fEk M OV BB R P ORESE, B R U LA, SR OUKEIROMGE - 2R R E &L OR% 67

6 FAMRUERBYAGAHNDPOME HFIVL BRRVKEORE -
ZRREREEEDMAFE

BrAs B, OHEk RORkT, Mibn RS

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

Masayo NOMURA", Saori ITOU" and Mari TABATA"

(" Fertilizer and Feed inspection Department, Food and Agricultural Materials Inspection Center)

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 5 mL of nitric acid, 2 mL of hydrogen peroxide and 0.4 mL of gold solution to samples,
they were digested by a microwave digestion system at 1400 W for 40 minutes. 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 formula feed (for finishing period broilers, growing pigs and beef
cattle), fish meal, chicken meal, rice straw, dry and wet food for dogs. The resulting mean
recoveries ranged from 89.0 % to 101 % for arsenic, 90.4 % to 102 % for cadmium, 88.0 % to 95.2 %
for lead, and 84.1 % to 97.8 % for mercury. The repeatability in the form of the relative standard
deviations (RSD;) was less than 4.8 % for arsenic, less than 2.3 % for cadmium, less than 6.7 % for
lead, and less than 2.3 % for mercury.

Key words: arsenic; cadmium; lead; mercury; inductively coupled plasma- mass spectrometer (ICP-
MS); feed; pet food
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Z ZCCWEEEE, ERREREREY (LT TIEEREBRIE] v ). ) KT AOAC Official Method
2015.019 (LA TAOACHE) Lo, ) ZRICHEEESBEEDOICP-MSIZ XL EEELHRFIL, f
B, FXUI—ARORDSICOWTEEROHITHEEAZKRR L.

LAEFEL, BEEEORTHCB T 280 EE FIROHEEM (0.8 mgkg FEE) 23, kAT UER]
K3 ORBRIED Y MMERIETA RT7 A2 (LUT TRAWMEBIETA R4 L), ) ITED
SN7-ER FIROBEM (0.4 mgkg) Zi-LTWARMho72Z 0D, MOKEERKE TOMRE
MOBED T2 DT ATV, Fio, fRtO—# (BAEEE) KOEiEHER O3 (K7
A R X D U MEMR A T LD T, TOMBELRETD.

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

Feed types ; .

Arsenic Cadmium Lead Mercury
Formula feed 2 0.8 2 0.2
Grass ha,
(except f}(;r rice straw) 2 ! 3 0.4
Rice straw 7 1 3 0.4
Fish meal 15 3 7
Meat and bone meal 7 3 7 1
Pet foods 15 1 3 —
—: Maximum level is not set.
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Table 2  Compositions of the formula feeds
. Proportion .
Formula feed types Ingredient types %) Ingredients
For finishing period Grains 65  Corn, brown rice
broilers Oil seed meal 26  Soybean meal, rapeseed meal, corn gluten meal
Brans 1 Rice bran
Others 8 Vegetable fat, calcium carbonate, salt, calcium phosphate,
feed additives
For growing pigs ~ Grains 71 Corn, polished rice, wheat flour, bread meal, wheat, milo
Oil seed meal 16  Soybean meal, rapeseed meal, corn germ meal
Brans 2 Wheat bran
Animal by-products 2 Fish meal, pork and chicken meal
Others 9  Food industry by-product, molasses, corn steep liquor,
calcium carbonate, calcium phosphate, salt, vegetable fat,
betaine, cilicic acid, animal fat, feed additives
For beef cattle Grains 76 Heat-treated barley, heat-treated corn, corn
Brans 16 ~ Wheat bran, corn gluten feed, soybean hulls
Oil seed meal 7  Soybean meal, rapeseed meal
Others 1 Calcium carbonate, salt, isomaltooligo saccharide syrup,
cilicic acid, feed additives
For dairy cattle Grains 61 Heat-treated corn, barley, corn, extruded soybeans
Oil seed meal 14  Soybean meal
Brans 8 Wheat bran, corn gluten feed, soybean hull
Others 17 Cotton seed, alfalfa meal, soybean curd residue,

molasses, salt, calcium carbonate, feed additives
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Table 3  Ingredients list of pet foods used in this study
Pet food types Ingredients

Corn, chicken, rice, corn gluten meal, chicken fat, beet pulp, protein hydrolysate, soybean
lecithin, fish oil, dried tomato, yeast, whole grain linseed, mannan oligosaccharide, dried

Dry food for dogs chicory, yucca extracts, L-carnitine, vitamins (V. A, V. D3, V. E, V. C, V. By, V. By,
pantothenic acid, niacin, V. Be, folic acid, biotin, V. Bi2, choline), minerals (P, Na, Cl, Ca,
K, Fe, Zn, Mn, Se, 1), antioxidants (V. E)

Grains (corn, white medium soft sugar, corn gluten meal, wheat flour, hominy feed), meats
(meat meal, chicken meal), fishes (fish meal, fish powder, dried tuna, whitebait, imitation
crab meat chips, shrimp), animal fat, soybean meal, seaweed, oligosaccharide, vegetables
(cabbage powder, carrot powder, spinach powder, pumpkin powde), minerals (Ca, P, K,
Na, Cl, Fe, Cu, Mn, Zn, 1), vitamins (V. A, V. D, V. E, V. K, V. B, V. B,, V. B,
pantothenic acid, niacin, folic acid, choline), amino acids (methionine, taurine), food yellow
no.5, food red no.3, food yellow no.4, food blue no.1, food red no.102, monascus color,
antioxidants (rosemary extracts)

Dry food for cats

Meats (chicken, beef, pork, beef extracts), vegetables (carrot, corn, green pea), starches
(corn starch), oils and fats (beef oil), sugars (oligosaccharide), polysaccharide thickener
(carrageenan), minerals (Na, Cl, Ca, Cu, K, I, Mg, Zn, Fe, Mn), vitamins (choline, V. E,
V. B, V. D, V. Bg, folic acid), chondroitin sulfate, gluicosamine

Wet food for dogs 1

Wet food for dogs 2 Tuna (white meat, dark meat), polished rice, tuna extracts

2) FAPAS it}
The Food and Environment Research Agency T Ff# L TV %, Food Analysis Performance
Assessment Scheme (UL F [FAPAS] X 9. ) @ Proficiency test 07353 d3#1 KL T07353
(Metallic contaminants in Animal Feed) % ffi /] L 7=.
22 R O¥
1) &M K& OMEEEIE Ultrapur-100 (BB bZ=8) %2 Hv=. @ig{bk & & O'EERZ 1T Ultrapur (B33
7)) 2V, LY AT A CRRIIFDERHR (87 A L ARDEHEER) 2 Huviz. Ki
Milli-Q Integral 5 (Merck Millipore ) (2 &0 0 f5H U 72k (JIS K0211 @ 5218 IZEHK S 7z
AEAAK) & W,
2) ABREEEE (10 pg/mL L-3 A7 A B A MR — e — M2 — K (5+6+10+179) )
L- A7 A V2 1 mg % 100 mL @ Digi 85 = — 7|2 A4, K 70 mL 2012 THEM LI,
il 2.5mL, HEEE 3 mL X OVMHEE SmL 212, I E TREMZ TAREEEZ R L 7.
3) EYERK
MFE, B RFITVL, &, KB, L=Uh, oYU Ls, ROV TFULOEERKIL,
Table 4 |Z78 L7-fERG 36, Bl O b O & iz,
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Table 4  Standards used in this study

Certified value
Manufacturers Specification
(ng/mL)
Arsenic standard solution 99.4 Fujifilm Wako Pure Chemical JCSS
Cadmium standard solution ~ 100.2, 99.3 Fujifilm Wako Pure Chemical JCSS
Lead standard solution 100.1 Fujifilm Wako Pure Chemical JCSS
Mercury standard solution 100.3 Fujifilm Wako Pure Chemical  JCSS
. . for atomic absorption
Rhenium standard solution ~ 1005.1 ACROS ORGANICS i ]
spectrochemical analysis
for atomic absorpti
Rhodium standard solution 1002 Kanto Chemical oratomic a .sorp on ]
spectrochemical analysis
. . for atomic absorption
Gold standard solution 1004 Kanto Chemical i ]
spectrochemical analysis
for atomic absorpti
Lutetium standard solution 1004 Kanto Chemical Of ATOIIE absOrpHon

spectrochemical analysis

4) HEREROEERIK
M, 7RI UL, SR UOUKEEREFKS 750 uL % 15 mL @ Digi 85 = — 71T IEMEIZ AL
TIRAL, BITEMRE CHREEZ M2 CESRFRAEERKZFAMLZ (208 1 mL 1,
FEERELLTCENEN S 256875, ) .
5) IREWIEHER
L=y A kOn Yy MEREFRSS 75 uL % 15 mL @ Digi 8F = — 7 AN TREA L, HIZ
AR E CHEE (1+19) 2z CIRAENIEEFIEZRK L7 (20K 1 mL X, FWEELEL LT
ETNENSug 2 E AT H. ) . HITEAWEERKK 300 uL % 15 mL @ Digi f#F =2 — 71T A
AU, ERE THEE (1+19) 22 TRAWEEKRZAM L (208 1 mL X, SWEEE L
TENEN100ng ZEHTH. ) .
6) &—NTF U LEEK
&R OVT F 7 AEAER 4 1.5 mL % 15 mL @ Digi fF 2 —7IC AN TRA L, IR
ETHEE (1+19) Z2MATE&— VT FULNRRKRZHE L. (20 1 mL 1%, @& TNVTF
vAhLLTENEN 100 ug ZEHTDH. ) .
7 B
SAEYERHL 1.5 mL % 15 mL @ Digi 5 = — 712 A, i E CHEE (1+19) Mz T&HE
WERAR L (ZO® ImLix, 4L Cl00ugzaHT5. ) .
8) H4EFIR G
A R SR IR A ME R S ONE A WAZHER I N BRI 34— VT T 7 DRBRD —E &
15mL @ Digi ®F 2 —7IZ AN TIREG L, FITEMRE THREHEZ M A TEMRICARL, 1mL
Pl EARE% L LT 0.05 0.1, 0.2, 04, 0.6, 0.8, 1, 2, 4, 6, 8 2T 10 ng, A PEEYE L
LTlng, £ LTXIFERVIALTFILLLT 200 ng 2aHT 5 ELESIRAEAERZ
7z,
[FIRFIC B4 JB SR SR E IR 2 N 2 TS RARICEME L, SNEHEL LT lng, ©& LTXIZ
BRONVTFULELT 200ng 5 AT HIRE 0 ng/mL O EEBFRGIEERZHR L.
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9) FERREEVSINARIALE (10 pg/mL -3 AT A VB & A HEE — e — /K (1+2+37) )
L-V AT A V1 mg Z 100 mL @ Digi #F = — 72 A, K70 mL 201z THEM LI,
W% 2.5 mL R OMEEE S mL 2002, SRR £ TR Z N 2 CHERE RN ARSI 2 R L 7-.

23 WELOHE
1) ek
MeRg 1 (Fado B LA O k)
ZM-200 Retsch # (HBHE 1mm A7 U —>, [Al#5%% 14000 rpm)
k2 (bbb M)
SM-100 Retsch i (ABI& 1mm 22 U —, [E#EEH ((EEE) 1690 rpm)
2) EESREY 77 u L TFM K% 100 mL  Anton-Paar H
3) <A 7 v fiEiEiE - Multiwave 3000 Anton-Paar %
4 Fa—7
i Sample vials
TS )
ii  Centrifuge Tubes with screw caps
a—7] Lo, )
iii R 7oL ®8As7L 50mL R FrbElLy E—xzuT v rHl
iv Digi TUBEs 15mL, 50 mL XUV 100 mL &R VU 7rt L Digi#l (LT IDigi 9 = —

50mL AU X2t L Thermo Fisher Scientific 8 (UL F [Thermo #5F = —

50mL AY 72 L2 Labcon # (LLF [Labcon #lF

T EnS. )
5) 2RV T A2
i Volumetric Flasks 50mL AU 7wt L VITLAB fi
ii  Volumetric Flasks 50 mL -~V 7 /A a7 /Lafxy 7 vF#EMEIE VITLAB
iii PPARTZ7ZRa (FZ77ff) s50mL RV 7rbELry 7XUUMH
iv  Volumetric Flask 50mL VU 7’1 L Thermo Fisher Scientific ! (VA F [Thermo Hl4>
BT A3l W), )
6) ICP-MS :
F— " 77— . ASX-560 Teledyne Technologies #
FHERES T T A~EEOHEHER : iCAP RQ ICP-MS  Thermo Fisher Scientific
24 TERFIE
1 Hh H
SIHTEER 0.5 g & EfEIC &> TRIEDMEARICAIL, HEE 5 mL, WEE{L/KE 2 mL K OE&HE
% 04mL 2%, BlANBIEoTcth~A 7 n il fifdiiE % AT Table 5 O 7w 75 A
2 &> THfR LTz (O fREFOIREIXH 140~200 °C Th o7z, ) . ke, DK% 15 mL O
Digi T = — 712K T LiA&, HIZ Digi T = — 7 O E TKREZIMZ, 1,700xg T 5 57
WAL 72, B AR 3.75 mL K ONEA AR HERR 0.5 mL % 50 mL @ Digi #F = — 71T Ef
AR, FREEE % Digi fF o= — 7 O £ T, ICP-MS (2 X 2l I d 2 EHAR &
L7.
AR 30 A2 -V 22 W TRl — O EZ ATV, 2SR BRIAIR 2 RS L 7=,
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Table 5 Operation condition of microwave digestion equipment

Wattage Tme
Process .

W) (min)
Step 1 (Heating) 0— 1400 10
Step 2 (Fixed electric power) 1400 40
Step 3 (Cool) 0 30

2) ICP-MS |2 X % HlE

AUEHA, S EeRFRAEER L OCZRRIEEZ ICP-MS IZHEAL, £E=4—A1 4 I

BIFLAF AT MaEZFST-. WIESRM % Table 6 1273 L7z,

Table 6  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

7

Monitor ion SAs, “4Cd, 2Ong, mHg, 103Rh, ""Re

3) # A

BonicAF Ty MEPOMBL O FI TV AER YT AT, ok OKRIIL=7 AT

WIEMERIE L, REFROMIE, PRI UL, L OKEEZRHE L.
ZERBRIRIRIZHOWNWT, EOEPEONT-HEITMEEEZ LI W,
7o, EEIEOBEE %A Scheme 1 (2R L7z,

Sample 0.5 g (100 mL high pressure degradation container)
added 5 mL of nitric acid and 2 mL of hydrogen peroxide
——added 0.4 mL of Au solution
Microwave digestion
I—washed with water
15 mL Digi TUBE
— fulled up to 15 mL with water
— centrifuged for 5 min at 1700xg
50 mL Digi TUBE
——added 3.75 mL of supernatant
——added 0.5 mL of mixed internal standard (Re, Rh)

containing 10 pg/mL L-cysteine acid
ICP-MS

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

2.5 VT F U LRINOEED Ll ik
2.2 D 4D EA4 B IR AR MR & A RIS BE CIEME IS AR LI VW=,

— filled up to 50 mL with hydrochloric acid-acetic acid-nitric acid-water (5:6:10:179)
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Mo HIZONT, ft#FE LT 7 mgkg Y& (BialBHAK P C 175 ng/mL) , I U LL
LT 1mgkg tHY4&E ([F2.5ng/mL) , $h& LT3 mgkgtHY&E (A 7.5ng/mL) , KL LT04
mg/kg FHYS & (A 1.0 ng/mL) 12722 X ) ICZNENRME L IBAL, —&KEFE LIZRICUT
DFEIZ XY 2 SOMTRER A Eh L7z

QT F 7 LDEN 2 2.4 1206, BIREIZOWTIEE— VT F 7 MRAER CEM L7z,

QLT F U7 NEERIN - 2.4 120 T2

SMEROGHAEZEE T2 ZLICK Y IMTREROPRBELREL, BIZZhENOER
fEIZDOWT t-IREZIT - 7=

2.6 REROEITIE

FEHD SOmML OF 2 —T7 RO ET 7 A2z HY, ZiVEICHRE ERINA RS2 15 mL

FREAN, | BREBRBICSHOA A Doy MEZERIE LT,
2.7 BEUEE DR ORI E

KFEHAD 50 mL @ Digi WF = —7 % H\i=. FHHATBESH V1L, JIS K 8007 (2% U TR
(1+3) XITAFRREEZ 50 mL AL, 12 BEILL R L2, Bk o+ <SBEEZIT- 7.
ZHZEN D 50 mL @ Digi F = — 7 ITHREEA 15 mL F2E AN, 2 FFFERE% X 1 B
WEIERDOA AL T MEZBRIE L., JBoNTcA LT AT MEIZODOWTAIN T« 75
TAREEITD, ANMEOFEEZHER LI ETA A I T MED FIME M O 0 K UK E
(RSD,) #RD7=.

2.8 WSINENEAER

2.2 D 4)D B4R SR A HE R 2 Ay BREA I CIERE I AR LI W 72

BAEE (Tra 7 —RERMAH, THRERHEKOCRASIEER) , &, FXrI—0, T
bokOE@ G (K788 (RA) , vy M (RA) 1| XKOU =y MR (R
M) 2) lZ2o0WT, FEGBELZ TN ENRNZLSEAL, vy MEGIZOWTIE 30 5#E
L7ztk, TNLUSAOREHZ DWW T — R ERE L 72 $BRICARIEICHE > THRINENGRER 2 Ehi L, 735
[ 6 e OV UK FEE % SR oD 7.

73¥, FRFICESBELZRMLRWCHE—OBIELZITY, 77 0 7 ERERE L, BIETA
RE DT T U EEELBIWTHEE LK

3 BWRERUBER

3.1 FREEDOER
ICP-MS DOFEHARPIZRFEDIRE LT HE, MBORNTOBENEET 5. £ OHEGN R
ZREMERR E R 2 D72 012, AOAC HEICITEER S O IRFBIRZHRMT 2 Lot hTwns., =2
T, YRR R OB IR TR 23 %L BIRINT 2 Z LI kY, B LT OREEE O H &% 1
ET&E5EDMREDEBEIC, RIETHEREZ3 %R LA REEAEHT 22 & & Lz,

32 VT F U LAEMOAED g
AOACIETIE, ~A 7 vl OB OB KMEROTZOIZVTF UV LEZRMLTND. £ 2
T, VITFULRMOLENEEHERT 2700, BERBEEZHRMLUIZFED HIZOWT 2.5 ITHEW 2
SOHMTRBRIC VTR ELOHMBEZRH M Lz, ZO/5%, Table 7 B0, WOk
R, ZYUMHERIETA BT A TED O AV O TR EE B OV RS BE 0 B A AE % 1 72 3 B AT 720G
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RTHoT. o, tBIEDHR, VT F U LOUEIMKE K OBEIRIMNEF O AT EICA B 227213538 0
bigmolz. £D, SBROBEFTIE, VTFULEZRMLARNWI & & L.

Table 7 Comparison with and without lutetium

Reference value

Spiked Intermediate

Heavy metals level Recovery Repeatability precision Repeatabilty Intermediate
and others precision
(mg/kg) (%) (%) (%) (%) (%)
Arsenic 7 98.5 0.7 1.4 12 15
Without Cadmium 1 99.1 1.1 2.2 16 20
lutetium” Lead 3 94.7 1.9 5.8 14 17
Mercury 0.4 92.7 1.1 2.7 19 23
Arsenic 7 97.7 1.1 2.7 12 15
With Cadmium 1 98.3 1.8 1.8 16 20
lutetium” Lead 3 93.6 1.1 2.9 14 17
Mercury 0.4 92.3 0.8 1.7 19 23

a) Degrees of freedom: 4, n =2

3.3 Eh DRI B R PH O i St O R
FEAEIE DRRFHZ BN T, OMEMROMKIREEPH (0.05~1 ng/mL) TIXFHBEFREN 0.995 & F
M%7, $OMEBEROHIMEZ 1~10 ng/mL & LTEBY, ZOZDHOEEFROHETHIT 0.8
mg/kg FRIE L BAED ST, S OMEIX Y MEMBIET A K74 O BAEME (0.4 mg/kg) % i
oS WTe®, $hORRE#HFOREROBED IO DR EITH> 2 & L L
1) Zasd ik
fEC T G P CAHBR B ME S R B JRF & LT, MEEEORFICB W THOA A B 7 ME
DN FE 0 ng/mL OEEHERL T 50000~140000 cps FRJE L Eno 722 Enb, BT AROEENL D
SROBEHIC L DN 7 7T NEDO EFICE D bDEEZEX OGN, £ T, RRFHIMEHA]
RRABIEROTF 2 —T7 ROERT 7 A ZERT D720, 2.6 [TV, hoA AU ME
g L7,
Z DFER, Table 8 (273 X 912, Thermo #F = —7", Labcon #F = — 7, Digi F =2 —7
Jo % Thermo WA ET T AadDA 4 7y MERKEBRHE 72, ZhonHr b, EERICH
WAHZENTE S Digi dF =2 —7 O Thermo BT T XA an 7 AMEET 7 2 apRE
ELTARIEICHERREE B2 5722y, Thermo WAEE Y 7 2 2 3fERABOWHNLETH D
7o, W THAIREZ: Digi T 2 — 7 2 HT 50038 & B X b/, Thermo fAFE T Z
A2, 50 mL OBORETH - 7278, Digi WF = — 71, 50 mL OfthiZ 15 mL & T¥ 100 mL
DRGENRH VY, WIEOWRREIZIS L THEW G IT DL ZERAERTH L. £z, 22 O ITHEW,
Digi#lF =2 —72ZHWCTHB LI Z A, VT T U LABEEMOREE 0 ng/mL fEHERR TA 47
7 v ME% 1200~6800 cps FEFEICINZ D Z ENTE 7. Dbz D, 4%, AKiETIE Digi
WF2—TEHNDLZ L E LT
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Table 8 Comparison of ion count value of lead (Comparison with vessels)

Vessel Manufacturers Quantification availability Material Ion count value (cps)
Thermo Fisher Scientific X PP 3381
Labcon X PP 3601
Tube
BL TEC K.K. O PP 16353
Digi O PP 5153
O PP 24168
VITLAB O PFA 29083
Volumetric flask
AS ONE O PP 33952
Thermo Fisher Scientific O PP 4224

n=1
PP: Polypropylene
PFA: Tetrafluoroethylene/perfluoro (alkyl vinyl ether) copolymer

2) A DRI R DR
Digi #F = — 7 O HRTEHF N LENERT D720, 2.7 IV, v Aoy MEE
bz L7z,
ZORER, Table 9 O L0, HHAMMER L EERAIEEEZIToTbDLEOMT, WTh
LA ATy MEICRERZFIAON RN o722 L n, BHBTOEEIZIThbRVnW s L
7.

Table 9 Comparison of ion count value of lead (Confirmation of effects of vessel washing)

The solvent for Ion count value RSDrb)
Assay date .

vessels washing (cps) (%)

Without washing 3310% 7.7

After 2.5 hours Nitric acid (1+3) 3268" 0.8
Diluent solvent 3185% 3.7

Without washing 3104% 6.7

The following day Nitric acid (14+3) 31127 2.0
Diluent solvent 29499 2.8

a) Mean (n =4)

b) Relative standard deviation of repeatability

¢) Mean of data retained after eliminating outliers excluded by Smirnov-
Grubbs test (n = 3)

3) B ORI FE P OO B s
33D DDA 2)DOFEREZIIZ, 2.2 D )T XLV SO (0.05~1 ng/mL) DR &f % (E
LT, ZOfSE, MERE YEEL, EREZ R L. SO RERO—F % Fig. 1 IZ7
L.
RE, UM EROBEERKIIL, % 0.02~0.4 mg/kg & A T 5 FFE 2 AR IS RE VT
L 7o e R UEHAIR R O 8 O IR FEFLFA I Y 37 5.
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0.0 | ¥=0.9228x+0.0066
' R® = 0.9999

(Ion count value*Concentration of

mternal standard solution/Ion count
value of internal standard) /[ng/mL]

0 0.2 0.4 0.6 0.8 1
Concentration of lead/[ng/mL]

Fig. 1  Calibration curve of lead in low concentration

3.4 MRERR
33DFERAERKIS, 220 )NCEVFEELEBEOREREER L. TOME, WTFThoELSFES
IZBWTH 0.05~10 ng/mL OFPH CEMMEZ R L. o THmERO —#% Fig. 2 1R LT,
B, YHMEROBEGIEIT, FESBSE 0.02~4mgkg &4 T 5 H BN ABEICHEV
L7 REHAR T O K B4R SR EFHHICH Y T 5.

0.4 2.5
s E € y=0.0359 x + 0.0005 4 ‘g 751 y=10.1939 x + 0.0001
o o £ 035 R?=1.0000 =8 %5 R?=1.0000
go 2 g2 2 2
E5<= 03 S~
2= EREE=)
58 E 025 SEE s
=22 8§22
O% § Oc §
Y22 02 Y3 s
5% = Ch-
T3 F o 37
g 3 o5 8
eS8 g =8 &
5= .8 0.1 5 » .8
53 s 53505
£5 2 005 £5 g
0 2 4 6 8 10 0 2 4 6 8 10
Concentration of arsenic/[ng/mL] Concentration of cadmium/[ng/mL]
_ 10 _ 1.8
SEZ o | ¥y=09196x+0.0015 BE R g ¥ 01527x+0.0024
28 & R?=0.9999 g9 & R?>=1.0000
g o s o &
g & 8 2g S 14
g5 — 7 g5 —
£S5 A R
58 E SET 12
E22 2§
0% § 0% §
¥ya 8 5 e S
2T 2 23 208
=g ¢E ¢ =L
- g 5 06
gg g 3 28 g
22 2 Z 04
8 'é 2 2 o g 5
55 8 1 £5 802
CE S SEE
g > 0 > 0
0 2 4 6 8 10 0 2 4 6 8 10
Concentration of lead/[ng/mL] Concentration of mercury/[ng/mL]

Fig. 2  Calibration curves of arsenic, cadmium, lead and mercury
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3.5 BIRMEDOHER

BAfEE (A7 —BERMAH, THRERAKOCHLAFEERH) , 7% I—0, F—2F
XU, bbb KOS AL (K788 GFH) KO0 =y ME CRA) ) & 1
BRI DN Sk 2 ik 2 v, RIBC X VEBRoME, 7 FIvL, SRUKBELRT L.
ZORER, EHEOREHIOWTHEE, 7 FI U A, SHAOKENHRI Sz,

T, MFE, W RI VL, EROUKEIRME S EREHZ OWT, R AT EEME UL PF MR
BIEIZEN N LTZ. ZORERIL Table 10 D &0 THDH. MHE, H KI U AR TIE, ik
ST EMEN 1T PF AR L D b AREO T RREETHY, KBIZZOHTH DD, BIEN KW
SHNETIEA R E 25 BN N, ER FRAMOMIZIEIS SERNHHZ L E2BETH
L, RKIETHONTEERBEIISTAGEOBERIBEO L D LEZ B, KRIEOFEFIEIZHEEIZ 20
EEZ LN,

B, MbOLHOH KI T AIZOWTIE, Table 10 ®E B0, Akl il U CFEH T EHED
TN, E ﬁﬂmé<&5mmﬂm®%nt.mb%i&4%aﬁiﬁ§<ﬁﬁb%¢wk
mﬂ“ﬁﬁﬁf WE (200 °C LLE) L V{KWEE (185°C) TLMMMEATE 2o iz. D7

O, DAt ERY, EBEMEICENELT BN,
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Table 10  Quantitative results of this method and

analytical standards method of feeds or inspection method for pet foods

Arsenic Cadmium Lead Mercury
Sample types Analytical methods Quantitative Quantitative Quantitative Quantitative
value value value value
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
For finishing period I 0.095 0.025 0.033 ND
broilers 11 (0.079) (0.029) (0.029) (0.004)
For growing pigs I 0.069 0.031 0.063 ND
in all stage Il (0.032) <LOD (0.078) (0.017)
) I 0.023 0.038 0.025 ND
For dairy cattle
I <LOD (0.046) <LOD <LOD
. I 0.269 0.211 0.271 0.005
Rice straw
11 0.250 0.175 (0_330)“) (0.004)
. I 5.66 1.01 0.329 0.370
Fish meal 1
11 5.79 1.07 (0.370) 0.398
) I 4.24 0.772 0.208 0.255
Fish meal 2
I 4.28 0.772 (0.220) 0.271
. I 0.080 0.076 0.106 0.008
Chicken meal 9 9 9
11 (0.111) (0.064) (0.131) (0.003)
Pork and I 0.060 0.030 0.179 0.003
chicken meal 11 <LOD <LOD <LOD (0.023)
I 0.628 0.112 0.070 0.039
Dry food for cats .
111 0.629 0.107” <LOD 0.036
I 1.14 0.013 ND 0.034
Wet food for dogs 2
11 1.28” (0.015) <LOD 0.037
Analytical standards Tt OF quantification - 0.10 0.5 0.03
nalytical standards . . . .
(mg/kg)
Method of feeds and o ) 0.01°
) ) Limit of detection 0.0 0.03 02
mspection method (mg/kg) .05 : : 0.02"

for pet foods

I: This method

II: Analytical standards method of feeds

III: Inspection method for pet foods

Except where noted: n = 1

ND: Not detected

(): Less than the limit of quantification

<LOD: Less than the limit of detection

a) Mean (n =3)

b) Mean (n = 2)

¢) Limit of detection by Analytical standards method of feeds
d) Limit of detection by Inspection method for pet foods
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3.6 FAPAS B D5
KIEOZEBEZHRRT D720, FAPASIHEIZH W T 24 12> TEREIT- 2.
ZOfER, Table 11T RTE I, WINDOFRS 2237 2U TORETH 72,

Table 11 Quantitative results of FAPAS sample

Arsenic Cadmium Lead Mercury
FAPAS assigned value (mg/kg) 321 204 2176 35.7%
Quantitative value (mg/kg) 297 203 2111 23.6"
z-Score -0.39 -0.02 -0.21 -1.54

a) Less than the limit of quantification

3.7 WRINENREER

2.8 (2K D USMENGRER 2 M L7z, & ORFEERIX Table 12 © LB 0, #FEIZOWTIHFEHENY
% 89.0~101 %, < DO LKEIIAMHXFEHER A (RSDy) & LT 48%LLTF, B FIVAIZONT
T FBIENER 90.4~102 %, RSD: X 2.3 %LLT, /IS DWW TR EHENNE 88.0~95.2 %, RSD: I
6.7 %LL T, KEUIZ DN TIT YR 84.1~97.8 %, RSD: 1L 2.3 %L FORGENE LI, 24k
MeBIET A R A > KO PF AL 11 Bk o 2 MEmsRiE (LLT TPF Maih o 2% 2 e
Wik LWwHL ) IED LN ) KU2) OEEROIHMTREEO B Z M- T RIGRERTH
> 7.
1) 5 .

70 %LL E 120 %LL T (FED

60 %Ll E 115 %L T (Zoedh HETEHZ 3510 2 U IR 0.04 mg/kg)

80 %LL E 110 %LL T ([A] 0.6 mg/kg, 2 mg/kg, 3 mg/kg, 7 mg/kg & 15 mg/kg)
2) W

22 %LLAF (IR EE 0.04 mg/kg)

17 %LL T (7] 0.6 mg/kg)

14 %LL T (A 2 mg/kg & % 3 mg/kg)

12 %LLF (A 7 mg/kg)

11 %LLF (A 15 mg/kg)
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Table 12  Recoveries for arsenic, cadmium, lead and mercury
Arsenic Cadmium
Natural Spiked a) b) Natural Spiked b)
Sample types o Recovery RSD; o Recovery RSD;
contamination level contamination level
(mg/kg) (mgkg) (%) (%) (mg/kg) (mgkg) (%) (%)
For finishi 0.021 0.04 97.7 0.9
or TISIe 0.095 2 97.6 11
period broilers 0.025 0.8 102 1.0
ing pi 0.030 0.04 93.2 1.1
For growing pigs 69 2 96.7 1.4
in all stage 0.031 0.8 101 1.1
. 0.018 0.04 92.4 4.8 0.021 0.04 102 2.2
For dairy cattle
0.015 2 94.2 0.5 0.027 0.8 98.4 0.9
Rice straw 0.269 7 101 0.8 0.211 1 101 1.5
Fish meal 2 4.24 15 97.2 1.7 0.772 3 99.3 1.4
Chicken meal 0.080 7 96.8 0.9 0.076 3 98.2 0.5
Dry food for dogs 0.240 15 99.1 0.7 0.055 1 101 0.9
Wet food 0.003 0.04 96.6 2.3 0.003 0.04 95.2 1.9
for dogs 1 0.003 3 89.0 1.3 0.003 0.2 94.5 1.4
Wet food for dogs 2 — — — — 0.015 0.04 90.4 2.3
Lead Mercury
Natural Spiked a) b) Natural Spiked b)
Sample types o Recovery RSD;, o Recovery RSD,
contamination level contamination level
(mg/kg) (mgkg) (%) (%) (mg/kg) (mgkg) (%) (%)
For finishing ND 0.04 86.3 1.5
. . 0.033 2 92.7 0.4
period broilers ND 0.2 86.4 1.0
F ing pi ND 0.04 90.1 0.8
FOT BIOWIEPIES ) 063 2 9.6 0.8
in all stage ND 0.2 90.6 L.5
) 0.008 0.04 91.2 6.7 ND 0.04 84.1 1.0
For dairy cattle
0.010 2 91.8 0.9 ND 0.2 84.4 0.9
) 0.003 0.04 91.7 2.3
Rice straw 0.271 3 95.2 0.6
0.005 0.4 94.6 0.7
Fish meal 2 0.208 7 90.8 1.1 0.255 1 90.6 0.8
. 0.008 0.04 92.3 2.2
Chicken meal 0.106 7 88.0 0.6
0.008 1 89.3 1.0
Dry food 0.007 0.04 91.3 2.0
0.144 3 93.1 1.0
for dogs 0.006 1 95.5 0.5
ND 0.04 93.2 1.3
Wet food 0.232 0.6 918 2.6
for dogs 1 ND 0.2 92.9 0.7
Wet food for dogs 2 ND 0.04 90.2 1.0 0.033 0.04 97.8 1.3

—: Not tested

ND: Not detected

a) 100 x (mean of quantitative values of the five samples — natural contamination) / spiked level

b) Relative standard deviation of repeatability
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3.8 E&E FREORH TR

FHESBEFOREMRDEMRMEZ R UEP, 4 0.05~10 ng/mL @ Fflir & 72 2R E (0.04
mg/kg P& OR&BUBHE IR 0.1 ng/mL MM &) ) ICB T A IRMENGREBRE i L= L Z 5,
ZORMBIZRIFTHY, 220, HERZED 10 FIXEZREZBEBL TWRholz, - T, £E
SREOEZ T IROPEEIL 0.04 mg/kg & L7c.

Flo, B TRIZ, CoEERAEICHBE 4, FAEAKLE 0.05 O Student O - % 5 U7 fE
D25 (=426) , TROLEREFROD 4.26/10 5, 0.02 mgkg & L7-.

Z OER FIR& O TR O EE 1R o FE 485 0% BEEEHEE IS ) LT 1/5 LLF RO 1/10
UIF, B o BESREOEIEMICH LT 125 LFED 1/50 LFTH Y, =44
WeRIETA BT A4 KO PF MAEDZ G MHEMRIEIZED vz 1) KT 2) OREMEITH T 5 0E
B TFRE O RO B 27 LT -,

D) EE TR 15 (EREOY =y MG DAOEEEER) , 12 (U= y MG OKSE

AR I0%IZHMAELIZHD) )

2) TR : 1710 (FR R O = » MRS oZEi Ak , 13 (7= ML Ok

EHEI0%IHME LI D) )

728, Table 12 IR L7cE BV, YZERE FRIEEIZET 2HRMNEINGURERIZRIF CTH - 72

4 F&EOH
R R OB BRI E EN 5 AEFESRE (MK, VI TL, HKOKE) OEREIZDS

W, JERRERERTE K OV AOAC V5 % JEICHEFEFEBA%E L 72 ICP-MS % F V72 % ot R R IRF E &k O F 7

Hri&HE K O PF RAE~OEHO A HICOWTHRE LI & 25, R ~OFOBM, ~1 7

RS IREED VT F U ARIMOEK L NEERE T 7 A% Digi fFa—TF~EHE+H5ZLT, T

DFERPE BT,

1) BE#HIL, THhEhH 0.05~10 ng/mL O CTREARM:Z R L7,

7B, UHRBEROREGRIEL, SESBSEE 0.02~4mgke GA T D oM HEEE ARIEIZHEN
A U 72 i iR I P OB B B F IR LRI S 5.

2) EAEE (Tea 7 —EERHH, FRERAKOCALAFEER) , i, T I—01, K
— 7 FF I, Wb bROEREYAEE (R ALY =y M) 12OV T, KiE
s THRONTA A AT MEP D NIEEEIC L VR PTOXESBEO &L B LK
B, BHORBHZOWTHEEEBS SR Sh), RETHE LN ERIEIT SN *5%O B RIE
DHLDEBEZ LI, REOBRRMEICHEITRWEB X L.

3) FAPAS B2 W CTARIEOZ Y HEEZMER LI 2 A, z-AaT7 2 TORENRE LN

4) ElGfEE (a7 —EERMAH, THRERH, WHFIEEH) , &, T30 I—0, fib
LROEBWAGEE (R HEKOY =y ML) IZOWTEERBELIRIML, ALK
S TS5 AT 2 Ehii L, BUER OB UIEEEZ RO &2 A, BYMWMRIETA KT A v
B OV PF AR VE D 2 A VERERBIE IS E O VT B R OV TRE B O B AR 2 i 7= 3 RAF e i SR 35
L.
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5) AEOEKEELBESEOTER TFROBEEIL 0.04 mgkg, B TFRIZ0.02 mgkg Thoto. FHELE
ER FREOBE TRIL, ZUMEMHRETA T4 kO PF REEDOZ Y HEHERIEICED b
7~ BREE 272 LU,
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