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Determination of chromium, arsenic,cadmium and lead in human hair and
urine by inductively coupled plasma mass spectrometry with microwave
dissolution system
ZHANG Ge', LI Wei-dong” , JIANG Lin-hua'* , LI Jian-hui'

(1.SEPA Key Laboratory of Eco-Industry, Chinese Research Academy of Environmental Sciences,

Beijing 100012, China; 2.School of Materials Science and Engineering, Anhui University of Science &
Technology, Huainan 232001, China)

Abstract:Cr,As, Cd and Pb in human hair and urine are digested with microwave in HNO;-H,0, system and
detected by inductively coupled plasma mass spectrometry (ICP-MS) .1t is found that signal shift aroused by matrix effect
of non-suppression-enhancement can be corrected well by the internal standards,such as *Sc,"’In and **Bi, which are
added on line.”Cr, ” As, " Cd and *®Pb are selected as measured isotope to eliminate non-spectral interference and
spectrum interference.China’s standard substance (GBW07601 and GBW09102) are detected by ICP-MS with microwave
digestion.The result is coincided with the standard value.The correlation coefficients of linear regression equations of Cr,
As,Cd and Pb are 0.999 9,0.999 8,0.999 9 and 1. 000 0, respectively. Meanwhile, the detection limits are 0. 053 0,
0.009 0,0.011 0 and 0. 014 0 pg-L™" for Cr, As,Cd and Pb, respectively. As this method is applied for detecting the
actual samples, the standard addition recovery is in the range of 97% —102%.This method is simple, accurate and high
sensitivity ,and especially suitable for the detection of large quantities of human samples.
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1 SCIEE S

1.1 {UEfnikH

ETHOSD #3 3§ % %5 i A% ( 3 K F Milestone 24
Al) ;LabTech HLEHR in# 2% ( B LLE A B FRHE A
FRZSF]) s Milli-Q A 267K AL (Millipore , USA ) 5 AL104
B, 7 4> ¥ K ¥ ( METTLER TOLEDO ) ; Thermo
Elemental X7 H, B HH & 4 B 7 1K 5 1% 1% ( Thermo
fisher, USA) , Fie & [ Sh k&% 21 AR HIE 5510 45 |
SERG TR 5 e | R 4 RN N GRS
VAT

B2 (BV M4, Jb i b 2# AR 52 T ) 530% 3
FALR (Al b m b T 5 3k K ARHEXT 1R 5 .
RAFRUEY) B GBWO7601 ( [l % i i 9 5 iF 5 vh
)5 IRFEFREZ 5 W BT T N R br HE )
GBWO09102( E K br W It 58 s ) 5 Cr As . Cd |
Pb FIC R bR UERE AW (B AR B 5 rh s
Pk W 1 000 mg/L) ;¥ S, "PIn *”Bi HLICE bR
HERE VAR (Pl ) A HE S R AF 5 rho B 43 Wk
1 000 mg/L) ;iRA Cr.As.Cd Pb bR TAEH B £
§1.Cr As,Cd,Pb MU FE 5351328 0.1,0.5.1.0,
5.0,10.0.50.0,100.0 wg/L, /N 2% HNO, (&
BUYE HNO, 4l R BV M2k, FIR) ,J5 &%
AR BEAHR Y Cr,As, Cd, Pb HI0 3 bR ifEAf 48 1 W
il % ; Cr As .Cd . Pb IRA INFRFRAEIF I : Cr As [ Cd |
Pb WM EESA N 20 pwe/L, /v i h 2% HNO, , HiAH B
(%) Cr.As Cd Pb 1R G br HEAifh 5 15 W 20 7 BT 1)
T B ; IRAEARMES 5V - 1) VR T AN SR AR HED) 5T o
A 25 mL BB 2K, B % Se P In 2P Bi 1R A WA bR
HER W PSe P In 2PBi IIHREX R 20 we/L, A5
H 2% HNO, , 43 5B R AR TR ©Se P In 27 Bi
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TG R PR E A 25 T V% A6 R T T T

oAt 32 43 B 2, S50 FH 7K 3498 oh 2K
MLHIAS R B AiK (R FHEA/NT 18.2 MQ-cm) . JF
ALY 20% (B0, T F) HNO, 123 6 ~
8 h &, 7K gk 3 ke H
1.2 HmEE

AR TR I ) AR R TR LR R
WITAE—ZLMR T,

kAR RN NI BT 1~2 em K
BB TReA K sk, LY 0. 5% 19 7 1 BE
FIEI 1 b, EAK pPPERR 5 BE SR, A 10 mL &
532 3 30 min, BB 4K bR & B, & AR
KT

PRYGFE b« BCHRL A 25 (8] 1E % TAERS T AR B2 B
HUIRFE 50 mL, fIKHR—20°C A 568 TR IRAT
1.3 AHE

Sk KA AR FER R A HNO, Fl H,0, PR ik &R
VS ARAE

A3 IRRICT Sk KRR 0.1 g 2245 R 5 ) Ik
FE 2 mL Tk A9 ETHOSD RU G0 5 AL #Y Teflon
PFA ¥ f#EEF  IEINA 1 mL HNO,, A% 3 h )5,
FHA 1 mL H,0,""™ e S fmE , 7 i, v i 52 i,
RS2 AV B0 5 B 2230 XU Hbr | 05 i O
A2 10 mL HEIEH T, TR i R
BRI, R KRR 3~5 K, FRKH &N
2 mL, BN E S i E AR A T 3 4 AR 100°C
fidy MR SeEE | RS AR RE N I ZE 3 TRTICR %
HWZEER,H 2% HNO, 2 E 4 ZE 50 mL,

PEFE S "I 2P Bi 1A NARPR R WA A 7R
LNPRIA, TEE R ML B0 451 B ALK, W] A
7S 505,

1.4 NEBFETESH

TR f A E 2 TAES BN 1 iR,

®1 HKRRER
o/ LFHIEY ARIREES e

W min < min
1 800 6 120 3
2 800 3 150 5
3 1200 3 180 10

LB B 45 B IR IS (ICP-MS) i 2 T
YESHNEE 2 iR,
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*£2 ICP-MS FEIES#

BiE| 28 sl 28
S FHIIIE/W 1200 || S/ (Lomin™") 0.8
555 2 i i/ °C 3 || EMAERE/ (Lomin™") 0.6
A B ] 3 || EAME/ (Lomin™') 0.8
15 B IS [)/ ms 200 ||[AHESHE/ (Lomin™') 13,0
TSI/ 0.5 || MHMHE/(L-min™") 0.8

2 HR5H®

2.1 BRAARBERMNIERE

T R EE IR 3 sy s etk |
e FE 2 A IR 5 I X | e R P L inAupl 3 A
D7 RIEATRE S DOV A L X 520 S5 SRR I T AR
i A KA, T AT AR R R
2 P 5 A 2 A Ik A 2 AR R U B0
RN T K, 258 5 = M AP R e el ok
FH IR AR 7 AT v A TR RE SR AN B
AR R ek W LI R 5 T R S R AR T R
W R, 56 5 IR B 0 O X e o
Lh,

IR 2 () e B4 RS B8 7 v, A BT LR 3
PR A R ATV e

BKZ—:5 mL HNO,~1 mL H,0,; BRIA R —,
1 mL HNO,~1 mL H,0, ;A& % = .1 mL HNO,

A3 T A HOIAGE B Cr, As Cd  Pb IRA N
B o 75 W E AT AR I s, 25 SR 3R, SR
5 mL HNO,~1 mL H,0, 1 1 mL HNO,-1 mL H,0,
FRK 2R AT IR, Cr As \Cd \Pb 1Y A1z 58 i 22 1
TE£5% AN, TR A 1 mL HNO, EFT I3 M, [0 i
RAmZEIIK T +5% , X PTREZP KA 5 mL HNO, -
1 mL H,0, #1 1 mL HNO,-1 mL H,0, 2 fR{k %
T, R W RGEINE 5E . 5o g IR R ik
F AR KR N R 5tk v A DA B FRRIER
FEREAE A WL, H,0, SA LY EALROR 4
U, SR e A5 A FH 2 RRE i FOUAh B A SR | A s
Ry PRV A R 1 mL HNO,~1 mL H,0,,
2.2 BEMIHEEE

ICP-MS A s 4t d &2, EEOk

SRR K DA S T ) 22 SR S F 1Y B

HE T, LT/ F R ENERE 2Cr,
P As MCd PP SRR RN 2R IR AT RE AR Y B

W TR AT TR SRR TR 3, M
%:2 3[13—14] ﬂ‘lxjﬁﬂj ,i%iﬁj’% SZCI“\HAS \lMCd\ZOSPb
R Rl R A AT AT

*3 BENEMEBENRILTHR
TR T

JTER [Ff & m/z* £/ %

Cr ) 83.8 BClgs. g9y 0 99.50) ' H
53 9.5 37(31(24.2%) 160(99,8%)
As 75 100 O Ar59.6%) 7 Clias ) »
59C0<100%)0»56Fe(91.7%)F
cd 111 12. 8 P Mo ;5,90 O
“114 28.7 lmS“(o.ﬁs%) 798M°(24.1%>0
Ph *208 52.4 —

T = M RIGIE ; = o« EIFO R R B

2.3 NIRTE
FERTE ICP-MS 2 Mrad B v, iy T 23Rl 5 =
TR WAFTEE R IR (A5 5 ok B LB B TTTE
PAETEZE TP, X scPh I G 38 5 R F AR IE A9
i 5a iR, AR T AN [A] B P BR T 3RS [] Jo 2 25030
FEI TC R R EAE FIAS R, R 47 2R ] — P b ko
SN E TR AT IR, T RE S BER At E A I e
GER AT R M2 FESCE R SR SR L
BRI R BT PSe . In *Bi JTTRIEWN
Br, B “Se."PIn *Bi TTRAE N IR A NIRI IE H K
BN PR s RN TR 4 b, R AR
X T CroAs 2 FPOCE, R “Sc ANARILE;
T Cd JE, VR I A NERITE KT Ph G
N 2Bi NNRICE,
%4 HWIRTE “Sc.'"In F1 *Bi XTI EER %

JLHR RIMA AR 3¢ 151y 9B;
S2Cr 8.7 1.1 6.3 8.1
5 As 6.1 1.8 5.0 4.9
H4cd 7.6 5.9 0.8 6.3
208ppy 9.9 8.6 7.9 2.0

2.4 AEHKRHRREEEFE

AR IO E R AR R IR 5, %
WESZEG Ik AE Cr As Cd \Pb {R G ARiE TAE IR
RO, KU R ML R R, MR B0 R
0.999 9.0.999 8.0.999 9 .1.000 0, FXHAF =25
PEWHEAT 10 YR | LA E 45 51 3 A5 O 22 0
TTE IR R S5 R IR 5,
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TS5 KMARAXREMNEHR

JLER Ltk Tr R HIXRE KR/ (pe-L™)
Cr y=0.9968x+0.4689  0.9999 0. 0530
As  y=0.9961x+0.571  0.9998 0. 0090
Cd  y=0.9967x+0.4799  0.9999 0.0110
Pb  y=0.9986x+0.2063  1.0000 0.0140

2.5 MiRERWERE
NMSK K FRAE S Cr As (Cd \Pb JCER & it il
it ICP-MS W2 , & H Al 5 0 i AR (CCT) |, 3d ik
A A BRI R fr R B8 SN, PR AN AR A R T
TR LT, A 30 B A% 22 J5 T 25 1 XHIK
m/z JCER TR, (A5 e 5 R o e
R BRI IR ik, R AR #E S % ) I
NKBHARAEY BT ( GBWO7601 ) FLZE T A FRAR M) 5
(GBWO09102) PEH I X T 3 W A B, 45 Fh e 3 &
S I R (B PR o (R AR — 50, R I 5 25 R ik
HERA AT 52, N3k 6 iR,
F6 HESEYRNESER
kK5 (GBW 07601)
TR WfES%/ WEM/ RSD/ tfES%/ WEE/ RSD/
(pgg™") (pgeg™) % (pgl™") (pgl™) %

Cr 0.31~0.43 0.38 2.9 0~12.0 9.3 1.7

JRIGFE & (GBW 09102)

As 0.23~0.33  0.29 1.3 14.1~26.1 19.1 0.9
Cd 0.09~0.14 0.11 0.8 0~0.3 0.1 2.3
Pb  7.7~9.9 9.3 1.1 0~5.0 2.8 2.2

2.6 RiEFES

P JRSL G 7 X AR S B IR FE 4 42 )R
JCER AT 10 WK, I A2 A o AGE & 1 Cr,
As [Cd \Pb {RA IERAR MR, FE47 b Rl 56,

ZEIRL X RE DL 7,
*x7 L& REFEZT Cr.As.Cd F1 Pb I ITER
FRUEN ik 2 mffge

kkoORWE kKRB kK IRW

JLE KR/ RERL/ KRS/ KRR/ RESL RESL )
ke, RES
(pgs (pgs (pge (pge (pg (pge
-1 -1 -1 -1 -1 -1 % %
g) L) g L) ¢g) L7
Cr  2.43 2.17 1 1 3.41 3.14 98.0 97.0

As  1.25 19.94 1 10 2.24 29.67 99.0 97.3

Cd 3.66 9.47 2 5 5.68 14.46 101.0 99.8

Pb 72.22 28.82 20 10 92.52 38.61 101.5 97.9
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3 &g

FERT BT AR 11 #7 T HNO,-H,0,
TR i R 2 PR 5 55 B 1 IR 00 S R A Tl
NREGL Sk A JREEH Cr As (Cd \Pb B ITER 1)
Titko LRI LR ERE R
H R T ALAGEIN 2 A 20K, I HL w2k PR, nT T
KA AR Y Z2 0 R NI E | [R] AR JCR A IA
AR T RSN AME 5 BEA% = AR Y B2 I, A
PR RLARAT M Ak e R AR v B 4 U 3R R A 2
N
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