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Development of the Rapid Simultaneous Determination Method of Arsenic, Cadmium, Lead and
Mercury in Feed and Pet Food by ICP-MS
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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-lutetium mixed
solution to the samples, they were digested by a microwave digestion system at 1400W for 40
minutes. Having further added rhodium and rhenium as inner standard elements to the digested
samples, arsenic, cadmium, lead and mercury were quantified by ICP-MS.

Recovery tests were conducted on fish meal, poultry by-product meal and rice straw. Fish meal
was added with 15 mg/kg of arsenic, 3 mg/kg of cadmium, 7 mg/kg of lead, and 1 mg/kg of
mercury. Poultry by-product meal was added with 7 mg/kg of arsenic, 3 mg/kg of cadmium, 7
mg/kg of lead, and 1 mg/kg of mercury. Rice straw was added with 7 mg/kg of arsenic, 1 mg/kg
of cadmium, 3 mg/kg of lead, and 0.4 mg/kg of mercury. The resulting mean recoveries ranged
from 98.8 % to 107 % for arsenic, 98.7 % to 105 % for cadmium, 93.1 % to 96.7 % for lead, and
89.5 % to 92.4 % for mercury. The repeatability in the form of the relative standard deviations
(RSDy,) was less than 2.4 % for arsenic, less than 3.6% for cadmium, less than 2.1 % for lead, and
less than 3.3 % for mercury.

Key words: arsenic; cadmium; lead; mercury; inductively coupled plasma-mass spectrometer
(ICP-MS); feed; pet food
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BT 1 mglkg, $IZECAREL, HLAKEAE T 3 molkg, By, WK OVAE K T 7 mglkg, EEENW A
fil Bt ¢ 3uglg, AEFITE AR, w@HES (bSO Z2FR<. ) T2mgkg, fid S T 7mglky, ¥y
T 15 mg/kg, WK OWER T 7 mgky, ZLiBMHEEC15 pglg Th o, EEEE LTE, &)
BtoK UKL OMFZRLS. ) O, BIZL 2B SMEE2ITV, KEBIZOWTITEITLREKE
HEEEICIVRE, 7RI 7L, SEOHMBIZOWTIRE AL ERIC X 0 RIE T 2 HiENEE
BT EE IR OB B R S oA NN STV D, 26 OSHIEE, AL
MaEZEL, WESILET EITEINAT O MERH 57 dGEMEIC R IT 5.

A, BERAEEOSE T, v A 7 vl nfEiE 2 V- piL Bt R M o i, FEsa 7 7
A< E'HF (LLF TICP-MS) LW ). ) X 2FnRFARONAERLEIRL TS, £ 7T,
Lola], ERRERERE D (LT TIeRBREE) v 9. ) K UYAOAC Official Method 2015.01% (L)
T TAOAC L] LW . ) ZHIC, B LKOEIEMAEEF OFFEREED ICP-MS 1T XL 50
W ZOLRFEIREBIEA R L, SR HT 2 YE L OVE Ssh i) FH A BHE O R AL~ O H O AT % 1
FLIZOT, TOMEL®RETS.
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7— Koty —THHELE. RENSLmMMUTThHo72mI vy (KA xE0FEMHEH
L.
B, MEHI AW EZ @Y &R O R B 4 Table 11277 L7z,
2) FRREEEYEME
PREAEAEY) T & L C, BCR-627 (IRMM (Institute for Reference Materials and Measurements,
EU) fit4h, ~7/ e I—n) ZfHLE.
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Table 1 Ingredients list of the pet foods used in this study
Pet food types Ingredients

Grains (corn, wheat flour, bread crumbs, corn gluten med, brown rice), meats (chicken
meal, minced chicken meats, chicken extracts), fishes (fish medl, dried minnows), anima
fat, beans (soybean, soybean extracts), vegetables (beet pulp, carrot powdery, spinach
powdery), beer yeast, cheese, oligosaccharide, minerds (Ca, Cl, Cu, I, K, Na, Zn), sorbitol,
glyceling, vitamins (V. A, V. By, V. B2,V. Bs, V. Bi2, V. D, V. E, V. K, chaline, pantothenic
acid), glucosamine hydrochloride, preservative (potassium), fumaric acid, coloring
(titanium dioxide, food red no.106, food yellow no.4, food yellow no.5, food blue no.1),
antioxidants (sodium erythorbate, mixed tocopherol, herbd extracts), chondroitin sulfate

Dry food for dogs

Mests (beef, chicken, mutton), whest flour, carrot, green pea, potato, oligosaccharide,
tomata paste, seasoning, mineras, polysaccharide thickener, coloring (titanium dioxide, iron
sesquioxide), emulsifier, vitamins, antioxidant (EDTA-Ca-Na), glucosamine, color former
(sodium nitrite)

Wet food for dogs

Whest flour, meats (chicken, beef, chicken white mesat), cheese, sugar, gelatin, glyceline,
propylene glycoal, coloring (oxidized titanium, food yellow no.4, food red no.106), sorbitol,
preservative (potassium sorbate), mineral (Na), pH adjuster, swelling agent, flavour,
antioxidant (sodium erythorbate)

Formed jerky for dogs

Dried jerky for dogs

(hard type) Deer meat

Milks (non-fat dry milk, casein), oils and fats (vegitable oil, animal fat, y-linolenic acid),
egg yolk powder, soybean protein, oligosaccharide, L-carniting, minerls (Ca, P, K, Mg, Fe,
Cu, Mn, Zn, I, Co), emulsifier, vitamins (V. A, V. By, V. B, V. Bs, V. Bi2, V. D, V. E, V.
K, nicotinic acid, pantothenic acid, folic acid, choline), flavour, taurine

Milk powder for dogs

22 B
1) R &K OWEERIE Ultrapur-100 (BEH b 78) 2 Ao, bk FI3R %o A (8L
T AV LRI IL) AW L AT A VERITFOLRRRR (8 L7 A v AR 2 H
VW72, KIZ Milli-Q Integral 5 (Merck Millipore #) (2 & v 58 L 7@tk (IS K0O211 @ 5218
ICER S MIK) &2V,
2) ARVELEE (10 pg/mL L-3 A7 A e Ak — ik — 7K (1+2+37) )
L-> A7 A 2 8mg (2K 740 mL, % 20 mL K& OVEfE& 40 mL 2 i1z C 800 mL & L 7=.
3) IEHERK
BtE, B RITLA, &, &, VZF UL, K, LU AKOR YT AOEMERIKIL,
Table 2 127" Lo 263, Bk b D% -,



98 BT ZER S Vol. 44 (2019)

Table 2 Standards used in this study
Guaranteed value

(ug/mL) Manufacturers Specification
Arsenic standard solution 9.4 Fuijifilm Wako Pure Chemical JCSS
Cadmium standard solution 100.2 Fuijifilm Wako Pure Chemical JCSS
Gold standard solution 1004 Kanto Chemical for Atomic absorption spectrochemical analysis
Lead standard solution 100.3 Fujifilm Wako Pure Chemical JCSS
Lutetium standard solution 1003 Kanto Chemical for Atomic absorption spectrochemical analysis
Mercury standard solution 100.3 Fujifilm Wako Pure Chemical JCSS
Rhenium standard solution 1005.1 ACROS ORGANICS for Atomic absorption spectrochemical analysis
Rhodium standard solution 1007 Kanto Chemical for Atomic absorption spectrochemical analysis

4) HERERAEERIK
M, B RITA, EOUKEERER 1 mL 2 20 mL &8 7 7 A 2 [ZIERICAN TRA L,
RICEMRE CHRGEHEZ M2 CTESREFRGEERKZMRME L. (20K 1 mL %, FE2R
FLLTENENS W EEARETD. ) .
5) RA&WNAEHER
L= Ak e vy AMEREFEA 100 ub 2 20 mL OE2ET7 7 A AN TREA L, ®HiZ
AR E CHREME (1+19) Z2MMx CIRANEEFIRZHE L (01 mL 1L, F#ESREL L
TENENS WWEEATH. ) . TITIREWEERK 1 ML Z 50 mL O2&ET7 7 A3l AR,
TR E TR (1+19) 22 TRAWNEERZHHN L (20 1 mL X, FESESHEL LT
ThEn100ng =& H7 5. ) .
6) &— VT T U LRAK
SROVTF o MMERERKS 1 mL 2 10 mL OB 7 I 23l ARTEAL, FICERE
TR (1+419) ZMMA T — AT FULRGKREZFAM L (Z0K 1 mL 1%, SEEBEHFL L
TENEN 10U ZEaH67 5. ) .
7) HeRFIRGEER
HBERERAEERE, BAWNEERK O — VT F 7 LEERO —E &2 R CIE
AR L, 1 mL FlcAELSESEE LT 005 01, 02, 04, 06, 08, 1, 2, 4, 6, 8, 10,
20, 40, 60, 80 % (*100 ng, FWIEHEL LCT1lng, &KX UILTF U LELT200ng 52 EHT
LEeBERGEERZRAM L.
A (2 B4 B S TR A RS YE RO & N 2 T I AR ICHRE L, 2B 0 ng/mL O B4 8 S5 1R A RS Yk ik
P L7,
23 IEE RO HE
1) Erper -
Y RERE 1 Ok 2 OV 3 LIS B ) © ZM 200 Retsch 8 (1 mm A2 27 U —>, i I EE[E]
#i5 %% 14000 rpm)
etk 2 (feo 5 M) : SM 100 Retsch# (I1mm 227 U —, [El#EE (fEER) 1690 rpm)
etk 3 (% —F—M) : GM 200 Retsch f (fff ¢ [A]H5 % 10000 rpm)
2) ~A 7 v srfifiEwE - Multivave 3000  Anton-Paar il
3) AVwv—Fh::Fr=x8 (0 30 mm)
4) ARA R :xa)ARAb2mL T TT v 8
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5) /LR 50 mL Super clear  Labcon
6) ICP-MS:
A — bt 7 Z—% : ASX-560 Teledyne Technologies #
FHEEES T T XA~ BEONEHE  iCAPRQ ICP-MS  Thermo Fisher Scientific fl
24 EEITIE
1) o
IHrakEF 05 g ZIEFEICE > TT 7 1 v TFM SO & ENREEIC AN, HER S5 mL, @R
KFE2mL KO- VT FULERAGHK 0.4 mL 2%, BANBIEo72th~ A 7 v/ figd
BxZHWT Table 3D fE7 0 7T Mo THfiE Lz, Hlmtk, 7K %E 20 mL 027 7
AAZKTHELIALR, BIZEET 7 ATOEMRETKEMZTZ. ZOROEES 50 mL DiE
DL I AL, 1700xg T 55y im Doy L7z, B4R 1 mL K OYEAWNEERERR 0.1 mL %
10 mL &' 7 A FZIEMICAN, HREELZ2ET 7 2 aDFE#RE TN, ICP-MS (2 X
LPEIMT HRBHARR & LT
[FIRFIZ 3R A2 W22 WD TR —BEZ2 1TV, ERBRIER A R L7

[aY

Table 3  Operating conditions of microwave digestion equipment

Process Electric power Time

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

2) ICP-MSIZ X 5 ilE
HEHAK N KBS BERAERER % ICP-MSIZEAL, FE=F—AFIBITAL A
H o MEEST. WESRME Tabled (2R L7z,

Table 4  Operating 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 114Cd, 202Hg, 208Pb’ 75AS, 103Rh, 187Re

3) FEA
HFoNlzAF T MEDPOMBR O FI U AT YT LT, SWAOKEBIZFL=7 LT
WESERE L, REBRO/mH#E, 7 RITvLA, SAROKBEEZHEM L.
2RI DWW T, IEOERGONTGE TR L ZEZ LV,
7ok, EEEOME % Scheme 1 IZ78 L7z,
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Sample 0.5 g (100 mL of high pressure degradation container)
——add 5 mL of nitric acid and 2 mL of hydrogen peroxide

——add 0.4 mL of gold-lutetium mixed solution

Microwave digestion
——wash with water
20 mL volumetric flask

—full up to 20 mL with water
—— centrifuge for 5 min at 1700xg

——add 1 mL of supernatant
10 mL volumetric flask
——add 0.1 mL of mixed inner standard (Rh, Re)

fill up to 10 mL with nitric acid-hydrochloric acid-water (1:2:37)
containing 10 pg/mL L-cysteine acid

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

25 IRINENTEER

2.2 D 4D EA R FIRA R 2 A PR B CEMICAR LRI H W,

AT ONT, fitdE L LT 15 molkg Y & (H&RUEHAR Y 37.5 ng/mL) , # RI U AL L
T 3 mg/kg FHY & (B&EUEHATET 7.5 ng/mL) , $h& LT 7 mglkg FHY & (R k&RURHA R
17.5ng/mL) K UUKEEE LT 1 mg/kg FHY & (RA&ARABHAK S 25 ng/mL) , FF I —/LiZHon
T, ftFEE L T7 mokg fHY & (B&alEHAEE T 17.5 ng/mL) , 7 K 7 AL LT 3 mg/kg #H4
B (RERENARYT 75 ng/mL) , #1& LT 7 mgkg fiY4 & (R&REHEK T 17.5 ng/mL) KO
AKERE LT 1mglkg A4S & (& REHAK S T 25ng/mL) WONTFRD HIZHOWT, MFELLTT
mo/kg FH2Y B (Rf&RUEHAW R 17.5 ng/mL) , 7 FI 7 AL LT 1 mgkg fHY & (Bf&ilEHa R
H125ng/mL) , #h& LT 3mglkg FHY & (& aUEHA R H 7.5 ng/mL) J OVKER & LT 0.4 mg/kg
FEY B (BRI C 1 ng/mL) 1225 Ko l2ENZERENE LSEAL, —HKFE L%
CAREIZHE o THRINENGGRER 2 M L, SFHEE R OMOR LIS 2 R 7. 7ok, [EUEILA
RE DT 7 U EEZELBIWTHEI L.

3 WRRUBER
31 MO
JERFRERIE 2 2 F 128 L 72 0.05~100 ng/mL & EH4 R FIRAIEER (FAERE L LT 1 ng/mL
AEHTD) & ICP-MSICEAL, BoNizA Ay MED S EREEIC X 0 R ER & 1ER
L7, JERERBRIE T, ¥R A MR (1+19) THIRL TV 25728, AKERIE ICP-MS THIE L T\
R, EYER A EE (1+419) THR L EZ A, KEOBREBRITIEREZ RS, 2EMICIE
LOENWOOLNTZT2D, KBOPEBIETHEH L TWD LY AT A vBBEMz 528 2L,
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10 pg/mL L-v A7 A U EREAHEE (1+19) THRL7-. Bon-RERO—FIX Fig 11D LB
0, KEBOFEREMOIL D DX T&E LA, KEEE LT, 0.05~100 ng/mL O HiFH T &R A E
MMEEZ RIS Rholo. £, KEBITATY =W ROEENRKE <, 100 ng/mL FEHER 2 [IE L7
BEAZICHE L7fgEE (1419) 1%, 1ng/mL fR¥ER & RREDO A F oy MEEL 7o 7.

ZZT, ARV =R ERWT H720, FESBEEORES 10 ng/mL £TE L, AOAC %
23,2200 ngimL & 725 K5I — VT F U NERRREMZ T-%, HWEEZBN LA REE CE
BRSEIRAERERZ 22 O WX VAR L. Z 0%, 0.05~10 ng/mL OFiH CEMRMEZ R L
7Dy, EhoOARIR EERIPH (0.05~1 ng/mL) TIFAHBILREAY 0995 % TEISZ Z LRdH Y, R K
ORI AR AN S OMORHED FREMEIVRIR SN2, IOV TR ER O %2
1~10ng/mL L3252 & L L. BonRmERO —Fl% Figl2IlrR L.

B, UHMBROBEHMET, SEASES% 0.02~4 mgkg ($hix 0.4~4 mglkg) EHT 5%
BT FHRURE 2 AVEITHE VIR U 72 B i RUBHES IR T oD 4% B4 B A YR EE P ISR Y 97 5
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Fig. 1-1  Calibration curves of arsenic, cadmium, lead and mercury
(Diluted with nitric acid (1:19) containing 10 pg/mL L-cysteine acid)
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Fig. 1-2  Calibration curves of arsenic, cadmium, lead and mercury
(Diluted with nitric acid-hydrochloric acid-water (1:2:37) containing 10 pg/mL L-cysteine acid)
(Containing 200 ng/mL gold and lutetium)
(Concentration range of lead: 1~10 ng/mL)

3.2 TiaER

TAREIIZ 2.1 @O D)OFELE HV, JERERERIE 2 R ICHIEOMRZ 1T - 7o, IEEREBRIE O 5
frx, BB GRIRAEEE20.0 g Ok EAENHHE L T 200 g HOEB Y EHEIZ05 gL
ERRET D) L EHEEEFOD FI U LADGHIEICOWTIL0.2 g) IZiHE2 2.5 mL &K ONEER{L
KFE2mL 2z, ~A 7 0 MRERE T 1400 W T 104500 EINMET 5 HiETH 5. IEEEBRE
DEMTIE, —HORE (FF U I—ARURDL D) IZBWT, SRR O % G & OV L RS
GBI PRO DI, A 7 B ERREEIZL DR AR+ Tholz. ZD72, ML 5 mL
K OEEEb KSR 2 mL Z2NZ, ~A 7 vl sy fifd& & T 1400 W T 40 3 HANEY (2 DI 43 i i
1349 140~200 °C ThH o7z, ) THLICEFR L. &5, ACACEEBEIZ L T~vA 7 uall
OYREETE CONMRANCE — VT F 7 LIRAWK 04 mL 225k H2ER L. £/, #1EHEKD
HERBEOWEMNBHDAIEMEN D D Z 0D, EFRBRBEKEZFAKMST 2L OLH L. IbIT,
BHBROBEEBENSRE SN AEENR S S Z LD, B 0 ng/mL OFEAER 2 1B+ 2 X 9
AR BRTE N S A Lz,

B HCROEEREONEMEZINA D720, #BEIL, WRERRYVARY Yo L U FOMER %
L, fHORNCHEE (1+43) 12 12 R ER L2th, BHKTHo T3 0nThrdHni.
BETTAAFEOHN T AHZRERCDLEHE, BUHIBEORTTABT T AMO LD %V, JIS
K 8007 (Z#E U CHHlE (1+1) T1HMM LR L7, BHAKTHZTTWTHoM Lz
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3.3 BCR ZiLZEHEYE D4y
ZIK¥£®ET£%EE%€?LZ>T: , RFHENEYE BCR-627 % W T 5 SOHMTT 24 ICit-> CEEL
To7-.
ZOFER, Table 51277 X 9 ICHFBIIAETIL 46 mgkg & 720, FREEME & OMICHEZTR
O NIRRT

Table 5 Determination of a BCR certified reference material

Arsenic
Certified value of BCR-627 (mg/kg) 48+03
Determined value”  (mg/kg) 4.6
RSD, ? (%) 18
a) Uncertainty: half width of the 95 % confidence interval

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

3.4 WHNENEER
52X 0 usmmENGABR 2 £ L7-. TORRIT Table6 D B0, MFTEIZHOW T EB R R
1% 98.8~107 %, * Dk UKGELITF xR HER2E (RSDy) & L T24%LLF, B FI U AIZHONT
TR R 1T 98.7~105 %, RSD, (3 3.6 %LL T, #1iZ- W TR EIL R 1T 93.1~96.7 %, RSD;
1% 21 %LL T, KRERIZHOWTIT BRI IE 89.5~92.4 %, RSD, i 3.3 %LL T ORGEN 1 L, il
BT EEER R 3 OFRBRIE D Y EMERIET A R4 (LLF TS MMEIETA R4 &
WO L) IZED DN EE R OPHTREE O BARE A 723 BRI 2R CTh o7z,

Table 6 Recoveries for arsenic, cadmium, lead and mercury

_ Fish meal Poultry by-product meal Rice straw
Sp(lrlfre‘g/dllz;/el Recoverya) RSD,” Recoverya) RSD,” Recoverya) RSD,”
(%) (%) (%) (%) (%) (%)
Arsenic 7 — — 107 0.5 938.8 14
15 104 24 — — — —
Cadmium 1 — — — — 9.7 14
3 105 15 102 3.6 — —
Lead 3 — — — — 93.1 21
7 95.7 0.8 96.7 2.0 — —
Mercury 04 — — — — 89.5 0.5
1 R4 17 91.2 33 — —
—: Not tested
a) Mean (n =5)
b) Relative standard deviation of repeatability
4 FEOH

ARt R N E B HEAEHC G NI A EESBEZOTEREIZOWVT, JEEHERERIE LY AOAC E%x
2, ICP-MS % W=k « £ o0 35 [F B & B 1k O fa o M FLUE & OVE Brdh i H fR B O A s~
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DWEADOFAFICONWTHRFLIZEZ S, UTORENMEONT.

1) 200 ng/mL &725 X H@&— T FULEGREMA T2, ARG TR L 72 R 2 1 E
L CH o REffIE, BE, 7RI LAKROKEETIEL 0.05~10 ng/mL (FEAEE LT 0.02~4
mg/kg) , $ACiX 1~10 ng/mL 4 & (GEAR L LT 0.4~4 mg/kg) O#iPH CERMEZ R LT-.

7B, UHMEROREGHL, SFESESEL 0.02~4 mg/kg ($41% 0.4~4 mg/kg) AT 5%
ﬁ%ﬁﬂ%ﬁ%_%wﬁ%LtE%ﬁﬂ%ﬁ$@%%@ﬁ%%%ﬁﬁﬁﬁ%?é.

2) S, WMEES mL, @EEbAKFE 2 mL KOE— LT T U ARATK 0.4 mL ZIRINEG, ~A
7 a5y RAETE T 1400 W, 40 3 EIINEAT 2 X O IEBBRIE NG EE Lz, £z, #fFlhko®H
EREOWEHENH D TREEND D Z LD, ERBRAREZHNT I H2EF LE, 851, &
EE%®E%E%$@&§M%H%@%%%;&% , IREE 0 ng/mL DIEHER A VERT 2 K 91
EHELT-.

3) FRAFEUEME 25 LT, KIEICLAMBEBOSIMOEM S 2R LIZL 25, HEEREOM
FOFRHME & OMICHEZITRBD b ho 7.

4) fafy, FERUI— ALK Db LI, MFEE LT 7 XX 15 mgkg FHNE, B RIvAaLLT1
X% 3 mg/kg Y &, $n& LT3 XX 7 molkg FHY &, 7KER&E LT 0.4 ik 1 mglkg fHY &% s
ML, REZHESTERIMTONT &2 I L, BEIEEEOHOR LEE A RDTo L 25, YR
BHA KT A4 VNZED DB K OPHTREE O BARE %273 BAF 2R B3 G bz,
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