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Establishment and Application of a Method for Detecting 11 Trace Elements
in Children’s Whole Blood Using ICP-MS Coupled with ISIS

LIU Junxia®, TANG Weifeng’, LIU Xiaoning’, HUANG Xian’, YUAN Lili’, AO Junjie’, SHEN Yuanheng’, ZHANG
Qianlong” (a. Ministry of Education—Shanghai Key Laboratory of Children’s Environmental Health; b. Department of Clinical
Laboraiory, Xinhua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine , Shanghai 200092, China)

Abstract: Objective To develop a rapid method for detecting 11 trace elements in whole blood using inductively coupled plasma
mass spectrometry (ICP-MS) coupled with an integrated injection system (ISIS), and to preliminarily assess its application in pedi-
atric populations. Methods Whole blood samples were pretreated using a direct dilution approach, and 200 pediatric samples were
analyzed using ICP-MS coupled with ISIS. The method's performance was evaluated based on linearity, limit of detection (LOD),
limit of quantification (LOQ), precision and accuracy. Results The linear range of 11 trace elements was 0.10~500.00 ng/ml, with
correlation coefficients (1?) exceeding 0.990 for all parameters. The LOD of 11 trace elements ranged from 0.02 to 0.89 ng/ml, and
the LOQ ranged from 0.06 to 2.95 ng/ml. The relative standard deviations (RSD) of intra-day and inter-day for 11 trace elements
with low, middle, high recovery concentrations were all less than 15.00%, with recovery rates ranging from 89.70% to 114.96%.
Among 200 pediatric blood samples, the exceedance rates for toxic heavy metals lead, mercury and arsenic were 1.00%, 4.50% and
7.00%, respectively. Conclusions The coupling of ISIS with ICP-MS demonstrates excellent performance in detecting 11 trace ele-
ments in whole blood, and holds high application value for the assessment of trace elements in children.

Keywords: trace elements; inductively coupled plasma mass spectrometry; integrated injection system; children
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BE(OND) FIEE(Sr) 4%, diad 2 5 g e A QTR | s vk
VAT B AF S S e Y Fd i, SHLER AR &
H . PERE KA 2 N e A AR A AR,
e TG TCR WK (Hg) A5 (Pb) fifi(As) FIEE(Cd) 4,
A A SR A AL WSS E AR R G 5 K
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A TR VA AT S WA N Gl TR KT, MR
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ma mass spectrometry, ICP-MS) %5, HH | ICP-MS D H:
A R | SEER MR L ZoC R R AT S a1
PRE ST, R ITCR AT B A Y Ak, B
BAENFEATH AN 5 R 5k, RO E T H g i
EURE TR R, S 2 R T A iR N,
ICP-MS Ik — {4 Ak 2 4 (integrated injection system,
ISISM AU BERE IR R T RR A , DB AR AR
TR, RS TR AR 5 UERE R G DR IR 2D
HEAT, DI S 2 B A ol 5 R e TR
AWFE B TE EAZRRRRL A SERE [ H S —Fhiai e | vy |
PR Y ICP-MS FRIC ISIS Z 0 AN, FEx Hok et
TR, ) LB e AR R A

1 #MR57HE

1.1 st WHE20244E 1 ~5 A2 T LS
A 2E B LR B B e LR 20061 1 ~ 13 %
JLEE I KN A% 4 M AEAS, FH T ik e e,
HrA B #1294, L B 714150 ~ 6 % 2H 76 (55 #4941,
L EE 27), 7 ~ 13 % 4 12445 (5F % 80 141, L& 44 441)) .
F FARBISE A REAS SR RS TR A AR, HLREAR
RAE BRI AN 2 %0] £ 3 (B A T 58, IR
7 BRI T R SN &, L AR X
6r , DRI T S G 55 ) A A R 1

1.2 AR EXA URE: 8900 HLJEGHHE A 25 B TR R
T (3 Agilent 23 F]), Milli-Q Reference # 4li 7K X
Z 45 (1 E Millipore 23 7)), AL204 H, 43 #1 K- (B
-+ Mettler Toledo 2y 7)) .17 : Mn. Co. Ni. As. Se.
Sr. Mo, Cd. Pb#p/fE ¥ i (As. Se Ay 100mg/L, H: 4y
1k 10mg/L, 7 [E Merck 2 7)) ; Hg by i %5 W (35 [
Agilent A F]) ; #(Cs) FRUEIE, WAREE(Re). 4l (In).,
H(Sc), 4 (Lu). $4(Ge). 4= 0 % (Au) bR I T (G [H
AccuStandard A F)); PFREE(Rh) brifEE R (EZ A
4 @ B AR AT o) s N EE(GS 9,
g HIEAED; 4 DU L TR(EDTA, &4k, 56
Thermo Fisher A #]); 4738 X-100(bioxtra 2% , &
sigma N H)); ZK(G3 9, LA R ; AR (55
Agilent A 7)) 5 42 MMl 45 W (F &k Seronorm 23 F)
WSCEE I PR A 36T 4% 4= RE AR, TR A 4 A A
FE MRS

13 Ak

1.3.1 3570 1 45 . LA 100ng/ml Au, 2%(v/v) 51N B,
0.01g/dl EDTA, 0.01%(v/v) il 7 18 X-100 5 1%(v/v)
ZUKMIR G WA AR R, FH TAn i M 8/ N s
e ] B A AR T AL 28 o SR RS LA Bk e il s v i 2
LAY BT Mn . Co \Ni Sr Mo .Cd #1Pb: 0.1,
0.5.1.0.2.5.5.0.10.0.20.0.50.0ng/ml; As 5 Se M 1.
5.10.25.50. 100,200, 500ng/ml, Hg5Cs}0.10,
0.25.0.50. 1.00. 1.50. 2.00. 5.00 ng/ml, [F]H}, {5 Fi]

i B IC ) Re . In. Sc. Lu., Ge. Rh¥&J# Jy 1w g/ml
TRA AR

1.3.2 ICP-MS 5514 : B 1SR #60 1 550W, £
TN 12.67mU/s, W BN 6.67ml/s, 4 7 2K
Bkl . Cd 5 Hg BV ali% B 4 0.5s, HAYT
FRO0.1s, BEAFEAR T I 3 UK AR, £l FH R
WAL BRIHATIATIR , B0 RABUE | R S+
M 107 EU A5 2K B B AR S, TJ R A o o sl , 3ok ™A%
2 i) XLHRL ff (Ce™/Ce < 3%) A AL H1 (°CeO '/ *°Ce”
< 2%) B THRACE, K vEfe TR 2 ek

1.3.3 ISISZ 5. FEREMTTE]: 7s; FoAE ISIS 45 T 28 3k
45%; TR e IE]: 15s; Fa g ISISHE T : 15%; wft
VERTIA] : 4s; PP ISISFEFF A : 35%; I HAE:
1.09mm; E K 18cm.,

1.3.4 Jriksginik . 7% (BUEHARTER R Mt ER
G0 e 4 197 FH R0 U RD R AR A 0 Wy i
SN ) U ST A A T RE IR IE

1.3.4.1 281 K H BRAE S FR - AR VA T B A R
ABFR , AR S AR N S bR OT R T EUE Y FLE R 9
As i, FEATE M RN 38T, BT AT e [m] U3 R ) AR
KRB > 0.99, FIIL MK R R IF OB bEA
B ICRTPBUE AR, AR TTHEUE HAEA AL [0
HEE, TR P& ICE A IPRIRE R 25 PR
P 2ZEETPAE K H PR (limit of detection, LOD). B =R
(limit of quantitation, LOQ) . H A5k Al g A /bF
10 AR 23 1, HHE AR I 25 SR AR vE D 22 (s), LA 3s
YE5LOD, 10s /£ LOQ!M,

1.3.4.2 WERREE : sl s mDScsc gt | pe A s 2 [
BRBE T IAIE —Fh s X 2 B MR A T R G PFA o

1.3.4.2.1 PSS IR A 43 o il 4 4y, o3
433 S EC TR ARG | L s e BE Y 11 BT 2 bR 4 I
BEAS, SSRGS T o 38 A AR ¥R B -5 0 s S 000 v
FHERCR , PP R

1.3.4.2.2 B AR « BRI 20 2 FEAR , [R204G
DUMEG L 73 P ZKOF s i i ) i A &5 S Ak T
PRE(ETE A

1.3.4.2.3 Z ALY BFXF4x 1 Pb, Cd. Hg %5 8¢
JCRWEBARMFE S, 25 T 2024 4778 F Bk A1
45 5 22 22 AR o B DAY 1T %1 (German External
Quality Assessment Scheme, G-EQUAS) /55 2 /40
S HEXT 3BT o 0 5 P A P KO 1 EE X REAR
FEANIKFEZIME 3K, G-EQUAS H3 Hf f [ e s o=
Y7 2% B4 2 A (1R 7 AR . b 5 4 e e 5
SURBATIRE , A A KA R 44 T Rl 4552 3 R
N, U Sl A% 2

1.3.4.3 K% o R = AMREE A IARAEAR | 4L
K 5 R LATAl H [EDRS 25 8, IR 7E— RN T S5
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PO e APEAl H RS 5 B2 TRl 4 A Hl iR &
A M REAS 55 R it AR B4 ) o (] 254G, 1 S R 1
AT BIPEANFE bR IR FEAS Y H N5 H TRDRG 25 | R
s PR BT B TR  4 nAG T000 245 R 18 R X A O 22 (rel-
ative standard deviation, RSD) X475 < 15%.,

1.3.5 i PRAEASKGIN < R B A0 M HEA ST /R 21
i LR AR A MERR I 0.2 ml & MAEAS, B 2
Sml B, A 3.8 ml e il A REASTR B, T TiE

PRGIRAST, A TR

14 %itsEad R Microsoft Excel 2003 #2447
Gt T RORER FHEEL + pRiE2E R+ 9) PR
2 R

21 KHHMAEZMXZ PR MLIELER
47010 ~ 50.00ng/ml, #H 3¢ & £ 35 7£0.990 L) I+,
Kt BR JE FE 0.02 ~ 0.89 ng/ml, & BRI
0.06 ~ 2.95ng/ml, HAASH LT 1,

*1 11 FTELMERE. KEXR. KUEEERRHRSEER
TE S r SAEH (ng/ml) TR (ng/ml) R (ng/ml)
Mn ¥=0.038X+3.38 x 10™ 0.999 0.10 ~ 50.00 0.04 0.13
Co ¥=021X+6.22 x 107 0.999 0.10 ~ 50.00 0.02 0.08
Ni Y=0.085X+1.4x 107 0.999 0.10 ~ 50.00 0.08 0.28
As ¥=0.048X+6.20 x 107 0.999 0.10 ~ 500.00 0.13 0.44
Se ¥=0.002 2X+6.17 x 107 0.999 0.10 ~ 500.00 0.89 2.95
Sr ¥=0.050X+1.52x 10™ 0.999 0.10 ~ 50.00 0.07 0.23
Mo ¥=0.002 1X+1.65 x 107 0.999 0.10 ~ 50.00 0.03 0.10
Cd ¥=0.004 9X+7.02 x 10”7 0.999 0.10 ~ 50.00 0.03 0.10
Cs 7=0.030X+3.52 x 10° 1.000 0.10 ~ 50.00 0.05 0.15
Hg ¥=0.005 2X+1.34 x 107 0.999 0.10 ~ 50.00 0.02 0.06
Ph ¥=0.044X+136 x 10™ 0.999 0.10 ~ 50.00 0.06 0.21
22 EHE e FEAKE T BRI A 89.70% ~ 114.96%, 4T
2.2.1 [FISSEEG . Wak2, 1IAITRAEM. P .om =1 85.00% ~ 115.00% Y PN , 44575 HERA FE PR A EEK .
xR2 11 P EMAREUER (x+5)
R OWE HRKE (hgml)  SKE (ng/ml)  EECR (%) R WE EREE igml) SR (ng/ml)  ECR (%)
Mn ik 0.50 0.49 £0.08 95.36 Mo 1% 0.50 0.57+0.09 111.70
th 2.00 1.76 £0.14 90.41 h 1.00 0.98 £0.04 98.14
= 10.00 9.18£0.39 91.72 = 5.00 5.62+0.78 112.63
Co % 0.01 0.01+0.01 104.00 Cd 1% 0.05 0.05+0.01 108.00
th 0.05 0.05£0.01 104.00 h 0.50 0.55+0.04 111.56
=2 0.10 0.10+0.01 108.83 = 1.00 0.93+0.03 95.04
Ni 1% 0.05 0.05+0.01 95.60 Cs 1% 0.05 0.06+0.01 105.60
th 0.10 0.11+0.02 109.46 th 0.10 0.11+0.01 111.75
= 0.50 0.53+0.02 102.31 = 0.50 0.56+0.02 97.20
As g 0.10 0.12+0.02 111.60 Hg ik 0.10 0.10+0.01 94.80
th 0.50 0.51+0.04 103.68 th 0.50 0.50 £0.04 100.94
= 1.00 1.02+0.06 103.09 = 1.00 1.05+0.12 105.92
Se % 5.00 5.29+0.92 107.04 Pb % 1.00 0.96 £0.09 93.08
rh 10.00 9.72+0.39 97.77 rh 5.00 494 +0.23 98.15
B 20.00 23.41+231 114.93 = 10.00 8.98+£0.21 89.70
Sr % 1.00 1.04 £0.08 101.37
rh 2.00 2.294+0.25 115.02
= 5.00 5.66+0.33 114.96
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2.2.2 FAALES R WR ST BARCRIE 50 1D Iu R AR, o m = BN bs B AR
Ps AR R i e 40 8 R AR ME(ELIE RN, 755 1R (9 H MRS %5 B 0.67% ~ 5.33%, H [H] RS %5 B2

FEPE B ER 2.20% ~ 9.95%. i i AL B AR i 5 A TR A 4 i 25 R
%3 E M EERTIIER (Tes) WLF 6, HORE B HE S 3.34% ~ 12.52%. b R KG % B2 i1
o o (i A > 0, 1~ m\ﬁﬁx\' JESR
N T T T TIRTE RSD 4 <15%, £540K5 5 B A i 2R
TEOWE
(ng/ml) (ng/ml) (ng/ml, n=10) x5 NFTENANS BERBZRE R« s, ngm)
Nl ~ P I\ w
LUCY 1#/135 4 16.30 13.00~19.60 1722 £ 171 == ARRE o o) HAREE po0 (o)
Bk 2250 20702430 2322 + 113 (n=3) (n=5)
o IRk 020 016024 019 + 001 Mn BHEE 1142001 0.67 1.24+0.07 531
" A )32 . L. 10~U.. . x U
o 510 00610 S08 5 043 PR 2.31£0.05 2.06 2.56+0.06 223
G )2, J. .UU~0. B x U
Nk 0 L6 L0 + 0.14 W 9.96+0.22 227 9.93£0.30 3.40
A e B dL~1 . * U,
p— 010 § 012,10 06t 1 070 Co fEWFE  0.02£0.01 2.98 0.02 £0.01 8.78
GRS X OO~ 12. .04 + 0.
e 150 200300 - HYREE  0.0620.01 273 0.06:0.01 337
S A\ ). . UU~D Do UL
- 40 0 101370 D2 s 07 S 0.12£0.01 342 0.12+0.01 3.83
N 00 008700 10 s 448 Ni {EEEE 0.09£0.01 5.33 0.10£0.01 9.95
Se N . .00~87. 10 + 4.
-, oL 001150 06 s 0 HRRE 0.16£0.01 3.64 0.17+0.01 5.75
VIS . .00~118. 62 + 6.
EE 0572001 1.67 0.59£0.03 538
T 171353 7.00 6.00~9.00 7.86 + 0.76
B As  RUERE 0098001 275 0.20£0.01 6.87
ek 49.00 39.00~59.00 50.19 + 2.38
Tk 0.61£0.01 1.83 0.60£0.04 5.79
Mo {EUkEE 0.28 0.22~0.33 0.28 + 0.03 o
B 1212006 487 12120.06 487
e 530 430~6.40 535 + 031 \
Se  fEMEE  10.9920.13 1.19 11.32£0.79 7.02
Cd e 029 0.23~0.35 028 + 0.01 :
HIREE 13.80£0.41 3.00 15.3240.84 5.51
g 5.10 4.10~6.10 507 £ 027 N
R EVRE 27.16£0.68 252 29914139 466
C VR 230 1.96~2.64 234 £ 0.18
s RkE * St ]I 2.10£0.06 282 2.26+0.08 3.70
Bk 220 1.87~2.53 220 + 0.10
FITKEE * Bk 3455004 112 3.69:011 3.8
He i 163 130~1.96 169 = 0.14 EUWEE 686:022 324 699:035 497
R 150 12.00~18.00 1701 + 126 Mo Rk 0.68+0.01 2.09 0.69+0.03 415
Pbo kL 1030 8.20~12.40 1045 = 061 PR 0.99£0.01 136 1.06+0.04 321
ek 295.00 264.00~325.00  300.00 + 13.74 kR 5815019 13 6262024 18
223 FERXFH: W# 4, Pb, Cd. Hg7E A K- % Cd {RWKIE  0.06£0.01 413 006001 731
W REAS R R G 45 SR 2457 T G-EQUAS By Wl 45521 HURIE 0.60£0.01 2.09 0.56+0.04 6.61
Y 1 e gl A3 oy
PRI, A7 T3 1L bR J1 Sk BRI 0.86£0.02 2.83 0.93+0.03 2.93
x4 G-EQUAS ZE[EIXFLL &R (n=3) Cs  fRkRE  0.27£0.01 3.56 0.28+0.01 496
IS KA (ngml)  Z%(H (ng/ml)  ATHEZEH (ng/ml) Bk 0.34£0.01 3.97 0.33£0.01 431
lii Pb A 6.97+0.11 6.73 532~8.14 EREE 0.80£0.02 244 0.77+0.02 229
1l PbB 14.05£0.01 13.71 1125~16.17 Hg RKE 0.17£0.01 2.92 0.180.01 6.06
It CdA 0.07£0.01 0.07 0.04~0.10 YRR 0.53£0.01 216 0.57+0.04 691
1iLCdB 0.18£0.01 0.17 0.12~0.23 B 0.9420.02 181 1.23£0.05 414
1l Hg A 0.18+0.01 0.16 0.10~0.22 Pb  fRIKIE 1.64£0.04 2.66 1.71£0.09 533
il Hg B 0.43+0.02 034 0.22~0.46 HykEE  5.8540.08 1.34 5.69+0.23 4.00

23 ANEA ERREAR B N5 F DR 0 Akl 1029004 12 ommon 220
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&6 ARtEERSEAENNBEEE x7 200 BJLESM 11 FEETERNER
(n=10, x+s, ng/ml) ( ng/ml )
TE Bl S RSD (%) oxE THE Py Py i
Mn ks 17.224£1.71 9.90 Mn 13.87+3.62 10.99 16.03 7.16~25.86
BEkE 23.22+1.13 487 Co  0.15+0.06 0.11 0.17 0.06~0.45
ﬂé\%m 15.10£0.73 483 Ni 1.06 + 0.63 0.77 1.22 0.42~7.96
Co (ke 0.19+0.01 625 As 1.78 +2.50 0.76 1.82 0.24~28.29
. § 084045 $06 Se 109.96+1690  99.59 11834 59.12~171.88
BAIL 0495006 L8 Cd 0144007 0.09 0.18 0.01~0.51
) . Sr 2276 +6.14 18.75 26.22 10.16~46.65
Ni ks 1.40+0.14 9.86
B Mo 1.41+0.90 091 1.53 0.44~7.54
=R 9.64+0.70 7.28
Cs  3.62+091 3.02 403 2.01~8.71
A2 10.640.85 8.03
Hg 1.84+1.90 0.88 2.07 0.19~15.09
As ki 232017 734 Ph 12.80+24.55 7.25 12.09 3.04~308.20
=735 12.22+0.73 5.96
R 2.5240.08 334 3 Vhi o s AT St o - 16-18)
o Lo . T, IR T RGN 28R H GFAAS i1, (H
V3% 1044, X N — U
o fRE ! HAPAEHE TR T 8 | 70 (0 J 058 2K
ML 89.62+6.30 7.03 45 JR B %) SCHRARE , Pb, Cd ., Co., Ni [ GFAAS
RA2Mm 251.44£31.48 12.52 £ LOD % 4l A 4.20ng/ml, 0.10ng/ml, 0.27ng/ml
Stk 7.86£0.76 9.64 A10.92ng/mI** | 55 22 M 5K 4L 3% XF K A LOD Ky
[24] =~z N ALY = Nt N RERD I N =1 vy
e 50.1942.38 475 0'40ng/‘ ml‘ ° mfjiimfﬁmffﬁ%ﬁ%%f% ERE
o _— - 1%, 3R T i X D A 5 2R o AR 5 R FH TCP-
821 . N e y & ; N
e MS A, HLOD W2 T1£5 5, Rets A ok
Mo ik 0.28:0.03 1084 JLE A MR VR BE O T 2 FE90 Ty 1T, ASHFSY
Ll 5356031 5.80 3 SRR SR | eI ) A e | R
RA40 3.06£0.21 6.98 AR IE S5 T, W IR T B TP i 4k
hc: H o [B] S I S Zy = JLnNS
cd i 0284001 499 TEVER B 7 T8, bR (0] S 56 K 7 o A 458 0 EIiJ IHI
—_— S07007 . R TE 85.00% ~ 115% LA 5 ZEAS 4 B 7 1T, JnAe
e o ' AH N . H IR R AL TR B IR A4
R 1042005 43 KSR I RSD 34 <15%; IE81, ABF S0 1o 25 I R
Cs T 2.34£0.18 7.18 VERIE T i i mT S R, ARy PR RE DL 5+, 5¢
e 2.20£0.10 447 BRFE TR IR bR
. 16 LI 5 I 2H A, o RSB, TSTS 9 ZE ZE B FEAS I A
Hg ke 1.69+0.14 8.10 R NN v . — _
N FE TP, S U I 1R B 4 B 55 A A%, A
e o s T THERERSEVE , B4R T ISR
R 2.07£0.13 6.32 A, ISIS R B S5 AL A | 7 i 3l W BURE it J T
Pb (s 10.45+0.61 587 FasEta), gE— P E TR RO 5 H FLERE 20
%‘mﬁ 30000ﬂ:1374 587 *B l:[{l ’ Zlgﬁﬂ:ﬁ’_‘i#%i/l\ﬁi\‘ﬁim“ Hd‘ I‘E—Jzﬁiﬁi 80s 9 ﬁ\?}n”
i 254 /h FE AR 444 MBEAS | FF] [l
BAIL 14575067 158 38 5 25 AN MM REARSE T 2 444> I BEAR , IE 0T [R] 43

24 JLEALEMER 20001~ 133 JL#ESIM 11
PR TCR AR ZE SR LR 7, 1L RO R Y
0.01 ~ 308.20 ng/ml, H: A #H 428 As. Cd. Hg. Pb
HIEBRR A3 3R 7.00% , 0.00%  4.50% F11.00%.

Br LURRICER o A 247 05 T, A ey (AR R0 R SR B B
BEABGEAL, A 0 B 3 ~ 545, AR T X8R
g L, ISIS RGERI BB B T TER S8R
AR AR T THI B 5 A, O i BT R A
Feft T AIRE AR S
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KFBE I Ik, ASBESERT 200051 1 ~ 1328 )38 4

I H ) A TR A REIC R AT LR R TR AT T

Mro &5 5 R, JLE I Pb AR %(>100.00ng/ml) =

)AL F Hb1X.(0.37%)" iy HiS 5 4t X (0.46%) %,

1. Hg A8 AR 3 (>5.80ng/ml) i T - I i Ak W 1 4] £ 245

H(0.54%), AT RE SREAABE AL S A AR

T2 LEAT G MM As AR (>5.00ng/ml) 5 T ifg i

PS5 R(7.60%)—5 ™, i i Cd AAS: HEEAR(>5.00ng/

ml), 5 700 g 4 X BIF 5 25 210.003% ™ 4, L

Cd 285 MBS EUR LT TR T, Cs AT REN AL

Tt E ™, Se. Co, Mn, Mo, Ni, St JLE i

DIAHSE RN HAd B At ] R ) L (e = A= 67 T

S B TR I, R DA LB R 0 3R KT XA G

PIRATZ WG BAT SR X
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