7:3) (1:1) (3:7) (1:9) acetate Total
10 mL I0mL 10mL 10mL 10mL 10mL 10 mL
Benfuracarb 0 69 4 1 1 1 1 76
Carbosulfan 0 97 2 1 0 1 0 101
n=1
4 FEDH
fARHARBICERE T2 7 TNV T H A VR AT 7 20T, LC-MS/MS % f\ 7= [F I E

&% (JFRL 1E) OB o EES~DINE DO v HIZHOWTHRF L7 L 2 5H, UUTOMENT L.

1) HEMITZENZFIIFRL 5 L T4 0.05~5 ng/mL FH4&8 (FEAEE L T4 0.0001~0.01 ng FH4
&) O CTERMEZ R L.
7B, UEBREBROBEREIL, XTI INTRODNVRANLT 7 2% 0.005~0.5 mg/kg
AT DT A2 RIEICTHE VIR U 72 e i URHA I 0 & R SR EE R IR IS 37 5.
S=#F A4 1 (Bond Elut Jr C18) ® 1 v MEZEIZ L A EEL VA Y — v 2 ERT 570,
REHARAZBAET, 7T h=FU—K, TEF=FUJL, T FRONFY 2 CTRHES
AR LR, R LF20y FEBHIT, NUTITHALTOFSREHNED SRR - T

2)
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3) JFRLIEMRFIFICI =T AT L OBHOERRBO NPT bMEINTNWEI =T A1
(InertSep PLS-2) (Z2DW\W T, EHE S % MR L. T OME, FEEORBIZITA~FT 2N HE
BLEZLNT.

4) J=HTLNEHHL, fbbORENRK 0.2 mL 2V, BENEEIT 1/15 mol/L U > FefE i
WHTHNL, BEEOAXTY U OBEHESXROKE O~ b v 7 AR EHB LTz, £ORER
~F P20 mL THEEN FICEH S,

5) =AW T LANMICEDERYE, SDIZEMOI=FT7 AL ERFIT 5720, @MEkEzS
ZlZ, =472, 1 (ENVI-Carb/LC-NH2) 76 OEHE Sy Z R LT, ZORR, I=57 A
I NoDO~FH U EHEEAR L, ~Fr—Fg=TF /L (7+3) I[CXVEHT252 82k,
70 %LL EDORIENRENTE H Z &ENRB I T,

X [y

1) BREATRRERSES DERERSEENEZRS B8 78 B)  KEHEITIR D R UE
ELTREREDED 5 EEOREICHT 2R, SM24 11 A 17 B (2020).

2) BWKELSGEREBRM : fEOFEYEOREEEERL OVEHEEIZONT, 63 4 10 A
14 H, 63 3% B % 2050 5 (1988).

3) MEEANBARESOITE 2 — Rk 21 FEFE T OREMEESIERBEEFE  fE
T OREWEFEOHITIEDRFE (2009).

4) MENENBARR GOSN E 2 — Rk 23 FEEE T O EDEFSIIEFRREECFE e
HOREMEFEOSHTEDORFE (2011).

5) BEMKEBHEE - ZRREEM - FEOITEEDOHIEIZHO>WT, F 2044 A 1 H, 19 {H%
%5 14729 5 (2008).

6) EAEGHEERRELRREMLLEMZEE - ISR T 2B, SR ST E ) E &
DAY Th HWEORERE, R 1741 A 24 H, BZHRE 0124001 5 (2005).
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6 FAMEUVERSYAFAHNDTOME, HFIVL BERVKEOFERS
BISAREENWMEICL SR - ELRREFIITEDEFE

ORAT, TR KRR

Development of Rapid Simultaneous Determination Method of Arsenic, Cadmium, Lead and
Mercury in Feed and Pet Food by ICP-MS

HAYASHI Natsuki’ and MOTOKI Taro®
(" Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center (FAMIC))

We have developed a rapid simultaneous quantitative determination method of the concentration of
arsenic, cadmium, lead and mercury in feed and pet food using an inductively-coupled-plasma mass
spectrometer (ICP-MS).

Having added nitric acid, hydrogen peroxide and gold solution to samples, they were processed by
a microwave digestion system. Having further added rhodium and rhenium as internal standard to
the digested samples, arsenic, cadmium, lead and mercury were respectively quantified by ICP-MS.

Recovery tests were conducted on alfalfa hay and pet food which includes followings: semi-dry food
for dogs; formed jerky for dogs and cats; dried jerky for dogs (hard type); dried jerky for dogs (soft
type); confectionery for dogs; and milk powder for cats. The resulting mean recoveries ranged as
following: 91.3 % to 109 % for arsenic; 94.5 % to 109 % for cadmium; 85.4 % to 106 % for lead;
and 92.7 % to 104 % for mercury. The repeatability in the form of the relative standard deviations
(RSDy) was as following: less than 10 % for arsenic; less than 5.6 % for cadmium; less than 8.1 %
for lead; and less than 2.1 % for mercury.

The limit of detection (LOD) and limit of quantification (LOQ) of arsenic, cadmium, lead and
mercury in the present method were determined as 0.02 mg/kg and 0.04 mg/kg, respectively.

Key words: arsenic; cadmium; lead; mercury; inductively-coupled-plasma mass spectrometer (ICP-
MS); feed; pet food

F—U—R:@H; A NI VL8 KR BERET T A~EEONE ; SR s
Yy i £

1 % B

AR R O E B AR T O EESRS (HEE, 7 FI v A, SHLOKE) o0 T, ik
DA FEYE ORI R OVE PN DI QN Z BB A B O B RS 2B T 285 22BN T
Table 1 D LBV HKEHENREDHNLTWVD.

HERSBEOSIEE LTCL, RABOKE (MFBELOKEZRLS. ) D%, BRICKDEMET
vy, Rf,ﬁF‘WA&U@:OwTiﬁ¥&tﬁWﬁ:iDM , KERIZ oW TR TR ALK ER
BAIELEE I X0 JE, Eoigh AR O BRI O OWTIREE Y v~ N T T —FEES T T
A2 B REGHFHT XV RE T 2 FIENEE TN D (LI TFES T EREE) L), ) RO
i HEEHE O ATEY (LLF PFREE] &), ) IS Tnd. 2 b Oairiklx

" OMSEAT BOE N EAMOK EEIN B e Bl o 2 — R R e R A
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AALERIC IR 2 B2 L, ME b oudk Z & TERICAT 9 BN & 5 72 OIREMEIC R IT 5.

I, BRMBEAEEOSE TIX, ~vA 7 vl o fEE 2 Va0 ik, FEkae 77
R F'BOHFE (LLF TICP-MS)] W9, ) X2 FnERMOWNERLE TS, 22T,
YRk 30 4EFE I H S L, AEEHERBRE O K% OV AOAC Official Method 2015.017% J (24 & # 4 @ 4%
D ICP-MS IZ X 2Tk a T L, SRucEEICHMN O YL, Zooinkic— AR 2Mm, e
D—H (Bl EEE) R OEE)HEE O — (K7 A 8% 1S3 5 % 4o 4 F 0 L
7. AN 2 EFEICONES NE, SROTHEEICEM LRI ORISR W T, ARk O
HEN O ON T EEMICERNED b 2fb 22\ TRE S % FE0 L 72 MBI 2R 5 720
Sfc. F, BRELROEEMAER O (Vy—F—%) I T E5RYMERFI LA,
EZIEYHER O (Vy—F—%) TRUZERBIGLNRN-T.

T, DM2EEICH ERE, WML TR LN ERMEO ROV TN ZE & i L 72
F7, BIHEBWHEE O (Vv —F—%) 1ToOWT, ZUMHERTRIREENEG N>
T2 LI OWTORKEN A FENE L BT, BIRM, B, R ONCE & T REK O TR /K
FL, T, MBEIZHOWTER FIREOME FRAMRF L7ZDOT, TOMELRET S.

Table 1 Maximum levels of arsenic, cadmium, lead and mercury
Maximum levels (feed: mg/kg , pet food: pg/g)

Feed types - -
Arsenic Cadmium Lead Mercury
Formula feed 2 0.8 2 0.2
Grass hay (except for rice straw) 2 1 3 0.4
Rice straw 7 1 3 0.4
Fish meal 15 3 7 1
Meat and bone meal 7 3 7 1
Pet foods 2" 1 3 —

* Total inorganic arsenic (iAs) [iAs (IIT) + iAs (V)] (come into force on October 1st,
2021)

2 EBRAE
2.1 #Ok
VR (T V7 7 v 7 7 ) KOO OIZHEMAE 1l mm O 7 U — 2355 L2t 1 <
ML, Fab bl oW TIE, SHICHBE 025mm DAY Y — 2 &3 U0 2 THEL,
SATHRENE L, E#i AR O I R A8, MY vy —F%—, EMETEHEY v —F—
(N—=FKEZAT RO 7 NEAT) KOETIEITOE 3 TH%, ThZEBE 1 mm OfF
AEWLEbOESGHTAREE L, 20955, BEROEE TIIMMARERRLEY ¥ —F — K
OFEMTBREY v —F— (IN—FREATRORY 7 5ZAT) X, 1 Z&B%EHCTEW Lm0 b
L7z, MInZi32z0FEEorHEEE L THWE.
¥, MEHZ MW s Y TR 2 Table 2 IR LTz,
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Table 2

Ingredients list of pet foods used in the present study

Pet food types

Ingredients

Semi-dry food for dogs 1

Meats (chicken meal, Japanese black, native chicken, cartilage, etc.), white sugar, beans, wheat flour, defatted rice bran, bread
crumbs, sugars, oils and fats, fishes (dried small sardines, etc.), dairy products (cheese, etc.), noodles, dietary fibers, potatoes,
vegetables (carrot, broccoli, tomato, pumpkin, etc.), glucosamine (crab-derived), shark cartilage extract (chondroitin-containing),
thickening stabilizer (glycerin), minerals (calcium phosphate, calcium carbonate, potassium chloride, magnesium sulfate, sodium
chloride, ferrous sulfate, zinc carbonate, copper sulfate, manganese carbonate, calcium iodate), quality improving agent (propylene
glycol), preservative (potassium sorbate), vitamins (choline, V. C, V. E, nicotinic acid, pantothenic acid, V. A, V. Bg, V. B}, V. B,, V.
By, folic acid, V. D), amino acids (L-lysine hydrochloride), acidity regulator, food colors (titanium dioxide, tartrazine, allura red

AC, brilliant blue FCF), antioxidants (sodium erythorbate, tocopherol mixture, rosemary extract), flavor

Chicken, defatted soybean, corn stach, p-sorbitol, modified starch, glycerin, minerals (Ca, P, Zn, Na, Cu, I), sodium lactate, perilla

seasoning, egg yolk powder, sugar, flavor, salt, thickening stabilizer (guar gum), acidity regulator, preservatives (sorbic acid),

Semi-dry food for dogs 2
oil, antioxidant (extracted V. E), vitamins (V.A, V. E, V. D, calcium pantothenate, V. By, V. By), shark cartilage powder,
glucosamine, yeast
Horse meat, dried mashed potato, sorbitol, starch degradation product, starches, glycerin, casein sodium, ginseng, ganoderma
Formed jerky for dogs lucidum, royal jelly, chondroitin, glucosamine, oyster shell, adlay, antler, pit viper powder, fish bone, rosemary extracts,

preservative (potassium sorbate), sodium phosphate, antioxidants (V. C, V. E)

Formed jerky for dogs and cats

Meats (chicken, chicken breast tender), wheat flour, sugars, starch (wheat starch), beans, sorbitol, glycerin, minerals (Na),
acidulant, phosphate (Na), preservative (potassium sorbate), antioxidant (V. C), color former (sodium nitrite), food colors

(tartrazine, acid red), seasoning

Dried jerky for dogs (hard type)

Chicken breast tender, preservative (potassium sorbate), antioxidant (sodium sulfate), color former (sodium nitrite)

Dried jerky for dogs and cats
(hard type)

Anchovy, antioxidant (V. E)

Dried jerky for dogs (soft type)

Chicken breast tender, glycerine, preservative (potassium sorbate), antioxidant (sodium metabisulfite)

Confectionery for dogs

Wheat flour, egg, white sugar, vegetable oil, corn starch, skim milk, casein, brewery yeast, canola oil, oligosaccharide,

polysaccharide thickener, glucosamine, salt, minerals (Ca, etc.), vitamins (V. E, V. C, etc.)

Confectionery for dogs and cats

Potato, salmon, white fish, cellulose, tomato, fish digest, vegetable oil, animal fat, salt, L-carnitine, glucosamine, yucca extracts,
vitamins (V. A, V. D, V. E, V. By, V. Bg, pantothenic acid, niacin, folic acid, V. B,, V. K, biotin, choline, V. By,), minerals (Ca, Mn,

Cu, Zn, K, Fe, Se), antioxidants (tocopherol, citric acid, rosemary extracts)

Milk protein, animal fat, dried skim milk, vegetable oil, egg yolk powder, milk oligosaccharide, dried yeast, acidity regulator,

Milk powder for cats emulsifier, taurine, L-arginine, L-cystine, DHA, vitamins (V. A, V. D, V. E, V. B,, V. B,, pantothenic acid, niacin, V. B, folic acid,
carotene, biotin, V. By, V. C, choline), minerals (Ca, P, K, Na, Cl, Mg, Fe, Cu, Mn, Zn, 1, Se), nucleotide, flavor (milk cream)
22 #®O¥

1) R K OSE2IE Ultrapur-100 (B s LZH) 2 fuv7z.
{b8) ZHuwi-.

e kK 3 M O\EERZ 1T Ultrapur (B3R
L- AT A VERITFOCER (B L7 A4 L AFEHEER) 2 vz, 2.5 O

BT WT, R, MBAORERRIAESBRIEM (8L7 A4 v AFEMER) 2 v
7. JKiX Milli-Q Integral 5 (Merck Millipore ) (2 & 0 K8 L 728 #4fik  (JIS K0211 @ 5218 |2
EFE ST EMAK) 2RV
2) WRRELE (10 pg/mL -2 AT A BRE AT Hi e — WElE — AR — K (5+6+10+179) )
L-V AT A V& 10mg # 7K 895mL IZ¥A2> L, ZAUICHEEE 25 mL, EEEE 30 mL M OMiEEZ 50 mL

Mz 7.
3) FEYERR

W, 7 FIvL, i, KK, L=ULA,

1Yy LR O OREIRIL, Table 3 1R L 72

e kE, RO boZHNT.
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4) HERERGIEERIK
MFE, I UL, R OKSEREFIERS 750 uL % 15 mL OERHF = — 7 I EMIC AN
TRAL, HICHEMRE THRBEEZ M2 CESBRFRAEERKZFHMLZ (208 1 mL 1,
FEEBRELLTENENSug 2 5H) .
5) IRAPIEHER
L= AR Yy MERERS 75 uL & 15 mL OERAF =2 —7IC AR TERAL, EIZ
TR E TR (1419) 2N CIRAWEEFIERAZMAR L7 (20K 1 mL 1%, &RIEES LT
TNENSug #5H) . S HICIRAGNIEERERIK 300 uL % 15 mL O ERH T = — T2 AN, 1E
ME TR (1+19) 22 TREWEEKRZME L (20K | mL X, FNEEL L TZH
ZN100ng Z&A) .
6) B
SIEMEFR 1.5 mL % 15 mL OERH T = — 712 AN, EHRETHE (1+19) 2z TEE
WaEMRKLZ (Z0W ImLiX, &L TI100pug 254) .
7) EARSIRAEAER
BEBERAEERK, BANEEREOSERO —E&%Z 15SmL OEFHT 2 —7I1Z AR
TIRAL, BITERE CHIREEZ M TEMICHARL, 1| mL FICEESRES L LT 0.05,
0.1, 0.4, 0.8, 2, 6 XX 10ng, FWNIEHEL L Tlng WAL L T200ng 25 H T HEAER
FIRA IR & PR L7z,
FRICESBSERAEERKZ M TICRBRICEREL, SNEREL LT 1ng K& L LT
200ng =& A9 5HIEE 0ng/mL O EABERAGEER 2R L7,
HE+ 5B021%, Labcon fF o — 7 ICHAEBERAIEEREZB LT,

Table 3  Standards used in the present study

Guaranteed value
Heavy metals and others Manufacturer Specification
(pg/mL)
Arsenic standard solution 99.6 Fujifilm Wako Pure Chemical  JCSS
) . 100.0 .. .
Cadmium standard solution 100.6 Fujifilm Wako Pure Chemical  JCSS
Lead standard solution 100.3 Fujifilm Wako Pure Chemical  JCSS
. 100.3 . .
Mercury standard solution 100.7 Fujifilm Wako Pure Chemical  JCSS
. . . for atomic absorption
Rhenium standard solution 1003 Acros Organics . .
spectrochemical analysis
Rhodium standard solution 996 Kanto Chemical for atomic ab'sorptlon .
spectrochemical analysis
Gold standard solution 1004 Kanto Chemical for atomic absorption

spectrochemical analysis
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23 HEXKOGE
1) Bk
ek 1 (Fdbo & K OZBCE )
SM 100 Retsch ! (HPA& 1mm 22 U—, [E#EE ((E4£) 1430 rpm)
ek 2 (Fo & )
ZM 200 Retsch 8 (HBI& 1mm 22 U —>, ffi FHIEFEIHEEE 14000 rpm)
Foteek 3 (B EcEh W 1 &alEHH)
GM 200 Retsch B (fif F R [E]#5%5% 10000 rpm)
2) SRR
T hTZT7vAa A EF T — LBy iR
T hTZ 7oA a A EF T — LB iR
3) VAT RS RIEE
Multiwave 3000 Anton Paar f
ETHOS EASY Milestone
4) Fa—7:
ERMAF = —7 : DigiTUBEs 15mL, 50mL 7Y 7wt L SCP Science
Labcon #!5 = — 7" : MetalFree Centrifuge Tubes with flat caps 15mL AR YU 72 E L > Labcon
i
5 A7 Z 27 4/L%— :DISMIC-25HP (fL£%0.20 um, [Ef25mm, $AKM PTFE)  BIENE
i
6) ICP-MS :
F— hH 7T —f . ASX-560 Teledyne Technologies
FHEES 7T A~ E &SN EHED - iCAP RQ ICP-MS  Thermo Fisher Scientific %
24 EEFTIE
D foH
IHTERER 0.5 g & EfEIC & > TREEDMEAMICAIL, HEE S mL, WEE{k/KE 2 mL K OE&HE
04 mL ZMZ, BENBS ook~ A 7 vl fiEmE 2 o TR R 2349 200 °C
ERDEIGRT 0 T AR E LR E R LT, T e 7T ADOFKEIX Table 4 1T
LBV, BEH%, SREE 1ISmLOERHT 2 — 7K TB LA, BIZERMNT 2—7 DE
BMETKEMZ, 1700xg T 5 /MmO oBE L 72, EELHE 3.75 mL K ONVEASNEEHERR 0.5 mL
Z50mL DERMT 2 — 7 ITIEMRICAN, HREEZEEHT 2 —7 DR ETIMZ, LEIZ
JGLTCAY T T 7 4 V2 —TAHiL, ICP-MS (2 XD HIE g 230EHAR & Lz, R
REHE W W TH— O#BIEE TV, 2RISR A TR L.
WET 2B E, Labcon BT o — 7 IZRUBHAIR e OV ZE R BRIRIR &2 L T=.

AKE+ XF100 Anton-Paar H
Aes SK-15ET | Milestone
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2)

3)

Table 4  Opereation conditions of Anton Paar’s and Milestone’s microwave digestion

Anton Paar Milestone
Time
Step Power Temperature .
" (min)
W) O
Step 1 (Heating) 0 — 1400 30 — 200 10
Step 2 (Fixed electric power) 1400 200 40
Step 3 (Cooling) 0 200 — 30 30

ICP-MS = X A&
EHA R, & B RSIRAEER M ONERBRIAR %2 ICP-MS [ZE AL, =X —A 4T
BirasA44 vy MRS, BIESM% Table 5 I2R L7z,

Table 5  Operation conditions of ICP-MS

Nebulizer gas Ar (1.08 L/min)

Plasma gas Ar (14.0 L/min)

Auxiliary gas Ar (0.80 L/min)

Collision gas He (4.34 L/min)

High-frequency output 1550 W

Monitor ion PAs (m/z 75), '4Cd (mz 114), 2°Pb (m/z 208), *Hg (m/z 208),

"R (m/z 103), "*"Re (m/z 187)

I

"BoNleA T ATy MEPOMBERL O RI U LEIR YT AT, $aROKEIZL =7 AT
WNARERTIE L, BB ORtE, 7 FIvL, R OKEERZR N L.

2L IRIC O WT, IEOENG O NG G TR R EZE LIV,

ok, EEEOME % Scheme 1 (2R LT,
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Sample 0.5 g (tetrafluoromethaxil vessel)
added 5 mL of nitric acid and 2 mL of hydrogen peroxide
added 0.4 mL of Au solution

Microwave digestion

transferred the digested sample solution to 15 mL volumetric tube

washed the tetrafluoromethaxil vessel with water

transferred the water to the above 15 mL volumetric tube

filled up to 15 mL with water

centrifuged for 5 min at 1700xg

transferred 3.75 mL of supernatant to 50 mL volumetric tube

added 0.5 mL of internal standard (Rh, Re)

filled up to 50 mL with a mixture of hydrochloric acid, acetic acid, nitric acid and
water (5:6:10:179) containing 10 pg/mL L-cysteine acid

filtered through a hydrophilic PTFE membrane filter (pore size: 0.20 um)

if necessary

ICP-MS

Scheme 1 Analytical procedure for arsenic, cadmium, lead and mercury in feed and pet food

2.5
1)

2)

2.6

b bHOH KU LGHEORE ik

JRALKE DIREEC & 5 BiE~ DR BOHER

BROCHEE KOS 2 FEOMRFT THW b HIZ 2T, 5.0g% 100 mL O h—/LE—7
—IZAN, EEMEHEYEOD FI T AZEML, BB L CTrib S 2%, 400 °C T 8
REFE] R OY 15 BEfE], 480 °C T 15 BEIINEN L TRl 2 KL S 872, 2Dk, koSS 4 &
B OLE 122 1ICHEWEEL, BBt or FI v AEEZRE L.

FRCRE 2 VR W TR OBIEZITV, ZRBRiAR 2R Lz, 2RBRIEKIC OV T
EEDENRFONTZSE TR EZE LIV

F7-, FECH FITLAZEMLARAWTH - OBIEZITV, 77 7iEEMREL L, [ILR
X777 fEEELSIWTHE L.

o3 FRBRAE D 38 05 1 O Rt

a5 2.0 g % 500 mL @ h—/LE— I —IZ A, 2.5 mgkg ¥ EDO D FI U AETML,
FEARLDMTMBN L TRRAL & 724, 400°C T 8 RefHMEN L TR &2 Kb & ® 72, JRAk L 7230kHC
MEfE 5 mL R ONEHEFREE S mL 21 %, FEEFILCEV, Win LTI LA CHET 5 £ THfiEL
2. TD%, FESHTENES 4 B 1 122 ISREWERIEL, RBIh ol FI v LABEZEEL
7.

FIRFICERBHE AW W TR — OEAEZITVY, ERBAR 2 R Uiz, ERBAIRIC DWW TIE
DIERFLNTHAEE, EREZELIIWE

F7-, FFCH FITLAZEMLARAWTH - OBIEZITV, 77 7iEEREL L, [ILR
X777 fEEELSIWTHREB L.

UNIEN &S
2.2 O 4D E R JEFIR BRI 2 A RIS CIEMIC AR LIz v 7z

WA (T V7 707 7 W) ROEEM AR (EI R85 (RE) , Yy —%
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— (RMH) , FMERS Yy —F— (h—FREATRALKTY 7 N2 A7 RH) , E+8 (RH)
RO ILvs (GEH) ) 20T, FEGEBRELZNZNARNZEISESGL, —KiFE L&
ARIENZHE > THMENERER 2 F ki L, FEHEINE R O R LR E 2R 7=

Fro, RARFICESBFELZIRMLR2VWTHE—OBRIEZITY, 77 0 7 EiRETHM L, BEIERITHA
HEtO 7 Z 7 EEZELSIWTRME L.

7B, EHLEh AR~ OTMEGRERIZ B W T, MEOSBEMOTMEE L, KIERTOR
MFEE L COERMEMIMYTHD 15 mgkg & Lz, 72, EHiEhWAEEHI B TKERO FLHEfE
ITED LN TWRWNWTZD, SEEMOBIEEL, ZiEhHEGEEORMEIZZE L, &, W
i M OB By D FEVEEM Y CThH 5 1 mg/kg & LTe.

3 HRRUEE

3.1 FabbHDH R v LoiiEoRmG

BT FEHE L 7o @R OMERICEB W T, RIER ORI R EEICE Wb b o B K
RULDEEEERDIZEZAS, TNEFN 0211 mgkg KL TR0.175 mgkg L7320 Y, ERARON
eZEnD, DEODICTEIVIRREZRMRD L L bIZ, ZOUBEHELZRF L2
1) FRALEREDIREIC X 5 E B~ D EE D

2.5 D DIZHEWGHT LIZ#ER, feb 5% 400 °C T 8 BEIMEAA L 723607 F v 7 fEi 0.183
mg/kg, [FILERIT 92.4 %, 15 BRI LIZBE D7 T > 7 E1% 0.188 mg/kg, HIILERIE 86.3 %,

480 °C T IS BFIMBA L7286 D7 7 v 7 1% 0.134 mg/kg, = DRI IL 583 % Th v, HE

MEWIE EEBMEE OEEMELS R A A A LN, 7ok, SRcHEEOE M (0.175

mg/kg) 1%, ¥ X —THNEITIBEOREM TH S 480 °C T 10 RefMEA L 7= & Z OfET

H5b.

2)  EERAEOUGE T IE OB
DORFHZBNT, SRR ELE TED SN ORESRETH 5 500°CLLFTH

SThH, MENGTELENFIVLIOEREROENERMES D Z LR broTeiy, T0

IR, SR TIEAT S22 TROLICEEND T AWED RITLANREAL, KITHEL

b EBEZxONE O —FT, BEZTFTF5LEH FIVLAOBERIINSL DD, EEA

W EEERVIKGESD Z EIXIEFICHEEE 7D, RIS - fiES Dick s, BEto

DIRDA N3 7285 G, IR Rk ONRE R B A Ao FriTo2 L Tnd

NH, DORFHIBWTA FI U LAOEKD/NE 7)o 72 400°C T 8 KEHIKIL L7=Fib H Iz o0

T, 2.5 O DUTEWVERDMEZBIML TOMr Lz, ZOfE, Kbk oz emL -5

GDT 7 7 fEIE 0.215 mg/kg, BRI 95.6 % THh-o7=. Tk, NTEASMEEZ Lo

A OERM (0183 mgkg) LV bHEL< 2D, KEOEREM (0211 mgkg) ¥ & [FFREOHE

Thot-.

UEDRO2)DFRIZOWNT, KEKOEEDHTREE TROO T ON FI U LD EREIZE
BRAONTHRAE LT, T EEEICE N T, RILIFICRD SRR A e RI T A
DAEA U TR L LT mTRENEDN B 2 B 7228, 400°C TIRAL L7=tk, mHlE K& Ol & Re Cim =5y
fRE4252 T, RIELFABEOERMZHGL LN TE

Mo T, RIEZEIVHAOLNEZEREITIARBELEOLOTHY, TRICEET D LS RYE I
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<, RIEOBRMICEBEIX o7 &E 2 bz,
3.2 EESRE AR O VET T IE O RGT

THEEORFNCR T, BB (EMEgEY v —F%— (h—FZ2 47 RKH) KO
Moy O ) ZRWTZIRINEIGEER 2 Fh L7285 %, PF AL 113 R BRE 0 224 Mk
WL (LT TPF M EOZ Y MEMRIE)] L0 ). ) ICED DN EE R OPHMTHEE O B EE %
WS ehole. ZORKRO—>L LT, GESMESITIHENNIERE L, EEMEICEEL 52T
W Z ERFE R b, LR, BEREEI IS, Pl s L TR E W T~ o 7 ain
BUZ KB ATV, ik, BHKTT TV TR, KIEOE S ITREE O TIERE N A+
SRV, RESBAMNBICESBRENERHL, MARFICHEN T2 2ICL) EEMHEIZIED
DEINHEEEZ LN, £ T, BIESMAGOWHTIEZROLEBYICEEL, TORE
MEFB L7z, Yeve skl s L CEARUIWEAKRZ VY, ~A 7 00 fEE o R HHEICity, <
A7 B EINBNC L DWEHE2AT > 7o, Ve %ITmEE (1+3) ([ —BiRiE L72 %, @Mk T uni.
ZORER, 3ATRT LIOICRERERENSSE O, FAXIZHEEKRKERA WD Z & THRMIZHES
ARETHDZ ENbhotz.

3.3 BIRMEOMER

EmEAEE O I P85S (R, Yy —%— (R , EMEEY v —F—
(N=REA TR OY 7 2 A TR, EH8E R KOk Ivy GEH) 25w
T, PF MBIEIC LV EEBESRHSNTZRBOR 1| BRIEEARIEICLY oL, REH koL
EMENEBEEBREOTERICKFTHEBLFELZ. 2L, BILZICOWTLESBSE DB
H ST BB M) S 72 T2 O R OB A 1 BIR W 7z,

ZORERIT Table6 D E RV, 2IETHRHESINTENERMBEICEND D ILE L ORIETORBE S
NI Enb ol MFEIZONTE, KUYy —F— (RH) ICBWTIEARETOARBE Sz
2 PF MAEORE FIRERMOME CTH o772, £/, EMEBEY Yy —F— (Y7 ME AT KH)
DOEBMIT 2 IEMTENR LN PF RELEOER FIRMEARMOM CTCH 7. I KI T AIZD
WTHE, BIAZIZBWTERETORBE S22 PF REEORKRM FIRAMOME TH - 7-.
T HONTIE, TARTORBHIIB W TARIETOLMI S 7225 PF A TE O H T IRA OfE T
bolz. KIFIZOWTIE, FMEEY ¥ —F— (=¥ A TRIH) OFEMIL 2 EMTEN
RoNEN, PF REEOERE FRMEOMBETH-72. £/, I R0 (KA , kR
¥—%— (KH) MOEMEBRY vy —F— (Y7 M A TRKA) IZBWTAETO KRN
SN, Wb PF BMEEOHBH FTIRRMOE TH o7z, ULDOFERIZHOWT, E& FRAE
WOMIXELDERNHLHZLEBETHE, KEICK VGO EEMITHHTIRO A RIGRD
LOLEZLN, ERICEETD L REF L, REOBRIEICHEZR2VWEES X BT,
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Table. 6  Quantitative results of this method and inspection method for pet food
Arsenic Cadmium Lead Mercury
Sample types Analytical methods Quantitative Quantitative Quantitative Quantitative
value value value value
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
, This method 0.388" 0.054” 0.040” 0.003”
Semi-dry type for )
dogs 1 Inspection method for 0.406 (0.080)" <LOD? “LOD”
pet foods
This method 0.037” 0.060"” 0.031” 0.001”
Formed jerky for dogs Inspection method for
P <LOD (0.071)” <LOD” <LOD”
pet foods
This method X 108" 103" Y
Dried jerky for dogs . 7.65 0.108 0.103 0.037
and cats (hard type) Inspection method for 76 0.100° “LOD® 0.062
pet foods
o This method 0.114 ND 0.008 0.004
Dried jerky for dogs )
(soft type) Inspection method for (0.066) “Lop” <LoD” <LOD
pet foods
, This method 0.435" 0.160" 0.139” 0.033”
Confectionery for dogs I ) hod £
t t
and cats HSpection MEHOCIOr 4 445 0.164° <LOD” (0.024)"
pet foods
This method 0.010 0.015 0.010 ND
Milk powder for cats i
p Inspection method for <LOD <LOD <LOD <LOD”
pet foods
Limit of quantification
Analytical stjandard?: (LOQ) (?n o/ke) 0.2 0.1 0.5 0.03
method and inspection Limit of d .
method for pet food ™It Of detection 0.05 0.03 0.2 0.02
(LOD) (mg/kg)

Except where noted: Mean (n = 1)

a) Mean (n = 2)
b) Mean (n = 3)

(): Less than the limit of quantification

ND: Not detected

<LOD: Less than the limit of detection

3.4 WhnEI R

2.6 12X 0 HnmELEER 2 FE ki L 7-.

AERIX, Table 7 2BV, MHBIZHOWTIEFEHMEILFE

91.3~109 %, * O#K UK ITMAAMEHEMRFZE (RSDy) & LT 10 %Ll F, # RI 7Aoo Tk
SEIENYER 94.5~109 %, RSD: X 5.6 %LL T, 02 DWW TILEH AR 85.4~106 %, RSD: L 8.1 %
PLF, KEEIZHOWTITEBEILER 92.7~104 %, RSD; 1% 2.1 %LL FORGAE NS & v, falkhoy#r H %

BF 3 ORBRIED 2 A VEMERBIET A BT 4 > (LUF T2 P
O PF AL DO 2 AEMEGRIEICED T

ERThHoT-.

BIEHARTAL0) 0o, ) &k
DR 2)DEE K OMPHTREE O Bl %2 7= 9 BRI 7¢
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1) BJE
70 %Lh F 120 %LL T (EkH
60 %LL b 115 %LU T (E s A EEHZ 381 5 IRINIRE 0.04 mg/kg)
80 %LL 110 %LLF (A 1 mg/kg, 3 mg/kg, 15 mg/kg)
2) FHEE
22 %LL T (RN EE 0.04 mg/kg)
16 %LA T (7] 1 mg/kg)
14 %LL T (7 3 mg/kg)
11 %LL T (A 15 mg/kg)
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Table 7  Recoveries for arsenic, cadmium, lead and mercury

Arsenic Cadmium
Natural Spiked 2 b) Natural Spiked a) b)
Sample types o Recovery RSD; o Recovery’ RSD;
contamination  level contamination  level
(mghkg)  (mgkg) (%) (%) (mghkg)  (mgkg) (%) (%)
Alfalfa hay 0.035 0.04 101 2.0 0.061 0.04 104 3.1
Semi-dry food for 0.214 0.04 91.3 10 0.047 0.04 109 5.6
dogs 2 0.167 15 102 1.1 0.043 1 97.7 0.8
Formed jerky 0.007 0.04 99.6 2.4 0.025 0.04 102 1.3
for dogs and cats ND 15 98.2 1.1 0.020 1 94.7 0.2
Dried jerky for dogs 0.011 0.04 103 2.5 ND 0.04 105 0.9
(hard type) ND 15 102 0.5 ND 1 98.9 0.7
Dried jerky for dogs 0.114 0.04 109 3.9 ND 0.04 102 0.9
(soft type) 0.083 15 101 1.9 ND 1 97.0 2.2
. 0.004 0.04 98.2 2.2 0.015 0.04 100 1.5
Confectionery for dogs
ND 15 96.2 2.4 0.007 1 94.5 2.5
. 0.010 0.04 101 2.1 0.015 0.04 106 1.0
Milk powder for cats
ND 15 103 0.5 0.008 1 100 0.8
Lead Mercury
Natural Spiked 2 b) Natural Spiked " b)
Sample types o Recovery” RSD; o Recovery” RSD;
contamination  level contamination  level
(mgkg)  (mgkg) (%) (%) (mgkg)  (mgkg) (%) (%)
Alfalfa hay 0.039 0.04 85.4 2.3 0.004 0.04 95.3 1.4
Semi-dry food for 0.147 0.04 106 8.1 ND 0.04 95.4 0.7
dogs 2 0.139 3 95.4 0.7 ND 1 99.3 0.3
Formed jerky 0.003 0.04 97.5 1.8 0.0001 0.04 93.0 0.9
for dogs and cats ND 3 95.9 2.6 ND 1 100 2.1
Dried jerky for dogs 0.006 0.04 104 5.8 ND 0.04 92.7 0.9
(hard type) ND 3 97.4 0.5 ND 1 100 1.1
Dried jerky for dogs 0.008 0.04 97.8 2.3 0.004 0.04 94.9 1.1
(soft type) 0.002 3 97.6 1.5 ND 1 99.5 1.5
. 0.006 0.04 101 5.7 ND 0.04 94.9 0.8
Confectionery for dogs
ND 3 96.4 1.9 ND 1 97.0 1.4
. 0.010 0.04 96.8 3.8 ND 0.04 94.1 0.9
Milk powder for cats
0.002 3 98.2 0.5 ND 1 104 1.4

a) 100 x (mean of quantitative values of the five samples — natural contamination) / spiked level
b) Relative standard deviation of repeatability
ND: Not detected
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3.5 GEE FREOHH TR

WA (T V7 7 07 7 HLE) ROVETEHAEGE (I R0 (KA , Yy —%
— (RIH) , EEMEBRY Y —F— A= FRAATRAKYY 7 b2 A 7RA) , EE (KA)
OB Iz GEH) ) I2o50nWT, FESBFOBREMRDEMRIEZ R LM, % 0.05~10
ng/mL O Tt & 72 28 (0.04 mg/kg FHY & (& REHRTIRE 0.1 ng/mL fHY &) ) 128
JAUINENGRERZ L L= L 2 A, TOMBIIERHETHY, o, EERAED 10 513 45%050
FErEz TWihole, o CTHERBEDOTERE NMROKREIX 0.04 mgkg & L7z,

Fo, B TRIE, EOFEEREICABE 4, FHAAEAKLE 0.05 O Student O - % 5 U7 fE
D25 (=426) , T2bLER FROD 4.26/10 5, 0.02 mg/kg & L7-.

ZOEE FREOHH FIROBEIZZHE fbbxkR<) FOESRSEOE AR I L
T /10 BLF ROV 1/20 LR, ZBidhdy &R0 B4R 5% O LIS KT LT 1/10 LT KOV 1/20 LLF
ThHY, ZYUVEMERIET A KT A 2 KO PF RAEIEDOZ S EMERIEIZED bz RO 2)0HHE
EIC KT 2 E & FIRE OB FRRO BEEE Z 72 LT
D) EEFR: U5 (EREOT = v N LIS O 5 Brdh i) ] i )

2) TR 2 1/10 (BE LY = v MG LIS 0 B BB 4 T R

4 F&OH
AR T HAEILE L AREE T RIVADEREICEREN AL OGN HIZ 2T, ZOJHKEZEH

wAToTlz. 7o, FRRB0EEICHRE L, FMuCFEEIZ AL 2N A FEHE B O ICP-MS (2

K2R - o0 K AR AT IE DO RRDE R OV BB BB~ DB I DWW TRET L7 & 2 A, BITFO

FERBGE BT

1) FEFOHTHEUEILE L RIEE TROLON RIS T ADOEREICERENAONTZFREK L LT, ks
BrEEEICBNT, IKERFICRDOHKRO 7 A e IV ARKEEL TRELIEEEZ LN
723, 400°C TIKAL#, HEKk ORERBE A 0MFE 352 LT, RikL FEEOE &ML S
HIZENTET., - T, RIEICLVBEONEERMBIZARBGELROLOTHY, ERICEET D
E IO REETIERLS, KEOBERRPEICHBEIZ R hoT B2 biLT.

2) FEDREIBOVWHRIEIZONT, MEOATITRL, EARELEFEKRZHND Z ER0E
MThHDLZ ENbhroTz.

3) EEWAEEO— (B R A8/ (RH) , Yy —%— (R , EMEHET v —
¥— (N REATREAKROY 7 N2 A7 RKH) , B8 (RIEH) KOmILvy (U
M) ) ) ZonT, REZLVABFTOFESRFORZH L LR, SEEREN/RLIN
T2y, RETHLNLCERMEIIDIT RO BRIGRO S D EHFZZ DI, ARiEORMEIZRHEILR
WwWEEzx b,

4) BBOE (TN T T ) ROEEAE RO~ (B M7 85 CRE) , Ry
Y—F— (RMH) , FEMEBESYy—F— IN—FZATRAKOCY 7 N2 A T7KRM) , £
(RA) KOs () ) oW TEBESEBRELZRML, KRBT TS ROIMTO %25
BEL, [EUCEROHEOR LREE A ROTIZE 25, ZUMEMHRBIETA R74 0 KO PF ko %Y
PERERBIEICE O DL B K OVPHMTRE O BB 2 7= 3 B2 EN G oz,
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5) RKEOFKZBELEBESOTE FROBEEIT 0.04 mgkeg, B FRIX0.02 mgkg THo7-. FE L
Em FIRE O FIRIL, 24 MMERBIET A K74 2 RO PF MRAEEO Z Y HHERIBEICED b
7o BAEAE & i 72 LTz
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Validation Study of Determination Method of Cartap by LC-MS
~Application to Ear Corn Silage~

KATO Koichi*, KADEKARU Mai" and KUWABARA Masayoshi"
(" Kobe Regional Center, Food and Agricultural Materials Inspection Center (FAMIC))

We have made a validation study on application of a cartap determination method, which had been
validated for corn and grass hay, to ear-corn silage (ECS). The method, which uses a liquid-
chromatograph electrospray-ionization mass spectrometer (LC-ESI-MS), has been listed in the Feed
Analysis Standard of Japan.

Cartap in ECS was extracted with hydrochloric acid (1:100) containing 1 w/v% L-cysteine
hydrochloride monohydrate, and cartap was hydrolyzed to nereistoxin with nickel (IT) chloride and
ammonia. The sample solution was purified with Chem Elut (volume: 50 mL) (Agilent
Technologies Inc.; Santa Clara, CA, USA) and injected into an LC-MS to determine the
concentration of cartap. The LC separation was then carried out on an ODS column (ZORBAX
Eclipse XDB-C18, 2.1 mm i.d. x 150 mm, 3.5 pm, Agilent Technologies Inc.) with 1 v/v%
heptafluorobutyric acid solution-methanol (4:1) as a mobile phase. In the MS analysis, the positive
mode electrospray ionization (ESI+) was used.

As documented in the previous report, recovery test results on ECS and corn were both low. The
cause investigation result indicated that acetone-diethylene glycol (49:1) added as a keeper to
prevent vaporization of nereistoxin might have caused the low recovery rate because of ionization
inhibition at mass spectrometry.

New recovery tests were conducted on ECS, applying the reduced volume of the keeper to 0.03 mL.
ECS was added with 0.0175 and 0.614 mg/kg of cartap. The resulting mean recoveries ranged
from 79.7 % to 83.7 %, and the repeatability in the form of the relative standard deviation (RSD;)
was less than 6.9 %. The reduced volume of the keeper to 0.03 mL was verified as effective for
cartap recovery tast.

This method was thus validated as useful for inspections of cartap in ECS.

Key words: cartap; nereistoxin; liquid-chromatograph mass spectrometer (LC-MS); electrospray
ionization (ESI); ear-corn silage; corn

F—U—=FR:INZ T X TA ARV /K7 a~ 7T TEESHE, =L 7 b
BAFL—AFUbE ;AT a—vFA L= 298 AZL

1 #% 8
BBy Fix, RAESTEPHEE LR TIA ARV 2T — NMLAPETLREATHY,

COMSEATEOE NEMOKEN B L 2Bt o 4 —E o Z—
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EANTIEL 1967 FICHIERIERFEI N TWD D EWNICK T 28BF OB EEE (WL v
RUANVE 9T INE  TERIBE LD NTF AL I T LN E v TERICHBE LD
DOORF) 1%, ZAE, KFE, IE, LHI5BLAZL, v KR TAET 0.2 mgkg W RITHET
0.7 mg/kg £ EDH LTS 2,

ANE y TORNER, T E=T HEESME T TMAKGET 2L TINE Yy THXT A A
XUNCEM LR, SHAMES A Y LI T ATHERL, Rk e~ NS T TEESHE (LLT
[LC-MSJ WS, ) ITKVERT D HE (LT TER AT EEIEE] & vwd . ) BT
FAEINZNHF I LTV 5.

I, BEABER EOESNREROBHO—2E LA T a—rvHA1L—y (EH5HAZ L
DAE, BRONEPLRHBY LA L—0 LIF [TECS) EW9H. ) OAFEROFIH R HERE S 7
TWAHLZATHD. ECSDRFAHEME AKX 5 1= DI2I1EF DRSO NEE TH 50, FE I
FAENHIEIX, BCSICHIT 2 ZUMENHERINTELT, WA v 7OEREERENITETE R VIR
MDD D, FEHT EUEIE LD ECS ~Oi LK NBREBE OB L 7o > T\ 5.

T, BM2EEICER D N, R AT EEYEIETE O ECS ~D i H O A I DOV TRREF L7
& AIRENLHE L 72, FE AT EHERIER 3 ORBIE D Z YU HEMHERIET A R7 4 (LLF T2
MBIETA RT A ] LWH. ) CEDONTEHED BIEEZ M- S eno7z. £/, BRlCzb%
DHERINTVDHE I HEAZ LIZBW THRBRICKEIER & 725 72, ZAUEE R - EC XS
BEKOVEESHICBIT D4 4 AMEBENERFINEE 2 bz,

AlE, ZOBKRTEHZITV, BT RIS W T ECS IS MIERT 5720 OBE 21T 7=
DTHEZRET D.

BEBEIZINE v TROFXTA A NF v OEREE Fig. 1 IR LT
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\N/

HzNTS\)\/STNHz + HCI

O @)
Cartap hydrochloride

S,S’-2-dimethylaminotrimethylene bis (thiocarbamate) hydrochloride
C7H16CIN3O2S2 MW: 273.8  CAS No.: 15263-52-2

/
—N

/S HO

S OH

O
Nereistoxin oxalate

N,N-dimethyldithiolan-4-amine;oxalic acid

CsH11NS2-C2H204  MW: 239.3  CAS No.: 1631-52-3

Fig. 1  Chemical structures of cartap hydrochloride and nereistoxin oxalate

2 EBRAE
2.1 3B
ECS 1%, 60 °C T 6 WfHfz L7, HICENICHEL CREZ L. ZhZHEE 1 mm DX
Y=V EEFE LD T 0 T IVTHEL, SHTRREE LT,
REMEDJRREEHICHNZE 26 AZ L (FEDOHR) X, HEE 1 mm DAY U — 1 &35E
Lok T L, o fr B S LT,
22 O3
) 7R AKROSNFTY 3RS - PCB BHAZH W, A% 7 —/LIZ LC-MS H (Bt~
AV AFEREERY) 2. - AT A VIRERIE KR, Hilb=> v (D) (MEK)
HWg, 7o' =T K EESFE 2830 %) KOV F L o7 ) a— L idaldERkz vz, K
%, LC-MS Al (Bt 7 A v afepiskil) % Milli-Q Element A-10 (Merck Millipore ) (2
X VRHRLL 72K (JIS K0211 @ 5218 I[EF S -#EHAK) & Hvwiz
2) T XTI v ERIRYA TR
N E T A R GRS, Ton-Pair Reagent for LC-MS (#J 0.5 mol/L ¥&#) ) 10
mL Z/KIZE2SLTIL &L, AEFERL-.
3) FTA AT UAEAER
RXTAA MRy (L7 AV AR, R R, M 98%) 64.1
mg % EREICE -S> TI00mL O2ET 7 A 2IZAN, AX ) —IVEMZTENML, BICERET
[FAEZ A TR T A A M F v UFEEFREZFHE L2 (Z0# 1 mL X, RTA A RF L
LTO04mg & H) .
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BRICELT, FT7A4AA ST UEERK SmL 2 100mL O2&E Y 7 A2 |ZIEMEIZAN, &
ICHERRE CAZ ) — &Mz, ImLFIWCFERTA AT ELT20ug 2 EBTHRAZFHRLL
. ZOWRD—ERENTZ T NFaBEEEK— A%/ —/v (4+1) TIEFECAHRL, 1 mLH
IR TA A RFT L LTEREN 02, 2, 2.5, 5, 10, 15, 20, 25, 50, 100, 150 K TX 200
ng # 5H T &M EMRAEERE HEHR L.

<~ VY v 7 ZNBEOMERRBRTIE, FFEICImL FICR T A A RFT e LT 19 ng Z28H
T OREMER & AR L 7.

4) ANE sy TRERERR

ANE sy TIHBEAEES (& L7 A L 2FEMsEsd, e M, ML 98 %) 25mg %
EREIZE > TSOmML OEET 7 A AN, AX /) —VEMZTHEML, FITERE CRIES
EMZCHNE v TIEHREFREZFAL L (0@ ImLi%, PLvX 7L LT05mgaEH) .

REF~OTRIMCIX, DAYy THEREFEZ A Y ) — L CIEREICHIRL ThVE v THERER %
Mg L.

5) il
L-3 AT A UHERE — KW 10 g #HfE (1+100) (2L CIL &L, AHEHRRLZ.
6) M= 7 VIR
wilb=> 7 (1) (JBK) 2gZKIZEMLTI00mL & L7z,
23 HEROGE
) By7 4273/ :SM-2000 Retsch B (HPHE Imm A7 U —, [E#sE ((HER) 835
rpm)
2) KREE% - ZM-200 Retsch 0 (HBEE 1mm 227 U—>, ff AKFEER5 14000 rpm)
3) IRV IEEH : MW-DRV = ABRMF T 3% (ff HIFR & 5 %% 300 rpm)
4y M A4 Y 7+ 7 2 Chem Elut (50 mL ££¥5f])  Agilent Technologies i
5) LC-MS :
LC ¥ : Prominence & S A il
MS #B : LCMS-2010EV &t/ pr
2.4 ERIE
D #

ITEEE 10.0 g 28> T 200 mL O 42 =/ 7 T 2 3l A, B 100 mL 2%, 30
SR VRS CTHIH L72. B %2 50 mL o e DIk s I AdL, 650xg T 5 4y fiiE O 4y B
L, EW#EZHE 20 mL %2 200 mL O3 =44 7 5 2 2 (ZIEREIC AN, T VKSR %
AREHEIR E LT,

2) Tk VKGR

ABHRIK I L=y F AR 2 mL R OV7 U E =T K 5 mL 22 7% 15 5 FHE D IBE, &
WE TR TA AT ATNKDMEL, BT DB 23 EaI & LT
3) T LB

RENAK Z S AN A VT £ 8T 2T AR 10 pEE L. 300 mL ORI 7 T Aa%h
TZADOTICEE, BEHRROA> TN =77 A2z ~FH% > 10mL T2 T3EBEHFL,
WENER T T DTN Z Tz, WWEAFTETAAID EICET I ETHRITSE TR IS A PR U%
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WHEH, TIZAFH 2 120 mL 27 7 2SN x CTRBRICIEH S8 72%, EHRICS — =&
LT, 7T Yy —Yx=F L7 U a—)b (49+1) 0.03 mL ZiRIN L7z, &HE%E 37 °C LLFD
K THI 2 mL ¥ T 280 hPa [£ /) 5 THRUERME L 72, 37°CLLTF CTHRill L, ®E L7z, ~7
BT IF aBEBRIATR — A ¥ /) —)v (4+1) 4mL % EfEICINZ CTHREME AL, 5000xg T5%
Moy L, EEAZ LC-MS I X D HIEICHT oA & L.
4) LC-MSIZ X pHlE

AUBHRIE e OV M BB RS ME 2 L & LC-MS IZVEA L, #IRA Ao (LLF [SIM] &
WH. ) vua~w T AEET. BIESM % Table 1 1Zx L7z,

Table 1  Operation conditions of LC-MS

Column 1 ZORBAX Eclipse XDB-C18 (2.1 mm i.d. X 150 mm, 3.5 um), Agilent Technologies
Column 2 VP-ODS (2.0 mm i.d. X 150 mm, 4.6 um), Shimadzu
Mobile phase 1 v/v% heptafluorobutyric acid solution-methanol (4:1)
Flow rate 0.2 mL/min
Column temperature 40 °C
Ionization Electrospray ionization (ESI)
Mode Positive
Nebulizer gas Nz (1.5 L/min)
Drying gas N2 (10 L/min)
Heat block temperature 200 °C
CDL temperature 250 °C
Monitor ion m/z 150
5) #tH

HSonl- SIM Zu~ b7 AL -7 HEEZRD THREREZIEKRL, REHPTORT A R
R U EE2EHL, ZNICI83 2F U TCRETOONLVY v T EEZFET L.
B, EEEOHESE %L Scheme 1 (2R L7,
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Sample 10.0 g (200 mL Erlenmeyer flask)
——added 100 mL of 1 w/v% L-cysteine hydrochloride monohydrate solution in hydrochloric acid (1:100)
—shook for 30 min

centrifuged for 5 min at 650xg

—transfered 20 mL of supernatant to 200 mL Erlenmeyer flask
Alkaline hydrolysis

——added 2 mL of 2 w/v% nickel chloride (II)

——added 5 mL of 28 v/v% ammonia water

—shook for 15 min

Chem Elut (volume: 50 mL)

—applied sample solution and allowed to stand for 10 min

— placed receiver (300 mL of evaporator flask)

——washed 200 mL of Erlenmeyer flask with 10 mL of hexane (3 times)
— eluted with 120 mL of hexane

——added 0.03 mL of acetone-diethylene glycol (49:1)

Evaporated to 2 mL at 280 hPa under 37 °C and dried under 37 °C
——added 4 mL of 1 v/v% heptafluorobutyric acid solution-methanol (4:1)
—centrifuged for 5 min at 5000xg

LC-MS

(Cartap is quantified as nereistoxin. Concentration of cartap = Concentration of nereistoxin X 1.83.)

Scheme 1 Analytical procedure for cartap in ECS

2.5 AEREN R o 5 K 58 I
) EH9HAZLIE, IVZy T ELT 02 mgkg HYE (HERABHART TRIA A RFT v
ELTSS5ng/mL) (2725 K 91222D H)THBE LAV E v THEREREZ FRINE L IRA L.
ZOEZICHHEEAZINZ, 2.4 0O D226 )T - THAIEL, BMERNICF—/3—% 0.5 mL (£
BRI AT HRENEIEORME) KON 2 mL @ 2 FETHRML, TREOREHEREZMRE L 7.
K ARBHRIE . O 2 (A RaRBHRIE (T2 7NV A aFRIBIR — A 2/ —/b (4+1) T 2[5
WU & 2.4 D405 SHITHE-> TERE L.
2) DERERIS, F—/X—OWME%L 0mL (FMEL) , 0.1 mL, 0.3 mL %TV0.5 mL & L728K
Bra Sl L7-.
2.6 F— X—IRINEOKE
EOYBLAZLIL, IAZ vy T ELT 02 mgkeg Y E (BEHABHART TR IA AR L
LT55ng/mL) IZ725 X 912220 TR L= v TEEREZRNEEISEEG L., 20
ERICHPEEZNZ, 24 120> TEE L, VFHBENE L IR UK E 2RO 7.
2B, F—/N—OUMEX 0.03mL, 0.1 mL %0 0.5 mL @ 3 & THMEIGRER 21T - 7-.
2.7 ECS TORMENGER
ECS T, HNE 7 &JFMEE LT 0.0175 10 0.614 mg/kg fHY & (R EHART T 74
A RFT L TS55ng/mL KON 191ng/mL) &725 K 51222D H)THRHB LI E » TEHER
EENENLBME LSRG L., ZOERICHEEELZMA, 24 12> TEEL, FHEILE
K OOR UREE 2R 7=, 7238, ECS ~OUINIEEZSREHI R LAV E » 7 L LT 002 KO
0.7 mg/kg HYEIZZRD X 1TV, FEHHPIRE~OHEIL, Y Xk OREZM T oK &HEE
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30% KON 20 % EAE LT, FW (KT EARE30%) TIEE=RZY OKSEHE20%) TEE
114 oz T 7=

3 HRRUEBE

3.1 ARENX O K 58

BR2EEICEMLIZLE D HAZ LICK 2WIMNEIGRER T, KEUEL RS JRDO—2LE
2 b A F AL EICHSOWT, OHPLC # F L DEV, QREEKRBHAK ORI OAHEIZ X1 %
WEND MR L. 70, WIERMERNICMZ 2 X —/—DIRINEZHLCT 2 8T, BB O
@AMz b, BANMERS 2D TERVWNESZ 2, ERMREIET25 0 DIZE->TE
9 b A LI L B IRINEIGGRER 21T - 7=

ZORERIT Table 2 DEBY THY, BT7L2L0EHT A1 OEUCRERMENTE L, RER
BHAR ORI LD BEICEOLE TR DO LN oTz. 2, = "—0ORNMEEZHEST Z 2T
£V, KIEIZEEMMET L.

D LG, HPLC 7 7 A DA FE LR AEHSR O MR L 2 8GEE R ITIELS, £, F—
N=DRMEEZELT Z L TOEBETRDOLNT, WIZELLIZZD, ==X b1 41k
FRER BTz,

Table 2  Effect of amount of keeper and dilution on recoveries
Rec overya) (%)

Keeper amount

Dilution

(mL) Column 1 Column 2
No 68.4 56.9
0.5
Yes 54.6 35.2
5 No 39.3 27.0
Yes 41.1 —
—: Not tested

a) Mean (n = 2)

COMPEEEEZ, F—RX—OFRMEZWOT LT, BIEOLKEELZRDLZ L. £
ZTC, 25D 2QICKVEER T T2 2 A, ZORRIL Table3 D LBV, F—/S—DIRIMNEDH
M BIZHE, EUERME T L2, —FH T, ¥—3—RMN2 LOGEIXRML-EAIC A~ TH
IR PBE D> T2

ZDZENDL, F—RNR—FZXTA ATV OEBESHRITE L DD, —FERERL LD
ML > THIEMETT 52 00, F—"—CL 54 T MELEORTREENRE I L.

R, UBEOKRFHIAZZ L1 Z2HNWTITHo> 2 &L LTz,
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Table 3  Effect of keeper amount on recoveries

Keeper amount Rec overya)
(mL) (%0)
0 58.7
0.1 76.5
0.3 62.8
0.5 57.7
ayn=1

3.2 F— iR E OB
Bl 72 — N — IR B2 RET 5729, 2.6 206V, &9 b A2 L TORMENGERZ1T 572,
ZOFEFIT Table 4 D LBV THY, F— —DFEMEZ 0.03mL EFT52LTEHIBLAZLIC
B HKEILEN L E SN, ZUMHERIEDNA R T4 VICED SN EE R OPHTREE O B E
T TRERNEONT-Z LD, FEEOSLMTECS TORMNEZITY 2 & & LTz,

Table 4  Recoveries for cartap from maize

Keeper amount Recoverya) RSD,”
(mL) (%) (%)
0.03 71.0 12
0.1 66.4 13
0.5 57.1 4.8

a) Mean (n = 6)

b) Relative standard deviation of repeatability

3.3 BiEWHE OB
ECS ZH\, 24 O ) H HIHt->THELNTESIM 7 u~ 7T Ax MR LR, &L
FoE—7 3R LNt
AR L VB oz SIM 7 v~ 7 F A0O—fl% Fig. 2 [ZR L7z,
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Fig. 2  Typical selected ion monitoring (SIM) chromatograms
of nereistoxin in standard and blank sample solution
(LC-MS conditions are shown in Tables 1. Arrows indicate the peaks of nereistoxin.)
A: Standard solution (5.5 ng/mL as nereistoxin)
B: Sample solution of ECS (blank)

34 ~ MU v AR OMER
240 D)ME NS THBLLIZECSO T 7 73 EHAIRIC R 7 A4 A FF > & LT 191 ng/mL
Y E (R Et o2 7 07 mgkg Y &) ZIRMLTE~ MU v 7 AEHERIZOWT,
22 0 MRS THBLI-FRED R T A A bF o U EERICHT 5 B — 7 mfgk 2R Lz,
ZOFEFIL Table 5 DEBY THY, X TA ATV UERE~ MY v 7 Ak D REhpEL
5 LR JERRETH - 72,

Table 5 Matrix effect study

Concentration of nereistoxin

. b
Sample Matrix standard solution Sample (as cartap)a) Matrlxoeffect :
(ng/mL) (mg/kg) (%)
ECS 191 0.7 98.7
n=3

a) Converted from the concentration in matrix standard solution
b) Ratio of peak area of nereistoxin in the presence of matrix to that in the absence

of matrix

3.5 IRINENGRER
2.7 \ZHE > T ECS Z W iR INENGRER 2 F2hi L7=. Z DFESIE Table 6 @ &30, FHENY
3 79.7~83.7 %, £ DI UKEEITF IR ERZE (RSDy) & LT, 6.9 %LL FOMMENG LI, #*
UMEMERIETA RTA VICED LN EE R OHMTHEO BEE (EE 70 %L E 120 %L T,
FEFE © 0.02 mg/kg Tl 22 %LLF, 0.7 mgkg Tl 17 %LLTF) Zili7-TBHRERTH-T-.
7k, o= SIM 7 ua~ 7T AO—fl% Fig. 3 1Z/R L7z,
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Table 6 Recoveries for cartap from ECS

Spiked level Recovery RSD,”
(mg/kg as fed basis)” (%) (%)
0.0175 79.7" 53
0.614 83.7” 6.9

a) The cartap was spiked to air-dried ECS samples just before extraction. The
spiked levels were 0.02 and 0.7 mg/kg as air dry basis for cartap. The levels of
cartap as fed basis were calculated with following equation on the assumption
that the moisture content of ECS samples was 30 % as fed basis and 20 % as air
dry basis.

The levels of pesticides as fed basis (moisture 30 %)
= the levels of pesticides as air dry basis (moisture 20 %) / 1.14

b) Mean (n = 6)

¢) Mean (n = 5)

d) Relative standard deviation of repeatability

A Ng B y
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S 100000 S 100000
£ £
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% 60000 ‘% 60000
c c
2 2

£ 40000 £ 40000

20000 20000

0 0

6 7 8 9 6 7 8 9
Retention time / min Retention time /min

Fig. 3  Typical SIM chromatograms of nereistoxin in standard and spiked sample solution
(LC-MS conditions are shown in Table 1. Arrows indicate the peaks of nereistoxin.)
A: Standard solution (191 ng/mL of nereistoxin (382 pg as injection amount))

B: Sample solution of ECS (spiked at 0.614 mg/kg as fed basis of cartap)

3.6 EEFIRMOWRH T RO

BN ERMEZ R L-®PE, 0.2~200 ng/mL O FH# ST & 72 51 (ECS JAFZ T T 0.02
mg/kg Y B (REREHART DX T A A FF 0 55 ng/mL FHYSE) ) OFRINIEIIGER O 5
X Table 6 DEEBY BREFTHY, HoNTE—TDSNEB 10U ETHST720D, IAVZ v T D
TER FROEE X ECS OREZY T 0.02 mgkg & L7=. ECS HDOHNVH v IR EAEM T3
EEINTWARND, BERORFIEUER (0.7 mgkg) 5FEUEFE LTCRIMEILZE A, &
&R E L7z 0.02 mgkg (ZBEFBREMED 1/35 THY, ZUMEMBIETA R4V ICED LT
BiEfE (YO 1/5 L) &0 LTz,

FAREORE TIRIE, 3.5 ORMENGEERIC X V557 E B H O (R 7212 Student @ ¢-f
ERLCIAED 2 5L Lc. TR, 2y 7Okt FIROREITRZYH T 0.003 mgkg T
BV, ZUMEBIETA RTAIZED N BEME GEEEO 1/10 LLF) &7z LT,
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4 i&w
B2 FEDORFITIB T, FlE o A R HE I EE I ST, HUMEMRRE DL O BA T LI

DOWTHEEDBEMEICEES LRhoTzle®, J?l%nﬁﬁbté: A, UWTFORRERNELNTZ. £z,

T2 7 O ERE AT EEHEINEEIZ DUV T ECS ~ D %@TT%@stk A, F—rX—DYs

MEZ 0.03mLICZEET 52 L TUTFOMBENELN, AN THLIEEZ L.

) F=—_"—F3RTA AL OEBE SRR L bOD, —ERBULZHRMNT 5 Z & TH
WEMNMET L, ZORKE LTA A ALLE O mJREME I R ST,

2) LHBLAZLICHNLE vy TELT 02 mgkg MYEZIFRML, F—/S—FME% 0.03 mL,
0.ImL X 0.5 mL &F D58 KMFICHNT 6 mOH 7o &2 FEhi L, B K&K ORI UKSEE 25K
A, F—= =003 mLIRNT D LI EINRTEESN, ZYMERIETA RIA4

WCED LNTEEKOIHMTHEEO BIEMEZHZ T MEN S o,

3) AMFITHWIZECSIZOWT, REIZHE>TH LN/ v~ N T7 AL, EEXHITLHE—
JIERO oo T,

4y AKRIBEIZHENE LN ECSHREHARIZOWT~ hY v 7 AR EHR LR, vy v 73k
Bt~ F) w7 AKX DREREELZ T L RMERBETH- T2

5) ECSIZANHZ 7L L CRMHE LT 0.0175 mg/kg &N 0.614 mg/kg fRY EA ML, KL
Wo TS5 B EOOHT &2 FM L, ECEEEOEER LEZ RO E 25, 28 PEMRIET A
NI A VNTED BT HE K OOHTHEEE O B AR 20 72 385 R 235 b v 7.

6) AED ECS IZBTHHNE v 7 OERE FRIZAZY T T 0.02 mgkeg, R FRIZRZY T
0.003 mg/kg Tho7c. HKE LIER FREAOB TIRIL, ZUMEMBETA FIA4 IZED D
Nl BEMEZW - LT,

X [y
1) ABNWREEERBRIEEMMEAES  hL Y v FERENE, SFITE 6 H2016).
2) RARED - EE R QBRI OB BRI T 28, BMMSIET H 24 B, BHRESE
35 %5 (1976).
3) BEMOKFEBREE - ZREREEM ARSI EEOHIEIZOWT, FK 20444 A1 H, 19 HE
% 14729 5 (2008).
4y BN AR, R K I E v T OWRK s v~ 7T T EESHTEC ST IE 00 FH i PH &
AT a—H A L—UIIERT D720 O Y MR, fEHFZE ﬁm,%,mxuwm)
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1 SHMIFEAMFOEBAMICISIAMEEICONT
Proficiency Test (in the Fiscal Year 2021)

TIF RERET, ROk BT, L b &,
ANE PR, FEE VR, EE BRI

1 B B
A BHR A FE RS, RE - BRI ROE S E, RE OB % 2 X 21T, SR O 3@ etk
L DOIEEEAIT O ZLI2E Y, iR OEE SN ORI L2 XY, i TofritEzitiEL,
FRDBEAE D1 1E 70 & K OV E L O E R E T 5.

2 HEHHORAE
AL TS F ARG AR
B &k - - f
C #OBE- - - 8 H i BEHRCRHE & 30k
DAL - AW FEERAT LI v 7 R

3 HaaEsoRRE
3.1 AR
SF34E6 A 1S AKXV 6 H 25 H
3.2 aREGET
R R B IR S AR 0 22 T K OVISZAT BUE N R MOK PETE B 22 R Bl & o & — I AaDRE 22 4 A A
3.3 ST
1) ARE
HBRE 1lmm OAZ Y — 2 235 L mias THLod 3 5 Bl A& EHY 100 kg % H
W, UFOFIEIC &0 sk 2R L7,
A EZ A —U I — (FE 100 kg) T 900 FHEA L7, 9% L, K11 kg o4&
ANz, BEED —FER (K20g) Fo&0, BORIZAN, 1R5720K 180 g AV DR
BE 340 fE A2 FHELL 7=,

AT Bri A RET B AT S 4 — SR AR A

2 RALAT B A A PR B R o & — LI 4 —

AT B A S PR B R R 4 — i L S —

AT B AR PRI B R 4 — A R L S —

S OMSTATECHE A MK FE Y B R T v 2 — R v Y —, B RoR R
" RSTATECE N B N B R T v 4 —a L ¥ —, B BT s —
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2) BalEt
HBIE 1 mm D55 WA @il SE7-AHK 100 kg 2 AV, A B & RIS 340 18 2 58
L.
3) C Ak

B O KM & BRE Uik, LEIZSUTHFEL, £ 1R L7 10 FEOFE % [F#R
DIREEIE CIREGDLEHAE (REK 100kg) ZLLFOFIRIC L VAR L7

D 5 BZK, fky, VAR LAROERIZONTY RS I X — (& 20 kg)
TIBOFMEG LTz, TOBTRTOREZA—U XA I 49— (F&E 100kg) T 900 FHEA L
7%, LLT ARUERE [RARICEURE 340 fll 2 FA5L L 7=,

£1 CHHOEHEUZDEEGIE

" RAEHE - RAE#E
BB 4 %) BB 4 %)
EIHHBLATL 30 A b ARl PR N 10
N 20 RS 3
K il g 10 =%l 3
PNITR( PN N 10 0 ABETI IV T A 2
a—2 I NT I —)b 10 g3 2

4) D ik
FEAHFRERA T LI v 7 2K 100kg # 9% L, #11kg THORICANT. KLY —
T (20g) T2o&0, BIOEIZAN, 1R8E7-0H180g AV OFE 340 HZFHW L 7=,

4 HPHETEERVUERER

4.1 SririEEE E

AGREL - - - Okgy, MITEABE, MR, HERME, MK, Ao s, UUROHY <A

TR TN

BalE - -« - K, HZABE, HIKOGLKOH RI U A

CaEl - -« - BPBHEEL OB H K O DR EEIG OHEE

DB - -8, KO UBET TV
4.2 FEhiEE

(50 3R k5 o @ aEHT L 2 i e EREE) (125 X—2) I[2X 5.

5 H@AAHOHBEMER
A KOV B BB CITH - A B L UMLK Sy, D U CIL & OV g D 43 #7112 X > T, Thompson &
@ harmonized protocol V2D &, KFHBIOLEMEZ MR L.
TUH B ER ST 10 8T 2 SOMTON LToERE2R 218, £, ToOREICESL —x
BliE O BT R 2R 3 IR LT
WTHOREHZBWT S, Ht Fold F EREZ TEV, AEAE 5 %IZBWTREHRICHE
REFRD LT, RELOLEMICHBIL AW & L.
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&2 A BRUDHEMOLHHER

ARCEL Bl K} Dt £}

= HEABE HLIK 57 Hi=ABE HLIK 55 il i gn

£ (%) (%) (%) (%) (g/kg) (g/kg)

No. runl run2 runl run2 runl run2 runl run2 runl run2 runl run2
1 18.16 18.06 6.10 6.10 69.53  69.71 14.70  14.55 40.99  41.96 42.11  41.51
2 1820 18.38 6.12 6.07 69.92  69.69 1437  14.67 39.72  40.60 35.08 40.41
3 1784 17.96 6.10 6.07 70.33  70.61 14.54  14.49 40.79  40.69 45.25 4178
4 1827 18.10 6.06 6.11 70.41  69.85 14.55 14.50 39.61 40.12 35.74  39.50
5 1829 18.19 6.08 5.99 70.63  69.69 14.53  14.40 39.10 39.49 3531 3579
6 17.61 1793 6.01 6.09 69.76  69.17 14.70  14.37 40.96  40.48 38.49  39.20
7 1828 17.69 6.12 6.08 70.91  68.76 15.01 14.56 39.70  40.91 39.57  43.02
8 18.48 18.03 6.12 6.14 69.38  69.05 14.59  14.37 3872  40.23 3413  35.29
9 1793 1811 6.05 6.20 69.53  70.25 14.74  14.61 4122  39.24 40.85 3741
10 1823 17.80 6.13 6.08 69.98  69.13 1435 14.56 39.44  41.00 36.26 43.21

£3 A BRUDHMOLSBOWHER
WAF LM BHEE Rmof ot F5ESYE

L = S o V=Slp  Fo=V4/Ve F(a=0.05)
#OB M4 0.5215 9 0.0579 1.21 3.02
Mo BE p ik E 0.4806 10 0.0481
AR % i T 1.0021 19
A 0.0159 9 0.0018 0.74 3.02
K 4y E 0.0237 10 0.0024
T 0.0396 19
A 2.4879 9 0.2764 0.72 3.02
- BE E 3.8328 10 0.3833
- T 6.3207 19
A 0.1999 9 0.0222 0.80 3.02
K 5y E 0.2776 10 0.0278
T 0.4775 19
A 7.2720 9 0.8080 1.30 3.02
il E 6.2126 10 0.6213
D3k T 13.4847 19
A 135.8648 9 15.0961 2.34 3.02
TS E 64.5411 10 6.4541
T 200.4060 19
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6 SMHAHER=E
6.1 %k 215
2L fAEHRA TR SR 41
fl o 05 2 B AR - 143
BRI s 3 BALR - 13
B M e pe - 18
6.2 FUEHBIZINEER = 4K
A REE--212
B & ¥}---206
C &k} 107
D #Ef---83

7 AWEERVETERLVICHETERE
7.1 Gy BT R M OV AT it 2R

A, BEODREHZOWT, ZOOWAGEEZR 41, AN T LE2K 1T, Fiz, MITREE
ZFR S5~T I LT,

THEOEATIX, v XX MEICESEZU TFTOFIEIZL VT 2.

A 1K EE 7R FEZOHEE & & LT NIQR (Normalised inter quartile range; A% ¥ DU /3 \7 %
FH) ZRDH, R2ICKVESWED -2 a7 ZRD7-. ks, FWMSAEE, RitFEY 7 b
7 = 7 Microsoft Excel ®Ei%t QUARTILE.INC % H W TR 7=.

1.349
a: &§ 1S ALEK
c 3 AL Ek
Z—Xﬂj?:(x_b) ............ X2
NIQR
x: HRBREOSHE
b FRAE

FT, - AT OHHED 3 DL EOSHT A REMEEHKL, ZhaFTAL 2%, FHHED 95
Yol FE X ] & SR 6D 7=
7.2 E R
CHBHZOWT, ZOW|MEMMER S KD IITRLT
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=4 A BRUDEH
R AR ; - : = —
s Koy RV ASE Y HLIE I HLkAE HLIK 5y I v SLE #L 53 4 1) SL (i 53 4T 3 18)
7‘:7—" Iy it No. z-score ST 8 No. z-score ST 8 No. z-score ST e No. z-score ST e No. z-score! ST it No. z-score! S it No. z-score 3 i No. z-score Sy fi No. z-score
%) %) (%) (%) %) (%) %) (g (i) 1t) (g (i) /1)

1 1146 1 038 1826 3 131 556 2 -2.08 648 1 094 L1119 2 237 0.769 1 -0.51 510 3 -0.58

2 1124 1 026 1793 3 -0.13 611 1 128 509 2 3.11 667 1 233 1227 2 -0.33 0.663 1 -7.32 580 1 0.15

3 10.60 2 -2.16 1870 4 324 730 2 8.58 3.60 2 2005

4 170 1 1.09 18.05 3 039 592 2 012 468 3 197 632 1 -0.21 1210 2 -0.66 0.766 1 -0.70

5 1140 1 0.20 1797 3 0.04 6.00 2 0.61 336 2 -1.71 653 1 131 1208 2 -0.69 0.763 1 -0.89

6 IL11 1 -0.65 17.60 2 -1.57 6.17 1 165 3.96 2 -0.04 646 1 0.80 1168 2 -1.45 0.796 1 1.22

7 1126 1 -0.20 1799 3 0.13 599 2 055 375 2 -0.62 632 1 -0.21 1267 2 041 0.783 1 038

8 170 1 1.09 17.85 3 -0.48 553 2 226 638 1 021 0.764 1 -0.83 486 3 -1.80

9 1142 1 026 1778 2 -0.78 585 1 -0.30 652 1 123 1.094 2 -2.84 0.746 1 -1.99

10 1124 1 026 1840 3 193 6.01 1 0.67 623 1 -0.87 1249 2 007 0798 1 134 504 3 -0.89

11 167 1 1.00 1848 3 228 576 2 -0.85 3.96 3 -0.04 637 1 0.14 1220 2 -0.47 0.770 1 -0.44 520 3 -0.07

12 1091 1 -1.24 17.96 2 0.00 6.02 1 0.73 361 2 -1.02 627 1 -0.58

14 1.09 1 -0.71 17.95 3 -0.04 645 1 072 536 3 0.73

15 1132 1 -0.02 17.56 2 -1.75 6.00 1 061 438 2 113 625 1 -0.72 1.080 2 311 0.780 1 0.19

16 1136 1 0.08 18.00 3 0.17 6.17 1 -1.31 496 1 -2.18

18 1L01 1 -0.94 17.98 3 0.08 585 2 -0.30 418 1 057 641 1 043 1437 2 3.62 0782 1 032

20 10.79 1 -1.60 18.07 3 048 587 2 -0.18 461 3 177 624 1 -0.80 1356 2 2.09 0.783 1 038

21 154 1 062 17733 -1.00 599 2 055 413 1 043 630 1 036 1286 2 0.77 0.746 1 -1.99 517 3 -0.22

22 1131 1 -0.05 1845 3 214 591 1 0.06 439 3 116 638 1 021 2940 2 3197 0.782 1 032

23 1136 1 0.08 1851 3 241 632 1 -0.21 1202 2 -0.81 0.785 1 0.1

25 1144 1 032 490 1 :1057 1442 2 371 0.778 1 0.06

27 1L01 1 -0.94 1810 3 061 588 2 -0.12 437 3 110 642 1 051 1217 2 -0.52 0771 1 -0.38 613 1 107

28 1122 1 032 18.05 3 039 624 1 -0.80 1303 2 1.09 0.791 1 0.89

29 1140 1 020 17.86 3 -0.43 567 2 -1.41 3.80 2 -048 6.04 1 226 1197 2 -0.90 0.777 1 0.00 516 1 -1.62

31 1L13 1 -0.59 18.09 2 057 58 1 -0.24 636 1 0.07

32, 11.17 1 -047 1847 1 223 6.55 2 3.98 592 1 313 0779 1 0.12

33 173 1 L18 18.11 3 065 580 2 -0.61 486 2 247 6.08 1 -1.96 1228 2 -0.32 0.764 1 -0.83

35 1L12 1 -0.62 1824 3 122 577 2 -0.79 405 4 020 621 1 -1.02 1518 1 515 0.890 1 725 56.6 1 -0.23

38 10.64 1 -2.04 1849 3 232 580 3 -0.61 627 1 058 1217 2 -0.52 0.817 1 256

39, 175 1 124 17.65 3 -1.35 592 2 012 643 1 058

41 1.07 1 -0.77 17.14 3 359 587 2 -0.18 637 1 0.14

2 1.06 1 -0.80 18.06 3 043 6.05 1 091 448 2 141 635 1 0.00 1230 2 -0.28 0.764 1 -0.83

43 9.90 1 -423 1748 1 -2.10 532 1 355 650 1 1.09

44 1138 1 0.14 17.63 3 -1.44 598 2 049 422 2 068 635 1 0.00 1245 2 0.00 0.758 1 -1.22 522 3 0.02

45 152 1 056 17.63 3 -1.44 575 2 -091 633 1 -0.14

46 11.80 2 139 17713 -1.09 475 2 1.05

48 1132 1 -0.02 1817 3 092 631 1 029 60.1 2 073

49 1143 1 029 18.03 3 030 635 1 0.00 592 2 048

50, 110 1 -0.68 1791 3 -0.21 580 2 -0.61 439 2 116 642 1 051 1250 2 0.09 0.780 1 0.19

51 1061 1 -2.13 1831 2 153 581 1 -0.55 3.77 2 -0.57 657 1 1.60 1270 2 047 0.750 1 -1.73

52, 1061 1 -2.13 18.00 4 0.17 568 1 -1.34 406 2 023 636 1 0.07 1137 2 -2.03 0.697 1 -5.13

53 1134 1 0.02 1820 2 1.05 588 1 -0.12 634 1 -0.07

54 10.63 1 -2.07 17.64 3 -1.40 6.01 1 067 1.64 2 652 6.12 1 -1.67 1176 2 -1.30 0.728 1 :3.14 507 3 -0.73

56, 10.97 1 -1.06 1828 3 140 613 2 141 633 1 -0.14 1316 2 133 0.769 1 -0.51 579 2 012

57, 1139 1 017 17.98 3 0.08 569 2 -1.28 399 4 004 644 1 065 1228 1 -0.32 0.773 1 -0.25 559 3 1.90

58 1128 1 -0.14 1777 3 -0.83 6.02 2 0.73 379 3 -0.51 644 1 065

59, 1123 1 -0.29 1792 4 -0.17 5.8 1 -0.24 3.99 4 004 636 1 0.07 1155 2 -1.69 0798 1 134

61 9.57 1 521 1776 2 -0.87 599 1 055 496 2 275 638 1 021 L1102 -2.54 0.82 1 289

62 10.58 1 -2.22 644 1 065 535 3 0.68

63 1.67 1 1.00 18.06 4 043 629 1 239 334 2 -1.77 623 1 -0.87 1202 2 -0.81 0.773 1 -0.25

65 1L18 1 -0.44 18.06 3 043 558 2 -1.96 391 2 -0.18 621 1 -1.02 1240 1 -0.09 0780 1 0.19 528 3 033

66, 1.09 1 -0.71 18.04 4 035 461 1 791 432 1 096 649 1 1.02

68 112 1 -0.62 18.07 3 048 574 2 098 315 1 -230 644 1 065 1230 2 -0.28 0.760 1 -1.09 569 1 -0.15

70, 1226 2 275 17.01 2 -4.16 562 1 -1.71 350 2 -1.32 618 1 -1.23 0.769 1 -0.51

7 1120 1 -0.38 1792 3 -0.17 592 1 012 420 2 0.62 584 1 371 1276 2 0.58 0.782 1 032

72 1.60 1 0.80 17.83 3 -0.57 412 2 040 643 1 058 1191 1 -1.01 0.764 1 -0.83 602 1 0.76

73 11.03 1 -0.88 17.85 3 -0.48 555 2 -2.14 635 1 0.00 1249 2 007 0.763 1 -0.89 534 3 063

74 1137 1 011 1799 2 0.13 594 1 024 3.98 2 001 635 1 0.00 1229 2 -0.30 0.777 1 0.00

75 1092 1 -1.21 1810 3 0.6l 580 2 -0.61 611 1 -1.75 1274 2 054 0.759 1 -1.15 523 3 007

77 10.88 1 -1.33 17.89 4 -0.30 589 1 -0.06 411 2 037 6.12 1 -1.67

77 1821 3 1.09

78 1197 1 1.8 18.86 4 3.94 6.08 1 -1.96 1236 2 -0.16 0.785 1 0.1

79, 1141 1 023 17.62 3 -1.49 596 2 036 6.14 1 -1.53 1.09 2 -2.75 0.782 1 032

80, 1L50 1 050 330 2 -1.88 646 1 0.80 529 1 -1.26

81 112 1 -0.62 17.88 1 -0.35

82, 1.61 1 083 1790 3 -0.26 6.07 1 1.04 2.80 2 -3.28 667 1 233 1477 2 437 0792 1 096

85 1139 1 017 1790 4 -0.26 6.03 2 079 423 3 071 625 1 072 1301 2 105 0.768 1 -0.57

87, 1148 1 044 1773 3 -1.00 576 2 -0.85 639 1 029 1211 2 -0.64 0.731 1 -2.95 560 1 -0.40

88 1034 1 -2.93 1799 3 0.13

89, 1.68 1 1.03 20.27 4 1013 6.60 2 429 712 1 561
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Q*EE No. z-score! ﬁ?ﬁﬂﬁ No. z-score Q*EE No. z-score! 5—}*&@: No. z-score Q*EE No. z-score! ﬁ?ﬁﬂﬁ No. z-score Q*EE No. z-score! 7E7L
%) %) %) (mg/kg) (g/kg) (g/kg) (g/kg)
7.84 1 -0.48 71.64 3 322 1474 1 1.26 1
7.82 1 -0.57 70.30 3 1.00 14.60 1 0.08 40.14 1 -0.34 4291 1 -0.05 237 1 3.80 2
730 2 -3.08 68.90 4 -1.30 16.30 2 14.41 3
8.03 1 043 69.89 3 033 14.66 1 0.59 40.75 1 0.00 4455 1 055 21,0 1 049 4
781 1 -0.62 69.89 3 033 15.05 1 3.87 4176 1 0.57 40.57 1 -0.93 200 1 -0.73 5
7.78 1 -0.77 68.74 2 -1.57 1447 1 -1.01 049 2 -1.14 4287 1 1.20 4801 1 1.84 207 1 012 6
793 1 -0.04 70.12 3 0.71 1465 1 0.50 4352 1 1.58 4356 1 0.18 204 1 -0.24 7
813 1 091 69.86 3 0.28 1444 1 -1.26 8
7.83 1 -0.52 68.47 2 -2.01 1485 1 219 4589 1 1.05 9
8.03 1 043 71.50 3 299 1473 1 1.18 40.63 1 -0.06 10
8.03 1 043 69.88 3 0.31 1427 1 -2.69 11
751 1 -2.07 68.76 2 -1.53 1480 1 1.77 12
791 1 -0.14 7220 3 4.15 1463 1 033 14
771 1 -1.10 68.54 2 -1.90 1446 1 -1.09 15
794 1 0.00 70.85 3 1.92 1452 1 -0.59 16
7.88 1 -0.28 69.38 3 -0.51 1445 1 -1.18 39.74 1 -0.57 4787 1 179 18
7.66 1 -1.34 7096 3 2.10 1447 1 -1.01 047 2 -1.55 4146 1 0.40 422 1 042 20
811 1 081 69.26 3 -0.71 1472 1 1.09 39.18 1 -0.89 3889 1 -1.55 21.1 1 0.6l 21
781 1 -0.62 70.76 3 1.77 14.50 1 -0.75 22
7.77 1 -0.81 70.04 3 0.57 1453 1 -0.50 23
7.94 1 0.00 1419 1 -3.37 0.56 2 0.31 105.40 1 36.87 112.01 1 25.72 25
7.71 1 -1.10 70.19 3 0.82 1469 1 0.84 070 1 3.21 37.13 1 -2.06 4324 1 0.06 196 1 -1.22 27
7.88 1 -0.28 70.53 3 1.39 1470 1 0.92 28
799 1 024 70.07 3 0.62 1453 1 -0.50 3935 1 -0.79 4175 1 -0.49 29
789 1 -0.24 68.87 2 -1.35 1468 1 0.75 31
787 1 -0.33 69.15 1 -0.89 1462 1 025 32
8.08 1 0.67 7038 3 1.14 14.60 1 0.08 39.55 2 -0.68 39.01 2 -1.51 33
799 1 024 69.63 3 -0.09 1427 1 -2.69 35
6.85 1 -5.25 7025 3 0.92 1457 1 -0.16 38
8.08 1 0.67 69.88 3 0.31 14.65 1 0.50 39
788 1 -0.28 70.30 3 1.00 1468 1 0.75 41
7.84 1 -0.48 69.98 3 048 1471 1 1.01 42
6.66 1 -6.16 68.36 1 -2.20 1540 1 6.82 43
797 1 0.14 69.44 3 -0.41 14.56 1 -0.25 4280 1 lL.l6 4728 1 157 203 1 -0.36 44
793 1 -0.04 68.78 3 -1.50 1434 1 -2.10 45
840 2 221 69.89 3 0.33 46
7.84 1 -0.48 69.42 3 -0.44 1459 1 0.00 48
794 1 0.00 69.76 3 0.11 14.58 1 -0.08 49
775 1 -091 69.58 3 -0.18 1501 1 3.54 4085 1 0.05 4779 1 176 50
747 1 -2.26 67.38 2 -3.82 1463 1 033 51
755 1 -1.87 68.39 4 -2.15 14.57 1 -0.16 074 2 4.04 39.59 1 -0.66 3771 1 -2.00 52
7.94 1 0.00 69.34 2 -0.57 1460 1 0.08 53
757 1 -1.78 69.43 3 -0.43 1460 1 0.08 208 1 024 54
7.55 1 -1.87 69.87 3 0.29 1476 1 143 56
794 1 0.00 7032 3 1.04 1455 1 -0.33 214 1 098 57
8.01 1 033 69.62 3 -0.11 1472 1 1.09 58
8.00 1 0.28 69.55 4 -0.23 1441 1 -1.51 59
6.59 1 -6.50 69.26 2 -0.71 14.58 1 -0.08 61
7.64 1 -1.44 1454 1 -0.42 3948 1 -0.72 43.09 1 0.00 208 1 024 62
816 1 1.05 71.10 4 233 1465 1 0.50 63
7.68 1 -1.25 7041 3 1.19 1455 1 -0.33 200 1 -0.73 65
7.71 1 -1.10 68.35 4 -221 1493 1 286 66
779 1 -0.72 69.87 3 0.29 1493 1 2.86 4231 1 0.88 4386 1 0.29 206 1 0.00 68
838 2 211 1476 1 1.43 70
793 1 -0.04 69.69 3 0.00 1435 1 -2.02 049 1 -1.14 3495 2 -3.30 1629 2 -9.9 71
816 1 1.05 69.78 3 0.14 1455 1 -0.33 72
7.76 1 -0.86 69.79 3 0.16 1465 1 0.50 40.20 1 -0.31 4800 1 1.83 220 1 171 73
801 1 033 69.49 2 -0.33 1478 1 1.60 0.57 1 0.51 4023 1 -0.29 4361 1 0.20 74
7.67 1 -1.30 7025 3 0.92 1434 1 -2.10 75
755 1 -1.87 69.48 4 -0.34 14.60 1 0.08 77
69.64 3 -0.08 77
813 1 091 69.72 4 0.04 14.51 1 -0.67 053 2 -0.31 78
7.86 1 -0.38 68.04 3 -2.73 1439 1 -1.68 37.13 1 -2.06 4426 1 044 79
817 1 1.10 1467 1 0.67 3812 1 -1.50 40.18 1 -1.07 197 1 -1.10 80
779 1 -0.72 69.63 1 -0.09 81
820 1 125 69.96 3 0.44 1471 1 1.01 0.60 2 1.14 82
8.02 1 038 69.43 4 -0.43 1462 1 025 065 2 217 4099 1 0.13 4419 1 041 85
8.01 1 0.33 68.96 3 -1.20 1455 1 -0.33 87
721 1 -3.51 68.93 3 -1.25 88
772 1 -1.05 75.62 4 9.81 1583 1 10.45 89
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7‘:7—" Iy it No. z-sco! ST 8 No. z-score ST 8 No. z-score ST e No. z-score ST e No. z-score! ST it No. z-score! S it No. z-score 3 i No. z-score Sy fi No. z-score
%) %) (%) (%) %) (%) %) (g (i) 1t) (g (i) /1)

90, 1103 1 -0.88 1792 2 -0.17 544 2 282 420 3 062 637 1 0.14 1314 2 130 0739 1 -2.44

91 1136 1 0.08 18.16 3 0.87 563 2 -1.65 3.93 4 012 638 1 021 1470 1 424 0.788 1 0.70 505 3 -0.83

92, 1146 1 038 1801 3 021 579 1 -0.67 416 2 051 621 1 -1.02 1300 1 1.03 0.977 1 12.84 512 3 -0.48

93 1140 1 0.20 17.86 3 -0.43 6.01 1 0.67 634 1 -0.07 1245 2 0.00 0.736 1 -2.63 580 2 0.5

94 1138 1 0.14 17.63 3 -1.44 611 2 128 439 3 116 642 1 051 1228 2 -0.32 0.776 1 -0.06 51.6 3 -0.27

95 1.03 1 -0.88 17.66 3 -1.31 590 1 0.00 6.01 1 -247

96 2141 1 1513 479 1 -6.80 370 1 -0.76 644 1 065 1328 1 156 0.787 1 0.64

97, 1136 1 0.08 17.85 3 -0.48 579 2 -0.67 641 1 043

100 1123 1 029 1817 3 092 569 2 -1.28 3.68 3 -0.82 638 1 021 1219 1 -0.49 0781 1 025 528 3 033
101 1.64 1 091 17.51 3 -1.97 599 2 055 452 2 152 663 1 2.04

102| 1146 1 038 17.82 3 -0.61 592 1 012 3.98 2 001 633 1 -0.14 1254 1 016 0.761 1 -1.02

103 1125 1 -0.23 1798 3 0.08 527 2 -3.86 648 1 094 1280 2 0.66 0.780 1 0.19 549 2 -0.70

104 1047 1 -2.54 17.19 3 337 625 1 2.14 3.80 2 -0.48 642 1 051 1256 2 020 0.784 1 044 463 3 -2.97
106 1134 1 0.02 17.87 3 -0.39 622 1 196 3.77 2 057 630 1 -036 1292 2 0388 0.760 1 -1.09 579 3 2.9
107, 1.68 1 1.03 18.08 3 052 587 2 -0.18 638 1 021 59.6 2 0.59

109) 1148 1 044 18.16 3 0.87 634 1 -0.07 515 3 -0.33
110

111 10.96 1 -1.09 1837 3 179 6.04 1 085 3.06 2 -2.55 642 1 051

111 1775 4 -0.92

113 1.07 1 -0.77 18.03 3 030 610 1 122 391 1 -0.18 640 1 036 1265 2 037 0.780 1 0.19

114 1.10 1 -0.68 542 1 -0.90

116 1251 1 349 17.98 3 0.08 594 1 024 355 2 -118 627 1 058

117, 1121 1 035 17.39 4 -2.50 577 1 079 456 3 1.63 612 1 -1.67 1207 2 -0.71 0.786 1 0.57

118 1.87 1 160 1772 2 -1.05 611 1 128 634 1 -0.07 1230 2 -0.28 0780 1 0.19

122] 159 1 077 18.07 4 048 58 1 -0.24 626 1 -0.65

124 1152 1 056 18.08 3 052 594 1 024 3.67 2 -0.85 638 1 021 577 1 0.06

125

126 1121 1 -035 17713 -1.09 571 2 -1.16 3.88 4 -0.26 622 1 -0.94 1244 2 -0.01 0.770 1 -0.44

127, 1156 1 0.68 1813 3 074 574 2 098 6.16 1 -1.38 1210 2 -0.66 0780 1 0.19

128 10.99 1 -1.00 17.82 4 -0.61 6.01 1 067 403 1 015 6.13 1 -1.60 1135 1 -2.07 0780 1 0.19

129) 153 1 059 1770 4 -1.14 6.09 1 116 346 2 -1.43 631 1 029 1225 2 -0.37 0791 1 0.89 521 3 -0.02
130 1250 2 3.46 17.60 2 -1.57 622 2 094

131 1091 1 -1.24 18.10 4 0.61 590 1 0.00 3.97 1 -0.01 621 1 -1.02 1300 2 1.03 0.800 1 147

136/ 1125 1 -0.23 1799 3 013 592 1 012 3.62 2 -0.99 640 1 036 1200 2 -0.84 0.780 1 0.19

137, 1138 1 014 17.83 3 -0.57 592 1 012 3.65 2 -0.90 636 1 0.07 1249 1 007 0.781 1 025 529 3 038
138 1156 1 0.68 17.95 2 -0.04 619 1 177 404 2 018 628 1 -0.51 1270 1 047 0.740 1 -2.37

139) 1122 1 032 1778 4 -0.78 729 1 852 679 1 320 0.755 1 -1.41 536 3 0.73
140 1156 1 0.68 1772 4 -1.05 581 1 -0.55 655 1 145

141 1.64 1 091 18.00 3 0.17 592 1 012 3.95 1 -0.06 621 1 -1.02 1185 1 -1.13 0.781 1 025

143 1157 1 071 18.09 3 057 633 2 2.63 643 1 058

144 11.60 1 0.80 17.96 3 0.00 565 2 -1.53 436 3 1.07 637 1 0.14 1328 2 156 0.750 1 -1.73

145 1.59 1 077 19.63 4 132 631 2 251 434 3 1.02 7.03 1 495

146 1.62 1 085 17.86 4 -0.43 599 1 055 469 2 1.9 625 1 -0.72 1255 2 0.18 0.747 1 -1.92

147, 1.87 1 160 1779 2 -0.74 591 1 0.06 570 1 473

149) 1072 1 -1.80 1820 4 1.05 671 1 496 583 1 379

150

154 1072 1 -1.80 1791 4 -0.21 6.14 1 147 453 3 155 630 1 -036 1265 2 037 0.810 1 2.11

155 1072 1 -1.80 17.65 1 -1.35 6.02 1 0.73 3.84 2 -037 637 1 0.14 1230 2 -0.28 0.782 1 032

157, 155 1 0.65 18.03 4 030 591 1 0.06 403 2 015 632 1 -021 1260 2 028 0.790 1 0.83

158 158 1 074 1779 3 -0.74 597 1 042 635 1 0.00 1161 2 -1.58 0.753 1 -1.54 494 3 -1.39
161 1148 1 044 17.86 3 -0.43 6.00 1 061

162| 1L50 1 050 1797 3 0.04 599 2 055 640 1 036 1514 2 507 0.760 1 -1.09 535 3 0.68
163 1145 1 035 17.87 4 -0.39 587 2 -0.18 3.90 1 -0.20 6.17 1 -1.31 1285 2 075 0.764 1 -0.83 494 3 -139
164 1082 1 -1.51 17.96 4 0.00 612 2 134 637 1 0.14

165 11.07 1 -0.77 1798 3 0.08 592 1 012 3.74 2 -0.65 634 1 -0.07 1273 2 052 0.766 1 -0.70 543 3 109
166 11.85 1 1.54 17.86 4 -0.43 6.13 1 141 407 3 026 6.00 1 -2.55 1284 2 0.73 0.775 1 -0.12

168 1.04 1 -0.85 1790 3 -0.26 581 2 -0.55 465 3 1.88 637 1 0.14 1256 2 020 0.766 1 -0.70 504 3 -0.89
172| 1143 1 029 1843 3 206 636 1 0.07 1254 2 016 0780 1 0.19

174 112 1 -0.62 1769 1 -1.18 581 1 -0.55 632 1 -0.21 0.749 2 -1.79

176 10.98 1 -1.03 1798 2 0.08 597 1 042 391 2 018 642 1 051 1194 2 -0.96 0781 1 025 521 4 -0.02
178 1128 1 -0.14 1824 3 1.22 619 1 -1.16

180 11.05 1 -0.83 18.02 2 026 6.01 1 0.67

182 173 1 118 1771 4 -1.09 597 1 042 3.80 2 -0.48 630 1 -036 1.082 2 -3.07 0.775 1 -0.12

184 1102 1 -091 1799 3 0.13 573 2 -1.04 3.87 2 029 656 1 1.53 1267 2 041 0.785 1 0.1 529 3 038
185 1133 1 0.00 17.86 3 -0.43 6.00 1 0.6l 344 2 -149 636 1 0.07 1278 2 0.62 0.784 1 044

186/ 1L07 1 -0.77 1828 3 140 581 1 -0.55 3.63 2 -0.96 644 1 065 1177 2 -1.28 0780 1 0.19

187, 1105 1 -0.83 1810 3 0.6l 667 1 233 1414 3 3.18 0.848 2 456

192| 1134 1 002 577 1 079 644 1 065

193 11.02 1 -091 18.18 3 0.96 6.08 2 1.10 619 1 -1.16 0.823 2 295

194 110 1 -0.68 17.87 2 -0.39 584 1 -036 409 3 032 627 1 -0.58 1245 2 0.00 0.771 1 -0.38
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%) %) %) (ng/ke) (@/ke) (e/kg) (@/ke)
718 1 -3.66 69.87 2 029 1461 1 0.16 90
7.86 1 -0.38 7038 3 114 1464 1 042 202 1 -049| 91
7.86 1 -0.38 69.85 3 026 1445 1 -1.18 207 1 012 92
791 1 -0.14 69.25 3 -0.72 1469 1 084 93
795 1 0.04 69.67 3 -0.03 1445 1 -1.18 206 1 000 94
776 1 -0.86 69.78 3 0.14 1418 1 -3.45 95
9%
7.03 1 -438 7001 3 052 1466 1 059 97
799 1 024 69.93 3 039 1460 1 008 193 1 -1.59| 100
836 1 2.02 69.71 3 0.03 1688 1 19.30 101
799 1 024 69.81 3 0.19 1462 1 025 102
778 1 -0.77 7051 3 135 1458 1 -0.08 103
710 1 -4.04 67.23 3 -4.07 1460 1 0.08 4188 1 0.64 4268 1 -0.14 104
79 1 024 6895 3 -1.22 1435 1 -2.02 3834 1 -1.37 4672 1 136 106
793 1 -0.04 69.59 3 -0.16 1474 1 126 107
225 1 233| 109
7.03 1 -4.38 1451 1 -0.67 110
783 1 -0.52 69.53 3 -0.26 1457 1 -0.16 111
6895 4 -1.22 111
778 1 -0.77 7020 3 0.84 1463 1 033 113
764 1 -1.44 4020 1 -031 4190 1 -043 211 1 061 114
856 1 298 7240 3 448 1480 1 177 116
819 1 120 67.16 4 -4.18 1455 1 -0.33 117
791 1 -0.14 7033 2 105 1451 1 -0.67 4288 1 121 4482 1 065 118
771 1 -L10 69.43 4 -0.43 1462 1 025 122
800 1 028 69.67 3 -0.03 1453 1 -0.50 124
216 1 1.22] 125
797 1 014 69.59 3 -0.16 1443 1 -1.34 39.02 1 -0.98 3898 1 -1.52 190 1 -1.96| 126
772 1 -1.05 7023 3 0.89 1459 1 0.00 4506 1 245 5097 1 294 127
803 1 043 69.53 4 -0.26 1455 1 -0.33 128
793 1 -0.04 69.26 4 -0.71 1451 1 -0.67 4089 1 0.07 3985 1 -1.20 21 1 18| 129
860 2 3.7 63.00 2 -1.07 1429 2 -2.52 130
775 1 091 69.00 4 -1.14 1474 1 126 131
798 1 019 69.81 3 0.19 1455 1 -0.33 052 2 -051 4376 1 171 4537 1 085 212 1 073| 136
808 1 067 7016 3 077 1490 1 26l 207 1 012 137
138
800 1 028 68.86 4 -1.37 1516 1 480 139
811 1 081 6895 4 -1.22 1469 1 084 140
806 1 057 7006 3 0.6l 1468 1 075 141
832 1 183 69.30 3 -0.64 1467 1 067 143
734 1 289 69.88 3 031 1471 1 101 4395 1 1.8 144
798 1 019 7344 4 620 1602 1 12.05 145
787 1 -0.33 69.21 4 -0.79 1441 1 -151 146
817 1 110 69.25 2 -0.72 1404 1 -4.63 147
819 1 120 68.57 4 -1.85 1452 1 -0.59 149
791 1 -0.14 69.31 4 -0.62 1447 1 -1.01 150
710 1 -4.04 69.83 4 023 1453 1 -0.50 154
774 1 0.9 68.72 1 -1.60 1473 1 118 051 2 -0.72 4141 1 037 4243 1 -023 218 1 147| 155
809 1 072 69.35 4 -0.56 1464 1 042 278 1 115 4445 1 051 157
792 1 -0.09 69.71 3 0.03 1454 1 -0.42 158
810 1 077 69.70 3 001 161
806 1 057 69.86 3 028 1462 1 025 162
7.84 1 -0.48 69.60 4 0.00 1463 1 033 163
773 1 -1.01 69.52 4 -0.28 1452 1 -0.59 164
797 1 014 69.67 3 -0.03 1467 1 067 053 2 -031 4141 1 037 4264 1 -0.16 198 1 -0.98| 165
815 1 101 68.94 4 -1.24 1466 1 0.59 166
787 1 -0.33 69.81 3 0.19 1452 1 -0.59 204 1 -024| 168
795 1 0.04 7018 3 081 1443 1 -1.34 172
774 1 -0.96 68.88 1 -1.34 1478 1 1.60 174
783 1 -0.52 69.23 2 -0.76 1478 1 1.60 052 2 -051 3981 1 -0.53 4135 1 -0.64 206 1 0.00| 176
781 1 -0.62 69.77 3 0.13 1443 1 -1.34 178
779 1 -0.72 69.14 2 -0.91 180
821 1 130 67.80 4 -3.12 1456 1 -0.25 182
764 1 -1.44 69.05 3 -1.05 1460 1 0.08 4071 1 -0.02 4149 1 -0.58 184
802 1 038 7000 3 0.66 1461 1 0.16 185
789 1 -0.24 70.88 3 1.96 1453 1 -0.50 054 2 -0.10 4182 1 061 4466 1 059 207 1 0.12| 186
802 1 038 69.96 3 044 1476 1 143 187
816 1 1.05 1465 1 0.50 192
193
792 1 -0.09 69.38 2 -0.51 1458 1 -0.08 194
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7‘:7—" Iy it No. z-score ST 8 No. z-score ST 8 No. z-score ST e No. z-score ST e No. z-score! ST it No. z-score! S it No. z-score 3 i No. z-score Sy fi No. z-score
%) %) (%) (%) %) (%) %) (g (i) 1t) (g (i) /1)

195 1072 1 -1.80 1818 3 096 334 1 -1.77 632 1 -0.21

196 1132 1 -0.02 1700 3 -421 590 1 0.00 644 1 065 1280 2 0.66 0793 1 1.02 59.9 2 0.68

199) 1.63 1 088 1797 2 0.04 649 1 1.02

202 1143 1 029 1827 3 135 591 2 0.06 638 1 021 594 1 054

205 1.12 1 -0.62 17.94 4 -0.08 597 1 042 348 2 -1.38 617 1 -1.31 0.787 1 0.64

206 10.95 1 -1.12 1748 4 -2.10 6.02 1 0.73

207 1.07 1 -0.77 1827 4 135 636 1 282 636 1 0.07 0.769 1 -0.51

208 1110 1 -0.68 1750 3 -2.01 620 1 1.83 622 1 094

209 1163 1 0.88 1732 3 -2.80 588 2 -0.12 417 2 054 635 1 0.00 L1712 -1.39 0.761 1 -1.02

211 18.15 2 0.83

214 1133 1 0.00 1762 3 -1.49 638 1 021 531 3 048
216 1155 1 0.65 1792 3 -0.17 577 1 -0.79 433 2 099 636 1 0.07 1216 2 -0.54 0811 1 218 51.8 1 -1.57

217 1237 1 3.08 17.88 1 -0.35 526 1 3.9 637 1 0.14

219 174 1 121 17.69 3 -1.18 587 2 -0.18 6.16 1 -1.38 1222 2 -043 0.777 1 0.00 587 1 034

220 1138 1 0.14 1759 4 -1.62 6.09 2 116 497 2 278 623 1 -0.87 1214 1 -0.58 0.750 1 -1.73

221 174 1 121 18.04 3 035 592 2 012 378 3 054 625 1 072 1273 2 052 0.746 1 -1.99 537 3 0.78
223 1126 1 -0.20 17.85 2 -0.48 7.83 2 10.79

225 1148 1 044 17.82 3 -0.61 593 2 0.18 643 1 058

229 11.82 1 145 1849 3 232 640 1 036 1220 2 -0.47 0.780 1 0.19

231 1135 1 005 1827 3 135 578 1 -0.73 334 2 -1.77 598 1 -2.69

232 1134 1 0.02 17.81 3 -0.65 584 2 -036 3.98 2 001 634 1 -0.07 1280 2 0.66 0.760 2 -1.09

237 1230 1 2.87 1737 4 -2.58 593 1 0.18 473 1 211 613 1 -1.60 0425 1 2261

238 1L17 1 047 18.04 3 035 642 1 051 1204 2 -0.77 0.809 1 2.05

239 18.05 3 039

240 17.95 3 -0.04 582 2 049 3.95 3 -0.06

242 11.03 1 -0.88 1791 1 -0.21 611 1 128 636 1 0.07

244 1129 1 -0.11 18.09 3 057 593 1 0.18 413 2 043 628 1 -0.51

245 152 1 056 1796 3 0.00 588 1 -0.12 3.96 3 -0.04 631 1 029 1227 2 -0.33 0.776 1 -0.06 56.6 3 2.26
246 1200 1 198 18.09 4 057 595 1 030 3.81 2 -0.46 643 1 058

247 1133 1 0.00 18.03 3 030 5.85 2 -0.30 3.62 2 0.9 646 1 0.80 1371 2 237 0.756 1 -1.34 537 3 0.78
249 10.94 1 -1.15 17.85 3 -0.48 579 2 -0.67 371 2 074 618 1 -1.23 1550 1 5.75 0780 1 0.19 525 3 017
250 167 1 1.00 17.39 1 -2.50 629 1 239 3.93 2 012 620 1 -1.09 1233 2 022 0790 1 0.83

253 1150 1 0.50 1824 3 122 618 1 -1.23

254 11.54 1 0.62 18.63 3 293 560 2 -1.83 630 1 -036 1282 1 0.69 0.777 1 0.00

255 1L15 1 -0.53 1826 3 131 578 2 -0.73 422 3 0.68 632 1 -0.21 1233 2 -022 0.779 1 0.12

256 10.98 2 -1.03 17.83 3 -0.57 623 2 -0.87

257 1.2 1 -091 557 1 -0.48

258 160 1 0.80 1799 3 0.13 6.05 1 091 407 3 026 626 1 -0.65 1257 2 022 0.759 1 -1.15

259 153 1 059 1770 4 -1.14 641 1 043 50.6 3 -0.78
260 1145 1 035 17.61 4 -1.53 543 1 -2.88 339 3 -1.63 645 1 072 1395 2 2.83 0.762 1 -0.96

261 1147 1 041 18.01 4 021 610 1 122 3.88 2 -0.26 634 1 -0.07 1287 2 0.79 0.802 1 1.60 513 3 -043
262 1.64 1 091 17.87 3 -0.39 590 1 0.00 639 1 029

263 154 1 062 18.00 3 0.17 3.74 4 065 6.16 1 -1.38 1180 2 -1.22 0.768 1 -0.57

265 1147 1 041 1799 3 0.13 6.01 1 067 425 3 076 636 1 0.07 1269 2 045 0773 1 -0.25 538 3 0.83
266 1132 1 -0.02 1779 4 -0.74 577 2 079 545 3 412 643 1 058 1491 2 4.64 0782 1 032

267 1133 1 0.00 1744 2 228 295 2 -18.08 3.64 3 -0.93 595 1 -2.91 L1721 -1.37 0.734 1 276

268 11.66 1 097 17.85 3 -0.48 555 1 -2.14 371 2 074 617 1 -1.31

270 1139 1 017 17.90 3 -0.26 582 1 -0.49 640 1 036 1264 2 035 0.735 1 -2.69

273 1131 1 -0.05 1773 1 -1.00 586 1 -0.24 3.89 2 -0.23 634 1 -0.07 1256 2 020 0.795 1 115

274 1.18 1 -0.44 17.56 3 -1.75 6.04 1 085 429 2 088 631 1 029 1262 2 032 0.787 1 0.64 572 1 -0.06

274 505 3 -0.83
274 494 4 -139
276 10.62 1 -2.10 17.56 4 -1.75 569 2 -1.28 3.03 3 264 649 1 1.02 1228 2 -0.32 0.767 1 -0.64

278 1134 1 0.02 1823 3 LI8 626 1 -0.65 1248 2 005 0.795 1 115

282 1132 1 -0.02 18.66 3 3.07 579 1 -0.67 492 3 264 706 1 517 1329 2 158 0.749 1 -1.79

283 1059 1 -2.19 614 1 1.09

285 11.28 1 -0.14 17.58 1 -1.66 588 1 -0.12 349 2 -1.35 636 1 0.07 1198 2 -0.88 0.782 1 032

287 1.19 1 -041 18.03 3 030 591 1 0.06 3.98 4 001 635 1 0.00 1208 2 -0.69

292 112 1 -0.62 584 1 -036 350 2 -1.32 659 1 175 1300 2 1.03

297 530 3 043
298 1126 1 -0.20 1772 4 -1.05 579 1 -0.67 404 3 018 637 1 0.14 1318 2 137 0.763 1 -0.89 545 1 -0.82

299 151 1 053 1777 3 -0.83 621 1 -1.02 59.8 1 0.65

303 174 1 121 1791 3 -021 639 1 029

304 1.61 1 083 1801 3 021 5.80 1 -0.61 407 3 026 635 1 0.00 1120 2 -2.35 0.770 1 -0.44 545 3 119
305 158 1 074 17.84 3 -0.52 6.04 1 085 3.83 3 -0.40 6.16 1 -1.38 1245 2 0.00 0780 1 0.19

310 1126 1 -0.20 17.64 3 -1.40 592 1 012 432 1 09 637 1 0.14 1195 2 -0.94 0.775 1 -0.12

311 1138 1 0.14 18.06 3 043 582 1 -049

313 165 1 094 1796 3 0.00 585 1 -0.30 421 3 065 638 1 021 1290 1 084 0.800 1 147 512 1 -1.73

314 1097 1 -1.06 635 1 0.00 1240 2 -0.09 0.796 1 1.22 509 3 -0.63
317 1L15 1 -0.53 18.08 3 0.52 589 1 -0.06 413 3 043 642 1 051 1269 2 045 0810 1 211 526 1 -1.34
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Koy Wiz A AH HLIK 5y B RIT A E i 4 I T UREET VTV G
ST 8 No. z-score! ST iE No. z-score ST e No. z-score. ST No. z-score S e No. z-score! b No. z-score Al No. z-score| 5
%) %) %) (ng/ke) (@/ke) (e/kg) (@/ke)
747 1 226 7043 3 122 1478 1 1.60 195
811 1 081 67.99 3 -2.81 1452 1 -0.59 196
785 1 -0.43 69.25 2 -0.72 1464 1 042 055 2 0.10 4159 1 047 4499 1 071 199
791 1 -0.14 7024 3 091 1452 1 -0.59 202
800 1 028 69.64 4 -0.08 1449 1 -0.84 049 1 -114 205
7.68 1 -1.25 68.68 4 -1.67 206
796 1 0.09 6839 4 -2.15 1453 1 -0.50 061 2 134 207
762 1 -1.54 6876 3 -1.53 1455 1 -0.33 208
817 1 110 70.08 3 0.64 1442 1 -1.43 50.33 1 546 5258 1 3.54 209
68.89 2 -1.32 211
796 1 0.09 6899 3 -115 1464 1 042 214
799 1 024 69.99 3 049 1456 1 -0.25 216
874 1 3.85 68.75 1 -1.55 1443 1 -1.34 217
816 1 1.05 69.41 3 -0.46 1437 1 -185 219
792 1 -0.09 6895 4 -1.22 1439 1 -1.68 220
812 1 086 69.55 3 -0.23 1441 1 -151 056 2 031 4381 1 174 4543 1 088 21
621 1 833 69.00 2 -1.14 1409 2 -421 223
795 1 0.04 69.84 3 024 1463 1 033 225
819 1 120 7024 3 091 1467 1 067 229
231
779 1 -0.72 69.32 3 -0.61 1459 1 0.00 40.60 1 -0.08 4438 1 048 232
860 1 3.7 66.72 4 -491 1441 1 -151 237
807 1 062 69.89 3 033 1462 1 025 238
69.96 3 044 239
7010 3 0.67 240
741 1 255 69.26 1 -0.71 1470 1 092 242
789 1 -0.24 7023 3 0.89 1470 1 092 199 1 -085| 244
79 1 024 70.57 3 145 1474 1 126 4203 1 073 4209 1 -036 245
868 1 3.56 69.20 4 -0.81 1458 1 -0.08 246
7.92 1 -0.09 69.98 3 048 1483 1 202 214 1 098] 247
796 1 0.09 69.65 3 -0.06 1456 1 -0.25 189 1 -2.08| 249
817 1 110 6801 1 -2.78 1441 1 -151 250
812 1 086 69.60 3 0.00 1477 1 151 253
813 1 091 7062 3 153 1462 1 025 254
793 1 -0.04 69.66 3 -0.04 1463 1 033 056 2 031 255
789 2 -0.24 7011 3 0.69 1456 2 -0.25 256
806 1 057 48341 1 151 4224 1 -030 205 1 -0.12| 257
815 1 101 69.89 3 033 1441 1 -151 057 1 051 3886 1 -1.07 40.55 1 -0.94 258
785 1 -0.43 69.64 4 -0.08 1456 1 -0.25 188 1 -220| 259
811 1 081 67.84 4 -3.06 1480 1 177 025 2 -6.12 4449 1 213 5107 1 298 260
803 1 043 70.05 4 059 1453 1 -0.50 39.85 1 -0.51 4450 1 053 203 1 -036| 261
813 1 0091 69.73 3 0.06 1462 1 025 262
807 1 062 69.93 3 039 1443 1 -1.34 056 2 031 4147 1 041 4305 1 0.00 263
818 1 LI5 69.24 3 -0.74 1467 1 067 055 2 0.10 4090 1 0.08 4347 1 014 201 1 -0.61| 265
795 1 0.04 68.00 4 -2.79 1453 1 -0.50 046 2 -1.76 3888 1 -1.06 3992 1 -1.17 266
7.80 1 -0.67 69.58 2 -0.18 1439 1 -1.68 267
803 1 043 69.62 3 -0.11 1461 1 0.16 268
783 1 -0.52 69.68 3 -0.01 1467 1 067 3936 1 -0.79 4261 1 -0.17 270
798 1 019 6897 1 -1.19 1446 1 -1.09 053 2 -031 4061 1 -0.07 4493 1 0.69 273
811 1 08l 69.54 3 -0.24 1448 1 -0.92 056 1 031 4227 1 086 4690 1 142 211 1 061 274
274
274
754 1 -1.92 68.57 4 -1.85 1476 1 143 062 2 155 96.78 2 31.95 9172 2 1815 276
801 1 033 69.93 3 039 1456 1 -0.25 278
282
774 1 0.9 4176 1 057 4127 1 -0.67 198 1 -0.98| 283
4083 1 0.04 39.05 1 -1.50 285
789 1 -0.24 7005 3 059 1455 1 -0.33 4092 1 009 4151 1 -0.58 287
814 1 096 1479 1 168 292
297
803 1 043 69.31 4 -0.62 1471 1 101 058 2 072 4035 1 -022 4139 1 -0.62 206 1 0.00| 298
850 1 2.69 69.47 3 -036 1481 1 185 299
811 1 081 7047 3 129 1442 1 -1.43 303
811 1 08l 7010 3 0.67 1451 1 -0.67 4075 1 0.00 4024 1 -1.05 192 1 -171| 304
801 1 033 69.73 3 0.06 1461 1 0.16 053 2 -031 39.16 1 -0.90 4207 1 -037 202 1 -049| 305
806 1 057 69.63 3 -0.09 1439 1 -1.68 3997 1 -0.44 3977 1 -1.23 310
812 1 086 7006 3 0.61 311
802 1 038 70.03 3 056 1458 1 -0.08 313
7.88 1 -0.28 1480 1 177 048 2 -1.34 3883 1 -1.09 4654 1 129 201 1 -061| 314
794 1 000 70.02 3 054 1459 1 0.00 1200 1 -1L25 317
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o WA B HLIRIG A RS T 5 SLOERAHE) | SLORF A )
= o rsco| AL e e e e R
[i0) i) ) ) ) ) €/ SLH)
319] 0.97 1799 3 0.13 580 1 -0.61 417 1 054 6.14 1 -1.53 1.204 2 -0.77 0.774 1 -0.19
321 -1.06 17.98 3 0.08 6.27 2 -0.58
323 -151 1644 4 666 614 1 -153
324 085 1799 3 013 59 2 036 392 3 015 633 1014|1235 2 008 0749 1 -L79 546 1 -0.79
326 139 1817 3 092 597 1 277 593 1 051
334 -0.59 17.99 3 0.13 581 2 -0.55 425 2 0.76 6.27 1 -0.58 1386 2 2.66 0.771 1 -0.38
335 0.85 17.76 3 -0.87 641 1 043 1.202 2 -0.81 0.759 1 -L15 510 3 -0.58
338 -1.27 16.81 5 -5.04 571 3 -1.16 531 4 3713 10.67 2 31.50
338 1698 4 -429 574 2 098
33| 119 1 04| 1835 1 L7I 595 1 030 388 2 026 645 1 072 1308 2 L8| 0777 1 000
339 1823 3 1.18
71 z-scoreDHIC F#ZAF L2 b D1, HHMES EO O THS.
2 HREONoMIE, B ERT. RMIEHEUFOLB) Thb.
Koy HLT A TR HUIE ke RS AN vy VY s ~vq vy F Y YL (SL)
No. 5y J7 i No. 57 4715 No. 53 J7i% No. 53 J7i% No. 43 1ff ;i No. 431ff 5 i No. 4y1ff
1 6 57 5 1 1 S5 7 e 1 s 12 mre 1 SRSy 7 A 1 i
220 2 B 2 Bk 2z TR o A
3z ofh 3 BB AR 3z ofh Jikthkr = 7T 7k
4 BB T 4zof 4 AP

5z ofh
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Bt Dl £ "
i K5y ﬂiﬂf’:/uElE’ 7%’}1%& BEIY A i il ) EEa 7:\4&%?\/%» “%%
AR, z-score AHE z-score At z-score AHE z-score A z-score AHE z-score A z-score|
(%) (%) (%) (mg/kg) (g/kg) (g/ke) (g/ke)
819 1 1.20 70.05 3 0.59 1453 1 -0.50 4039 1 -0.20 4237 1 -0.26 319
7.89 2 -0.24 70.08 3 0.64 14.59 2 0.00 321
771 1 -1.10 62.53 4 -1185 1453 1 -0.50 323
824 1 144 69.97 3 046 1452 1 -0.59 324
829 1 168 7031 3 1.02 1462 1 025 326
7.94 1 0.00 69.94 3 041 1451 1 -0.67 334
822 1 134 70.18 3 0.81 1448 1 -0.92 37.80 1 -1.68 4154 1 -0.57 202 1 -049| 335
7.03 2 438 7109 5 231 20.56 2 5033 338
7117 4 244 338
795 1 0.04 6829 1 -2.31 1462 1 025 049 2 -1.14 4027 1 -0.27 40.70 1 -0.88 339
70.63 3 155 339
BRIY A ECl i g
No. 4341 J5 ik No. 4341 J5 ik No. 4341 17 ik
1 VA A 1 i feh oy ir S 1 ffst oy r Mg
2 i 5 ik 2 =it 2 Z0fh

3 ofl
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x5 AHHOMTRER

e Koy H7-ABE HLNE B FH A KE LR 5y
(%) (%) (%) (%) (%)

T —H 207 206 171 120 198

. g il 11.33 17.96 5.90 3.98 6.35
T RR B A 10.32 17.28 5.41 2.90 5.94
PR B 12.34 18.64 6.39 5.05 6.76
S 4 it 11.31 17.94 5.90 3.99 6.33

5 HEE Y {7 0.33 0.24 0.17 0.40 0.13
EEREL (%) 2.9 1.3 2.9 9.9 2.0
95 % EHEXE  11.26~11.35 17.91~17.97 5.88~5.93 3.91~4.06 6.31~6.35

% 4y HI T A D% SL CFHRAMHTIE) T SL (fkhsy b dve) ™
(%) (%) (g(JI)/ b >) (g(JI) b >)

F— 2K 130 137 30 44

. il 1.245 0.777 57.5 52.2
T PR B R 1.086 0.730 46.7 46.3
PR B SAE 1.404 0.824 68.2 58.0
DNy 1.240 0.775 56.7 52.2

5 2 Y {7 0.055 0.018 3.3 2.1
EERI (%) 4.5 2.3 5.7 4.0
95 %[ HE X [H]  1.230~1.250 0.771~0.778 55.5~57.9 51.5~52.8

HE 1 XK1 OBETRE SN OMENPOFEHLIEERTHY, Ko 213K 50 1 THH
L7z z- A2 a7 O sy 3 L EORFEZRIA L TRIBLIZHERTH .
2 AT OHEHEN 3 DBEFETH 5.
3 SL (FEGHE) 1%, PV / ~A v F M) U AOREERER D70 —A TV <
g va EREHLIEHERTH .
4 SL (EEFyHrHEUE) 1%, YU ~A T M TADKIKY v~ N7 T 7iEKR O
EMFHERIEZEF LEERTHS.

x6 BHHOMITKER

gy Koy H7-A BB HLER 5y BRI T A
(%) (%) (%) (mg/kg)

F—2K 203 199 193 32

. i 7.94 69.69 14.59 0.55
T PR B R T 7.32 67.88 14.23 0.40
PR T SUE 8.56 71.50 14.95 0.69
S 44 7.94 69.64 14.59 0.54

5 T e 7= 0.20 0.64 0.13 0.05
EERE (%) 2.5 0.9 0.9 8.5
95 %5 #E X il 7.91~7.97 69.55~69.73 14.57~14.61 0.52~0.56

1 XK1 oBEEFHRESNTEOENSFE R LR THY, K5 21EXK455 1T
B L7z -2 a7 OfE R 3 A LD REMEZRAA L THI LR TH 5.
2 - AT OFEHEN 3 DEEFRMETH 5.
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x7 DHMOEITER

%yt £ i) 7T UMRETT T
(g/kg) (g/kg) (g/kg)
T— 2 66 66 45
. gl 40.75 43.07 20.6
T IR ES AL 35.49 35.03 18.2
= BREE S 46.01 51.11 23.0
2 fE 40.82 43.30 20.5
Z%ﬁﬁ% 1.75 2.90 0.8
EEMREL (%) 4.3 6.7 4.1
95 %5 & X [ 40.39~41.26 42.57~44.03 20.2~20.7

W1 Kol oBEFHRESNTOMENOFEH LEERTHY, Ky
iE 1 CHRH L7z z- 2 3 7 O sy 3 LA o B A FRo L
HHLIEHERTHS.
2 p127®%ﬂ@ﬁ3®ﬁﬁﬁf%é.

=8 EALERHOETERE
a9 53 = g

s RAEHE o =R
REE T e B (0
o b A L 30 103 4 0 107 0 100
4N # 20 15 51 17 83 24 78
P S SN I /N 10 2 26 14 42 65 39
X & W T 10 37 57 7 101 6 94
a— T =L 10 11 48 13 72 35 67
VA R Wi /N 10 87 16 107 0 100
R /S 3 44 20 69 38 64
fa ¥ 3 8 88 97 10 91
VAT LT T A 2 0 81 81 26 76
" H 2 0 103 103 4 96

2 B LB OHEE S DEAEIE D 5 %L E~15 %A & s Sz s 0.

4
5
1
0
0
E 1 BHLUZEBOHE SN EARIEN 15 % U EERESNTZLO.
AN
3 MR LB OHEE SN DIREHIE D 1 %L E~5 %R & i Sncbo.

HH-H- nw}
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&9 EBELEEHLUSMNBHEHRESLEZLO

T R4 LT " T it

DDGS 7 27 4 38
5 ok 4 24 9 37
ST F 1 13 10 24
K#E 4 6 5 15
REE T L T I 0 1 13 14
~An 2 2 6 10
TEMWNT 0 1 9 10
B— f XL 0 5 4 9
a— I NT T 40— K 2 4 2 8
o) 0 2 3 5
SR 0 0 5 5
FXI—L 0 1 4 5
b FEITHNT 0 2 2 4
I~ 0 2 2 4
T4 % 1 2 1 4
sINFE RS 0 2 2 4
AP Y == T XL v b 0 0 3 3
ST AN 0 0 2 2
TIVT )T 7 I — ) 0 1 1 2
¥y v PN 0 1 0 1
Y7 I U—Wnd 0 1 0 1
LA 0 0 1 1
XA T TN 0 0 1 1
1 BELZEBOHE SN DIRGREN 15% L ELESnibo.

2 B L7ZEEIOHRHETE SN DIRAEIE D 5 %Ll E~15 %A & Ht S e b 0.
3 MR LIZREIOHEE SN DIRAEIED 1 %L E~5 %Rl & H®ESNTH .

8 HBHMOMBITHERRVETERIE
LLF, SWTER OB #E R TIX, OWTERNC ST 727 —Z Ta "R MEICESL -2aT7 2k,
ZORKE A 3 LL DT Z B e UCSEAIL, I, YR & OV HE MR 722 % R 7=
8.1 ARE (Fd 5 BERHBLEEIE) DREHTHRE R
1 XK &
NI 207 RO RENRH YV, B2 MEICE D z-2 a7 Ot N 3 L EDo b DX 5 4T
otz TNHERWEZEHMEIZ 1131 % T, 20 95 %EHEXMIZ 11.26~11.35% TH > 7-.
IIHTERI ORI FERIE, LT LB ThHhoT
AR HTEETIE, 200 7F (D6 z-2 a7 OffiHE S 3 LLED b DT 4 1) O@ERH Y,
T ONVEIME, FEAERZE K OFERHE R 21T 2 24 11.31 %, 0.31 %% 2.7% Th - 7=,
ZOMDOTFETIZTH (Db 222 a7 O EN 3L EO DX 14) ORENRH -7
2) M-ABHE
IHTEIE 206 HFOHENH Y, B AR MEIZLD -2 a7 O#ikHED 3 UL Eo b 0% 13 1
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Tholz. ZNHEBRWIZTEEMMEIL 17.94% T, Z 095 %EFEXMEIL17.91~17.97% TH - 7-.

IHTIEROEFTFERIL, LT EBY ThoTz

FAEL AT B YE - FRFBAEEIRR DA T, 12 4 (9B -2 a7 OfKHEN 3 Lo b it 1
) OWERH Y, FONLE, FEERZEL O IR ERZILIZNT 17.82 %, 034 % &V
1.9% ThH o7z,

FARF AT B YE - AR U BEIRRIGE T, 22 4 (95 -2 a7 OffkHEN 3 L Eob DiE 1
) OHRERH Y, £ OXLE, FEERZL O IREERZILIZNTI 17.88 %, 022 % &N
1.2%ThH oz,

FRUBHAI AT FEYE - BRBEIETIE, 131 4F (9B z-2 a7 OB, 3 LED S DI 4 1F) Dk
DoV, TONEME, FEMERZELOCHESEERZIZZENEI 17.99 %, 022 %K%K 1.2%TH -
7.

E BT L D HETIE, 400 (Db A7 ORsHENR 3L ED S OIL 6 1) OWEMN
bV, TOVEE, FEERZELOHESEERZTIZNEN 17.84 %, 022% KT 1.2%ThH 7.
ZOMDOTFETIZ I (Db 222 a7 OMHEN 3L EO DX 1) ORENRH -7

3) HIEN

IOHTEIZ T HFOBRERH Y, B AR MEIZLD -2 a7 OMHED 3 UL Eo b olx 12 4
Tholo. THHEBROVIZIEEMEIL 5.90 % T, Z0 95 %EHEX M 5.88~5.93 % Th - 7-.

SIBTIERI DR RS RIL, UTD LB ThoT

R EEHETIX, 1001 (9B z- A a7 OfEXHEN 3 LA ED b DX 6 1) O#HERH Y,
T ONVEIE, FEAE(R 72 K OFE X R R 221X 2 0 5.95 %, 0.14 %KX TN 2.3 % Th - 7-.

HEISHTHEIC L A HIETHE, 691 (96 -2 a7 OfexsHEN 3 L EDH DX 6 1) DOHEMN
bV, ZOVEME, FEAER K OFE R 22X 2 Eh 5.85 %, 0.18 %X TN 3.0 % Th o7z

ZOMDOFETIE 2 (Db -2 a7 Ot EN 3L EO L DIZ 04) OWENH 7=

4) CHLARAE

SIHTEIE 120 OB ERH Y, BN MEIZLD -2 27 OMKEN 3L EO b DX 5 4T
bolz. TNHEBRWEEHMIL3.99%T, 0 95 %(EHEXHEIX 3.91~4.06 % TH > 7=,

IINTEBI O AE R, UTFTD LY Tholz

AR AT e - FREIETIE, 14 FOMERH Y, FOVLIME, FEAENR 2= M OFH o % HE 7 722
XZNZEHN 4.05%, 019 %K N47%TH -7z,

EREL AT ELHE « ASEIE T, 641F (5B -2 7 ORKHEN 3 2L ED b OIE 3 ) OEMN
bV, ZOYEIME, EERZEK OF S IEERZILZ 1 3.89 %, 0.43 %K% 1N10.9% Th 7.

EEIATAIC L D HETIE, 344 (Db A7 ORsHER 3L ED S OIE 1) OWEMN
SV, TOVEME, EAERZER S EERZIZZNEN 4.17 %, 0.34 %KX 81 % Th o7z

ZOMDFETIE M (DB -2 a7 Ot EN 3L LD DI 1) OWMENH -7z

5) MKy

SIINTEIE 198 OGN H Y, B NR MEIZX D -2 a7 OffaktEn 3 DL EO S o 12 #
Tholz. ZTNHEBRWIZEHMHEIL 6.35% T, 20 95 %EMHEXMIL 6.31~6.35% CTh - 7-.

SIBTIERI DR RS RIL, UTD LB ThoTo

R EEHETIX, 1921F (9B z- A a7 OfEXHEN 3 LA EDO B DIX 9 1) oHERH Y,
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T ONWEIE, R 2= K OFE X EE R 221X 2 0 6.33 %, 0.13 %KX TN2.0% Th - 7-.

ZOMDFETIZ 6 (DD -2 a7 Ot EN 3L LD DI 3 4) ORENH 7=

6) BTN

SN 130 EOME R H Y, B NRA MEICED 2223 7 OMIEN 3 LLEDO L DX 12 1
Thotlz. ZNHEBRWIZEHMEIL 1.240% T, Z D 95 %EFEXM I 1.230~1.250% T - 7-.

IHTIEROEATRERIL, AT EBY ThHhoT=

fRABH ST HAE « a2 VBT V=T AIETIE, 181 (DB z-Aa T OMEN I U EO B O
E3 ) omERHY, TOVEME, EAERZE K OHEMMEERZEIT N ZEI 1.237 %, 0.053 %
K43 %ThH-oiz.

FADRE AT B VE SRR EEE T, 1R (D Bz- X a7 O E 3L, Lo b DX 8 1)
DEWERDH Y, EOYEE, EHERZEKOCHMMEERZZENZ I 1.241 %, 0.056 %X T 4.5
% ThoT.

ZOMDOFETIZ I (Db -2 a7 Ot EN 3L EO b DI 1) ORENH -7z

H U

IINTEIE 137 OHMERH Y, B AR MEIZLD 222327 OMIHEN 3L EO b DI 74T
Hoto. TNHERWZEHMEIZ 0.775% T, 20 95 %5 XX 0.771~0.778 % TH > 7-.

SONTIER DT RERIL, LT LBy ThoTz

AR AT EAETIE, 133 4F (Db z-2 a7 OffikHEN 3 L ED b DX 6 1) OHENRH Y,
T ONEIE, FEAER 22 K OFE SRR 22132 240 0.774 %, 0.017 %KX 2.1 % Th > 7-.

ZOMDFETIZ A (DD -2 a7 O EN 3L EDO b DI 1) OWMENH -7

8) ¥V /)~ F hU A

BELOATIETIE, OWHEIEY Y 2~ A > MU o AERINGE CRECAT) O 7 T v 7l
EIOMERKETH L0, SEITMESNROVSITEOWRE TH 5720, o EEIC LS
SSHHEE ORI ENECDFAREMERNH -T2 LD, b &AL THEH L.

BEHTEE GREEERER N7 o —a V=7 v a v iE) TlE, O0EIE 30 fo@En s
O, BRZMEIZED z-2a 7 OfktHEs 3 U EO DX 0 fFTh o7, £ DFHEIT 56.7
g(Jifiy/ b T, D 95 %IEHEX A 55.5~57.9 g(Hifi)y/ h » Th o 7=,

AR T EEYE (HRIK 7 v~ b7 T 7R OBAEM I E&E) T, o 44 o
NHY, BNARMNEZLD -2 a7 OHfxHEN 3 LEOL DI 0 thThHh o7z, O FEHIEIX
52.2 g(Jifil)/ kT, 2D 95 %E XL 51.5~52.8 g(/)fili))/ ko Th - 7=,

INTERI DR AE R, UTFDEBY Tholz

EELATIE - EERIETIE, 23 FoWMERH Y, FOFHE, FEAERZE K OFE X HE (R
ZIENEh 56.1 g(Fifli) F v, 3.4 g(Fifli) F o KON 6.1 % Th 7=,

BRI - 7o —A V272 a ETHE, 7T HORERH Y, TOEYE, Btk E
Ko OVFA A He (R 2513 2 24 59.1 g(JIfi) B>y 1.0 g(Fiffiy b KON 1.6 % TH-o7-.

BT L HE - JRIE 7 o~ N 7T 7T, 42 hOWRERH Y, FOFHE, HEAERFEK
OFHHE R 21X Z2 20 52.4 gt/ b o, 1.9 g(Jifli) F > TN 3.7 % TH - 7=.

fARE M L UE « BAEM R ERIETIE, 2 FOMERDH Y, REKEN VLW da R N E
WX DFATIZE T, 28l e L ORI EZRE Lo/ E, 508 gUifli)/ b ThoTz.
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8.2 B Kl (F¥)) OFHTHRER
1 K 4

IINTIELE 203 HEOWENRH Y, oA MEIZE D z-A2A a7 OMHEN 3 LEDO L O 16 1
ThHholz., ZNHEBRWIZEEMHEIL 7.94 % T, 20 95 %EFEXMIL 7.91~7.97 % Tdh - 71-.

IIMTER OIRATRERIL, UTD LB ThoT

BT AETIE, 196 1F (9 B -2 a7 OMXHEN 3L EO b DIX131F) ORENRH Y,
T ONVEIME, FEAE(R ZE K OFE X R 22132 1V 7.93 %, 0.19 %KX TN 2.4 % Th - 7-.

FOMDFETIZTHE (OB 22237 OKHEN 3L ED b DI 3 ) oRENRH T

2) M7-AHE

IHTEIL 199 OB ENRH D, B/NRA MEIZKLD -2 a7 OMxHE? 3 LLEOd 0% 13 1
Tholz. TNHEBRWIZEHMEIL 69.64% T, Z D 95%EHEXMIX 69.55~69.73 % THh - 7=

IIMTER OIRATFERIL, UTD LB ThoT

FAEF AT BLYE - BRBARYEIRRIGE T, 10 4 (9B -2 a7 Ot E» 3 LLEo b olE 0
) OWERH Y, FONLE, FEERZELK O IR ERZILZN T 68.80 %, 0.49 % &V
0.7% ChH o T7=.

FREF AT BEYE « AR U BEIRRIGE TIX, 20 4 (95 -2 a7 OffkHER 3 L ED b DX 2
) OHRERH Y, = OFLE, FEERZL O IEERZILIZNEI 69.19 %, 0.46 % &
0.7% TdhH o 7=.

BB AT ELVE - RBEIETIE, 1271 (9B z- 2 a7 OHEHEN 3 BLED S DI 4 1F) D@
DoV, TONEE, FEAERZEL OHHRERZIZZ LI 69.88 %, 0.42 %K% T10.6 % Th -
7.

HEIATAIC L D HETIE, 414 (Db 227 ORsHER 3L ED SO 7 ) OEMN
SV, TOVEME, EAERZEKL O IEEERZIZZ TN 69.13 %, 0.80 %K% TN1.2% ThH 7.
ZOMDFETIE I (DB -2 a7 Ot EN 3L ED DX 0 ) OWMENH -7

3) MKy

IHTEIZ 193 HFOHRENRH Y, BANR MEIZLD -2 a7 O#ikHED 3 UL Eo b olE 13 14
Tholm. TNHEBRWIZEHMEIL 14.59% T, 20 95 %EHEXMIL 14.57~14.61 % T - 7=.

IINTERI ORI FERIE, LTFTDO LB ThHhoTz

AR AT EETIE, 1871 (DB z-A a7 OMEHEN 3L ED L DIT 10 1) OMERH Y,
T O EIHE, PR 22 L O HE(R 221X Z 0240 14.59 %, 0.13 %% TN 0.9 % TH - 7-.

ZOMDFETIZ 6 (DB -2 a7 Ot EN 3L LD DI 3 ) OWMENH -7

4 HEITA

SINTIELE 32 fFOWE R DY, v A MEIZKD 22237 OFEHER 3 BLEO 0L 3 #T
Hol=. IS ERWIZEHMEIE 0.54 mg/kg T, Z D 95 %{EHE XM IE 0.52~0.56 mg/kg T&H >
7.

IIMTER OIRATRERIL, U TO LB ThoT

fRBE M R YE « AR T, 61 (Db - A a7 OHHEN 3 UL ED L DT 1 1) DR
HERH Y, T ONLME, R ZE &K IR ERZEZ L4 0.56 mg/kg, 0.08 mgkg &
13.6 % T - 7=.
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FREL T HLYE - 515 CIE, 261F (Db A7 ORKHEN 3 L ED S DIE 2 ) OHEMN
SV, TOVEME, EAERZEK SR ERZITZ N 0.54 mg/kg, 0.04 mg/kg KT 7.9%T
H o7,

83 D#E (FHMFHKEMMH T LI v 7 X) OfFHTHRER
1) 4l

IINHEIX 66 fEFOMENRH D, BN MEIZLD 22227 OxHES 3 L EO S DX 4 T
Hol=. IS ERWIEHIMHEIE 40.82 g/kg T, Z D 95 %IEHEXEIX 40.39~41.26 g/kg TH >
7.

DHTER ORATRERIE, LT LB ThoTe.

BT EAETIL, 631F (9 B z-A a7 OfXHEN 3L Lo b DI 21F) OHRENRH Y, %
DI, FEAE(R 22 K OVFE X R MR 722 132 V2 4L 40.84 g/kg, 1.75 glkg KN 43 % Th o7,

ZOMDOFETIEIMH (Db -2 a7 Ot EN 3L EOb DX 24) OWENH -7

2) #i R

SR 66 tEOMENRH Y, B AR MEICLD -2 2T OHexHER 3 LLEo b oid 5 4T
Holz. TS ERWIZEHMEIT 43.30 g/kg T, Z D 95 %ISHEIX [ X 42.57~44.03 g/kg TH >
7.

IINTEBI ORISR, UTFD LY Tholz

AR HTEAETIE, 631F (9D B z-Aa T OMXEN I LLEDO L DI ) oRENRHY, £
DO SF-YfE, FEAER 72 & OVFERHMEZ R 221X 2 4 43.11 g/kg, 2.53 glkg KN 5.9 % Th o 7-.

ZOMDFETIEIMN (Db -2 a7 Ot EN 3L ED b D2 ) OWMENH -7

3y V- UBET LTIV
VTN 45 HFORERH D, TR MNEICK D -2 a7 OffisHERS 3 L EO DX 1 4T
Hotl. ZTNHERWIZEHMIL 20.5gke T, I D 95 %[5 #E X E1E 20.2~20.7 g/lkg T - 7=.
IIWTEIE T R CEB T EREIC L 2 WMETH 0, AR ZEK OCHIHEERF 21X ZEh 2 0.8
glkg KD 4.1 % T - 7T-.
8.5 Cakl (BEmHaEh e ik

BA L2 10 EOFE ORI & ZDRAEIEOHEEITo 72, JFEHESEIA OHEEIL, 15 %
PlEEZE, S E15%RMETE, 1% ES%RmEbEs L THEEZRDZ.

107 HFO|ERH Y, BE LIZEEHLSMIHI & |EDNH - 2REHT 23 M TH - 7.

RELEREBHZOWT, 28520 (RAEEIA30%) 1%, 1074 (BH=E 100 %) O#EN
HY, FEHEAEIAGOHEDONFIZZEN 103444, FEN 41, VENS O TH-T-.

INE (REEIE 20 %) 1%, 834 (MHFEF 18 %) ORERHY, TONFIIZEN 15, +
BN S, VEBR1THTHTZ.

KBl (REEIE 10 %) 1%, 424 (BHFE39 %) OoWERHY, ZONFUIILED 2
i, HRED 26 1, VEN 14HETH ST,

KEhnd (BEHIE 10 %) X, 1014 (BHEE 94 %) ORENH Y, TONRIZZLEN 37
h, HENSTH, PERTHETHT.

a— I NT = RAEIG 10%) 1%, 724 (BRHEE6T %) ORERHL, TOWNRIL
ZEN 1, TEN A8, PES B3 THoT.
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RN T GREHIE 10 %) 1, 107 £ (BHFE 100 %) ORERH Y, £OWNRITZLENR
44, HENRTH, bENIHTHT.

Tk (REEIS 3 %) 1%, 691 RIHE 64 %) OWMERHY, TOWNRITLZEN 5, &
A4t DEN 20 TH Tz,

£ GREHEIE 3 %) 1X, 971 (BRHE 91 %) OWMERH Y, TONFRIZZEN 14, &
N8, DEN S TH oI,

DAY T A (REEIG 2 %) 1%, 811 (BRHE 76 %) ORENHY, TONFIILE
BRI TH o7z,

B BREHEIE 2%) 1%, 10314 R 96 %) OWMENH Y, TONRITDEN 103 Th
> 7.

o TR S EHE LTIE, DDGS b %<, 38 fFORENRH 7=, RWT, KX
237, ST EMN 24 L.

X

1) Michael Thompson, Stephen L.R.Ellison, Roger Wood: The international harmonized protocol for the
proficiency testing of analytical chemistry laboratories, Pure Appl. Chem., 78(1), 145-196 (2006).
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TN 3 G BRSO L@ EEHT X % ATl RE S e E

1. B B

fA B A fE A RS, &k - RN LG 36, RE DTS 23t 41, et o @R
BHZ LD T E 21T 5 2 LIk Y, O RO EH I OHMEEm E2XK Y, R CotritzEz 48
BL, SEEOBERMELNWEEEOEICET 5.

2. BB ONE
AFEE- 3 S B R B Ak
Bk Mk
C B} 88 7 F A Bk ORHE A 5k
DaE I ZHIFHEBERA LI v 7 X

3. fr#EEEHE
AFEL - - - Ky, MTABE, HIEN, HKE, MK, i vn, VU ROYY <A
TR UL
Bkl (%) - « - k5, HIEAHE, HIRSEORH K UL
CalBl -« « fBHEE O K RS FIE OHEE
DaEE - -« -, BRI ZUBET TV

X BREIOxT bFRFGHIL, AEETEMLEEA.

4. HSotreE g
(1) Bt triE FIEE,  TEROERE] CER 2044 A 1 BT 19 1HZLE 14729 524K
KIEBWHE - BEREEM) ICEDHHEWINZ THY )~ F ) U AXITER VYV
T ULAEEEEOEH ] (I 63 45 A 11 AfHT 63 & B 996 5 RAMKES &
PEJRRIEE) KO TEEL K QMBI O B ST 28 O — 82 WET 2EATED
FEATIZOWT) (B 60 4 10 A 16 HAFT 60 &5 B 2928 5, BEMIKEASBERE - KET
ER#EAEA) OMNGZICHLPY )~ F NI UDANFER T M) UL EERAH
FRB O E BRI IEICHERL L TS 72V,
BB, BEETIZIOLOHIEDHRMR: (BRI EESE (k) ) 2L ET.
Flo, HEHOWEOKRREIZ, AERREEDO —fZLHM LELLOT, &L LTFI.
(2) ERBIRLESHEEHE D9 b, FRBREICE W TEmIEREA (HATRITH
) AZOWTHH MO E 21TV, LTS EEORE EMRNA (Microsoft Excel B AFH
HIEs5 (1) 2. ) 12T, iELTIEI V.
(3) H@EaEHIMEREICRE L, AT 58I, HIRICRERL T ZE .,
(4) EEOHHTE B, HEABREIIBIT 27 V2= EKROBREEE) (X Tt L7cs



122 RS Vol. 47 (2022)

B, EAMTOHRLA LT MEFZRRIER L TWZEE, THE<ESV.

5. MR E KR O A

(1) FoH ik OEERRICOWTIE, WMZATBUENBRWKEEE L 2t v ¥ —hR—Lh~—
Y (http://www. famic. go. jp/ffis/feed/sub2_teawase. html) KV [4F0 3 & FE A EE O HE
AREHZ L2 otriE e WS E] #¥4 7 o n— KL T Microsoft Excel ECRRAL, #MEL T
<T7ZE0.

(2) ABFEZIZA, B, CAXUDRAETENENRLR Y T DT, oWk RaeiwE 3 588HTD
WTENRZENFLALTLLIEZESW.  (FEREVFLORIZFARBORBE S Z2HAREF ST L LE
FTOT, ARBIOREFEZIZOVWTIEIDHTZITORVWEEbLTRAL TS, )

SINTIELE, K4y, M7 BE, MR, HMME, MK, AT T AR AAZON T
%T, YU /=42 F M) UAZOWNTIL gUl)/ Mo T, 8, kN7 = BET v
TNZDONWTIE g/kg T, BRI TAIZDONWTiEmg/kg DHALTERFTL L T ZE W,

Koy, Ml BE, MR, MHE, MIKS, 7RI UL, SRR OSITEIL, /R
T3 EZMETALTCHE 2MET, DA T AERY v OSHHEIZ/NE AR TH 400 %
WELALTRBIMET, PV /A F P T ARDT = UBE T T O EIT/N
BRLLTH 22 RAL CTRSE LA ETRALTIZE V.

IIMTER O W TR %L, HEMICEYE T LA L, T OFMEZ S FHREUTE,
FREAL TS &0,

Flo, ST EORRFEHE N HNIT, TOEHFHAL T EI V.

KT DOWT, EIRF R 2 O CTERBE T EEDORFIC L 0 E L2 HmE1iE, T &k
ST EEYE ] AL T2V, BB LN OB Z WG ax, EliEiz v/
5, NEVEEE, WA ERI I EEOSRIEE R D561, 12, 2o fik) Z%IRL, H
Wt R D A — T —, WEFRMEFOFEMEZTLAL TS0,

M7 ABEIZHOWT, B AR HMOKBERELZHNVWTEAL, taby FMEZHWTERE
L7235a i3 T R T e (2 —uih (R ERWINE) ) ) E720% T2, fekor
B (I — ik (RUBERERWIE) ) | 28R TS EIn. HEIZAEEES CRYEE,
E LTS alE T4 BRI HTHE ] 2@ T 7230,

UK DWT, JRABIREZFA LTS ZE 0.

BB, JZUBETUTNAROPY J~AvrF NI UL (RIEZ v~ N7 T 7)) BN
L7 EI2id, EERLAORBERDO 7 e~ N7 7 54 1K (PDF 77 A V) ZElfT L T2
=A%

(3) SEMEIT, B LA 2 ®mEE (4) O OB EE ORI 3 A THH TR
BIAMICREA L, #EINDESHEIL, Z28& (6% k) , T& (5% E 15%K0) K&
U E (1%L ES5 %KM NHRRLTIEIW. 1 %RMEHEINDSHREDIL, BRHR
BHABICITFEA L2 T30, ok, CRBHIIZ 10 FHBEOREEZEAS L TWWET.

MR GIEE, YT FE2RNLTIEIN. (HEEREZEINDILERZOMERIRS L
T28%h, B EMAICFEEA LTSS, )

(4) Htro—EHz2RORBEECTER L 2Ha1E, FiuLolBEL EoEEZ®REED (5)



S0 3 AL O @B REHT L D 0iTEE EIC oW T 123

DO S L < ITHERFO A —/LARITFH L T 7Z S 0.

(56) B34 9H30H (K) FTITRELTIZIW,

(6) WMEFIL, TR T LEEMERENBEIFICLY TRICW TG A —LT FLRITHE
fFLTEawn. fEEO 7 7 A VA IFRBREF S (ARBOFS) _HBREA L LTLE
v, (B RBREZE S 1 EFAMI CAHBOLHA : [1_FAMI CAEI )

BHOBEEFBBINIEAIE, 77 AVADORBICAERN DD LI ICEE &2
TSV, (il 2 ooREELRINT LSS, 12 L 2-2727LY)

WEA—LOHAIL 5 3FEEFEDLESIBRBRE _RREL] LLTIEI0.
A—VOREBIHRMN 7 7 AV EED THTAF 1OMB LL FIZ L TL 2 &0,

T2 OMEEICITESNH 55613004102 [FRH] E AR A =1 b L ITERRET
IS Y HEA~THK S TS0,

ELLS ZETEESEE, 101 BETICZERRBA— NV EEENTZLET.
HLEREET 7 A NVIIZEHBA—ADES ETHELLRNTLSZI 0.

A— )L TCOREERHPEH L WG S EIHYEETITEK ZI 0.

KA M



124 RS Vol. 47 (2022)

A0 3 AR EREE O @R UEHT X o o rlUER R E Bk )

=L Y E
MAIL
TEL
(1) ARE oWrisE A
IR 4 | o WTiE {55
Koy Syt 1 ARk Hr Ha e
% 2 =MD IFIE
- A S Sy 1 fERMHTIENE (L2 — L ih (RS YR I ) )
% 2 BRI EEUE (I F —vik (R BRI IE) )
3 ERL AT ELE (RBEIE)  A—d—
i
4 BEhHTHE A—J—
m
5 & DD S5k
bizhif=pi] Sy MTiE 1 Bl b Ea e
% 2 BEhSHTIE R—H—
S
3 L DD FGE
Pickiiviid Sy 1 fALEH M HENE (k)
% 2 BRI EEYE (Hilik)
3 HENV I A—J—
m
4 & DD 5k
HLK 5> Sy 1 ARk Hr Ha e
% JRAVIREE C
2 & DD ITFIE
HINT T I S3MTiE 1 ARV (=2 VBT VE= U LK)
% 2 fkloy AT 5L e (ROt EE )
3 DD Tk
DIVS Ay 1 filfe oy A B vE
% 2 =MD A
P A SyHTIE 1SR A L
)] 2MHRERYE (Tu—A vV r a VEEGR)
v & g (i) /17 3 BRI (ks o~ 2T 71k
LC A—%— /R
a2 —H— T
TN A—d— TR
PN (mm) £ & (mm)
RIS (um)
4 FRMHTEENE (BUEM R E BYR)




TN 3 AEFERENE O BN X D T EIc oW T 125

(2) Balkl s B
HIHT RG34 ST IE ik
K5y AXIRES 1 filph oy A FavE
% 2 T DDA
H-ABE Sy 1 AR RN (v Z— vk (RRESFEEHERLINE) )
% 2 fABTHrEAE (I — ik (R U BBEIRRIGE) )
3 FABL T EUE (BRBEIE)  A—d—
LN
4 HEN T A= —
iU,
5 ZDMD kA
MK 5 SyHTiE 1 filph oy A FavE
% JRAC R EE °C
2 =MD A
BRI T A ST 1 fRBR AT BE e (R IEHh HHE)
2 fARLHTIEHE (5 5)15)
g/t 3 Do Ik
(3) DalBl s R ABE
SIS 44 SITE i
o Ay 1 il oy A B vE
2 Z DD FE
g/kg
msn Ay 1 i} oy A R vE
2 Z DD FE
g/kg
7 T FETE Ay 1 i} oy A B vE
7TV B E S
g/kg LC x—p— /MK
BHEs  A—H— T
BT A== K
PN (mm) £ & (mm)
BI7E (um)
2 ZDOMD A




126 FEMIFFEHRE Vol. 47 (2022)
(4) C#alB} #ERMR A=
TR H R4 REEE |tk A 2 e
T BEIR

%8 (15%2 1)
FHEE (5%L L 15% )
DB (1%L _EB%ATE)

BTk

ThbERZER
ZOMOBER R E A
1 AR

2 BRALER

3 TIovh YL

4 ZD

) 10O EZIREG L TWET, 52/l ORHERA DY 2 FpGRIRL TS 7ZE0,

o B4

TR 6B

K*E 2N TAE INE

/Ny Eo9HAZL ~Af B2 S

I K E TR AV 5H9F a7
KM E—L DL IATFLT 4= AT Y= Ty b
FI=—T =k A= TATUIL HECHNT BT IU—WsT
A AR MRS D L L T E T

NER R DDGS P FxL I
faky TINT I T 7 I—)b E— hoUL > IR T T
R flfi BEEAALT YL O ABANLT YA

(5) REFEDOEMEHSE TEEEOILEAEHT K 5 00rE) (LT, BR, ',

HEENHITRRAL TS EEW,

(A—/VARILTHA])



FEHH DR EMEEDE=F ) v THEOFRERIZONT (B0 3 45) 127

1 BHPOFEEVEFOE=F Y VIFOHKRIZOVT (FH3 FEE)

Monitoring Results of Undesirable Substances in Feeds (in the Fiscal Year 2021)
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T IVT v 2= )L DONYEIMEIE 0.52 mg/kg (B KAE 2.5 mg/kg) Td - 7=,
iii TAF="L ) — L
BliRA BT 99 R 90 M2 b Sau (RRHE 91 %) , &KMEIX 1.5 mg/kg, FHIHEIX
032 mgkg TH VY, FEHEMEM (KT 58 (1FAHMOLOZRL. ) h5 I bR G
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v 7E=TV
Bl A TR 102 AT MM S, RKRMEIE 1.6 mgkg, FHEI 0.41 mgkg TH Y,
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P32V — —
K ihnd — 8 0 0 - 8 8 100 0.012 0.0083
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A= INTF T 4 —F — 13 13 100 5.8 4.0 - 17 16 94 0.68 0.16
DDG — 1 1 100 4.1 4.1 —
DDGS — 7 7 100 3.0 22 —
B L — 1 0 0 —
S E - 7 7 100 0.37 0.19 —
RIm—T 4—F — 7 6 86 1.6 1.2 —
Zdans - 6 6 100 0.080 0.043 —
D= T I - 7 6 86 0.73 0.27 - 13 13 100 1.4 0.86
a— Uy I — 6 5 83 3.4 1.2 —
KE N — 14 1 7 0.04 0.044 —
eyt et — 10 2 20 0.013 0.011 —
a—rarsI—n - 2 0 0 —
s 237 187 79 167 166 99

D) B BRI FB ORI FO L5 .
FAEL=AL )= KT OB (ZRPOLOERL. )
TRV EZEROCREAUM

2) WHORBRIEN b 5 RSOV T, R H OB TFR% EH L7,
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x22 [REREEENTEDLATVELDUVFEDY RS/ S VADFHER
O bR E b o

B IR e

PR T AD RGBS (mgkg) A S [EIES N -1 A
(%) (mg/kg)  (mg/kg)

777 bR UB 0.0003 189 2 1 0.0009 0.0007
777 XU G 0.0003 189 1 0.5 0.0060 0.0060
777 hFT UG 0.0003 189 1 1 0.0003 0.0003
25N T N AF 0.0003 186 47 25 0.0080 0.0011
HT-2 h % v 0.002 163 58 36 0.035 0.012
T2 h¥%> > 0.002 241 81 34 0.054 0.007
XAV T =F— 0.002 241 3 1 0.004 0.003
ARV ¢ 0.003 241 2 0.8 0.045 0.034
3TERFATAXT =L ) —)b 0.006 163 10 6 0.94 0.12
15-7 8 F LT A =1L ) —)b 0.006 163 90 55 2.0 0.20
=L )= 0.002 238 61 26 0.42 0.042
CTERFTVAIAR ) — L 0.002 163 4 2 0.003 0.003
FAFX =N ) —A-3- T a v R 0.002 163 127 78 0.47 0.10
F7 T RFTUA 0.0003 166 34 20 0.073 0.0089
Ry =y 0.002 166 31 19 0.049 0.007
a-BT7 77 ) — 0.002 188 0 0
B-ETZZ ) —v 0.002 188
vro7 v 0.002 188 9 5 0.021 0.007
a-BT7 TV /) —) 0.003 188 5 3 0.012 0.007
B-ET TV — 0.003 188 22 12 0.025 0.007

HEORBRIEN D DOV TIE, RWH ORI FRRZTE L.

2) EE&RES
BliR Akt (EAUKEBMH 2B <) 34 &, WHESE 8 &5, Ah%E (ABHLKOCHER) 78
Fe OV K FEENV ) B S i BE 33 MIC DWW T, HEAEENED LN TWIESRE 4 Koo
F=F VTR —_XA T AL LT, ZOMEERI IR L, MEOMEIL, LT
DB THoT-.
i #RITUAL

FHEKEE A % bR < BUR S /TR 26 S 8 MBS (B 31 %) , &AM
0.26 mg/kg, FHIEIX 0.11 mgkg TH YV, FHEMEME (0.8 mgkg) 22 b DX oTz.

WS T SR 1 m b s (R 14 %) , ZOfEIX 0.10 mgkg TH Y, FELE
M (1 mg/kg) M2 TR T,

A E AR T, BT 31 AEThbmE S, RKRMIT 2.9 mgke, FHEIT 1.1
mgkg Tholz. AEH1ENLIEFMEINRhoTz. Wihd, FEEHEME Gmgkg) %
BADHDIFRoT.

P—=_g TR UCHEN L BRHKEERY RS EETIX 32 A28 bRt S, &
KIEIX 0.97 mg/kg, FHIMEIL 0.58 mg/kg T - 7z.
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i KER

FHEKETY M 25 < BIRGATE 26 AT 14 S S (R 54 %) , RAMEIE
0.05 mg/kg, FHIEIL 0.03 mgkg TH Y, FHEAE (0.2 mgkg) ZHZx 5L D07,

LRSS 7 mP 6 DR S AL (R EE 86 %) , A RAEIE 0.10 mg/kg, “FYHIEIL 0.04
mg/kg TH Y, EFHELAEM (0.4 mgke) ZH2DbDITRNnoT7-.

B EMERDELCIE, A TIE3L AT LM &, &K 0.81 mgkg, FEIEIL0.19
mg/kg ThoTlz. WEM 1 EANLIEIMEINRhoTz. WIS EHEEM (1 mgkg) #=HE
25D o7,

Y=g TR L UTHEN Lo ERKEEY RS &DEETIX 32 A 31 Aot

(B 97 %) , FKMEIEL 0.28 mg/kg, “FE¥IMEIT 0.12 mg/kg T - 7-.

iii

FHEKEE Y % bk < BLUR G AR 26 b 38 bR S (MHE 12%) , &AMEIZ0.5
mg/kg, FHIMEIL 0.4 mgkg TH Y, FEEMEM Q2mgke) ZHZ2 D LD Tz.

AR 7 S DI S o 7.

Y E VSR TIE, A3 AT IS R bR S (BHE48%) , KKIEIE 1.7 mg/kg,
SEEMEIX 0.7 mglkg ThoT-. WEH 1 S bidmianierofc. Wind, FEAEE

(7mg/kg) #ZDHDILR-oT-.

Y=g TR UTHEN L2 EBRKEEY ARG &ETIX 32 A% 13 Aot n

(R 41 %) , KMEIE 0.9 mg/kg, F¥IMEIL 0.4 mgkg TH - 7=,

iv UF

FHKFEBY A % B < BLIR AR 26 S 14 S0 bR S R 54 %) , RAMEIT
0.83 mg/kg, FEIMEIL 0.17 mgkg TH o7z, OO ZREHEESE 7 5% 1 Kb S

(BH= 14 %) , fH1Z0.18 mgkg TH-o7=. WIHNLEHIEEM (2 mgkg) Z2B2HHD
X7 no 7z,

W E MR TIE, AR TR 31 AR Th oS, RRMEIE 7.9 mgke, FHEIL 4.2
mgkg TH Y, EHEMEM (15 mgkg) 2B 5LDTho7-. ABEKR 1 S05EHRHS
WAL TN

Pr—=_A TR UTCEN L -BFKESYAEGEE T 32 S28Thromitish, &
KA IX 4.0 mg/kg, “FEIMEIL 2.6 mg/kg Th - 7=,
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K3 EERENE=-ZV VIRV —ARASADHEER

_ . £ SbmHENT=H 0
ET=HY % P e - 2
e : F=H Y TED B j
JEORNG I R o L miE am v TR
e 4 BE Em (mg/kg)
%53 (mg/kg) (%) (mg/kg)  (mg/kg)
0.8 FURAITE GERUKEAE &5 <) 26 8 31 0.26 0.11
1 W OR 7 1 14 0.10 0.10
. mkE 31 31 100 2.9 1.1
BRI YA 3 0.03
SEEgs 1 0 0
— FHH/K FEEN ) FH B A et 32 32 100 0.97 0.58
S &t 97 72 74 2.9 0.74
0.2 ER AR (BAKPEEM) 2 5R<) 26 14 54 0.05 0.03
0.4  HIHEAE 7 6 86 0.10 0.04
£y 31 31 100 0.81 0.19
KGR 1 0.01
AE 1 1 100 0.10
— FEHE /K EEEN ) R S A fR sk 32 31 97 0.28 0.12
B 7t 97 83 86 0.81 0.12
2 EUR AR (AR EEMW H 2 5R<) 26 3 12 0.5 0.4
WP 7 0 0
o 31 15 48 1.7 0.7
4 7 v 02
AE 1 0 0
— FHE/K EEEN W) R & At 32 13 41 0.9 0.4
b3 it 97 31 32 1.7 0.6
) FliRA ikl (AR FEDM A 28R <) 26 14 54 0.83 0.17
WMEE (b B & R<) 7 1 14 0.18 0.18
15 EEy ) 31 31 100 7.9 4.2
1053 il 0.05
7 SEESH) 1 0 0
— FHHK E BN A B A 32 32 100 4.0 2.6
b3 7t 97 78 80 7.9 2.8
3) B K

IR GEIRL 36 £, B (L9 BAZ LR~ A 1) 47 SR KRS 7 IOV T, ES
FLUEME DS TE D DIV TV D I 34 plooy B OVE A FEYEME N E D H AT e W K 89 Aty D F 123
AAIZONWTE=H Y T RO —_ S, T A E i LTz, BREEERED LN TND 34
RO OFEREZFR 412, AHEEENED SN TR 89 FRT DFERZFE S ITR LT,

EHDBLAZ LI ETY B MY U OBRFIREEEBIE L.

ZOMICETEEDATHREINIZHDIE, E2bAZLEHRLICHKY UV REKEOE L
AnA RREBEORHEABASNIM, 7V AP — FOBRHEENE»- 72, BROMEIILLT
DEBYTHoT.

i A RS
BEEEENRED LN TS Z7u)LEVRA, 7L EUERAAFIL, BV IRAAFIL,
Tx= bR FAF RO TTFAUREIZEI A LGRS, E9bAZLBD
BHERIZ, BEUIRAAFILI8Y%, T F A4 16 %DIEIZE - 7=,
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i BlLzroA RREEK
EHEEENEDLNLTVDLY v Ry, TAZA NI UERETa AR NI
WA RN UREIZEI DA LR SN, e b v 1 ST, ASEMEE 0.04
mgkg ZHEZHbDThHo72. EOHLAZLVLLOBRERIZTNITNG I NG 5% THHo7.
iii 7 VARHP—Fh
BEOREEEPEDONTNDE I A LLETHE (G 10 5) ITOWTE=XY 7%
FhE LIRS, LA LIR T AT 7800 (BHE 100 %, & KMHE 0.08 mg/kg)
Wi 3 050 180 (Bt=R 33 %, 7.9 mg/kg) Shizi, HHEEEZBZSHO
X7 o 7=,
v ZOMORE ST R
BEIEEMENED SN TOARWEIEKICOWTIE, a2 0Xy b, o af Yy — L kKN
ARI A MBEUVRONTRUHBEL DR ST
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x4 BEDEZFV VIRV RASUADKR (ASEEESNTEHLNTULSES)
e _ e Hw - IbLRHENTZL D T
TELIGAED EEZOLIEO wwin ;‘g L PR R EBE PR
(mg/kg) (%)  (mgkg) (mgkg) (mgkg)
y-BHC (U 7 V) BUR AR (8 - 595 1K) 0.05 19 0 0
Bl A fE (R M) 0.4 17 0 0
e 0.4 4 0 0 0.005
FEMEE O 72 ) — 40 0 0
it — 80 0 0
BHC Bicl VB A Bk 0.005 36 0 0
W% \ 0.02 4 0 0 0.005
FAHENE O 72 i B — 40 0 0
Gl — 80 0 0
DDT B 8 & firl A 0.1 36 0 0
o 0.1 4 0 0 0.00
FEVEME O 7o A ) — 40 0 0 '
it — 80 0 0
7 hTTv LovAHZ L 0.2 38 0 0
~ A nu 0.02 2 0 0
i 15 4 0 0 0.02
FEVEAE o 7o i) — 36 0 0
#f — 80 0 0
75 a—) EH9bAHZL 0.02 38 0 0
~ A 0.05 2 0 0
LA 0.05 4 0 0 0.02
FEAHENE O 72 i B — 36 0 0
it — 80 0 0
TR RW B 1 & firl et 0.02 36 0 0
FANRY v Loy 0.02 4 0 0 0.02
FEYEAE O 7o i B} — 40 0 0 '
it — 80 0 0
AT xR A Lo9bAHZL 0.02 38 0 0
FEAEAE O 7o B — 42 0 0 0.02
i — 80 0 0
TF A i 20 4 0 0
FLAEAE O 7o B} — 76 0 0 0.02
il — 80 0 0
T Ry Bl 18 A fir 0.01 36 0 0
o 0.01 4 0 0 001
FEMEME O 7o A ) — 40 0 0 :
it — 80 0 0
7 YR — EH5bAZL 1 7 7 100 0.08 0.04 0.01
i 120 3 1 33 7.9 7.9 6
it — 10 8 80 0.08 0.06
7aLe kA EH9bAHZL 0.1 38 2 5 0.05 0.04
~ A0 0.75 2 0 0
L 13 4 1 25 2.3 2.3 0.01
FEAEAE O 7o B} — 36 0 0
il — 80 3 4 2.3 0.79
saAvUmAAFL  EHIBLATL 7 38 2 5 0.05 0.04
~An 10 2 0 0 0.02
FEVEME O 7o A ) — 40 0 0 :
it — 80 2 3 0.05 0.04
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£4 BEODE-AFANV VIRV ARASUADER (ASREBEAEDONTWEED, )
Tk L D oy s ;gﬁ Stk “)%’fé-fjéaht%ﬂ) s

sy St R E Ty DHURRONIE PR TR
(mg/kg) (%)  (mgkg) (mgkg) (mgkg)
Janz o e Uk A E95HAZL 0.05 38 0 0
FLUEAE D 72 R — 2 0 0 0.02
it — 80 0 0
VA=Y 2 =0 QN EobAHZ L 0.05 38 0 0
FLUEAE D 72 R — 2 0 0 0.02
it — 80 0 0
JuanRyPL—h L5952 L 0.02 38 0 0
FLHEAE D 7o R} — 42 0 0 0.02
i — 80 0 0
vom b EHBLAHIL 0.04 38 2 5 0.07 0.05
~Afn 0.2 2 0 0
B 0.6 4 0 0 0.02
FLHEAE D 7p k) — 36 1 3 0.29 0.29
G — 80 3 4 0.29 0.13
A hxT— | EH9bAZL 1 38 0 0
~Afn 0.2 2 0 0
i 2 4 0 0 0.02
FEMEQE O 70 W L — 36 0 0
it — 80 0 0
BT EobvbAZ L 0.02 38 0 0
<A 0.1 2 0 0
e B 10 4 0 0 0.02
FEYEME D 72 ) — 36 0 0
it — 80 0 0
FNAEARNYUER 2 HAT L 1 38 2 5 0.10 0.07 0.03
A= NN ~ A 1 2 0 0 0.03
B 5 4 0 0 0.045
FEEAE D 7o k) — 36 2 6 0.03 0.03 0.03
it — 80 4 5 0.10 0.05
FIVT R A EobAHZ L 0.01 38 0 0
~A 0.05 2 0 0
B 1 4 0 0 0.005
JEAEfE D 7o i B — 36 0 0
il — 80 0 0
RTF A EHbLAHZL 0.3 38 0 0
~Afn 0.08 2 0 0
i 5 4 0 0 0.02
FEMEQE O 70 W — 36 0 0
it — 80 0 0
EUIERAAFIL EH9bAZL 1 38 7 18 1.1 0.24
~Afn 1 2 1 50 0.33 0.33 0.02
FEHEAE O 72 R — 40 6 15 0.42 0.16 ’
it — 80 13 16 1.1 0.21
T4 Ta= EH9bAH5Z L 0.02 38 0 0
?{ | ‘ 0.01 2 0 0 0.003
FEYEME D 7o A ) — 40 0 0
it — 80 0 0
ZENN = o EHBAZL 1 38 1 3 0.08 0.08
~ A 1 2 0 0
s 10 4 0 0 0.02
FEHEQE o 72\ R B — 36 2 6 0.04 0.04
it — 80 3 4 0.08 0.05
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K4 BEODEZFV VIRV —ARASUVADHKER HSEEBATEDONTLIES, iE)

E=HX Y T ED E=F VT ED %%% EwE 7%*ﬁwfjiﬂf:%@\ il
SEvZ AT QBB M g PRPRROKHD P9 TR
(mg/kg) (%)  (mgkg) (mgkg) (mgkg)
ZJxr hT—F Lo9bAHZL 0.4 38 0 0
~Au 0.4 2 0 0 0.00
FLVEAE o 7o B} — 40 0 0 :
it — 80 0 0
Tz L— |k BLR AR (- 535 ) 0.5 11 0 0
B & f et (BH) 4 8 0 0
Bl el (42%R) 8 17 0 0 0.02
o 13 4 0 0 '
FEVEAE o 70 BB — 40 0 0
it — 80 0 0
Jxr7uNY Ly 20 4 0 0
FEHEME D 72 AR — 76 0 0 0.02
it — 80 0 0
A /=% Bicl VA R 0.02 36 0 0
i 0.02 4 0 0 0.02
FEAHENE D 72 A B — 40 0 0 ’
2 — 80 0 0
ANV RARY v E9b A5 L 2 38 1 3 0.02 0.02
~An 2 2 0 0
o 55 4 0 0 0.02
FEMEME O 7o A ) — 36 2 6 0.06 0.05
it — 80 3 4 0.06 0.04
RUTF 4 AR v EoabvbArZL 0.2 38 0 0
= 0.1 2 0 0
i 15 4 0 0 0.02
FEVEAE o 7o B — 36 0 0
2 — 80 0 0
RAA Y B EHbAHZL 0.05 38 0 0
~An 0.05 2 0 0
o 40 4 0 0 0.02
FEVEAE oD 70 BB — 36 0 0
it — 80 0 0
AlL—h Lo9bAZ L 0.05 38 0 0
~A " 0.05 2 0 0
it 1.5 4 0 0 0.02
FEVEAE o 7o B} — 36 0 0
it — 80 0 0
~T7F A E9b AL 2 38 6 16 0.56 0.27
~A " 2 2 0 0
o 135 4 0 0 0.02
FEVEME O 7o A ) — 36 4 11 0.34 0.19
it — 80 10 13 0.56 0.23
AFHEF A EHobAZL 0.1 38 0 0
~Au 0.2 2 0 0
o 12 4 0 0 0.02
FEYEM D 7o B — 36 0 0
2 — 80 0 0
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3.2 fEBb~O @R - A FE S OIR R

EWN TS S -8 33 A OZFOMofIMNEB R A
K7 2= —/L 9 RITONWT, BAMEIH T, ELISA B &Y PCR &R 4 Efi L 725 %, 4
PCRABRICBVWTTFF o I — L 1 ENBKTH
ELISA ABRICEB W TR —# B Ak A BES R S v
, IR AHERRHIE FIEIC S & FHk- A BE ORI
WEH (R—27 I—n) 2 HEOEEHES
AR A B L oA R, FEkRTE A BE ORI

HoR7= A HEORANTRD Lo 7.
%%E%DNA#@MéMKﬁ
Mol &b
By L 7=.

EHEA
Yk DNA DM &2 o2 &b
RO BN ERAEITHE LT

B,

ntuy) Eﬂiﬁﬁ)/) 7':_.
WA 1AL AR ABER R SN,

K7 BYHBERE-ABEDOE=ZS IV DRE (AHE)

RO BN LA
WE Y 22 U2V T, ELISA #B& &% O PCR
72%, ELISARBRIZE W TR
PCR R BRICIB W TH— B2 BT 5 &)
, IBAMERHE PRI K S & Fmkiz A BEDORAL
INLORERERT KROESITRLT.

HE 645, WRICFHFI—/L 14 5

L]

AR E ELISAZBR PCRiABR VN

e, RE ARz VB I3 5 B i SRDNA i

e R RIE B BRI REE BB ORI REE Rl

RE R (%) R R (%) R R (%) R
faky 33 0 0 33 0 0 33 0 0 0
T =R 1 0 0 1 0 0 1 0 0 0
HE R vk 1 0 0 1 0 0 1 0 0 0
ANET Y 1 0 0 1 0 0 1 0 0 0
Pt 52 AL B AL Fh ) 2 0 0 2 0 0 2 0 0 0
snEIEEY) (B ElR - A BE) 1 0 0 1 0 0 1 0 0 0
2t 39 0 0 39 0 0 39 0 0 0

®8 HYHE-ABEDEZARAYVIDHER (FXo—IL, REHE)

BRI ELISA R BR PCR wa

B, BE Emki-ArBE K45 B okDNA  CHIE

HE B REE HB O BRE REER HB O BRE REE BY

mEC R () REC "E (%) R S (%) R
FxI—Ib 14 0 0 14 0 0 14 1 7 0
Tz —I— 9 0 0 9 0 0 0 0 0
WE# (R—27 2 —)L) 0 0 2 0 0 0
JFCEHE S A E 22 1 5 2 0 0 0
) 23 0 0 47 1 2 47 1 2 0

ENCcTHEINT-ESFERAE AR 4 &, ILHAGREEHE SR 8 &, $haAHAFER A

RLAETE 1AL WNEIEE R G SR 12 2, FERE AR | &, RSN A SR 4
A PR T — CRROTE 7 R, L9 bAT L T E CHRAIE 1AL R |

L, ZOMOFERIRAEE 8 sk OE O SFEAT DR
AR & Y PCR
INHDRERER IR LI,
BAMKEESE T, ELISA #kBR & Y PCR

\ZOWTC, BAMEEHEE, ELISA
O HNRNoT.
WA S NT=FERHES

ikl 14 HI2oW\W T,

ek (BmEREZELH0) 3R
AR 2 N L 7R R, RHSRTC A B E ORAITEE

ARERIZ & D AR
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TmABREORANMRZ EM LR, WITo&EENS LIRAITRD LN hoTz. 2D Ok
BALI10ITRLTI-.

F9 BYHXRFABEDEZS YV I/OKE (BNEEFAANSE)

W B 8 ELISAFR B PCRABR PN
e, BRE kA BE FALBWHEKDNA KT S B EDNA  HIE
AREB OB BHEE S R®B om BHE S W®B M RIEERE S RBR B R B
R (%) R 8% (%) ¥ S (%) R 8% (%) S
A A )
B R B A R 0 0 4 0 0 4 0 0 0
$LA AR5 T A iR 0 0 6 0 0 6 0 0 0
S A 4B O B A Rk 1 0 0 1 0 0 1 0 0 0
A 4= IR E A R 12 0 0 12 0 0 12 0 0 0
T £ B F LA DR 1 0 0 1 0 0 1 0 0 0
PRI A5 g P 1 A fDRE 4 0 0 4 0 0 4 0 0 0
AT — ¥ B A R 7 0 0 7 0 0 7 0 0 0
EHbHLAZL - ST E MIRAER 1 0 0 1 0 0 1 0 0 0
T W A Rk 1 0 0 1 0 0 1 0 0 0
R LIS DR A R 8 0 0 8 0 0 8 0 0 0
/B 47 0 0 45 0 0 45 0 0 0 0 0 0
& O, > ¥ T 1) U fR A
(B EIRE % &b D)
Z Ot IR A R 3 0 0 3 0 0 3 0 0 0
INEF 3 0 0 3 0 0 3 0 0 0
Al 50 0 0 48 0 0 45 0 0 3 0 0 0
£10 BYMHE-ABBEDE=ZFY)VIDKEERE @WAGFARSE)
BRI ELISAG R PCR wa
g, BRE FHEZABE K35 #hmkDNA  HIE
R M BEER R®EB o Rd BEER R®B R BRHEER R
R B (%) R B (%) R B (%) J=R'¢
IR A B
T AV ERE 6 0 0 6 0 0 6 0 0 0
77 A 3 0 0 3 0 0 3 0 0 0
- yEs| 1 0 0 1 0 0 1 0 0 0
A A R 1 0 0 1 0 0 1 0 0 0
HhE N RN E 1 0 0 1 0 0 1 0 0 0
77T 1 0 0 1 0 0 1 0 0 0
TNHIT 1 0 0 1 0 0 1 0 0 0
aEk 14 0 0 14 0 0 14 0 0 0

3.3 ANEMEARHMY
fEE & U CHIAT, s LW 28 rEmE (Fesur B reimfe, [ M, RS mIES)
52 JRIZHOWT, RNEMEARMOGEHEZRE LR, REMHEARMY O RS ﬁ%%ﬁzé%@
72 molz. ZORREZR 11ITR L.

®1 TEETHYPOE=F) VDR
FE=XVTD L i KAE Y fE
A 3kt RO BLRE BB %) %)

B M I S 0.15%LL T 52 0.11 0.022




146 FREHFIEHE Vol. 47 (2022)

3.4 YVILERT
E N THRE S L7z BARETEL 63 R OBLIEA K 35 I OWTE=F U 7 & Fhi L 72fs R,
BURATEL L OBR S D L THH LR T3 SN2 o7z. 7ok, HREE TIX. Al
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