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AT TR AN B PLBE SR o AR A TR 2 SR AL B Y 25
BRI, AR SCTE A7 1o 0 5 R A0 AR 48 AL )
FIXCHLG P2 3R S R, 0058 T 554k 28 B W 2 A
PRI B TAE A& s v A B 4307 2 A0 v I Ak
I R AL |l S0 R e 2 R T8 TR T
ARG A NARICE , ek E R T30 il i
[ (3 25, HE 7 TR I Jy Ry e 1 3% — ),
SEBL T AE v TR DX A P ICP - MS X i B AL Ml
PR H A HORE TT 2 AT BRI E

1 SEUssy
1.1 SeGAE8 . LAk B il

SEBRANAS : DCR — e T HLJEHR A 45 55 1A T %
(& PerkinElmer 23 1)) o A% TAE 2514« 5 45
A 1300 W, %5 it 16 L/min, Hi B <t &
1.1 L/min, Z k&3 7 520. 58 L/min, B T & 55 W &
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S ALEL: 100 mLL 5 296 SRHR , 28 0k T AT
a1 10% FEPRIZ B0, FFUEF T, 2

TS TR - LR 4t
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3% {1 i TR 12 2% i B Ji vk J3 g 010 1,00, 10.00
100. 00,1000. 00,5000. 00 g/ L AYFRIHES
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Table 1  Analytical results of internal control and diluted samples
JLHRMEME (ne/L)
igiii=|
Li Cu Zn As Rb Sr Mo Cd Ba Cs Pb U

NEEEENEE 103.0 106. 4 97.6 102.5 102.1 104.6 97.2 102.0 99.6 103.8 106. 4 98.0

JEREI (A 1968 3.68 7.85 1977 284 1907 0.502 0.294 75.6 1985 0.364 0.172

MR 2 155G 988 1.78 3.97 990 144 961 0.257 0.151 38.3 996 0.188 0.088

Wil s 5 396 0.74 1.61 391 58 386 0.104 0.060 15.4 399 0.074 0.035
2.2 JiTERT PR B I Y

TEVEE AR R AT T, LR MR BRI 3% 2 Jiibkih MBI

DL AERNIR A IR SN SE 12 U, IS A AR I fis
2209 3 A E R A 3 AFAS HH BRAE N D7 I5 O IE T

Table 2 Detection limit and measured range of the method

- e FrUE Z e 5 LEES iz R iRl EreN |
PR, DABRUE N2 1) do e s AR i e B RR . O Si% 3 (ne/L) A (pyl)  (py/l)
R R S A v R DA% 2, AT UL ICP - MS U Li  0,10,100,1000,5000 0.999  0.127  0.381 ~5000
HAR BRI, 12 F g En R e & TR Cu  0,0.1,1,10,100  0.999  0.065  0.195~100
PR T Fe /K A 5% i bR vfE ) (GB3838—2002 ) H Zn  0,0.1,1,10,100  0.997  0.041  0.123 ~100
HIFRAE., BEW 0 Fr ek, As  0,10,100,1000,5000  0.999  0.128  0.384 ~5000
2.3 JimkRIEI R Rb  0,10,100,1000 0.998 0. 075  0.225 ~1000
RS AL (1 MK BE BB 2 | 985 A4 46 St 0,10,100,1000,5000 0.998 0. 067  0.201 ~5000
AR AR MARRSRRE TG i O U T
FERY I3 AE 95. 7% ~106. 5% Z[A] (% 3) . Ba  0,10,100,1000 0.999  0.091  0.273 ~1000
TERAL AR ST BUO K FE—17y , TR Cs  0,10,100,1000,5000 0.999  0.051  0.153 ~5000
10 W, TS A TT R S YA A O B o g 2 Ph 0,0.1,1,10 0.995  0.073  0.219~10
(RSD) , A% kG S SE 32 3, U 0,0.1,1,10 0.995  0.012  0.036~10
3 ik mIBEEFIoR, % AL
Table 3  Recovery and precision tests of the method
BN S K RS
JLE JIk NGRS ks g Jinbr G & &S W v AR THME RSD
(pg/L) (pg/L) (pe/L) (%) (ng/L) (ng/L) (ng/L) (%)
Li 1968 2000 3981 100.6 1985 1957 1965 4.6
Cu 3.68 5 8.53 97.0 3.98 3.51 3.71 4.1
Zn 7.85 10 18. 14 102.9 8.33 7.42 7.76 1.4
As 1977 2000 3957 99.0 1984 1956 1970 6.8
Rb 284 200 477 9.5 204 266 285 6.2
Se 1907 2000 3931 101.2 1921 1857 1893 5.5
Mo 0.502 1 1.567 106.5 0.522 0.447 0.491 5.6
cd 0.294 0.5 0.802 101.6 0.304 0.274 0.288 4.8
Ba 75.60 100 171.32 95.7 81.2 70.5 77.6 5.2
Cs 1985 2000 4003 100.9 2004 1941 1994 6.1
Ph 0.364 0.5 0.848 9.8 0.188 0.149 0.167 4.0
U 0.172 0.2 0.383 105.5 0.392 0.307 0.331 1.2
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5 ICP - OES LX) el 2 45 R nl L&A W,
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- OES [y f th FR# &, X — 2 e R Lk th s |
ICP — OESHYZk M3 % ICP — MS %5, [ I, ICP - MS
A AR A0 R H BRI S DT 2R 1
& ,ICP — OES N T ER|ITR e . Hit,ICP
- MS 5 ICP - OES WFP J5 ik 456 , A) HE 7 s 4K
Hb DX FROK B 73 BT H AR A AR

44 ICP - MS 5 ICP - OES FMLge )i ihille 85 LbsR
Table 4 A comparison of analytical results with ICP-MS, ICP-OES and traditional methods
o JLHEFE (pe/L)
HUVEWIRFS
Li Cu Zn As Rb Sr Mo Cd Ba Cs Pb U
AR 1968 3.68 7.85 1977 284 1907 0.502 0.294 75.6 1985 0.364 0.172
ICP - OES 2021 KK KEEH 1982 263 1992 R KEH 77 1962 R KK
Wik 1933 3.72 7.67 1943 277 1876 0.488 0.307 80.3 1931 0.338 ARH

3 4k

AT L LR T AR A R TR
S M EROK P O G R A RIS, 7 TR
ICP — MS 1 4 e PO (A 12 FoT R 7 i
S A RRY] AT L R AT RE ARAE TR, TR AL T
B A RTAL P AR , 0 45 -5 4 G 07 kAR W)
A, HAH FRAR OR  BE4r  [ml ieR weg 2E0I A
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Determination of Trace Elements in Thermomineral Waters of a High
Altitude Area by Inductively Coupled Plasma-Mass Spectrometry

JIANG Zhen-zhen'” | LIU Gao-ling"*, WANG Zhu'*, LI Ming-li'*, ZHUOMA QU-xi'",
SHAO Bei'*, DONG Rui®, WANG Wei®
(1. Central Laboratory of Bureau of Geology and Exploration Tibet, Lhasa 850033, China;
2. Lhasa Supervision and Inspection Center of Mineral Resources, Ministry of Land and Resources,
Lhasa 850033, China;
3. Chaidamu Qingyuan Fan Mei Technology Co. ILtd, Chaidamu 817000, China)

Highlights .
* Simultaneous determination of 12 kinds of trace elements in thermomineral water with hypersalinity of high

altitude area by Inductively Coupled Plasma-Mass Spectrometry was developed.
* The radioactive element uranium in thermomineral water was detected.

* The combination of ICP-MS and ICP-OES can establish a system of analytical techniques of thermomineral water

in high altitude areas.

Abstract; The mineralization extent of thermomineral water in Tibet is relatively high, together with high altitude
and low air pressure, resulting in the differences in the working conditions of Inductively Coupled Plasma-Mass
Spectrometry (ICP-MS) and Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES) between Tibet
and low altitude areas. Therefore, the measuring method in low altitude areas cannot be used in Tibet. By
optimizing the working conditions of the instrument, adding internal standard, and establishing an interference
correction equation, the influences of low pressure and hyper-salinity are eliminated. Simultaneous determination of
12 trace elements in thermomineral water by ICP-MS was developed in this study. At the same time, the radioactive
element uranium in thermomineral water was also detected. Correlative factors of the calibration curve were all
above 0.9995. The detection limits of this method were 0. 012 —0. 128 wg/L, the relative standard deviations were
1.2% -6.8% , and the recoveries of spiked samples were 95.7% —106.5% . Combining with previous findings of
this program, ICP-MS is more suitable for measuring trace elements in thermomineral water of hyper-salinity, while
ICP-OES is suitable for the determination of major elements. The combination of these two methods can form a
system of analytical techniques of thermomineral water in high altitude areas.

Key words; Inductively Coupled Plasma-Mass Spectrometry; high altitude area; thermomineral water; hyper-

salinity ; trace elements
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