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PR O TG, BEEROER, AROMEEMIIBVWTEELEZ I ONL, &N zIELFEL 456
FEEEER TG (AAS) THD, L2LINLORRICE TS T, ESEL ELFEICIET 24
NS AT B0 EOHAITIE, ICPMS % EOLIERFARSEEBEOFHNILENL DS, Fakrs I
HOTHELELE LTI ICHEET ZEELANLVSKRECRLY, 1 2O00HEEO A THEGTT 5
CLIFHEERETH S, SN, HEOBBRERIC L 2BEOEM S REO729, 1H® ICP-MS (H 37 P-5000
B) ClBEROC2HESETELELSRE L OFRBGIEICOVTHRE L, MSEAND A+ vV EAELXZLHT S

CLIEoT, BREREE.
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SIEICFEOHT T, LI, 2 ENDEF ) 7 4 (Na),
<7 s Mg), ) ws (K), Vs (Ca DT,
COATNEERFEIATINVERT) X, AMCUHEOTEEL
EZ BN, MO ERGERHEK - T 1IKE O BB R
2 %-ppm (g/kg-mg/kg) L) & A i B\ CF 1R
T5Y, ZhUAMoREITLEZEN ) F o (L), XYY
A (Be), WEY w4 (Rb), Ao ryF v (Sr), +
v (Cs), NU WA (Ba) S, WAEMEAHEN ST
WELDLHLDRIZAEHINTESL T, EERE LIS
ppb (ug/kg) VAWEITF LAPHEL RV ERH, S T
IATIVIE, ANOBEEEIREEOILE, BROTHi, BREEH G
OHEE, ARMOMEER L &L L ORI TZORERH
HEELEZOLNTERLY, $RETIE, BEDOER
ML FEHEINTYEY, COEEI A VOHIE
&, AR R A BRI Tl FS A o v IR R
RHOLF L — MR HW28EREIC X o T, RiRE 0%
w0 RIEAL - IRESHAARRSNDH, Zofho
SPEPL EO TR D — M T L, LR T
WS (AAS) TH 557,

& 2 A THEMHIBI R H KOS E, BNz & T,
FEIAITVIIEHEILTHM (Cw) ZREDEEELHZD-

ZuFErFEEFICHEEL, £¥E TR LEOLECHE Y
WMo LT, ZOBMET) DD LY, ZOgE
WHRITCEOWEED ppm L~V &L, £ I0FE 5
MHEETH 2 FEREE T T A3 HE (ICP-OES)
A5, ppb-ppt LNV TH 5 7% L IXFERE T I A~ Ewy
Wi (ICP-MS) ZHARNH SN TW LY, HIcHhE I &
DEEETH D, AR T W E O M2 S O LI % 17
bl T, —HOFERETIXEBEITTETD D540
Y, HhhFEERD, L2 LAENLEROREFOIC
REINOOREHHEZLEL THEET LI ENEL, —
MR X EE L ~OVIC & b T & B V4313 T T
THZENEBITH D, 2D EATHEH O A 7% e
*FIICHAEL, MBI TEMIMICRE YT, R
B L ZNZNOWUEEICSbE THRIEER E 2R3,
WO E LR ERHOEE R EFME*ET L2 L2 E
Wt %, MHEL L OFMTEICBIT MG, KEZHO
2O DEMFERPEEURICE A LONETH Y, EikEH
EXTRAE EFND AT WBESNETHET 52 &g,
WET bRV, L L, MR OBEBOBERERIZL 2
JEHES 2R L, $hERIICA & T ) S LIS DEE X
T, KWL TIE, BELNVORLZLFFEIL T E Cu
HEOBEEBEOLICEY 1 DO EE CRIFIIE S 5
e HELT 1K 2B&KIcED ICP-MS #l%E &4
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ORI 2 1T 720
= B

TIVHY (Na, K) RKO7 Vs +#HEEE (Mg, Ca)
ORERES Y LT, FIEMEE TE (KR o R FWEk
R EER A L, F1E1 10 ppm PLFIZ 0.1 N Al
MECHRL THW, EEROMEIET & LT, Spextk:
(Za—Ux—U—=N, 7TA) %) o ICP HiE& =ik
XSTC-13 (Li, Be, Na, Mg, 7 ) 3 == 4 (AD, K,

Ca, " F+TVwa (V), 27axs (Cr), ~»#H ¥ (Mn),
# (Fe), a2\ b (Co), =v 7V (Ni), Cu, #Y
A (Ga), % (As), L ¥ (Se), Rb, Sr, $ (Ag),

A RIwA (CA), £ >¥ A (In), Cs, Ba, K$ (Hg),
Z1) v a (T, 8 (Pb), EA~<Z (Bi), b 74 (Th),
7= A (U ©30fEEE) & XSTC-331 (Li, Be,
Na, Mg, Al K, Ca, V, Cr, Mn, Fe, Co, Ni, Cu,
W % (Zn), Ga, As, Se, Rb, Sr, Ag, Cd, Cs, Ba,
TL, Pb, Bi, Th, U® 29 fEEG) =fMH L, ##E 100
ppb LA FIZ 1 Nl CART 5 & & CREHEEW & LT
L7z BRI A — I =D HESES 5 X9 12 10 ppb 127
B, Cs, Bi, UDAEZ GG & L TICP-MS £ & 0 &S
TR L7z 1 NHERIE, IRmHER % A K CHtiT 5
CEICXDIREL, EMERE, RSMETEROFESE
SRR 2 L 72, Btk 1E, Merck-Millipore (¥4 F 2. —
v, 7 XJ%) #oElix 3/Milli-Q Element System

BEIRMENE S h 3BTRS

XSTC13 EGBIEEAERICE TN LTFICE L, 0-100
ppb D #IPH THMMEMOBE SN L LML Lz, €D
SRl T X FEIAT VA4 2 A30-10 ppm D EHiFH T
EREL S N D I ET L7,

REFHAIE D& #4

Ny b7 —F3M (Nol-3) #%EHE L LTHY, HlE
T AT, YA 7 a2 — 7o REE ETHOS TH (=4
VA= ERTIV, ) &G R, 2%
ATV EEEFEO ICP-MS 12 X A REHT % A7,
<A Oy — 7o REEOFERSNL (A-Co3H) 1,
Table 2 1278 T o FRAEOER L 1 N AEEEEEMEIC$ %729
12, BAAKTS0 mLICAHRL 72 b @ % ICP-MS il 7 12 it
L7z,

ANTTT—

SRHWZICP-MS L, A4 NIy TTNA AERT
bo ALK A OBHEA T v DERSHE BBEG) ~
O Ak e rx BN RKIBICARTRETH S Z L 2 RS
5o ZBAEA TV OHESHNEINDOBEARIL, ZNETho
7 — ¥ NEEE (FNF (filtered noise field D#ET, & 4
BB 2 5E L, oI ILE 3 2 Bk e 2
F, TOILANF =12 Lo THESIEDH A+ ¥ & HEE
T5b0) OFFALIMZEMT 2EEORE ), 1+~
Loy (BESHEHC A 724 F vicxt L, REERO A

=, WIEPUE 18 MQ -ecm VL B2 A F TR L /-
LbDTH 5D, Table 1. Basic instrumental parameters of the ICP-MS
High-power output 13 kW
RE -
Plasma gas flow rate 14 L/min
Al O EERTEBE DI W23 EI1X, P-5000 & ICP- o .
e N BN - Auxiliary gas flow rate 1.2 L/min
MS %68 (H S 8AEFT (K3%)) Th b, SRV THE Carsi q . 13 L/mi
) . . arrier gas flow rate . min
12X 5 A VEOEBSMF Table 1R L 720 b —Ff g
YT I EOREILL 5T, N —FHOA T Detector voltage —2lkv
LBBENR Y. A 4 > O 2 OE 'S iret~oiE A Horizontal torch position (15 mm)
BO%L, BESEEIEECH 7275, KIFZE T4 7 Vertical torch position (1.2 mm)
BREO—FSNaBME Lz, 44 v Rl iR Sampling position (10 mm)
C TRIAHE D IREE & 7 B ARLT, 5 E RS PR AT R on collection time 100 ms
i1 72 For the torch and sampling positions, it needs daily
adjustment by ICP elemental mixture of 10ppb (for example,
XSTC-331 of Spex).
Table 2. Decomposition conditions of the real samples
Conditions A B C
Amount of 10g 03 g 05¢g
sample
Acid used 8 mL nitric acid 8 mL nitric acid 8 mL nitric acid
Decomposition | 50C (2 min) - 30C (3min) 70C (2min) »50C (3min) 70T (2 min) —50C (3 min)
conditions — 180T (25 min) — 150TC —200C (35 min) — 180C (35 min)
(1 min) — 180T (19 min)
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F v ER PR T 585 A—4—), FNF &4 4 FEE (FNF
WCHINS A BIEOKREE) 12Xy, BIEHAMTRETD 5,
o THAMIZ, FNF 7 EOLMMET oS, Eikes
BMOE AT RE L UL, 14 YY) hdE (F— 5 HE
i) #AEIT5 LT, MEHHTBE S 2 L5
BeThrEEbNI, Yo ) U /B LELTLE
BERTEI AT IVOUENERTE LWRMEDSH D A,
Table 112”3 b D%, —FaHrkec il Uil L%
IR 62 nwboThY, ik () TLIcfkMER
TEh\v, F2h P EEREISMNS L)L T
b, BIEREOKE LS L2 RADZWE FHIN L,
FRREER T L — 4 AAS 2 EUE, ERE oz
12 & BN E DOZALIE— I 7 A, ICP-MS Tl
WAL K E WS, ENEH D 72O ZNEERE IR O
S BETRE L 2o 72

BRRUER

BEIRMENES>h 354

Table 312" &9 2 &HEHOLMEEH WL Z LT,
0-100 ppb O #iFAT, EHBEEERICEENL FTEI %
IV DTEHE (L, Be k<) &, MHBRE () 0995
VLo BAF 72 s ff % i © & 720 Li, Be l22 W T,
BREEOMEOZODAFT Y Ty THEEL L, rH708 L
T e 72720, SEOGHHE,HIEER T &I L7,

A 7 VB A A BERE DT

INETOMEHEREZEIC, FEIFTVTHRIIOVT
B gt ~o A4 4 ) ARFEM A2 L, 10 ppm 2L
T O #i P CHEMMR R OB AT GED &) 22 e L 72,
D10 ppm T AAS R E CYPLH SN D IEEFPHCTH 5,
T DGR, A 4+ YIY AARER % 100 ms 2*5 1 ms 12

Table 3. Measurement conditions of each element Table 4. A example of real sample
Data Cuide measurement
Mass .
Elements collection  Ion level FNF voltage Measurement | Concentration
number CV (%)
voltage (V) 2 elements (ug/g)
Li 7 1.0 49 6.0-8.0 1.0 Na 1.89* 414
Be 9 1.3 6.3 8.0-10.0 10 Mg 791 14.89
Na 23 35 16.1 22.0-24.0 5.0 Al 231 19.38
Mg 24 30 16.8 23.0-25.0 5.0 K 218" 2.19
Al 27 45 189 26.0-28.0 5.0 Ca 2.84* 2948
K 39 5.0 273 38.0-40.0 10.0 \ 0.244 3.63
Ca 44 30 35.0 43.0-45.0 20.0 Cr 0.211 441
\4 51 5.0 357 50.0-52.0 50.0 Mn 115 5.78
Cr 52 5.0 36.4 51.0-53.0 50.0 Fe 35.7 12.33
Mn 55 35 385 54.0-56.0 50.0 Co 0.108 14.40
Fe 56 35 39.2 55.0-57.0 50.0 Ni 0.467 14.66
Co 59 5.0 413 58.0-60.0 50.0 Cu 125 21.73
Ni 60 30 420 59.0-61.0 50.0 Ga 0.0985 17.10
Cu 63 5.0 441 62.0-64.0 50.0 As 0171 2372
Ga 69 5.0 433 68.0-70.0 50.0 Se 0.286 2799
As 75 5.0 52.5 74.0-76.0 50.0 Rb 181 6.56
Se 80 5.0 57.0 79.0-81.0 50.0 Sr 2.30 25.80
Rb 85 5.0 59.5 84.0-86.0 50.0 Ag 0.0562 30.89
Sr 88 5.0 61.6 87.0-89.0 50.0 Cd 0.114 52.64
Ag 107 5.0 749 106.0-108.0 50.0 In 0.0107 22.89
Cd 114 30 79.8 113.0-115.0 50.0 Cs 0.0419 747
In 115 5.0 80.5 114.0-116.0 50.0 Ba 0.332 43.00
Cs 133 5.0 93.1 132.0-134.0 50.0 Hg 0.112 3.66
Ba 138 30 96.6 137.0-139.0 50.0 Tl 0.00747 110.35
Hg 202 5.0 1414 201.0-203.0 50.0 Pb 0.0940 13.88
Tl 205 5.0 1435 204.0-206.0 50.0 Bi 0.00246 4521
Pb 208 5.0 1456 207.0-209.0 50.0 Th 0.0335 13.32
Bi 209 5.0 148.0 208.0-210.0 50.0 U 0.0227 19.84
Th 232 50 1624 231.0-2330 500 *Only Na, K and Ca are shown in units of mg/g.
v 238 30 166.6 237.0-239.0 500 The sample of No.2 and decomposition

condition A in Table 2 were used.
n=3.
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EHITH7ZITT, MoOFEHE2EHEL %< THr=099 O
BIFARERRERZ IR CE L 2 L0 0hol, KHZER
WCEDBT—=FDONTOEh, BEEEETROONLD -
726

A ERARAE TR DAEET

R % E L7z EM E 155 720, WEMEETSE ORI
WZDOWTHRE L7z, WEME#EICHWSICHRE LT, 1)
HREMED T CRIEPREREM —2 L, 2) & RRIE D
WEIL, 3) sEhicEaEIns 2 et d, 4) MESR
Wb\, ZENBELE LY, HENSE T L
BOBB WD ZENLEND BITHIZRICB VT, GalH
w69, 71), Cs (133), T1 (203, 205), Bi (209), Th (232)
ESHEEREE LCIUTENR, TIE BiAYl) 2) o5M%
W7 e ghoTwdY, L LSl ZIZZy725
JLH#E L b XSTCI3 IZEHFN L AT, 4 REOWZE Tl
ERRELTWLID, LI ERNTELRDoTe TV
FE > (Sh, B=E$122) HPHNEEETTEE LTHEH S
2Ly oY, 6 NIEHER & ORBEOBRERS Tk
W ZELTHEALETE RV, £ 2 TR TIE, ICP-

MS DOHERIGE DAV & BIEHIZOWTHE L, b —
FRSTR 2 W CLERBEH L T T O ISEMEDED 5
BWZ ERHEANIMEE L 2. T07c, FERICHAIBIELETHR
M, —RIZ ISR I TL2ERIT L 2w &
IZLTC, UTomi %1757,

ZRR0BEE

ERBE 3OO 70y 2 — T HEEMETHMBL
BE L2 RE, 120% 7 - BESEGEEHE LT
Table 412773, Na, K, Calx, mg/g+—%—T~xXv b
T—=FHIZEEFNTWADICH LT, Mgit, ug/gd—
F—TLPHEEET, Fe R Cu L[/ L~V THEEL Tz,
SEOF—%1E, EEI ATV AL Mn, FeZzr &E&K
T 1000 fE B AL TRERTH L. —HIEFICKE
TSN -EEREIE, WEREONTOELKE Do
720 TNHIEESHOHERTUETELDLDTIER WD,
YA U = TR T 2R e e L
D, FL— MRS TORMBRHOITHREEZEMT 2% L0
XFHALE D L v,

Tables 5, 6 121%, PHOZMIZO>WCTHIE (HW,

Table 5. Metal measurement in pet foods (intra-day reproducibility)

Samples | Measurement elements | Decomposition condition A Condition B Condition C

Mg 234 428 1.84 3852 2.67 11.89

No.l A% 0.40 257 0.38 30.40 0.31 1247
As 0.23 21.03 0.08 54.79 0.12 62.66
Mg 79.08 14.89 55.49 20.00 68.36 7.35

No.2 \% 0.24 3.63 0.50 8.13 3.63 4.64
As 017 21.63 0.26 54.79 0.26 62.66
Mg 0.14 18.98 0.12 20.59 0.12 14.64

No.3 \% 0.02 128.68 ND - ND -
As 0.15 9.88 0.02 97.55 0.01 173.30

The average value and the CV (%) are shown to the left and right side of the column, respectively.

Units of measurements are mg/g only for Nos.1 and 3 of Mg, and the others are ug/g.

ND shows that it is less than the lower limit of quantification.

n=3.
Table 6. Metal measurements in pet foods (between-day reproducibility)
Samples | Measurement elements | Decomposition condition A Condition B Condition C
Mg 1.99 1235 2.06 763 228 11.94
No.l \% 0.52 1721 0.72 3372 0.67 38.12
As 0.22 426 0.25 0.72 0.23 0.04
Mg 79.63 0.53 63.77 9.18 37.90 50.82
No.2 \% 0.16 36.15 0.09 325.80 0.08 21040
As 014 21.12 0.17 22.90 0.13 41.93
Mg 0.10 28.86 0.08 27.87 0.08 40.06
No.3 \4 0.06 48.96 0.07 70.71 0.08 70.71
As 0.11 11.61 0.13 9.63 0.13 416

The average value and the CV (%) are shown to the left and right side of the column, respectively.

Units of measurements are mg/g only for Nos.1 and 3 of Mg, and the others are ug/g.

n=3.
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Quantitative Determination of Alkaline and Alkaline Earth Metals
in Pet Foods by ICP-MS
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Abstract

We have studied inductively coupled plasma mass spectrometry (ICP-MS) of alkaline and alkaline-
earth metals. Of these metals, sodium, magnesium, potassium and calcium are essential elements for
humans and are present on relatively high concentrations in environmental samples such as sea water,
and biological samples such as blood. Measuring the concentration in these samples, is considered
important for the grasp of human health, prevention of diseases, investigation of environmental pollution,
and the quality control of foods. The common methods of measurement are the flame photometry and
the atomic absorption spectrophotometry (AAS). However, not only these elements, there is a need to
measure heavy metals at the same time. In that case, the use of multi-element simultaneous analytical
instrument, such as ICP-MS is desired. Unfortunately, the concentration level present in the sample is
significantly different between the above elements and heavy metals. Therefore, it is usually difficult to
analyze simultaneously only by one analytical device. As an alternative to the measurement method, it
is common to carry out the measurements for the same concentration level species by a multi-element
simultaneous analytical device or measured for each individual element by the single-element measuring
instrument, such as AAS. In this study, in order to eliminate the complexity, we were examined
simultaneous analytical method using only one ICP-MS (P-5000. Hitachi). As a result, by changing the
ion introduction rate into the MS part, it becomes possible to simultaneously analyze.

Key words : ICP-MS, Alkaline and alkaline earth metals, Simultaneous determination
Bull. Nippon Vet. Life Sci. Univ., 64, 28-33, 2015.



