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B OE: BN gAY R P AURIE Y (inductively coupled plasma-mass spectrometry, ICP-MS)[r] il
A B L 26 FIVE E TR ST TR ARSI )T AR AR A IS R R S A
FARBEESS G AR TR, 435I si4- 05 . BRYS . Wiky s 3 Rl 26 FOCRA & E. R OfE0~
50 pg/L RMESEHEP, 26 FoCR ML LR RIF(7>0.999); J ik S MBRIEICE J 86.8% ~ 114%,  #5ICHE A
SR UESR 2235 /N T 10.0%(n=6); 75K HBR A 4.2x10° ~ 4.4x107° mg/kg. 453 X ILATAL P 517, K%
BEw . REUER, MERRTE, 8T AR R A TR E
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Simultaneous determination of 26 harmful elements in milk and its products
by inductively coupled plasma mass spectrometry
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ABSTRACT: Objective To develop a method for the simultaneous determination of 26 harmful elements in milk
and its products by inductively coupled plasma mass spectrometry (ICP-MS). Methods After the samples were
pretreated by pressure tank digestion, 26 elements in pure milk, yoghurt and milk powder were determined by
ICP-MS combined with internal standard element method. Results In the linear range of 0-50 pg/L, the linear
relationship of 26 elements was good (+2>0.999); the average recovery of standard addition was 86.8%—114%, and the
relative standard deviation of each element was less than 10.0% (n=6); the detection limit of the method was
4.2x107°-4.4x10 mg/kg. Conclusion The method is simple, accurate, sensitive and rapid, which is suitable for the
determination of harmful elements in milk and its products.
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GIEICE, NIHEAER L CE S RTRESERD, 1o
LR AE Al R . A Ao Tl R T RS | A—2F E T
2, 0 KR S B Ts e B W R B B B,
BEAON HAT )i, KRG ERAR L TR MESET
RO N EERR b o B o 2R 45 2 ) P o o
RTINS B

WA A %5 B T R B 3E % (inductively  coupled
plasma-mass spectrometry, [CP-MS)>SVRH J& & 25 & 1
& B St 3% ¥ (ICP-atomic emission spectrometer,
ICP-AES) " I F & hoc Ry, Hep 1CP-MS HAy
for thBRAG . RMESERETE . THmD . % . a8
RS, AR AR BT R A0 0 IR ALE,
2 BT AT L G R AL

AHFFEEE ST ICP-MS 34 R BHAG I 475 1 it v 1 26 Bl
FEIL&E(La, Ce, Pr. Nd. Sm, Gd. Tb, Dy, Ho. Er.
Tm. Yb, Lu., Y. Sc. V., Cr, Mn, Ni, As. Se. Cd.
Sn, Sb. Ba. Pb), Ff->RMH/\ZAT il 8/ 5 v 20 TR LA
WP FEE TR 2R, K AR E e ik e
HRZRFET T, US43 R h A Eo R W
PRl TAER S

2 MREREE

2.1 FEMRESAF

7700x FEL IR G 55 B 1R T AN (38 B BEAR A D),
UX620H HFRT-(H A HAF]); ED1LS AR (T E =18
23 dl); Milli-QElement i 4fi /K 2 4t (3¢ [F 2% B A F]) o

ZILEFREIE R (GSB 04-1767-2004, 100 mg/L). 15
Bl £ o0 2 IR A A5 E VT (GSB 04-1789-2004, ¥t &
100 mg/L). Sc FRAEAE I (GSB 04-1750-2004, 1000 mg/L) .
NFRE R Ge(GSB 04-1728-2004), In(GSB 04-1731-2004)
Rh(GSB 04-1746-2004) . Re(GSB 04-1745-2004)(1000 mg/L)
(EFKA @48 KiF AR i), B gl
(1 pg/L, FEEZFERAR]); AER65%, F@EER7EA ), 5K
5 FHK ¥ Ay R 4t K
22 TLWHE
221 Houiki

TRARKE A B2 5) (BMARE IR SIS, HERRFRIGH &5 B fh
29 1.0 g T IRPUFH 2 T8 A P9 e o (I o AMORE 2 T 3250,
JNA 6 mL fHRRIZ I LR, B AREEANSME R A
HERE, 120 CHAEFNIE 2 h JF FFHEZ 180 °CIEHFI1L 4 h,
TEMLAR N ARV H R IR, B P VAR 1R 2 0 A T
I mL 45, FI#AiKEEA 50 mL BB @8 P g 45 .
222 BLEH

em TR Th R 1550 W LB TR &
15.00 L/min; # 3 0.95 L/min; S0 (B 3 ) 7 &

4.6 L/min; ZALTERGH: 0.1 ofs; EREWHC 3 K, ki
MO e, TR He AR, /AT il 3 Tt 565 451
180 V; \ARFFRlf fa it fft J: —18 Vo
23 tRERZRI%E

TRAPRMERN W 4> BIBGE & Z e R hRER R . 15
s O RIR G PRI I AR Sc ARHEE B BIR A AR
HERT I, UL 2% BB ZWE N 0. 0.05, 0.10,
0.50, 1.0, 5.00. 10.0. 20.0. 50.0 ug/L. PI%nf B AH
HISGHE 4 Bh BRI R EC ] BOR & AR [p(Ge:30 mg/L, In.,
Re. Rh:10 mg/L)], FELL 2% B2 B il P A 18 FH & [p(Ge:3
mg/L, In, Re. Rh:1 mg/L)]. 1 2.2.2 &AM R UEREALPE, LU
W BB ARBR(X), VTR N ARAR (V)22 il b it i 4R

3 #R55%

3.1 FHERMK
301 HibF Xegik s

FE il T Ak R R B A L, A SOR A
FE ST sRAL AL &, R R R B AR R 1 IR T LA
PRI A MEV Y, AR AR AR, T LRI A 0y 1 R
BURKER /N, 25 BB B SE FAR XS AT B, ELHER A
HAHIR (65%) % AE b A T AL Ab B, SR EAR
3.1.2 AMFRAELE

i FH AR AT AT BRI R . SRR TR, IR
FHPIAR AT AR HEAS S Al sl sk 08, iy 1kt 3R R
SO FERRVE RN AT LA A bR, SR SRR T ER 4L
FR M NAR TR B AR, RS LE T T i Al 2 M T
FRRITC R ML 5 FEAG I i 42 171 78 36 FF I G 2 ATE R, AR SC
#E7Ge, '2RK, ', 99Re Ry bRoc I TR IE
32 ZMSEESHFEKRER

26 FhYCRICR A ICP-MS JiEmILER R . KR
£ 1R, AT 26 PR ICRTE 0 ~ 50 pg/L Ve FEI N L
PR AT, HSERE 7 R T 0.999, ikt R RIT,
IR R Ty 4.2 x 107° ~ 4.4 x 10° mg/kg, TR HUE .,
3.3 NAREITERSLE RIEEE

SR FH AR W RE S AT IR TS S G, A S AERE b b
A& 3 AR KT (MR 0.10., 025, 1.00 mg/kg)
PRSP, SEATIAE 6 WK, T HIbR MR 4
XIFRE 2, 455 0L3R 2 F- B s IR 86.8% ~ 114%,
£ IJCE AT R 22 (relative standard deviation, RSD)#J/)\
T 10%, 77 [l WO FORG 2% B 0T

3.4 SEPRHESRNE

R HZ I XA T AR A AL 5 | TRYY . Wik
3 Al A AT HTIE, SR 3.
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Table 1 Correlation coefficient and detection limit of 26 elements

JLH EVEY ¥ LIFE Y Gt PR/ (mg/kg)
Sc Y=1.61x102X+6.0224x10"* 1.000 0 7.0x10°*
\Y Y=4.45x102X+7.6815x107° 1.000 0 8.5x107°
Cr ¥=0.72x102X+1.8594x10"* 1.000 0 5.5x107™
Mn ¥=3.37x102X+6.6344x10* 1.000 0 3.0x10*
Ni ¥=2.77x102X+7.8582x10* 1.000 0 4.9x10*
As ¥=0.76x102X+2.1633x10* 0.999 9 2.9x10*
Se 7=3.636 6x10 *X+5.5620x10°° 1.000 0 4.4x107°
Y ¥=0.36x102X+3.3143x10"° 0.999 7 6.0x107°
Cd ¥=0.17x102X+2.9045x10"° 1.000 0 3.8x10°°
Sn ¥=0.33x102X+1.1830%10* 1.000 0 4.0x10*
Sb ¥=0.37x10 2X+8.6078x10 ¢ 1.000 0 1.6x10*
Ba ¥=0.13x102X+1.9027x10° 1.000 0 3.0x10*
La Y=1.84x1072X+1.8741x107° 0.999 9 1.4x10°
Ce Y=1.61x102X+1.0617x10° 0.999 9 2.3x107°
Pr Y=1.65x102X+3.9767x10° 0.999 9 1.8x107°
Nd ¥=0.30x102X+1.3616x10° 1.000 0 5.0x10°
Sm ¥=0.26x102X+1.0656x10 ¢ 1.000 0 1.3x10°
Gd ¥=0.43x102X+8.1989x 10"’ 0.999 6 2.0x10°°
Tb ¥=2.37x102X+5.0158x10* 1.000 0 1.6x10*
Dy ¥=0.59x102X+1.0793x10°° 0.999 6 1.8x107°
Ho ¥=2.39x102X+4.1778x10°° 1.000 0 8.5x10°°
Er ¥=0.83x102X+1.0662x10° 0.999 9 4.2x10°°
Tm ¥=2.61x102X+3.2910%x10°° 1.000 0 1.4x10°
Yb ¥=0.60x102X+9.8557x10"" 0.999 7 4.6x10°°
Lu ¥=1.70x10 2X+3.5402x10* 1.000 0 9.0x10°°
Pb Y=2.16x102X+5.1922x10* 0.999 9 2.4x107*

K R DAFR R 1.00 g FERTEALE S 2 50 mL 3t

Fz2 4 26 MIE TR ICP-MS J5 3T 3 B ER R AR #r R Z (n=6)
Table 2 The average recovery and relative standard deviation of 26 elements in milk by ICP-MS(n=6)

JF% 0.10 mg/kg

JFR 0.25 mg/kg

Jindr 1.00 mg/kg

TR Rt FHECE  RSD  CFEMEM OPHEMCR o PEWER s RSD/

(mg/kg) 1% % /(mg/kg) /% (mg/kg) %
Sc 0.0012 109 2.5 0.27 108 2.1 1.08 108 1.0
\% 0.00 8 108 1.3 0.27 107 1.7 1.06 106 1.1
Cr 0.12 90.0 5.5 0.39 108 2.4 1.07 94.8 1.3
Mn 0.024 106 1.9 0.29 108 1.6 1.05 103 0.9
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JdR 0.10 mg/kg

JdR 0.25 mg/kg

JbR 1.00 mg/kg

TR OPEWEE PHEMGR RSD VWM FEEMGE o PEWEN e, RSD
(mg/kg) /(mg/kg) /% % /(mg/kg) 1% (mg/kg) %
Ni 0.034 0.14 106 2.0 0.30 106 2.4 1.17 114 7.3
As  0.00097 0.099 98.0 1.8 0.27 108 1.3 0.95 94.9 1.5
Se 0.058 0.15 92.0 6.2 0.30 96.8 1.9 1.01 95.2 1.7
Y 0.00014 0.10 99.9 2.0 0.25 99.9 1.3 0.97 97.0 1.1
Cd  0.000086 0.094 93.9 2.7 0.25 100 1.2 0.92 92.0 1.0
Sn 0.017 0.11 93.0 1.6 0.25 93.2 2.4 0.98 96.3 1.3
Sb 0.0014 0.097 95.6 3.1 0.26 103 1.5 0.94 93.9 1.2
Ba 0.042 0.15 108 1.4 0.30 103 1.7 1.00 95.8 1.3
La  0.00021 0.092 91.8 1.7 0.23 91.9 1.6 0.90 90.0 1.6
Ce  0.00035 0.095 94.6 1.7 0.24 95.9 1.5 0.93 93.0 1.7
Pr  0.000092 0.094 93.9 1.7 0.24 96.0 1.5 0.92 92.0 1.6
Nd  0.00017 0.098 97.8 1.4 0.25 99.9 1.5 0.96 96.0 1.5
Sm  0.000077 0.099 98.9 1.7 0.25 100 1.7 0.97 97.0 1.6
Gd  0.000089 0.095 94.9 1.8 0.24 96.0 1.7 0.93 93.0 1.5
Tb 0 0.096 96.0 1.3 0.24 96.0 1.3 1.00 100 1.9
Dy  0.000066 0.094 93.9 1.3 0.24 96.0 1.4 0.92 92.0 1.3
Ho 0 0.096 96.0 1.7 0.24 96.0 1.3 1.00 100 1.8
Er 0 0.095 95.0 1.5 0.24 96.0 1.2 0.92 92.0 1.4
Tm  0.000056 0.096 95.9 1.7 0.24 96.0 1.4 1.00 100 2.1
Yb 0 0.094 94.0 1.8 0.24 96.0 1.2 0.92 92.0 1.4
Lu 0 0.094 94.0 1.7 0.24 96.0 1.4 0.92 92.0 1.9
Pb 0.0016 0.092 90.4 0.9 0.23 91.4 1.8 0.87 86.8 1.2
#3  SEFRMESRNEL R (mg/kg)
Table 3 Results of samples determination (mg/kg)
TR 415 [ie3li Wik LR 415 PR Wik
Sc 0.001 2 0.003 8 0.003 6 Ce 0.000 31 0.001 1 0.000 81
\% 0.001 9 0.002 4 0.002 4 Pr 0.000 033 0.000 86 0.000 50
Cr 0.12 0.12 0.12 Nd 0.000 12 0.001 0 0.000 62
Mn 0.024 0.033 0.032 Sm 0.000 019 0.000 86 0.000 53
Ni 0.034 0.081 0.082 Gd 0.000 020 0.000 76 0.000 49
As 0.000 88 0.000 93 0.000 90 Tb ND 0.000 66 0.000 40
Se 0.059 0.056 0.053 Dy 0.000 020 0.000 72 0.000 39
Y 0.000 075 0.000 82 0.000 49 Ho ND 0.000 67 0.000 39
Cd 0.000 058 0.000 16 0.000 090 Er ND 0.000 70 0.000 41
Sn 0.018 0.021 0.019 Tm 0.000 082 0.000 68 0.000 40
Sb 0.001 5 0.001 0 0.001 1 Yb ND 0.000 66 0.000 37
Ba 0.042 0.048 0.044 Lu ND ND ND
La 0.000 15 0.000 97 0.000 59 Pb 0.001 6 0.002 3 0.002 0

& ND M ARA
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