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Determination of 24 kinds of metal elements in purified water
by inductively coupled plasma mass spectrometry
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ABSTRACT: Objective To establish a method for simultaneous determination of 24 kinds of metal elements
including TI1, Ba, Sb, Sn, Cd, Se, Cu, Ni, Co, Mn, V, Ti, Cr, Mo, B, Al, Zn, Fe, Mg, Ca, As, Sr, Hg, Pb, etc. in purified
water by inductively coupled plasma mass spectrometry (ICP-MS). Methods Water samples were detected by
ICP-MS after acidification (HNO;). At the same time, the linear relation, accuracy, precision and limit of quantitation
of this method were investigated. Results It showed good linearity and the correlation coefficients of 24 kinds of
elements were all greater than 0.999. The detection limits were obtained between 0.003~0.8 pg/L, and the limits of
quantification were between 0.01~3 pg/L. The recovery rates were between 87.0%~117.0%, with the relative standard
deviations (RSDs) between 0.090%~5.527%. Conclusion The established method is simple, rapid, accurate and
sensitive, which is suitable for the determination of metal elements in purified water.
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PG o B R A S5 B T R T (inductively
coupled plasma mass spectrometry, ICP-MS) T H 7 5%
L K ERAG . SMTERTE . FLABAE SCBZ o0 K W R
EHMLE, BaiC g e ATER . B2, WEE. HR
AL

AWFFER ] ICP-MS B4 € T4 K b TI, Ba,
Sb, Sn, Cd. Se. Cu, Ni, Co, Mn, V. Ti, Cr. Mo,
B. Al. Zn. Fe. Mg. Ca. As. Sr. Hg. Pb % 24 fi 4@
TLEM SR, IR A I, BER T IR
HOKE RS Rt S

2 MHEREE

2.1 X5

iCAP Q HLEHEA 55 TR FTIE L (32 1E Thermo 2%
A]); Milli-Q #i4li /K R 4t (3 [E Millipore 23 F); R H 4l
KRR F Al 3 A o

TSR (R al, TR &3 2= I A R A wlD); TI.
Ba., Sb, Sn, Cd. Se. Cu., Ni, Co, Mn, V. Ti, Cr,
Mo. B. Al, Zn, Fe, Mg, Ca. As. Sr, Hg. Pb %
TCEFRER R GEIE N 100 mg/L, ERIRHED b O):
WHRICZE: Sc. Ge. Rh, Bi (WEJ 1000 pg/L, FHFHHx
VT ).
22 WA
221 Hepara

FHEK 10 mL, A 1 ERSER, IRIERS), £,
222 ICP-MS T4

1.0 pg/L RO R A T AL, HAufk 2
B 1,

1 ICP-MS HIUHESH
Table 1 Instrument parameters of ICP-MS

(&2 SR
SR EE (W) 1500
LB RS R (L/min) 15
S (L/min) 0.80
B B U ik (L/min) 0.40
FALERE(C) 2
FALA A1k as
TREHE AR B4
SRAERI Bkl

223 AREERG A S N AT RE

B I Z o0 R UERG I, F 2% SRR R A
B, 15TV EN 2~50 pg/L MIFRHEISTR . NFRTCE Pk
PNZSTRNICR B B, /%S Sc. Ge. Rh, BifE
HNFRTCER, F 2% TS RRvE O B 2 ARIE 2 TR B 20
pg/Lo S 2.

Fz2 4T ERAMRTENIEE
Table 2 Selection of internal standard elements of 24
kinds of elements

TLRA MRS R
B. Mg. Al. Ca. Fe Sc
Ti. Zn, V. Cr. Mn, Co. Ni, Cu Ge
As. Se. Sr. Mo Rh
Cd. Sn. Sb., Ba, Hg. TI. Pb Bi
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FIAE R REEIRTF 0999, MELLIE S AW 11 Ik, T
24 FhoTE M bR 25, THEEAF B0 5 A B R (limit of
detection, LOD)F1%E & R (limit of quantification, LOQ),
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Table 3 Linear ranges, correlations, LODs and LOQs of trace

elements
TR AN (EESE izt B E R
#FE (ng/L) #Hor? (ng/L) (ng/L)
Tl 5.0~50.0 0.9991 0.003 0.01
Ba 5.0~50.0 0.9997 0.02 0.08
Sb 5.0~50.0 0.9995 0.005 0.02
Sn 5.0~50.0 0.9999 0.008 0.3
Cd 5.0~50.0 0.9992 0.01 0.03
Se 5.0~50.0 0.9995 0.04 0.2
Cu 5.0~50.0 0.9999 0.01 0.03
Ni 5.0~50.0 0.9998 0.01 0.05
Co 5.0~50.0 0.9991 0.003 0.01
Mn 5.0~50.0 0.9992 0.004 0.01
\% 5.0~50.0 0.9999 0.008 0.03
Ti 5.0~50.0 0.9997 0.02 0.05
Cr 5.0~50.0 1.0000 0.01 0.04
Mo 5.0~50.0 0.9999 0.003 0.01
B 2.0~12.0 0.9995 0.1 0.4
Al 2.0~12.0 1.0000 0.2 0.6
Zn 2.0~12.0 0.9998 0.03 0.1
Fe 2.0~12.0 0.9998 0.06 0.2
Mg 10.0~50.0 0.9999 0.2 0.5
Ca 10.0~50.0 0.9996 0.8 3
As 10.0~50.0 0.9993 0.4 1
Sr 10.0~50.0 0.9997 0.2 0.6
Hg 10.0~50.0 0.9998 0.2 0.6
Pb 10.0~50.0 0.9999 0.1 0.4

x4 FAEEWERRBEE(N=9)

Table 4 Recoveries and precisions of the method (n=9)

JCRLR [T (%) RSD(%)
Tl 96.6~103.0 0.096~0.178
Ba 97.0~100.3 0.513~4.922
Sb 102.5~110.0 0.440~1.105
Sn 90.5~104.6 0.618~0.702
cd 105.0~109.0 0.143~1.467
Se 98.5~103.0 2.398~5.527
Cu 100.0~101.5 0.525~2.046
Ni 92.3-96.5 1.286~5.490
Co 104.5~105.0 0.302~1.152
Mn 102.7~107.5 0.377~1.075
\% 102.5~104.8 0.229~0.582
Ti 87.0~101.5 1.032~4.257
Cr 88.8-100.2 0.377~0.487
Mo 98.5~102.8 0.933~1.926
B 99.6~100.2 0.666~2.113
Al 96.3~101.1 1.433~4.000
Zn 93.9~117.0 0.807~3.146
Fe 87.8~104.8 2.913~5.125
Mg 96.1~110.1 0.690~2.012
Ca 99.8~109.6 0.817~1.544
As 103.7~104.6 0.650~0.819
Sr 100.4~101.3 1.273~1.671
Hg 89.2-96.7 0.090~0.300
Pb 92.9~100.0 0.446~0.768

3.2 [EWRERFIEEE

TERESRI, S 3 Rk BEARA B bR v VR AT
FEEWE 9 W, HAIFR RN, BOLd 1 AR S S
AN AR UE IR 22 (relative standard deviation, RSD)f5 H & % &,
HH# TI, Ba, Sb, Sn. Cd. Se. Cu., Ni, Co., Mn, V.
Ti. Cr. Mo JLEMWItRE N 0.2, 0.4 A1 0.6 pg/L, B,
Al, Zn Fl Fe JLEMINARE N 2. 4 1 6 pg/L, Mg, Ca,
As. Sr. Hg. Pb e KM INAn &4 10, 20 130 pg/L, 45
AN 4 FR, 24 FhOTER (9 S5 FICRAE 87.0%~117.0%Z
8], R A MERGEE B 4F, RSD 7E 0.090%~5.527%22 A,

FUA L RGBT, BEAS T AT R AR .
3.3 HmlE

24 FhOCR M E LSRN 5 Fras. N 5 alIEH,
WHEEOK P S A SR METE, HEEEL, HY Fe
LR S EMH R, HKE Sn, Cr, Sr, BaJtZ, Sb,
Cd. Cu, Co., Mn. V. Ti GE M F=AXTAL, iHAIT
FIE RN R B R & i, RAG L H AT RS 2 Pb.
Cd. As HFREFEFR(Pb<0.01 mg/L, Cd<0.005 mg/L, As<
0.01 mg/L)!'), # Pb, Cd. As SR M & TG B R bRk,
HoAth o0 2R R 28 4 R e v T Y
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Table 5 Determination results of elements in water samples (n=3, pg/L)

LR FEfh 1 Rl 2 Rl 3 Rl 4 FEdh 5 Feib 6 R 7 FEhh 8
Tl <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003

Ba 0.312 0.297 0.342 0.321 0.267 0.359 0.289 0.304

Sb 0.190 0.132 0.152 0.178 0.218 0.196 0.230 0.128

Sn 0.409 0.438 0.382 0.415 0.472 0.451 0.396 0.435
Cd 0.276 0.204 0.231 0.198 0.253 0.221 0.247 0.239

Se <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04

Cu 0.158 0.162 0.171 0.149 0.152 0.141 0.194 0.201

Ni <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Co 0.023 0.011 0.034 0.041 0.028 0.009 0.032 0.018
Mn 0.186 0.179 0.162 0.175 0.159 0.180 0.170 0.168

\% 0.016 0.011 0.026 0.008 0.014 0.030 0.015 0.022

Ti 0.171 0.121 0.221 0.156 0.185 0.192 0.169 0.174

Cr 0.454 0.521 0.491 0.321 0.297 0.385 0.385 0.411
Mo <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003

B <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Al <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2

Zn <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03

Fe 0.806 0.978 1.321 0.794 0.835 1.278 0.963 1.189
Mg <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Ca <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

As <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4

Sr 0.326 0.297 0.313 0.198 0.286 0.327 0.401 0.286

Hg <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2

Pb <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
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