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Study of Alternative Determination Method without Helium
(2) Alternative Determination Method of Inorganic Arsenic in Pet Food

KADOYA Hina" and HASHIMOTO Yoshimi”

(*! Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center)

For a determination method of inorganic arsenic, which is listed in the Inspection Method for Pet
Food of Japan, we have studied an alternative method that does not use helium (collision gas) of a
liquid-chromatograph inductively-coupled-plasma mass spectrometer (LC-ICP-MS).

Having added 2 w/v% tetramethyl ammonium hydroxide (TMAH) solution to a sample, inorganic
arsenic was extracted by heating. The extract was diluted with water and adjusted to about pH 3
with 0.3 mol/L nitric acid, and then injected into a LC-ICP-MS to determine the concentration of
inorganic arsenic. LC separation was then carried out on an ODS column (CAPCELL PAK C18
MG, 4.6 mm i.d. X 250 mm, 5 um, Osaka Soda Co. Ltd.; Osaka, Japan) with 10 mmol/L sodium 1-
butanesulfonate, 4 mmol/L malonic acid, 4 mmol/L TMAH and 0.05% methanol solution as a mobile
phase. Besides, LC-ICP-MS measurement was conducted by a method that did not use helium as
the collision gas.

A study of interfering substances in LC-ICP-MS measurement was conducted on pet food samples.
As a result, no peaks that interfere with the selectivity of inorganic arsenic were observed in any of
the samples. Furthermore, a matrix effect study of inorganic arsenic was conducted. The peak
area ratio of a matrix standard solution, prepared by adding standard solution to blank sample
solution, and that of the standard solution of the same concentration, was calculated. As a result,
a dried jerky sample was diluted two-fold to reduce the matrix effect, allowing for unaffected
determination. For other pet foods, the matrix had no significant effect on the measurement values.

Key words: inorganic arsenic; liquid-chromatograph inductively-coupled-plasma mass spectrometer
(LC-ICP-MS); helium; pet food
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Fig. 1 Chemical structures of arsenic compounds

2 EBRAE
21 & K

NI A8E CRAKOWH) , EI R85 CRA) , v=y MG (RH) , Y vy —
¥— (KM , FEMHERES Yy —F—DN— KX A TRV T A7 (RAKOHH) , £+
(KA NIy (BH) ZRFHcHWE., RO E E TIEMmEsNE Y vy —F% —I%,
FSHEEZHNTHIE L72ob, EEEHNIC L Mg T, s rt+a L Bbinsdbonl
DONWTIE I mm DR U — 235 Lo Ttk L, 8RB E Lz, ey MY
— K7FakyW—THEL, STHREIE Lz, I V7 3miaiTblnol-. £ ook
FENZEN T mm DA U — 2388 Lot Ttk U, ot HaEE LTz,

Bt W= ZoE AR %2 Table 1 (R Lz, 7228, FEMEHA X, BEHTHW=&EHT
KL SN TV A PRICHER L 72,



82 fAEHFSE S Vol. 49 (2024)
Table 1 Ingredients list of pet foods
Pet food types Ingredients
Chicken, barley, corn, wheat, pea bran, corn gluten, milo, cellulose, chicken extract, vegetable
oil, beet pulp, flaxseed, pork extract, wheat bran, oat fiber, apple, broccoli, carrot, cranberry,
ea beans, minerals (calcium, sodium, potassium, chloride, copper, iron, manganese, selenium,
Dry food for dogs P ( P PP g

zinc, iodine), lactic acid, amino acids (taurine, lysine), vitamins (A, B4, B,, Bg, B1, C, D3, E,
beta carotene, niacin, pantothenic acid, folic acid, biotin, choline), antioxidants (mixed
tocopherols, rosemary extract, green tea extract), carnitine

Dry food for cats

Raw beef, raw beef liver, fish meal, peas, tapioca starch, whole flaxseed, chicken fat, natural
flavors, dried beef, vinegar, canola, minerals (potassium chloride, sodium chloride, calcium
carbonate, zinc sulfate, iron sulfate, manganese sulfate, sodium selenite, cobalt sulfate,
calcium iodate), vitamins (choline chloride, niacin, vitamin E supplement, calcium pantothenate,
riboflavin supplement, thiamine nitrate, pyridoxine hydrochloride, vitamin A supplement, biotin,
vitamin B, supplement, folic acid, vitamin K; supplement, vitamin B; supplement), taurine,
antioxidants (natural mixed tocopherols, citric acid, rosemary extract, green tea extract,
spearmint extract)

Semi-dry food
for dogs

Grains (corn, wheat flour, defatted rice bran, corn gluten feed, wheat protein), meats (chicken
meal, chicken, beef flour, pork flour, chicken liver powder, chicken fillet, beef), defatted
soybeans, fats and oils (animal fat, vegetable oil (including omega-6 fatty acids)), beer yeast,
salt, sugars (sucrose, oligosaccharides), selenium yeast, vegetables (cabbage, barley grass,
pumpkin, tomato, carrot, broccoli, spinach, molokheiya), small fish powder, casein
phosphopeptide, propylene glycol, minerals (calcium, phosphorus, sodium, chloride, iron, copper,
manganese, zinc, iodine, cobalt), pH adjuster, preservatives (potassium sorbate, sodium
dehydroacetate), glycerin, sorbitol, vitamins (A, B,, Bg, B4, D, E, pantothenic acid, choline),
swelling agent, antioxidants (sodium erythorbate, mixed tocopherol, rosemary extract), food
colors (titanium dioxide, food red no.102, food red no.106, food yellow no.4, food yellow

no.5, food blue no.1), glucosamine, amino acids (arginine, methionine), chondroitin

Wet food for dogs 1

Pork, rice, tomato, radish, komatsuna, corn, wood ear mushroom, olive oil

Wet food for dogs 2

Meats (chicken, lamb, chicken breast, etc.), vitamins, minerals, polysaccharide, phosphate (Na),
food color (titanium dioxide), EDTA-Ca/Na

Formed jerky for dogs 1

Cereals, meats [beef, cartilage (including collagen), etc.], vegetables (carrots, pumpkin, etc.),
dietary fiber, lactic acid bacteria, thickening stabilizer (glycerin), preservative (potassium
sorbate), food colors (red 40, yellow 4)

Formed jerky for dogs 2

Beef liver, beef tongue

Meats (chicken, beef), rice bran, modified starch, wheat flour, sucrose, salt, propylene glycol,
stabilizer (sorbitol), antioxidant (sodium erythorbate), preservatives (sodium dehydroacetate,

Formed jerky for dogs 3 ] . o ] o o
potassium sorbate), color former (sodium nitrite), pH adjuster, food colors (titanium dioxide,
red 106)
Meats (chicken, beef), defatted soybeans, wheat flour, wheat protein, p-sorbitol, glycerin,
sodium lactate, minerals (Ca, P), salt, phosphates (Na, K), seasonings, preservative (sorbic
Formed jerky for dogs 4 ( ) prosp ( ) g P (

acid), antioxidants (extracted vitamin E, sodium vitamin C), fragrance, color former (sodium
nitrite), food color (red 40)
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Table 1 Ingredients list of pet foods (continued)
Pet food types Ingredients
Dried jerky for dogs Chicken fillet, starch, powdered egg white, trehalose, minerals (sodium, calcium), phosphate
(hard type) 1 (Na)
Dried jerky for dogs ]
(hard type) 2 Chicken breast
Dried jerky for dogs
(hard type) 3 Horse lung
Dried jerky for dogs )
(hard type) 4 Venison
Dried jerky for dogs .
and cats (hard type) 1 Sika deer
Dried jerky for dogs . _
and cats (hard type) 2 Chicken fillet
Dried jerky for dogs .
and cats (hard type) 3 Beef tongue skin
Dried jerky for dogs

and cats (hard type) 4

Venison

Dried jerky for dogs
(soft type) 1

Chicken fillet, glycerin, quality preservation agent (propylene glycol), sodium hexametaphosphate,
preservatives (potassium sorbate, sodium tehydroacetate), salt, antioxidant (sodium
erythorbate), sodium polyphosphate, color former (sodium nitrite)

Dried jerky for dogs
(soft type) 2

Chicken fillet, thickening stabilizers (glycerin, sorbitol), sodium lactate, pH adjuster, minerals
(sodium chloride), preservative (potassium sorbate), antioxidant (sodium pyrosulfite),
oligosaccharide, fish cartilage extract substance (containing chondroitin), glucosamine

Dried jerky for dogs
(soft type) 3

Chicken, salt, glycerin (humectant), propylene glycol (quality preservation agent), color former
(sodium nitrite)

Confectionery for dogs

Flour, sugar, starch, vegetable oil, skim milk powder, oligosaccharide, calcium carbonate,
cheese

Milk powder for cats

Dried whey protein concentrate, dried whey powder, animal and vegetable oils, glucose,
lecithin, taurine, starch, lactoferrin, probiotics (Bacillus licheniformis, Bacillus subtilis),
fragrance, silicon, vitamins (A, B, hydrochloride, B,, Bg, B;,, calcium pantothenate, C, D5, E,
choline chloride, niacin, biotin, folic acid), minerals (dicalcium phosphate, calcium carbonate,
ferrous glycine, ferrous sulfate, copper sulfate, manganese sulfate, sodium selenite, zinc oxide,
cobalt sulfate)

22 3K

1) A% 7=/ LC-MS H (L7 A v AFkfisksd) | f§E2IL Ultrapur-100 (BAH L7H)
25 W% KEEILT R AF AT E= L (LLF TTMAH) & W9, ) ITEEMESITH (%
BEALS TR, 0.1 wh% A F A L o DEIRIEPREER (87 A4 v afeiiisEsd) | 1-
THUANKECEET N U ATRFER TER, v u VERIIARR (B LT AL AR

i LAY

7K1E Milli-Q Integral 5 (Millipore #) (2 & 0 ¥EHL L 7=#8Htik (JIS K 0211 @ 5218 (2

ER SN EMIK) 2.

2) 2w/v% TMAH

25 w/iv% TMAH 8 mL (2K &Nz 7T 100 mL & L7=.
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3) 0.3 mol/L A%

fEES 1.92 mL (2K &M% T 100 mL & L7=.

4) VEBEWR (10 mmol/L 1-7 % > A/LAR BT U 7 A« 4 mmol/L ¥ 2 % + 4 mmol/L TMAH -
0.05 % A ¥/ — VIRHK)

1-7 X AR T U 71602 g, <1 20416 g, 25 w/v% THAH 1.458 g & /KIZEA
ML, AH /=)L 05mL ZMz 7T, EET pH 3.0 (2.95~3.04) (ZFRF&E L=, HITKEMZ
TIL &L

5) As (III) FEAERR

e (D) R (8 L7 A v 2 R0eHiZEE, {REEME 1001 mg/L) 1mL % 10mL O&&ET J
A ZIEREIC AR, BERETAREMZTAs (11D EEERAZFLLZ (208 1mLiE, As (1)
ELT100pug &A) .

6) As (V) HEHER

fitF (V) HE#ER (A7 8, {£3EHE 1002 mg/L) 1 mL % 10 mL D287 7 A 2 (ZIEMEICA
A, EEMETKZMZTAs (V) EERAZRTLZ (20 1 mLiE, As (V) &L T100 pg
EH) .

7)) MHEBEAIEEIRIR

As (III) AEAERG KON As (V) HEYERE A 0.5 mL & IEMEIC 50 mL O2® 7 7 A 22 A, =i
FOKREMZ CTHBIRGEEFTREZFA L (20O 1 mLIX, As (II) KW As (V) 2Zh
FTILAs ELTlugaf) .

8) MWLHRIEAIEEIK

REENE 25 mL 2 A 72 50 mL o287 7 2 a2, MEEAEER 50, 125, 250, 375 Xk
500 uL & F N FHIEFEIC AR, 0.1 wiv% A F LA L w PRSI & OF 2 wiv% TMAH 5 mL %
% T O0.3mol/L iifi# T pH 2K 3 (AL vf) I L%, FITEMRETAREZMZ, 1mL
FIZAs ELTERZENL, 25, 5, 7.5 KON 10ng 25 AT HMBIRAHE AR 2 8 L 7-.

[FIRF L B R IR B AR EIR 2 N 2 IS [FARICHERIE L, JREE 0 ng/mL DFEVEIR &2 FHH L7z,

23 HEMOGE

1) Bk
M1 (R A8, EI I A8, ErEAOC—HOYy—%—H)
ZM 200 Retsch # (1 mm A2 U—>, R E#5 14000 rpm)
Wi 2 (ry—x—HH)
GM 200 Retsch 2 (ff ] R[5 10000 rpm)
2) 7—FR7ukvHh—:MK-KS8 /Y=yl
3) =LEEE : 15 mL Metal free centrifuge  Labcon %
4y ARAbN:xza /) ARA  3mL YT T7T v
5) A7 Z 7 4/vH— : Millex-HP Merck Millipore # (L£% 0.45 um, [E#E 33 mm, PES)
6) /NA 7V : 2 mL Target DP vial, PP Thermo Fisher Scientific %
7) LC-ICP-MS :
k7 v~ K277 7% : UltiMate 3000 Thermo Fisher Scientific $
HERES T T A E EONTEHD - iCAP Qe Thermo Fisher Scientific
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2.4 TEEFIE
2 Y a yHARBERAGEOFERSEE T 7 A~ B ESITFHBOWME LML, = Dishi F ik
EORBIER 4 7 4.1 1ZE- 72,
D #h
IINTEREL 0.5 g 2 B o T 15 mL OO ILEE I AN, 2 wiv% TMAH 5 mL % il 2 CiE 0 B8
2. INERTA 7y 7 N A%&HWT100°C T2 BREENEL CTHiH L= im L.
FHHRIZ /K 5 mL 202 TR W IRE =1, 2100xg T 10 7y 00EE L, EEAEE 50 mL
DEET T A AN, mOREE O SIZK 125 mL 2% TRV IRE 7%, 2100xg T
10 ZSRIELDEEL, LEBARAEREZEOEEY 7 AN 5BEZ 2 E#EVERLEZ. LoeR
7T A2 0.1 W% AT IVA Ly DEIREGR AN %, 0.3 mol/L i§fE T pH 2413 (AL T )
ICHHFE L 72, EMECKEMZATZ. ZORO—E&E%E 7380xg T 5 oL oEEL, EER
R AT T 7 4 0H—TAhi L, LCICP-MS (2 X B2 HIEICHT 2 EHARKR E L7z,
[FIRFIZEE 2 W22 W CTRI—#BIEZ 1TV, ZElBRiaik 2l L7z,
2) LC-ICP-MS (T L % &
FRUBHATR, ZERBRIAIR K V& AL R IR A EEUER % 20 uL % LC-ICP-MS (ZVEA L, BiRA A
B (LR [SIM) &W9H. ) 7~ 7T 055, JMIESRMIL Table2 K3 (TR LT-.

Table 2  Operating conditions of LC
Column CAPCELL PAK CI18 MG (4.6 mm i.d. x 250 mm, 5 um), Osaka Soda

10 mmol/L sodium 1-butanesulfonate / 4 mmol/L malonic acid
/ 4 mmol/L TMAH / 0.05% methanol solution (pH 3.0)

Flow rate 0.75 mL/min
Column temperature 30°C

Mobile phase

Table 3-1  Operating conditions of ICP-MS with collision gas (Gas conditions are an example.)

Nebulizer gas Ar (1.10 L/min)
Plasma gas Ar (14.0 L/min)
Auxiliary gas Ar (0.80 L/min)
Collision gas He (4.3 L/min)
High-frequency output 1550 W
Monitor ion m/iz 75

Table 3-2  Operating conditions of ICP-MS without collision gas (Gas conditions are an

example.)
Nebulizer gas Ar (1.10 L/min)
Plasma gas Ar (14.0 L/min)
Auxiliary gas Ar (0.80 L/min)

High-frequency output 1550 W
Monitor ion m/z 75
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3) i H
BONE SIM 7 B~ N F AnD B2 BRR U S 2R THREME (ER L, BB o
As (I) KON As (V) Z2HHE L. ok, ERBIERIZOVWT, =7 B3RO LNTHEX
fEREZLSINT.
EEEOMIE % Scheme 1 (/R L7-.

Sample 0.5 g (15 mL centrifugation tube)
——added 5 mL of 2 w/v% TMAH solution
——heated in a dry block bath (100 °C, 2 hours)
——added 5 mL of water
—— centrifuged for 10 min at 2100xg

I
Supernatant Residue
——added 12.5 mL of water
50 mL volumetric flask ——shook

——centrifuged for 10 min at 2100xg

I
Supernatant Residue
| ——added 12.5 mL of water

——shook

—— centrifuged for 10 min at 2100xg
Supernatant
|
——added a few drops of 0.1 w/v% methyl orange solution
——adjusted pH to about 3 (color: orange) with 0.3 mol/L of nitric acid
—filled up to 50 mL with water
——centrifuged for 5 min at 7380xg
—filtered through a membrane filter (0.45 um)
LC-ICP-MS

Scheme1  Analytical procedure for inorganic arsenic in pet food
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Fig. 2-1  Calibration curves of arsenic (lIl) oxide (As(lll)) by peak area (left) and
peak height (right)
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Fig. 2-2  Calibration curves of arsenic acid (As(V)) by peak area (left) and peak height (right)
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LC-ICP-MS (ZVEAL, 6N/ SIM 7 u~ N7 I L52RLI-EZA, I R A8 (K
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B TR Eov—7 "R bl (GF&EE LTENLEI 0.057 mgkg, 0.097 mgkg KO
0.18 mg/kg) .

Z T, Ml ENTEREHZOWT, AW ) Y a v T AEZEHLTAs (V) OWESE
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Fig. 3  Typical selected ion monitoring chromatograms of standard and blank sample solutions
(Arrows indicate the retention times of 1: As(V), 2: As(ll1))
A: Standard solution (1 ng/mL as each As)
B~I: Blank or naturally contaminated sample solutions (B: semi-dry food for dogs, C:

wet food for dogs 2, D: formed jerky for dogs 3, E: confectionery for dogs)
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MU > 7 ZRIC R DB = T TICWERTRETH -T2,

¥, &~ M)y AEERO Y — T WREIIERE T T 7 OB — s HEEZE LW THE
HL7-.

Table 4  Matrix effect study
Matrix effect ? (%)

Pet food types Helium (collision gas) Helium (collision gas)
not used used
As (111) As (V) As (111) As (V)
Dry food for dogs 99.2 103 — —
Semi-dry food for dogs 102 104 — —
Wet food for dogs 1 89.7 88.4 — —
Formed jerky for dogs1 99.0 101 — —
Dried jerky for dogs (hard type) 1 78.7 89.5 89.1 85.3
95.0" 91.3" 99.1% 92.9"
Dried jerky for dogs (soft type) 1 73.8 88.7 79.7 82.2
93.0” 94.4” 95.2 91.6”
Confectionery for dogs 102 107 — —
Milk powder for cats 97.0 107 — —
— Not tested

n=3

a) Ratio of peak area of arsenic in the presence of matrix (as 20 ng/mL: 2 mg/kg in
sample) to that in the absence of matrix

b) Double dilution

4 F&EOH
ZHLENY) AR R O SEEALSE O LC-ICP-MS IZ X 20 #H1EICDWT, 2 ¥a vy AE AN

FEEBRF LI 24, UTOMENGELN, MENARTHL EEALNT. vk, FEMEEY

¥—F—HD As (1) IZOVWTIE, ¥ M) v 7 AL HEEBLIRRT 2 - D RERENERE 2 %

FRT DL THENRETH 72,

1) MERITIZENLH 1~10 ng/mL (FEAEE LT 0.02~0.2 ng 4 &) O&H CEBRMEZ R LT-.
B, YUNMBROBERMEZ, As (1) KW As (V) & LTO0.1~1 mg/kg % & A3 50 AR
BE 2 RIEIHEV TR U 72 BB UBHA IR P O IR BEER PR IS Y 75 .

2) FEIEWMHEEHZOWT, 2 Va VT ARMBEHRICE N v~ M7 T A2, BREE
W5 e—27 13880 bieinoi
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