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Simultaneous determination of 29 kinds of elements in different tissues of scallops by
KED-ICP-MS
ZHANG Xiaoyan, LI Yi, LIN Caiqin, ZHENG Sanyan, LIN Shaomei
(1. Wenzhou Center for Disease Control and Prevention (Wenzhou Health Supervision Institue),

Zhejiang Wenzhou 325000, China)

Abstract: Objective To establish a method for the simultaneous determination of 29 kinds of elements in different
tissues of scallops by KED-ICP-MS. Methods After microwave digestion with nitric acid and hydrogen peroxide, samples
were quantified with pure water. The 29 elements, including Pb, Cd, Hg, As, Cr, Al, Mn, Cu, Ba, V, Se, Sh, Ni,
Sn, Li, B, Zn, K, Na, Ca, Mg, Fe, Ti, Ag, Sr, Mo, Co, Rb and Tl in difference parts of scallops, were determined by
KED-ICP-MS with the external standard method for quantification, and analyzed the distribution of elements in different
tissues. Be, Sc, Ge, Rh, In, Re and Bi were chosen as internal standard elements to correct the drift of instrument signal
and the matrix effects of samples. Results The linear correlative coefficients of 29 elements were higher than 0. 999. The
detection limits varied from 0. 000 05 to 0. 86 mg/kg, and the relative standard deviations were within 0. 1%~18. 9%, and
the recovery rates were from 82.5% to 120%. The detection results of Lobster Hepatopancreas Certified Reference
Material (TORT-3) and green tea (GBW 10052) were in accordance with the reference values. In this research, it has
been found that the content distribution of Li (Al . Ti,V.Cr .Mn.Fe.Co.Cu.Se .Mo.Cd.Sb.Ba.Tl and Mg in scallops is as
follows: closure muscle < scallop skirt < gill < gonad < viscera; the content of Zn.Sr.Ag.Hg and Ca is as follows: closure
muscle < scallop skirt < gonad < gill < viscera; K and Rb are in the order of gill < scallop skirt < viscera < gonad < closure

muscle. Conclusion The method is simple, rapid, specific, sensitive and accurate, and can be used for the determination
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of 29 elements in different tissues of food such as scallops.

Key words: KED-ICP-MS; scallops; tissues; elements; microwave digestion
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Table 1 =~ The instrument parameters in the STD mode and
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[RE LR STD KED 1% 2% STD KED
CCT Bias[V] -2.0 =21 |{[Quad Entry Lens[V] -20 -50
CCT Exit Lens[V] =200 -40 |[Pole Bias[V] -1 -18
Focus Lens|[V] 22.0 -9.5 |CCT1 Flow|mL/min] 0 4.58
D1 Lens[V] -200 -348 ||CCT Mass to Dac Factor 130 60
D2 Lens[V] -80 158 |CCT Mass to Dac Offset -200 80
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H /b B i w0 AR IS 0 AT A X A R RE 22
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Hh R ARG 2 TR BRI 3k 4 2 5 ) AT i )
IXES B A SR S, AR 2 AT, KED #ET
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B Li, HOR O R STD #5 F 4 1/20, 25 1
B UC10 ME S AR S JE R 2 1/30, i i R
fik ®C1°0 5 5 $E PCo/ CI°0 HLAE , 7T 14 BR £ )51
B PR RRI TR 0 TP o 33X A5 78 [ — o I 452 X
FAEM K Na.Ca Mg 55 & & 70 E W AT g . KED
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Table 2 The signal values of elements in 1 pg/L tuning solution in the STD mode and KED mode

TR STD KED W TR STD KED
"Li(cps) 115700 633 BTBa™ (cps) 1963 820
59Co(cps) 224 814 80 258 '37Ba(cps) 55999 16 618
BCI'0(eps) 7 458 279 2336 BTBa*" /" Ba(%) 1.91 2.52
PCo/*C1"0 0.030 34.33 9Ce(cps) 386 175 228 846
"In(eps) 500 468 128 592 10Ce0(cps) 7028 2350
2Bi(cps) 678 425 604 226 10Ge'0/"0Ce(%) 1.82 1.03
80 (cps) 1017 267 898 362
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REAAL , N bR TR Y 2 P — G LT I R
B PR E N FR TR AR JC R 5 1 T R (A
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TEBE N b o0 R 2 2 T A A DE L . AR
FEBEFE Be Sc.Ge.In.Rh . Re Al Bi B NARILE,
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A FR DG i, o v B R I o0 3 ik R = 15 5 WA, IR
M2z o — kil BN FRITE 1Y icps>100 000,
A 5% 03 A FR eh L N AR T 3 R EE 43 00K : Be
200 pg/L.Sc 200 pg/L.Ge 200 pg/L.In 10 wg/L.Rh
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o BR L i R A AR, 43 0 S 0.000 05 mg/kg Al
0. 000 15 mg/kg; 86 (9K PR 2 2 BR A, 20 5l ok
0.86 mg/kg Fl 2. 6 mg/kg, {H 2 e ALK I ) 2R,

FEI>0.999, KE B WEZ M 11K, IHE HRTRMEERIEILE 3.
3 AILHEBFEGLER NFRITE A5 R R A DG AR KR R E e R

Table 3 Isotope, internal standard element, linear regression equation, concentration range, correlation coefficient, detection limit,

and quantification limit of each element

JLE [R) {37 & N FRIC 2 2Pk T R e LR/ (pg/L) LB Kt BR /(mg/kg) SE PR /(mg/kg)
i Li Be y=288.3x-112.6 0.1~200 0.999 6 0.002 9 0.008 7
L] "B "Be/*Sc y=111.3x+285.9 1.0~2 000 0.999 9 0.055 0.11

bl »Na ‘Be/*Sc y=2 889.6x+111 750.8 18~20 000 1.000 0 0.60 1.8

B Mg ‘Be/*Sc y=1227.2x-56 965.5 3.0~20 000 0.999 9 0.097 0.29

i 7TAL *Be/*Sc y=341.9x+6 669.9 10~2 000 0.999 9 0.42 1.3

i K *Be/*Sc y=952.3x-45 451.6 3.0~20 000 0.999 9 0.11 0.33

5 BCa Se y=6.297x+723.4 26~20 000 0.999 9 0.86 2.6

Bk i #8c/Ge y=4294.3x+143.2 0.6~200 0.999 8 0.019 0.057
M oy #8c/Ge y=10 653.1x-5 222.0 0.01~200 0.999 5 0.000 3 0.000 9
% 2Cr #8¢/PGe y=34299.6x-43.4 0.01~200 0.999 7 0.000 2 0.000 6
fifi *Mn #8¢/PGe y=8 423.0x-74 941.1 0.03~2 000 0.999 5 0.001 0 0.003 0
7S SFe #Sc/"Ge y=16 676.3x-129 296.8 3.0~2 000 0.999 4 0.099 0.30

i *Co #8c/Ge y=26 069.3x+2 275.7 0.01~200 0.999 8 0.000 2 0.000 6
B ONj BSc/Ge y=6 837.7x+1 337.7 0.1~200 1.000 0 0.003 4 0.010
kil $Cu #8c/Ge y=20 743.7x-7 718.5 0.2~2 000 1.000 0 0.007 3 0.020
b Zn 8¢/Ge y=3 396.5x+8 505.3 0.5~2 000 1.000 0 0.017 0.051
it PAs Ge/'""Rh y=2282.3x+48.26 0.05~200 0.999 7 0.001 7 0.005 1
i S Ge/'""Rh y=234.0x-32.38 0.1~200 0.999 9 0.002 2 0.006 6
Hn ®Rb Ge/'"Rh y=13937.5x-124 718.3 0.1~2 000 0.999 5 0.002 2 0.006 6
bt 31 "Ge/'Rh y=19 171.6x-155 289.9 0.01~2 000 0.999 5 0.000 1 0.000 3
e “Mo Ge/'"Rh =33 159.9x-3 368.9 0.01~200 0.999 8 0.000 2 0.000 6
G "Ag '“Rh y=28 889.9x+4 331.0 0.2~200 1.000 0 0.005 7 0.017
i "ed 'Rh/"*In y=12 867.1x+2 549.5 0.01~200 1.000 0 0.000 1 0.000 3
B 1205, 'PRh/"In y=35 825.6x+6 060.5 0.1~200 0.999 9 0.001 0 0.003 0
B 1218}, 'SRh/"In y=24 656.6x+2 467.9 0.01~200 0.999 9 0.000 1 0.000 3
il YBa 'SRh/"In y=10953.7x-31 834.0 0.01~2 000 0.999 9 0.000 2 0.000 6
K g ' Re/*Bi y=21 623.7x+354.1 0.01~3.0 0.999 5 0.000 3 0.000 9
e 2057 'Re y=17 349.5x+654.3 0.002~200 0.999 9 0.000 05 0.000 15
i 205p}, '"PRe y=148 916.7x+29 478.0 0.05~200 0.999 7 0.001 0 0.003 0
2.3.2  J7 A AN ER Hi e 5 AT 1, 25 1 o0 2R A A5 SR TR B fE ) IR

T I — 3 B DUAE S, 23 3] %k G4 Py g DA A
BRI A O R R A 0 R o 9 T R T 1 X R

BAEH FRVFIE BN . 28 b AR D7 vk ARG %6 2 s 1ol
Wi 3R AR S5 4 A il ) 45 SR P BE T /2 GB 5009, 268—

i FEAT 6 WT-AT I A, 3K A5 4% 0T R 1 A X AR v
2% o 3 6 DUAE RN AR B IR SR AT AR DA S5 0 A v
JEULER 4, tha& 4 v, DA 29 FioT 6 Wil
Y AE % B2 R 0. 9%~18. 9% , £5 JC R 1 i 11 Y % h
86. 1%~120% ; L FE iR h 29 FPoT 2 6 UCEA7 IR Y
HH X B HE R 22 4 0. 1%~18. 0% , 4% JC % 89 0 b 5] 1
KN 82.5%~119%.,

Sk T 25 B UE D A M L A O ik 43 Sk
o 0F T 8 AR bR v ) B TORT-3 4R 25 i3 43 B b 1
Pt GBW 10052 #4713, Al 45 SR 40 T3 5 v

2016 FYELR 7 AT LR FH T 52 BRBE i B AR
2.4 BN ITRF R

K FH U T3 32565 50 403 B DUARE & v 8 DUARE (BR300
a7 N v | S R s | B L 98U
ST 6. e 6 nl I, 29 Fhot & & &7 B 04k
P PR A U ) AN [ P e i) o 3 v T
ZHAL, DA R SRR AR R IR 4 T R W A A
fERKZES . NIGRFH & EKE BT K.Rb Al
Sn Ah, HAx 26 FhoTFEAE N E b & i IR R L K Rb 7E 0
Fe b & B B, Sn 78 AR B R P & B 5 Ca NiLZn,



) 136 15 AL A e A 2 — o 5 A5 0 R B 1 () 00 52 e DLAS (R L P 11 29 R T R —— R/, A —611—
Fa Ty IR T AUINAR 0] S 56 25 2R (n=6)
Table 4 The precision and recovery of test results (n=6)
DA AR BE R
TR e e MR e Rkt e T R e
(mg/kg)  (mg/kg) (mg/kg)  (mg/kg)
Li 0.286 5.6 0.851 1.25 113 0.543 2.1 1.60 2.37 114
B 4.73 6.7 8.51 13.8 107 4.73 6.7 16.0 20.3 97.3
Al 1.14 13.4 8.51 11.3 119 14.7 6.9 16.0 30.3 97.5
Ti 0.057 1 18.9 0.851 0.877 96.3 0.616 14.5 1.60 2.04 89.0
v 0.023 0 12.8 0.851 0.772 88.0 0.079 6 9.4 1.60 1.46 86.3
Cr 0.0120 12.6 0.851 0.749 86.6 0.058 0 12.1 1.60 1.43 85.8
Mn 1.32 5.1 8.51 9.42 95.2 2.83 4.2 16.0 19.1 102
Fe 4.50 4.2 8.51 13.1 101 25.2 4.8 16.0 38.4 82.5
Co 0.0100 5.0 0.851 0.810 94.0 0.0300 4.9 1.60 1.69 104
Ni 0.192 4.4 0.851 0.963 90.6 0.514 4.2 1.60 2.01 93.5
Cu 0.591 6.2 8.51 9.32 103 1.68 10.6 16.0 19.0 108
Zn 12.6 9.4 8.51 20.3 90.5 19.2 9.1 16.0 33.6 90.0
As 1.28 6.4 0.851 2.09 95.2 1.65 6.1 1.60 3.06 88.1
Se 0.337 6.4 0.851 1.07 86.1 0.558 10.4 1.60 1.89 83.2
Rb 1.04 6.5 8.51 10.3 109 0.773 1.7 16.0 18.3 110
Sr 1.39 2.5 8.51 10.1 102 2.71 5.6 16.0 20.5 111
Mo 0.0110 8.6 0.851 0.808 93.7 0.034 0 2.0 1.60 1.57 96.0
Ag 0.279 15.4 0.851 1.30 120 0.396 13.0 1.60 2.08 105
Cd 1.16 7.9 0.851 1.93 90.5 3.03 13.4 1.60 4.37 83.8
Sn 0.005 67 18.2 0.851 0.853 99.6 ND — 1.60 1.67 104
Sh ND — 0.851 0.777 91.3 0.003 00 0.1 1.60 1.52 94.8
Ba 0.132 3.9 8.51 9.42 109 0.583 14.6 16.0 18.5 112
Hg 0.006 73 2.6 0.0170 0.0225 92.8 0.004 00 18.0 0.030 9 0.0320 87.8
Tl 0.001 44 7.1 0.851 1.01 119 0.002 23 2.3 1.60 1.90 119
Pb 0.0145 0.9 0.851 0.983 114 0.043 0 7.2 1.60 1.92 117
Na 1968 4.7 154 2125 102 3363 2.7 160 3512 93.1
Mg 433 2.5 154 569 88.3 490 7.9 160 642 95.0
K 3015 7.1 154 3193 116 1970 4.3 160 2119 93.1
Ca 67.1 0.9 154 219 98.6 107 7.2 160 261 96.2
TE - ND R A A
F 5 JRMFITFBRARAR E P 5T AN 4% 2 bR E P BT A T 2R A SE 25 R/ (mglkg)
Table 5 Analytical results of certified reference material of lobster hepatopancreas and green tea/(mg/kg)
. e MR T B TORT--3 425 GBW 10052 _ JE SR IR TORT--3 425 GBW 10052
TR T i U5 Ko f B | R 3 Ko W F5 1
Li 0.329 e 0.185 0.20+0.03 Sr 35.4 36.5+1.6 13.1 14.0+1.3
B 3.31 e 11.2 11£2 Mo 3.39 3.44+0.12 0.047 3 0.053+0.012
Al 11.8 1067 1 200+200 Ag 322 —_— 0.007 51 0.008+0.002
Ti 1.33 8.79 11 Cd 432 42.3+1.8 0.198 0.200+0.020
A% 9.12 9.1+0.4 0.239 0.26+0.03 Sn 0.027 4 0.029 0.087 6 0.11+0.02
Cr 1.78 1.95+0.24 0.548 0.6+0.1 Sh 0.050 8 e 0.048 3 0.055+0.007
Mn 16.6 15.6x1.0 1162 1 170+40 Ba 0.380 e 31.2 3243
Fe 181 179+8 149 161+18 Hg 0.279 0.292+0.022 0.006 76 0.007 3+0.000 7
Co 1.07 1.06 0.213 0.23+0.02 Tl 0.0120 —_— 0.057 3 0.057+0.011
Ni 5.12 5.30+0.24 4.52 4.4+0.3 Pb 0.231 0.225+0.018 1.56 1.6+0.2
Cu 515 497+22 13.2 13.2+0.9 Na 21 660 — 14.9 15+4
Zn 139 136+6 25.0 26+3 Mg 1202 e 1504 1 500+50
As 57.6 59.5+£3.8 0.145 0.16+0.02 K 16 140 e 13 003 13 100+500
Se 9.92 10.9+1.0 0.085 4 0.09+0.03 Ca 1318 e 3373 3200~3 700
Rb 4.41 i 81.3 81+6
T " TR R JHF T o 2 S 5 A R AR A 0

Sr.Ag Fil Hg 7868 rh 1) & ALK T N AE, B 78 DL AEh
B B SR T I, Hi 4y 22 Fhoe 28 76 2 78 R 0 %
ALK F PIE s BUK Rb F1 Sn 7E 68 H ) & & 51K, Zn
As Hg #l Pb 7E4R 1 B & BE A AR, AR 21 FhOT R AE
DUAE g & e 5 NS R AR 5 Sn  T1 7R DAL |
FR D SRR AR B R b R A R A Y, Sb 7E DUAE AR

B IRER A ARG o AR A ORFE L Li AL
Ti.V.Cr.Mn.Fe,Co.Cu.Se .Mo.Cd.Sh.Ba.Tl #1 Mg
X 16 AT ER & AU DUAE <#H 11 <88 <42 58 iR <
PHE ;Zn Sr.Ag Hg A1 Ca & SRR R N FE<#B <
A B IR <BE< PN IE s K Rb A 27 S KUK R R <BR 10 <N
JUE <ZE BE IR < DUAE 5 As B8 35 d 03 A RF i D B <8 < DL
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<A T BR<NE . KHE GB 2762—2022" HL AL %E Y
B 2t {0 07, o DL 4% L 2P ) Ce Ph 1 3 S 28K
B, BR T 2.0 mg/kg(Cr) Fl 1.5 mg/kg(Pb) 5 & Hg
B R BET 0. 5 mg/kg( I HERFREEAH) ;84% DAL |
82% i1 F1 85% A B As & ML 0.5 mg/ke
(TC ML BR o R ), 26 50 B 0 PN JOE v L As & i
it 0.5 mg/kg, i 2 HE — 5 AW B DL b JC AL A Y
R HIW R B AR . GB 2762—2022 HiELE , XL
FEN R EBRNIE)E, H Cd B9 & <2, 0 mg/kg, LK
S0 £ Bt DA S R A 6 4 DLAE 6 kR i1 12 1 A
31 AFEMEH ) Cd & ad 2.0 mg/kg, H iz S {H
I35 h 2.62.4.73 4. 83 mg/kg I 38. 3 mg/kg; NI
HoCd FRR A, WE A 1.10~69. 7 mg/kg, B {H K
23. 8 mg/kg, L KT 2. 0mg/kg, DA 53R, I
FKHLX RN EBIEA W B SEEN . NI
% AEFE IR SRR, DU LA IR

3 i

WS HESE T 3T KED-ICP-MS 32 /] i ) 7 b
DURTFEA LI CaFe Al Mn Ni Ag.Ti.Ba.V.Cr %
29 FOC R AT TE . R R BE AT T IR AL R R
VEBEIE I 7E 3% A4, R KED #5221 N FR A% IE R
TH B 3 2o A A2 A 0 T, 6 7 i i & A S 8
HEAT T80 UE , SEBE T FE b & N ppt 228 ppm G2
JCZ [ B R 00 ) R AR L AR Ty 1 B A DR S A L R ]
TR R 1 2 B A

AR5 45 5 F W, AN [R) 00 28 7 B DLAAR N 11 U
Mo BRI N Na.K.Mg,Ca>Fe Mn,Al,Zn>Cd>
Sr.B.Cu.Ba.Ti>As Ag.Rb.Se . Ni,V>Li,Cr.Pb.Co.
Mo>Sn.Sh . Hg T, iX AN AL B D1 H B X & o0 R 1Y
AR M G 38 5 A [R) I 3 BR B A TS YR B L 2
T KIRESHZEMXE ., SRS RERN
N ALURR AR K ZE S Bk K.Rb.Zn . B
A IC RSN, KA I3 ST R AE VLA (H 5 L) (#H 3R
e REEAR AR TS RRER XS
BUSTAMANTE 2B 57 i 45 S M — 2. i RRIR M
T B DA N S 4 TR T R I AT T F
5, RIAE Mg.Ca Fl Fe 7EALZL P 1) & 52K - N IIESHR
WSAG WL o SRS &5 HIFSE T MR 3 i DUAS [F]
B P AR Y e, RIS R L 8L rh R U A
JUE >8> B D137 (RR20) >0 DUT (DUAE ) o 8 05 45
B, 40 76 1 V5 B DL 25 A 4h & JE T Sl Y I > B >
WU CDUAE) o X SR 5E 25 R S AR 52 i A — 3. 8
SCHERFRE" B DX RS E AR T R & e AR
S, B IRDR hy B DL PN I 0 R 45 ) v o K
e BHmEEN,MAES 5 S HENE D IS4

A AR - AR S e UL Y I 4 s SLRETE
SN < R R A5 R, IR R A D P Y
B i e HALH 20T Y 10~20 £, L 2T &

H T 4 AR AR g
M 2 405 T % 8, B DUAE R 23 H B A A B
DL P B <22 4, SO T B DL 47 53k 600 N IR
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