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Determination of heavy metal in marine waters by collision cell

inductively coupled plasma mass spectrometry

Geng Zhe Zhao Yi Wang Bin

(Tianjin Environmental Monitoring Center, Tianjin 300191, China)

Wang Jing Wang Xin

Abstract

ence and matrix effect induced by high salt concentrations, collision cell inductively coupled plasma mass spec-

Monitoring of the heavy metals in seawater is the focus of ocean monitoring. To avoid the interfer-

trometry ( ORS-ICP-MS) with a standard addition method is highly recommended for determination of heavy met-
als. This method can efficiently eliminate the matrix effect and interference,and its limits of detection for Cr,Ni,
Cu,Zn,Cd and Pb range from 0.04 to 0. 13 wg/L. Recoveries of the added standards are in the range from 90%
to 118% ,and the precision is 1. 2% to 4. 8% . Operation of this method is simple and feasible for routine labora-

tory analysis.
Key words

tion method
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ATl ICP-MS 5 g K P 4 R B R
SER TR RERLAR B BRI LA Ar H . C
N.0.S Na Cl FlK: & A% JiE 00 M1 25 A% 7 4 2 R
TR TR I, ¥ K b i s 4h ek & 7 A v
RN, 0 A5 2R A T A B 3 2 ]
RO 1% 1 AR TE S BRAE 20T H B0 L A2 S R

AR 5 1 3l 4 - SRS B 4 B T KR
(ORS-ICP-MS) , 3% Fil U — 47 M Al A 36, W AR 3 1A T
e, TR i 22 S T R 0 K b O TR 4
T, 77 i e VA A R RS % R T L R

1 SLEH

828 R i 71
it ]I 38 [ & BE AR AL 4% 2> ] Agilent 7700X Hi J&
M5 55 B AR B3 (ICP-MS) 5 8 2 26 A 1R , H1 28 [
J. T. Baker 23 W] 42 7 ; ICP-MS H 4 J& 1R & b 1 7 1K
(10 mg/L) , fy 3% [H 2 FE 18 24w 42 fit ; ICP-MS N 5
VSR, HH 2 TR 22 S AR 20w B AL S It T 47K i BH %
H18.5 MQ - em, ffi ] milli-Q 4l /K Bl % , Hi 5€ &
% PR S ) AR
1.2 UHREFHHMRK

5T ey S50 1T, e 2 A R 38 Y% A 8 AT 1A
W, HBYLE T U0 A0 R I JT 2R 0% MR 8 BE AR U BT
B, PRAIE BTG 0 MR8 70 B R ) o S 0 L N 3R AR 1
i — S0 JT R ma A, LA s 2 XH g AR
T4k,

PIEW R 1 ng/mL 1'Li Y Co Y " Ce FI”TI
F14) 4 A PR ARV TR o RIS VRO T TG LR LR A A
VO E R ICER WS IR AE I g A R B T R
1) T 07 AR Ak, S PPAG A 19 R BRE R R AR AL AR
AE o ok AR S A S AT B 38 SR A R R U
GRS RO $E B R T R

PRAFA S FEAS J AP NS | 08 SR 1) 238 8 i A
VIR =N R N B O T ) R |
1 650 W, 9 18 28 S v XU fa K 36 48 A 1R A48 22,
X e R A T S8 T, 77 A BUH far () AL 23 BE LA i 3

5 T 00 7 3 R SCH S AR ) 2R 5 ) 1 600 W

TRAF SN2 1 600 W, HoAfth 2 80 5 1E AR5, ol
AL R AR TR o B 2 R A3 T 1 45 SR B SR AR TR
JER A o TERAETREE SN 6 mm [ i fig, op 5T 5
BASARICER™ Co F™Y A X A o i 22 728 K, X 2%

1.1

N S i %10 &
6000f —7Li —k¥Yy 2Tl
- 5‘)C0 — NOCe
5000
1000 //——l——l
B
3000 ﬁ
=
2000
1000} =
0 . . . )
1540 1590 1640 1690 1740
SHEThEW)
1 SR 3 5 X R 445 2R H) 5
Fig. 1  Effect of RF power on tuning result
60001 ——Li
—a—>Co
5000} vy
140,
4000} e Ce
& Sal
-+
Z 3000} x_—x\x\(
o
2000
1000F %
0 . . . ,
55 6.5 7.5 85 9.5
SRAEREE (mm)

B2 SRAE TN R 8 45 R 0 R
Fig.2 Effect of sampling depth on the tuning result

W AR 22 ORISR FEIRE N 7 mm

S IAS e Y AL R A3 SR AR R I, (R
TEJG £E 520 T A B0 1 8 T Y TR, X Ok
OIS, O S s R R R Y Ar 2 TR
TR TR O B R RN
1.01 L/min,
1.3 SH7aE

N TR TE R IR AR OV, J2 A i P RE TR RS X 45
R , S 56 1 B I AAE L AR 50 ng/mL

— BB SCHR R KA B 10 475 ELRE A 1CP-
MS 5, T K R B S A il 1) 35 2 /0 (HIE AN g
58 4 1M BR B PR RO, AN BT R 22 I 185 1~ L B 4
1l S5 9 T, 7 52 B T ORI

AR FBR HE TN A, BT AT 19 B A 30 L R
SR P S A TE kAR A R 2SS AR S R
fil 14 W) 7 L 225 PR T 45, 6 A I f £ ) 1) S K & X
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A S B AT AR o T o N 3 B A S ) A o i
SR, FHF 40 BT A TR) 35 4% 1) o b oA 0 o o LIRS
PR ) B 1Rl 3 2 0 R 5 1) TP A Cu
Zn Pb Cd Ni Fl Cr {45 4 5, B H B2 Sk 100
we/L, Az &4 200 600 800 F1 1 000 ng/L, H 4 =
(1) 8 B OO ATV,

CW, +Cy V., =C,. (W, +V, /1000) (1)

AR &, 43 5 71 580 Ax & 2k 200,600 800
F1 1000 ng/L By fNARAKFH .

n+l

V, = 1 000W,/499 (2)
V, =2 000W,/497 (3)
V, = 1000W,/496 (4)

V, = 200W,/99 (5)

SE AR AT R O, B TR
b F B AR R A 8 2L H R 10 £ 1Y B A
mn, FE A i 10,004 7 g5 A6 0 R HURE i B8 | TE
PR R AE A i W, 9.025 6 g MR (1), bz
I 200 ng/L AR HEG AR B R V, =1 000W, /499
=18.1 pLy DIgL2KHE, W, =8.044 7 g, V, =32. 4
pL;W, =7.066 4 ¢,V, =14.2 wL; W, =6.089 1 g, V,
=12.3 plL,

2 HRS5WRR

2.1 ZWHER
AR N A 325, 2200 07 i i 55 =X A7 4 4R

VOBHINEE NN IR VN EPS EE S

1 RN ERR M f &

Table 1 Calibration curves of standard addition method
gt & LA I RE R
e y =0.003 4x +0.005 6 0.999 1
2Cr y=0.061 5x +0.083 4 0.970 9
3er y=0.006 7x +0.011 5 0.967 5
FNi y=0.147 7x +0.052 0 0.999 2
ONj y=0.051 9x +0.017 2 0.976 5
Cu y=-0.0520x+0.3710 0.999 5
“47n y=-0.816 3x +1.297 1 -0.999 7
Cu y=-0.021 1x +0.178 4 0.991 0
Zn y=-0.511 0x +0.807 7 -0.9752
"cd y=-0.003 1x +0.002 7 0.999 9

(206.207.208) p}, y =0.006 0x +0.006 9 0.999 6

Cr PNi P Cu M Zn 0027209 pyy Mg i i gl
2 HAT B AR S A5G R B R > 0,999, gk
KA NaCl Mg®* [Ca®" SO~ 1 K™ 4585 1 X 42 )@
B R A T, 07 1Y NH 6 Cr 7R A T
PNa®Cl1.%Ca" 0 % Ni 74 T4k ;7 Na¥’ €1, P Mg™ C1
NI FE A T4 Ar Na,* Ca” Na %% Cu P24 T
o5 A Mg AP NaH 22 %8 Zn 77 A 4000 5 b ofe
A DR A 5 R o R A 1 [ — 1k, A 05 45 17 b ok
DK B 4 8 T R T

RESh T BRI R 00 4 R L3 2, kR
HIIA 0500 g/ L A vff ) 55 (0 BF i a0 AT 05, A i
A E 3 U, IR A 45 R LK 2,

T2 HREMNENNESER
Table 2 Test results of standard addition method

B 0.500 pwe/L 7 4 5

L PRRE mIk m2m o BIK MR
TRl mEM WEE WEE R
(bl (u/l) (/L)
Cr 1.77 2.18 2.25 2.22 90
Ni 0.339 0.862 0.817 0.848 101
Cu 0.650 1.19 1.27 1.24 116
Zn 8.67 9.25 9.18 9.22 110
Cd 0.201 0.711 0.725 0.707 103
Pb 1.04 1.59 1.68 1.64 118

AR e B 2 W R P A ) R L
TEIR 125 43 B ob 80 050 S L A) LG Y 4G n 3
60% ~140% , BT AR [] 5026 52 56 vl e S 30 25K

{6 FFLRE B 1 AMORR VA 32 4 o B o R T
SRR S 2 (T R T SRR i 2) AT E 9 WK,
H SR T AR SR AE S P RS R R
W ATGAT 43 B, e A 4 R W3R 3. W OR % AR
1.2% ~4. 8% ZIA], i /& 55 3 BE 5K o i REUTRE /K )
B3 ( GB 17378. 4-2007 ) il 42 52 b BE & 2, Cr o Ni,
Cu.Zn Pb Fl Cd W 7 (4 9 WP {E 5 5 Ry 1.02,
1.40.0.962 9. 86 .1.22 F10. 149 ¥ 2 Fh oy defif ¢ 1
5 ,Cr Ni, Cu.Zn Pb # Cd [ ¢ £ 55 &5 5 5 5~
1.56.1.27.2.07 . 1.11 ,1.96 F1 0.591, # """ wf
H 1y 050y =2.26, LA I ¢ Kp 35 25 5 0/ F 2,26, 1K
2 I E Ty vk 22 T E X (P>0.05) , RITA] LY
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Table 3 Results of precision with this method
AL 35T Cr Ni Cu Zn cd Pb
BI{E (pg/L) 1.06 0.531 0.984 10.1 0.151 1.13
i 0.032 0.009 0.011 0.307 0.004 0.067
AR AR AR 25 (% ) 3.1 1.7 1.2 3.1 2.6 4.8
i 0.130 0.319 0.171 1.532 0.313 0.137
[IE35°3 -0.426 -0.070 -1.26 1.82 -1.09 -0.826
JME (/L) 1.0 0.517 0.968 9.88 0.145 1.04
PEAR . and application for seawater analysis. Hangzhou ; Doctor Dis-
2.2 KRR sertation of Zhejiang University,2005 (in Chinese)
2.1 IS S B B R o A T K (2] farss ik, VE40 . F F 58 ICP-MS o B4R RN Y 2
PR T8 Cr NiLCu Zn Ph A Cd EB e s R 20042312 22322237
N, § He Man, Hu Bin, Jiang Zucheng. Stepwise dilution method
BLUR RS H K for the study of matrix effects in ICP-MS. Chemical Journal
HRAR [ 2GR R A5 0027 22 (TUPAC) XE A of Chinese Universities,2004,25 (12) ;2232-2237 (in Chi-
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