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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
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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)
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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)
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4) HERERGIEERIK
MFE, I UL, R OKSEREFIERS 750 uL % 15 mL OERHF = — 7 I EMIC AN
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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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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
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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
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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
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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)



84 M FEHE Vol. 47 (2022)

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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