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Determination of Chlorpyrifos-methyl, Pirimiphos-methyl and Malathion
in Wet Type Pet Foods by GC-FPD

Mitsunori YAKATA"

(‘Food and Agricultural Materials Inspection Center, Sapporo Regional Center)

An analytical method for determination Chlorpyrifos-methyl, Pirimiphos-methyl and
Malathion in wet type pet foods using Gas chromatography equipped with flame-photometric
detector (GC-FPD) was developed. Chlorpyrifos-methyl, Pirimiphos-methyl and Malathion was
extracted with 100 mL of ethyl acetate and filtered. All sample solution was evaporated to
dryness.  The residue was dissolved in cyclohexane-acetone (7:3). It was purified by gel
permeation chromatography (GPC) with cyclohexane-acetone (7:3) and SampliQ Florisil PR
cartridge with 2,2, 4-trimethyl pentane-acetone (4:1).  The elute subjected to GC-FPD on a fused
silica capillary column (DB-5; 0.25 mm i.d.x 30 m, film thickness 0.25 pm (Agilent
Technologies)) for determination of Chlorpyrifos-methyl, Pirimiphos-methyl and Malathion. A
recovery test was conducted using four kinds of wet type pet foods spiked with
Chlorpyrifos-methyl and Malathion at 2 and 0.05 mg/kg , Pirimiphos-methyl at 1 and 0.05 mg/kg.
The mean recoveries of Chlorpyrifos-methyl were 74.1~93.8 % and the relative standard
deviations (RSD) were within 9.5 %. Pirimiphos-methyl were 73.9~94.0 % and the relative
standard deviations (RSD) were within 8.4 %. Malathion were 70.5~94.5 % and the relative
standard deviations (RSD) were within 13 %. A collaborative study was conducted in seven
laboratories using three kinds of pet foods spiked with Chlorpyrifos-methyl and Malathion at 2 and
0.05 mg/kg , Pirimiphos-methyl at 0.5 and 0.05 mg/kg. The mean recoveries of
Chlorpyrifos-methyl were 93.5~103 % and the repeatability and reproducibility in terms of the
relative standard deviations (RSD, and RSDg) and HorRat were 6.4 % , 16 % and 0.73 respectively.
Pirimiphos-methyl were 94.6~95.3 % , 4.7 % , 14 % and 0.62 respectively. Malathion were
93.4~102 %, 7.1 %, 18 % and 0.84 respectively.

Key words: pesticide residue ; Chlorpyrifos-methyl ; Pirimiphos-methyl ; Malathion ; Gas
chromatography equipped with flame-photometric detector (GC-FPD) ; gel permeation
chromatography (GPC) ; collaborative study
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s CH, 2
ci__N._OP(OCH,), =\ P(OCH,),
1 e
Cl ™~ Cl N
(CH3C H2)2N
Chlorpyrifos-methyl Pirimiphos-methyl
0,0-dimethyl O-3,5,6-trichloro-2-pyridyl 0-2-diethylamino-6-methylpyrimidin-4-yl
phosphorothioate 0,0-dimethyl phosphorothioate
C7H7C13NO3PS MW: 322.5 C11H20N3O3PS MW: 305.3
CAS No.: 5598-13-0 CAS No.: 29232-93-7
CH,CH,0COCH, s
P(OCH,)
372
CH,CH,0COCH—S""
Malathion
S-1,2-bis(ethoxycarbonyl)ethyl
0,0-dimethyl phosphorodithioate
C10H1906PSQ MW: 3304
CAS No.: 121-75-5
Fig. 1 Chemical structures of Chlorpyrifos-methyl, Pirimiphos-methyl and Malathion
Table 1  Standard value of Chlorpyrifos-methyl, Pirimiphos-methyl and Malathion
.. Standard value Wet type product*
Pesticide
(mg/kg)
Chlorpyrifos-methyl 2.2
Pirimiphos-methyl 0.44
Malathion 2.2
#¢ Standard value of wet type product when containing 80 % moisture .
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Table 2 Ingredients list of pet foods
Pet food types Ingredients
Wet type Meat (Chicken, Beef, Mutton), Wheat flour, Culinary plants (Potato, Carrot, Green peas),
for adult dogs Minerals (Cl,Na,K,Mg,Zn,Se,l), Emulsifier, Thickening agent,Coloring agent (Caramel,
1 Titanium dioxide,colcothar) ,Vitamins (Choline chloride ,Pantothenic acid,Biotin,B,,B,,
Bg,B,,,C,D;,E,By),
Wet type Meat (Chicken), Rice, Carrot, Corn, Dietary fiber, Vitamins (B, D, E,Choline chloride,
for adult dogs Pantothenic acid, By) ,Minerals (Ca,K,Na,S,Zn) ,Glycine, Thickening agent,Phosphate
2 (Ca,Na) ,Color coupler (Nitrous acid Na),Coloring agent (Colcothar, Titanium dioxide)
Wet type Turkey, Pork, Salmon, Rice, Cornstarch, Cellulose, Wheat, Chicken extract,
for adult cats Soy bean, Chicken, Animal fats, Corn gluten, Yeast, Minerals, Vitamins
1 Amino acid (Taurine,methionine) ,Thickening agent
Wet type Tuna, Pork, Wheat gluten, Chicken, Soy bean protein, Spinach, Glucose
for adult cats Minerals,Vitamins,Amino acid, Thickening agent (Modified starch),
2 Coloring agent (Edible red No.3, Titanium dioxide)
22 &K

1) 7 VUrRARXT IVIERER K
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02mg (f=0.990) Z#E5HT5.).

3) ~ T T A UAEAEFIK

~ 7 F A HEHES, (Dr. Ehrenstorfer B, #{iE 99.0 %) 20 mg % EfEICE > T 100 mL O &~
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23 HEROZHE
1) WL : 2457 v/ Ly Fuix—H— SR2W
2) B—X Y —xz/NR L —%—  HREEEEE NAJ-160
3) WAV wu~ 2777 : Agilent Technologies £  6890N
4 FNREI/u~ NS T T BAGHE GPC VAT A
N> 7 PU-2080
F— ¥ 7T — : AS-2050
753 aralb s #—: SF212N
5) AT AWM~ 7 Ry I =717 A Agilent Technologies ¢ SampliQ Florisil PR (32 C A Al &
500 mg, VU ¥—/N—H& 3mL)
6) AT T U7 4 H—  HEEJEME DISMIC-25HP (L£% 0.45 um, E£% 25 mm, PTFE)
24 TERFIE
n

ItrEkEl 20.0 g 2B - T200mL DA =H 7 T A 3 AR, FEBETF /L 100 mL Z 1%, 30
SRR CHE Lz, 300 mL ORdT 7 I 2az2 7 7 —kFbo FiIcEs, #ibiEs 5
# (S B) CWREIAM LI, ED =M 7 7 A3 ROk S A IAREHRE T F /L 50 mL THE L,
FERICWL S A L7, AiR%E 40 °C LT OKIBTIZ & A ERL[ET 2 £ CRUEIRME L-%, =38
T Ao THIE LT,

YrunFdto =78 b (7+3) 10 mL ZIEFEICNZ CTEREWZED L, 10 mL O 0
REE 12 AL, 1,800xg (3,000 rpm) C 5 s OoBEL 72, AT 707 004 — (FLEE
0.5um LA F) TABL, YViRE/ u~ b7 o7 7 o —fit 5 2REHNEIKR E L7,
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REHAK 5.0mL 27 W27 v~ 77 7IZHEAL, KBEEPENT M5 % 100 mL D72
FTIT 7 AT EL, 40 °C L FOKIBRTIZE A CHET 2 £ CRITEREM L%, ZFETA
ko THE L., B, FWREIv~ NI 77 4 —DO%KMf% Table 312 LT

224-F U AFARE =T by (44+1) SmL Z IEMEICINZ THEREMZIERN L, BT Ll
BT 5B & LTz,

Table 3  Operating conditions of GPC for analysing Chlorpyrifos-methyl,
Pirimiphos-methyl and Malathion

Column Shodex CLNpak EV-2000AC (20 mm i.d.x300 mm, 15 pm)
Guard column Shodex CLNpak EV-G AC (20 mm i.d.x100 mm, 15 pm)
Eluent Cyclohexane-acetone(7:3)

Flow rate 5 mL/min

Fraction volume 70~100 mL

3) T LML
REHRIR BRI AR~ 72U LI =0T HMIAN, YIOOFRHBIK 2mL 21T, 0%
DK 12mL 2 A7 v~ b7 77 =3 530kHA K E L.
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Table 4 Operating conditions for GC-FPD for analysing
Chlorpyrifos-methyl,Pirimiphos-methyl and Malathion
Column DB-5 (0.25 mm i.d.x 30 m, 0.25 um film thickness)
Column temperature 60 °C (1 min)—20 °C/min—170 °C —2 °C/min—210 °C
—20 °C/min—250 °C (3 min)

Injection mode Splitless (60 s)
Injection temperature 240 °C
Carrier gas He 1.5 mL/min
Hydrogen 75 mL/min
Air 100 mL/min
Make up gas He (30 mL/min)
Detector FPD (P-Filter)
Detector temperature 250 °C
Injection volume 1 uL

5 &t ®

fohleru~ b7 T Liphb e —7 WROUIE S 2K TRERRZER L, b0 mr
EURAATFN, EVIRAAFAVROYTIF A OREHE L.
¥, EREIEOHE % Scheme 1 (278 L7z,
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Sample 20.0 g
add 100 mL of ethyl acetate and shake for 30 min

filtrate with suction filter (No.5B)

wash with 50 mL of ethyl acetate

evaporate to dryness under 40 °C

dissolve in 10 mL of cyclohexane - acetone (7:3)
centrifuge for 5 min at 1,800xg

filtrate with membrane filter (0.45 pm)

apply 5 mL of sample solution

collect the fraction of 70~100 mL

evaporate to dryness under 40 °C

dissolve in 5 mL of 2,2,4-trimethyl pentane-acetone (4:1)
SampliQ Florisil PR cartridge

apply sample solution

waste 2 mL of elute

collect the elute 1~2 mL
GC-FPD

Scheme 1 Analytical procedure for Chlorpyrifos-methyl,Pirimiphos-methyl
and Malathion in wet type pet foods
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Table 5 Recoveries for extraction by ethyl acetate

Spike Wet type for Dogs Wet type for Cats

Pesticide Level Recovery”  RSD” Recovery”  RSD”
(mg/kg) (%) (%) (%) (%)
Chlorpyrifos-methyl 1 85.3 1.8 86.7 5.2
Pirimiphos-methy]l 1 94.0 3.2 94.0 1.1
Malathion 1 83.7 54 85.0 4.7

a) Mean (n=3)

b) Relative standard deviation of repeatability

3.2 A O ME
— XA BRI AT OEIASE, TR = R U AT & b oKk EBIRED B B kAR
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ED, BEICARBYRINEZREHCBWNTY 3.1 OB & RREORILERN S LD 0%
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L7e. £7, hEM10gZ SOm KD T T AF v 7 Fa—TIZANZ B/ EVRAXF LI
TFAE L Tamgkg, BV IFRAAFTINE LT I mgkg FHYEZTM L, WEA 40 12 f# K
HETI4RFMEFE L%, S22 L TRSEALE. RIS, 21XV LAEZRA Y = v Ml
SR OMA Y =y PG Z 50mL BOKE—H—I219g O AN, FIZ, LB L/ &l
lg oKL —h—ITMzx, PEREEE, 772000 4 HEEHE L.
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Table 6 Recoveries from pet food which was polluted like a naturally by pesticide

Spiked Recovery”(%)
Pesticide level
(mg/kg) Wet type for dogs Wet type for cats
Chlorpyrifos-methyl 0.2 80.2 79.9
Pirimiphos-methyl 0.05 84.8 86.2
Malathion 0.2 81.5 83.2

a) Mean (n=1)

3.3 HIESMIZHOWT
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TN—", ZJupr UV RAAFIVIIB IZL—TIZE LTS, St X —ETIE R T AL [H
CHIESRMEZEH L TWDR, it 2 —ERFOHR T AB 7V —7DRIESRFEDO EH H 2 H
WTHHFBEEE BICHEN AR TH D Z ERME SN TS, SEOME TIXEERMOE 1L
DBAEND, A V=T OMEFMEE B/ a LY RAATL, E)IRAAFARGTF
F ok 3 FRES 52 L & L.
ek, WHIBR K% L 72D~ T F A D200 °CHIZE TR T A2 & n, FRGHEEET LT,
210 °C LAFED FIRAR— R % 20 °C I LHERB O FEMEE XD Z & & LT,
34 BT A~ 7 XU LI =T O HESG OREET
BT AW~ T X T LI =T LAOERES OMEREI T2, RAY =y MG KOWHY
=y MR Z 24D DEO DT K VEAMELZHABHAKIZZ n VBV R AAF L, EY IRRAAF
NWEO~TFAELTH 1 mgkg HYEZIRML, BT A~ T 2T U A =0T LA
LA BIEAZ B IR Lz, 20k, RIEICE 0 IE UEHEBE S ORIEEZHER L. ok, #t
HIREIZ 2R TR 4mL THo72. ZORER Table 7 D & 30 JiiHE 0~1 mL TIZKEULERTH -
7228 1 mL BARE O T BAF 2 BUERAS Dz, REETIIREMZ AT Ot K 2 mL %
BT, TOBOFHHIE 1~2mL 2 EICfds2 L L L.

Table 7 Elution pattern from Florisil mini column

Recoveries of pesticide 2 (%)

Pesticide Wet type for dogs Wet type for cats
O~lmL ~2mL ~3mL ~4mL O~ImL ~2mL ~3mL ~4mL
Chlorpyrifos-methyl 75.9 92.5 95.3 98.0 75.5 955 977 98.1
Pirimiphos-methyl 77.5 92.4 95.5 973 74.8 96.4  96.8 96.1
Malathion 47.4 88.2 93.4 96.5 41.5 90.3 945 95.5

a) Mean(n=2)

3.5 MEMROIERK
22D HITHE> THBL L - BT (0.05~5 pg/mL) &% 1 pL 2 H A7 0o~ s 75 7IZHEAL,
BonzrZ7al BV EAAF L, BUIFRAAFARLRTF A O—7 mEXITEmS &2 Hn
THEHREERLE. ZOE, BRERIZZaLEVERZAAFIL, BUIKRAAFALERY T F
Fr b LTENEI 0.05~5 pg/mL (FEARE LT 0.05~5ng) O CTEMRMEEZRLE. BHohiz
R OF % Fig 2 l[IR LT
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Peak area/ arb.units

25,000 R2=0.9999

—— .
chlorpyrifosmethyl
py Y R2=0.9999

20,000 +pirimiphosmethy1

" malathion B
15,000 R2=0.9995
10,000
5,000 7
/
0 %

0.0 1.0 2.0 3.0 4.0 5.0

concentration of each pesticide/ pg/ mL

Peak height/ arb.units
6,000
chlorpyrifosmethyl R2=0.9997

5,000 -
pirimiphosmethyl
o R2=0.9997
malathion

4,000

3,000 R2=0.9991
2,000

1,000
Y~

0.0 1.0 2.0 3.0 4.0 5.0

concentration of each pesticide/ pg/ mL

Fig. 2  Calibration curves of Chlorpyrifos-methyl, Pirimiphos-methyl and Malathion
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SROMTCERL, B K OOR UREE 4 st L.

ZORER, Table 8 D E RV 7 a /LY HRARXTF T ONTIZ ALK 89.7~93.8 %, T DK
FEVIFE X AE #E 72 (RSD) & LT 3.9 %LL T, B U IR A A F /LT DW TUIE BRI 80.8~88.5 %,
Z ORGSR 22 (RSD) & LT 5.1 %EA T, v 7 F A A2 D0\ TS AR 92.1~94.5 %,
ZOREEITAIHMERERZ (RSD) & LT 3.6 %Lh FORMGENS Sz,

ek, WMENERBRTE N e~ 7T ADO—fl% Fig. 31 LT,

Table 8 Recoveries of pesticide from four kinds of pet food

Spike Wet type for dogs1 Wet type for dogs 2 Wet type for cats | Wet type for cats 2
Pesticide level  Recovery” RSD”  Recovery” RSD”  Recovery” RSD”  Recovery” RSD”

(mg/kg) (%) (%) (%) (%) (%) (%) (%) (%)

Chlorpyrifos-methyl 2 89.9 3.9 93.8 1.8 89.7 2.5 91.5 1.9

Pirimiphos-methyl 0.5 82.9 4.0 80.8 5.1 84.4 2.8 88.5 1.4

Malathion 2 93.6 3.6 94.5 2.1 92.1 2.7 92.8 2.9

a) Mean (n=5)
b) Relative standard deviation of repeatability
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Fig. 3 Chromatograms of each pesticide

(A) Mix Standard solution (The amount was each 4 ng.)
(B) Sample solution of wet type pet food for cats spiked chlorpyrifos-methyl and malathion at 2 mg/kg,

pirimiphos-methyl at 0.5 mg/kg

3.8 JEE FREOHEH TR
ARIEOERE FRE OB FRZ#ERT 5720, BMEIGREBRIC L v HEonde—27 O SN i,
[N 3R e OV U RS L & SR 6D 72
ZORER, HBoONTZE—27 O SN 10 2L EERDBEIL, KKV~ T F 42T, 0.05 mgkg
THY, SNHN3LLEERDIREIL0.02mgkg Th-o Tz,
RO OIZ, KAV =y MBEKOHAY =y MEGRIZZ v RZAAFL, B U IHRA
AFNR R~ T T A L LT0.05mgkg FHY EE I L, KIEIZHE- T 3 ROMTHON %2 30 L 7-.

Z ORI ER J O UREE1E, Table9 ® &80 Th o7,
U EDORERMNS, REOTEETRIL0.05 mg/ke, HH TFIRIX0.02mgkg Th iz
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Table 9 Recoveries at the level of limit of quantitation

Spiked Wet type for dogsl Wet type for dogs2 Wet type for catsl Wet type for cats2
Pesticide level  Recovery” RSD”  Recovery” RSD”  Recovery” RSD”  Recovery” RSD
(mg/kg) (%) (%) (%) (%) (%) (%) (%) (%)
Chlorpyrifos-methyl  0.05 75.7 3.5 87.9 1.9 74.1 4.6 83.9 9.5
Pirimiphos-methy] 0.05 76.3 4.9 83.4 6.7 73.9 4.8 78.5 8.4
Malathion 0.05 71.8 2.1 81.5 11 70.5 1.4 91.5 13

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

3.9  H:[FEER

ﬁ&@ﬁﬁ%ﬁ%%ﬁ?ék%,ﬁLﬁﬂ’iéﬁﬁﬁ%%%%bk

R T =y ML A RO Y = v MBI Z e LB VAR A A F L E LT 2 mekg fHY
i, EUIRAAFALLLTO0Smgke Y&, v 7 F A& LT 2mgkgfHYEAWMLT. £
72, lRAT 2y PG BIZZ LU RAAFIL, BYIRAAFALRELOIYTF A& LTH
0.05 mg/kg FY EAZRIM L7, DL EOREZHWT, MEIEAN B AR SOt v % —ZEHFJEAT,
MNTATEOE N RO ETE B2 2B v % — IRE R 2 2 RAE, Lkt ¥ —, Fileatr ¥
—, AabtEt 2 —, AMEEs 2 —ROHRGENE 22— GF7R_BRE) BV THRIEICES
TH[RIRER & FEhE L 7.

7N E Y RAAFLTOMEIT Table 10 DEFLBY THY, AHY = v ML A TIX, ¥
EUN R 93.5 %, £ O URE LK OERBBEE XN ZENMSIEERZE (RSD, KW
RSDp) & LT23%KN7.0%THY, HorRat 1 0.50 TH-o7-. KM = v MG B Tix, F
PIEIN 1T 103 %, £ D BN UK EE K OV B EILZ N Z L RSD, XM TPRSDg & LT 6.4 %
KTOV16 %TdH Y, HorRat £ 0.73 Th o7, MY = v MU TIX, SFHEINEKRIT 93.7 %, £
D BN RS K OV [ BUE 132240 RSD, X O RSDg & LT 4.9 %110 % TH Y,
HorRat 1% 0.68 TH o 7=.

Y IRAAFALTORMET Table 11 D& BV THY, RKHY = v MG A TIE, FEBENYL
X 953 %, F DMK UKEEE K OV M fFBUR B 1L 2 2N ARSHE ER 72 (RSD, & UF RSDR)
ELT27 %K%1U93 % THY, HorRat [£0.52 THho7z. lAHY = v ML B T, FHEIIR
X 94.6 %, T OENHMIK UK K OE BB EZIXE 24 RSD, XTPRSDg & LT 3.6 % &V}
14 % T Y, HorRatl%0.62 Th-o7z. B Y = v MG TIE, FHBEILERIT 94.9 %, TO=E
NI UG S R OV [T BURE S 13 2 2 4L RSD, )k (" RSDR & LT 4.7 %% TV 10 % T v, HorRat
1 0.57 ThHo7-.

~ 7 F A TORRIT Table 12 DL EBH THY, fRHY = v MG A TiE, FEHEIEX
%4%,%@%Wﬁkbﬁf&@éﬁﬁﬁﬁfi%ﬂ%ﬂﬁﬁﬁﬁ%%(MD&UR&W L
T21%K0N78 % THY, HorRat 12 0.54 Tho7z. KA Y = v MG B T, FHEIET
102 %, & D =R PRI Lﬁf&oéﬁﬁﬁ%fi%ﬂ%ﬂRﬂx&URﬂh&Lf71%&01ﬂ@
ToH Y, HorRat (X 0.84 Tholz. BIHY = v MG TIX, FHEIEET 94.9 %, ZOENGE
W URERE L OV B X2 24 RSD, XTOVRSDr & LT 4.9 %411 % Toh Y, HorRat I%
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0.74 ThH-7z.
ZHEDID, HFRRETHEM LI A7 v~ b7 7 7 O % Table 13 (2R L72.

Table 10 Collaborative study results of Chlorpyrifos - methyl

Pet food types
Lab.No. Wet type for dogs A Wet type for dogs B Wet type for cats
(mg/kg) (mg/kg) (mg/kg)
1 1.85 1.78 0.0558 0.0567 1.68 1.75
2 1.70 1.66 0.0359 0.0392 1.67 1.72
3 1.90 1.87 0.0560 0.0656 2.00 1.84
4 1.96 1.90 0.0531 0.0519 1.85 1.94
5 1.92 1.93 0.0468 0.0426 1.90 2.15
6 2.02 2.14 0.0538 0.0591 2.17 2.09
7 1.78 1.78 0.0536 0.0540 1.78 1.70
Spiked level (mg/kg) 2 0.05 2
Mean value” (mg/kg) 1.87 0.0517 1.87
Recovery * (%) 93.5 103 93.7
RSD,” (%) 23 6.4 4.9
RSDR? (%) 7.0 16 10
PRSDR? (%) 14 2 14
HorRat 0.50 0.73 0.68
a) n=l14

b) Relative standard deviations of repeatability within laboratory
¢) Relative standard deviations of reproducibility between laboratories
d) Predicted relative standard deviations of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 11 Collaborative study results of Pirimiphos-methyl

Pet food types
Lab.No. wet type for dogs A wet type for dogs B wet type for cats
(mg/kg) (mg/kg) (mg/kg)
1 0.491 0.460 0.0551 0.0533 0.439 0.454
2 0.416 0.403 0.0352 0.0382 0.415 0.429
3 0.502 0.486 0.0515 0.0531 0.517 0.482
4 0.496 0.484 0.0454 0.0440 0.468 0.492
5 0.472 0.475 0.0427 0.0416 0.473 0.536
6 0.535 0.562 0.0471 0.0515 0.549 0.536
7 0.446 0.440 0.0527 0.0507 0.438 0.412
Spiked level (mg/kg) 0.5 0.05 0.5
Mean value” (mg/kg) 0.476 0.0473 0.474
Recovery * (%) 95.3 94.6 94.9
RSD,” (%) 2.7 3.6 4.7
RSD;? (%) 9.3 14 10
PRSD,"” (%) 18 22 18
HorRat 0.52 0.62 0.57
a) n=l14

b) Relative standard deviations of repeatability within laboratory
¢) Relative standard deviations of reproducibility between laboratories
d) Predicted relative standard deviations of reproducibility between laboratories calculated from the

modified Horwitz equation

Table 12 Collaborative study results of Malathion

Pet food types
Lab.No. Wet type for dogs A Wet type for dogs B Wet type for cats
(mg/kg) (mg/kg) (mg/kg)
1 1.81 1.77 0.0544 0.0592 1.70 1.77
2 1.67 1.63 0.0351 0.0358 1.68 1.72
3 1.94 1.96 0.0586 0.0690 2.19 2.04
4 1.99 1.94 0.0488 0.0479 1.88 1.99
5 1.89 1.92 0.0488 0.0447 1.90 2.14
6 2.00 2.12 0.0466 0.0526 2.11 2.09
7 1.75 1.75 0.0556 0.0556 1.75 1.61
Spiked level (mg/kg) 2 0.05 2
Mean value” (mg/kg) 1.87 0.0509 1.90
Recovery ¥ (%) 93.4 102 94.9
RSD,” (%) 2.1 7.1 4.9
RSDg” (%) 7.8 18 11
PRSD;? (%) 14 22 14
HorRat 0.54 0.84 0.74
a) n=14

b) Relative standard deviations of repeatability within laboratory
¢) Relative standard deviations of reproducibility between laboratories
d) Predicted relative standard deviations of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 13 Instruments used in the collaborative study
GC column
(i.d.xlength, Filmthickness)
Agilent Technologies 6890 J&W DB-5
(0.25 mm i.d.x30 m,0.25 um)
Agilent Technologies 6890N J&W DB-5

Lab.No. Gas chromatograph

1

2 (0.25 mm i.d.x30 m,0.25 um)
3 Agilent Technologies 6890N J&W DB-5

(0.25 mm i.d.x30 m,0.25 pm)
4 Agilent Technologies 6890N J&W DB-5

(0.25 mm i.d.x30 m,0.25 um)
5 Agilent Technologies 6890N J&W HP-5

(0.25 mm i.d.x30 m,0.32 pm)
6 SHIMAZU GC-2010 Plus J&W HP-5MS

(0.25 mm i.d.x30 m,0.25 pm)
7 Agilent Technologies 6890N J&W DB-5

(0.25 mm i.d.x30 m,0.25 pm)

4 F&EOH
ZENABPRAER SO 7 a L) RAAF L, U IFRAAFLRRY TFFATONT, 0

o RIS, WA a~ 7T 72X DRI E L O /LB R RS O R L~ O

DAFIZONWTHF LIZE 2 A, ROERAET-.

1) Z7BAEYRAAFI, EUIRAAFARRY T T4 OBERIL 0.05~5.0 ng FHYE & (FEA
B L L T0.05~5ng) O CEMRIEEZ R L.

2) vxy FMUGBHFOIZ oL EYRAZATF )L, EUIFRARAT VKR T T4 oML, mHE
PCEFE e F L2 HANWDS Ik o~ LY g VORAZRGIETE . £7-, BARIBEIGEE S
A ZHNTHR=T V2T L ORSEELmFT LI e 254, RIFRERBHE L.

3) Vay MMIGBHFOZ7 oLV BV RARAF I, EUIRAAFAERYTF A2 RTAEA TV
— 7 ORESEEZRIZL TRFLEE 25, 3RORBHENTETH- 7

4) AT AM~Y T XL T LI =T AOEMES OBEEITo7cE 2 A, K 2 mL PARE % 43 B
THZ LK VEE LT RIEEST-.

5) RBIEORAMZHRTLORMAY =y MR 2 LAWY = MR 2 27 mre Y
RAAFNVR P~ T FA & LT 2mgkg, BV IRAAFILELTOSmgkg fHEERML, &
INEIGGRER % S0 L 7= /6 5, 7 e b B U 3R A X F U DWW TR EIER 89.7~93.8 %, & DFEIE
IFFXHE R ZE (RSD) & LT 3.9%LLF, B U IARAAF T HOWTITEH[EILER 80.8~88.5 %,
Z OREEITIHERER 22 (RSD) & LT 5.1 %EL T, v 7 F A A2 D0 TR EILER 92.1~94.5 %,
ZOREEITIHMERERZ (RSD) & LT 3.6 %lh FORMGEAS Sz,

6) AREICIDEETFRIZZaLEVERARAFIL, BUIKRAAFAEON~TF AL bic, RE
(H¥) T 0.05 mg/kg, i TRIZ0.02 mgkg ThH o7z,

7 BRKRHAY =y MG ARORMHAY = v MLRIZZ 2L E Y AR ATV E L T2 mgkg fAY &,
BUIRAAFILELTOSmgkg fiY®E, ~F7F A L LT 2mgkg % &L, KRHY=v b
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MHEBIZZBAEURAATFIN, BUIFRAAFARNYTF A L LTH 0.05mg/kg fHY &%
WML 2 VT, 7 BBREICBWTAREBICEWERIRBRZEM L. ZOfE, 7eiy
URAAFMZEBNTIE, RAY = ML A T, FHEIERI 93.5 %, & ORI UK
JE e OVER [ R BURE B 132 N Z VX EE R 2= (RSD, X TVRSDR) & L T23%&KTN7.0%TH Y,
HorRat |% 0.50 TH-o7=. AKH Y =~ MG B Tik, FHENLERIT 103 %, & ORANMEGR UK
KOEMBFBREEIXZNZIRSD, X XRSDg & LT 6.4 %&1UN16 % TH Y, HorRat (% 0.73 TH
St AT = MR T, CEBIEIICRIE 93.7 %, £ ORANMER UK K OV T LR 1T
ZINZFEIRSD, LTYRSDg & LT 4.9 %KL 10 % TH Y, HorRat [£0.68 TH-o7-. EU IHKAX
FTEWTIE, RAY =y MG A T, FHEIERIT 95.3 %, £ OFENMK UK E R O=E
MR E I TN M HERER 2= (RSD, X TN RSDR) & LT 2.7 %40 9.3 % TéH Y, HorRat
£ 052 Thotz. RAY =y MUE B TIE, FEHEIUEIT 94.6 %, T OENMGR LR E LD
EMHBEEIZZNZRSD, LOVRSDg & LT 3.6 %4 TN 14% T Y, HorRat 1% 0.62 ThH - 7=.
B Y = > ML T, SEEINERIT 94.9 %, OENGIE UK E R OEREISE XL
AURSD, X ONRSDg & LT 4.7 %010 % TH Y, HorRat 1X0.57 Thol-. v TF7FFIBNT
X, KA Y =y ML A T, CEHEIER T 93.4 %, F OSEPNER UK M OV M HURS L 1
TNEIE AR 2 (RSD, L TYRSDg) & LT 2.1 %&17.8 % THY, HorRat (X 0.54 TH -
oo BRAD =y MR B T, SEHEIERIE 102 %, & O PNMEGR UK & OVES 5 BLUR B2 1%
ZINZEIRSD, LO'RSDg & LT 7.1 %% TN 18 % T&H Y, HorRat (£ 0.84 TH-o7=. IHY =~
NS T, EREIEEIL 94.9 %, FOPNMOR UK E K VSRR B EIXZ 21 RSD, KO}
RSDr & LT4.9% &N 11%Td Y, HorRat | 0.74 TH o7,

| i
KRS TCW WM HIEN B AR RSO0 ' v ¥ —ZBEUFSEET ORBR = O &AL
DEEERLET.
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