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(ICP - OES) Bl Bf | & 8 B % B R XK P 11 FF Tk B0 & (47404548 7L N AR S0 AP 4k Fo BRBR AR ) 69 4T 7
o ARG ILM B X T AR R RIR B L F W R BT, RO R 1% BB SR, 2 5 Bl eFIE A 11 A
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1 S8y
1.1 88 B TARAA:

Optima 5300DV HL JEHE 15 45 25 114 & S 1% A
([ PerkinElmer 28 7] ) , 2R A+ 538 X 55 b4,
I R U S =% 4 (A WA N S N (577
3700 m) ZYCGRIG ML LE , B T 4088 def: TAE &A%
D) 1350 W, R EI R 15. 0 L/min, B B <0
0.20 L/min, Z LS Fi e 0. 67 L/min, JEFE 1. 50
mL/min, ZAL % 7 105 kPa, F0fE] 2 ~ 10 s,

1.2 2250

iR (p =1.42 ¢/mL) LKA EhFR (p = 1. 19
g/mL) {4l

2 ICF AR A Fn WA 28 T WA - 36 PR AH O VR B A A
UEVR S ARE I FRAR A W, T B 2 I R ik 2
A AATRCH S IC R MRS IR O TR & M Z T &= bR
HERG IR . AR I Z 0 R IR A PR IERE A5 7
WaF .

PR 1:As B Fe Li Sr, ¥ 8 100 mg/L; 45
W 2:K,Na,Ca, Mg, ¥ 58 500 mg/L; Hrif 3:
Si0, , #e i Ky 200 mg/L; BRI 4:S0; ™, ¥k iE >4 1000
mg/ L, SHRE A BT 5% 651K o

SCER K BB T K
1.3 PSR B AbHR

A FE DU 2 FH 1 KA R A P R 5% T
BT T RE A 2R, UK R R E 82°C, 5k
Ji£ 1200 mg/L, SRAEZ &5 R M R O EHI, #
iR R HIRFRILFE ERIRIR AT . fiNIRIR L
FER VIR 1 L By 0BHiR R 8 OK R S, 78R
FEBL A 10 mL B2 , (A3 FE SR <2, EhPRIR
FEFER R 1 L B SRDI R 4R b HOKFE ), 76K
FEBLZINA 10 mL ER1% , (HA5AE R IE <2,

2 g
2.1 ikt

AN [7) 2 B0l A OK 2% T80 Y R AT i 22
Optima 5300DV H1 B 5 25 12 1 1A R HOEIE A A
XU LIS, 78 552 B A it 3t H o] AR 35 5 5 3
TEFRIE UL o S 1 ORIES 8 i R AR AR
T E YRR ], AR O vk e R e T R
JEE T RIS LAE R o i, JE R A 1A R Y
WA 2 75 I 0 2R 0 A B A FOULI A5 508 - As
188.979 nm, #li[a] ;B 249. 677 nm, i [] ; Ca 317. 933
nm, 21 ; Fe 259. 939 nm, fli[7]; K 766. 490 nm, £
] ;Li 670. 784 nm, £ [n] ; Mg 279. 077 nm, 2 [n] ; Na

589.592 nm, 421 ;S 181.975 nm, il i ; Si 251. 611
nm , i [7] ;Sr 407. 771 nm, 12[] .

2.2 Jiibke R B f el

TEVESE AR AR IE T OPRE 25 F AT 10 Y&
ZEE , LA 3 B AR (R 22350 Hh ik i A BR >R
3 AFR H FRAE D 75 I I 5E TR R, LABRE i £ 1 B
VR 7 AN E BBR . J7 i A BR (0. 0006 ~
0.0162 mg/L) Jei7E [ WA 1o £E 52 Pk dh il ik
SRR AR R AT R S DT T E B, AT AR
SE PR DU A i AT R R

1 JTIEK R B A

Table 1  Detection limit and measured range of the elements
S FrifE R IR - TR R
(mg/L) (mg/L) (mg/L)
As 0,1,5,50 1.0000 0.0102 0.031 ~50
B 0,1,5,50 1.0000 0. 0057 0.018 ~50
Ca 0,5,50,100,500 0.9992 0.0054 0.017 ~500
Fe 0,1,5,50 0.9999 0. 0006 0.002 ~50
K 0,5,50,100,500 0.9994 0.0252 0.076 ~500
Li 0,1,5,50 0.9999 0.0012 0.004 ~50
Mg 0,5,50,100,500 0.9996 0.0162 0.049 ~500
Na 0,5,50,100,500 0.9995 0.0162 0. 049 ~500
S(S037)  0,50,200,500  0.9999  0.078  0.24 ~500
Si(Si0,)  0,10,20,100  0.9998  0.0036  0.011 ~100
Sr 0,1,5,50 0.9999 0.0012 0.0036 ~50

2.3 JikhksiabBeR Ak &

A3 I H 22 1 S5 st HOK JEURE K R R R AL A, F
AT INBR S50, S e, 38 2 i g R
AL, AR B AL AR I As IRl %k 95. 5% ~105.8%
e TFJERE AR 2 i 2% 93. 5% ~ 108. 0% , 13 B 5% i
ICP — OES X b FoK 147 0 7 1 7 ok A B2 mT LA A
FIRIE

HUH 2 5% H oK il B FR AL A, ] — 52 55 25 [+
—AERAS TR B [RGB 2 10 KRS TR &
AR BRI 25 (RSD ) o B3R 2 43 #r 4 Rl L, 45
JCEI RSD ¥/NTF 6% , L HHA I iR 2% AT
2.4 JiiklbxiAss

H T /0 b RO K v A B A A o A, TRt
SRR )y 3 D0 52 45 21 B X6t 1) Jr OR300 1CP -
OES [ B i e st o 36 0F 7 A s R K 5
K5 77i%) (DZ/T 0064 ) : K Na Li Sr Fe % H i+
W SOETEE , Ca Mg SR EDTA Jif 7%, B R H #&
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W — B RE 1, As R R T 980616 %, Si0, 2R H
FERHE L @3k, S0, RITTBS T @ik, k3 /0 hr
SRR AL, ICP — OES 5 1% 48 J5 i 2 #4254l 2k A
Wi o
2.5 Hipokep SO M

H T KR Tk b S FZLL SO, TR AT
15, HAWIE A5 1 S & BR B Z B [ €, R H
ICP — OFS ] 2 3t 27K At 7K v 9 424 30 (LA

SOL™ AR KGRHE T 53h7JE 1, 5 FL ] 3RAF At
RIS 0 T R B FE 0 % P MG DX 3 1 SR R 5T
R, MUK PR S AT (3 4, AL
FEMAE DZ/T 0064. 66—93 (b T /K B 46 /5 ¥ Al it
IEBRALY) ) R ICP - OES 34132 i) SO;~ &5
Fefiims, o T BRIENRA S5 R HE R, R ICP - OES
PRI MoK Hh B SOL ™ I, 3 i 22k R K o
) 8O3 ik, AN s =pas ~Prstens o

2 JiiEIBRIRMBCRE ARG
Table 2 Recovery and precision tests of the method
e T JJi?ﬁ popm—— e JJDFLA{J %%E# —— R AR WERE WETHE RSD
e 3 (%) ARATHEEWESE PSSR (%) (myL)  (mgL)  (myL) (%)
(ng) (ug) (pg) (ng) (ng) (ng)
As 33.4 20 52.1 93.5 37.4 20 56.5 95.5 1.80 1.92 1.86 2.0
B 744 100 851 107.0 764 100 864 100.0 35.2 40.6 38.2 4.5
Ca 1516 2000 3452 96.8 1496 2000 3612 105.8 69.3 77.0 73.9 3.4
Fe - - - - 13.2 20 34.3 105.5 0.59 0.71 0.66 5.4
K 552 200 744 96.0 544 200 736 96.0 25.7 29.1 26.9 3.5
Li 45.6 20 67.2 108.0 44.8 20 65.8 105.0 2.14 2.35 2.24 3.0
Mg 77 200 287 105.0 75.6 200 285 104.8 3.59 4.03 3.73 5.4
Na 6600 2000 8546 97.3 6540 2000 8502 98.1 307.5 348 324 4.2
S(S037) 5320 4000 9339 100.5 5460 4000 9421 99.0 260. 4 281 272 2.7
Si(Si0,) 1570 800 2422 106.5 1572 800 2410 104.8 73.6 79.7 77.5 2.7
Sr 44.2 20 63.6 97.0 43.6 20 63.7 100.5 2.05 2.29 2.16 3.3
#63  ICP - OES 5ifkg Jjjikille 85 R b
Table 3 A comparison of analytical results with ICP-OES and traditional methods
JER & it (mg/L)
I J5 5 .
As B Ca Fe K Li Mg Na S(S027) Si(Si0,) Sr
AR5k 1.87 37.3 74.8 0.65 26.8 2.21 3.89 348 269 79.5 2.22
&5 )51k 1.83 36.8 72.0 0.61 25.9 2.33 3.84 367 284 83.4 2.35
TE:B . Ca Mg SO~ Si0, X Hoill 5 R FH JERE , FEAh oo 2200 5 R AR R R AL AE
4 VG TROK B S A
Table 4  Sulfur distribution in some geothermal springs of Tibet
AT R By —— TR (SO™)  BhAk#n(s®) W 5E 22
% (mg/L) Hht(mg/L) (%)
ISR PRI Na - HCO, - Cl 70 0.48 1.9
HZ R FLBE X Na - S0, - Cl - HCO, 279 0.57 0.6
e Rip=H X Ca —Na - HCO; 48.5 0.21 1.2
IR SR AR BRI IX Na - Ca - HCO;, 12.6 <0.02 0
i LA X Na - HCO, 33.6 0.06 0.5
R 5 LI X Na - Cl - HCO, 40.4 0.72 5.0
IBZ TR I HL X Na - HCO, 10.6 0.18 4.8
LR B HEL 3 [X Na - HCO,4 87.8 4.18 13.4
B A R A U 3 X Na - HCO, 79.1 0.84 3.0
A ik H % 0] b [X. Na - Cl - HCO; 19.3 <0.02
B AT R W 0] $h X Na - Ca - HCO; - Cl - S0, 333 <0.02
A4 IR AR E A X Na - HCO, 44.9 0.03 0.2

T AR B A U5 T 1] e B 2 5 M 4 20T 1 ——— 74 e 2t A0 Pt FAOK B R 2 A IS (201211035 )
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A AR UE AR WA K R TOOE LA
7 W RV R 301 25 2 77 A AR A, B fd 73 A 25
DR AR H TR L T ) S AR A AR R
AR ORIy 2l BE P DUTE W T L A R
R TEEFASE S A A2 AL, D9 Rl BEQRIEAE AR fRER
P AR SO RE i B BRAT AT ORI T 14T T BF5E

IR JEURE (1% FHIRIRILRE |1 % hRRIR LA 2t
FTIESE S JH BT HE (RRALKE X D RAE B 1 Ak
AEEE) o MHAZRXS F 7R, 72 5 A ] A, M HRoK
FIBR As B Fe Sh At 8 B il 02 ) JUkE (R AL
PRSI A TO2E 575 As (B Fe JEUREIN IR 45 5 BA
RALTRRACEEINREE R (18] 1), X n] B2 i Rk
Ja sk As (B Fe =0 5 Fili 3 PRI 1448 AL 7K i
DUPE B 70 A BE R ThT L W R FSCAY 5 7 S TN Ja) Py
JEURE R Fe [ JEE AR AR 7 WL, 7626 2 RIBURENA Y
HUHH LR LD L UUTE, 7E 50 14 KR AS 3k 2 f (% {E
(& Te) o PMRAEHRXTEEFR BT, B AR AL T B5 1k oo
IKA DTE e B IR S 45 3 B P 2R /D BRGR, B A 15
JUEIRPEAE S JA (1 DRAT- Ik 8] P DI S e 5 A R 7R
POKAEREE AR ZE A K, 55 5 18 H Al 7T 2 Ayl
TEFEAE R ] ICP — MS 350 5 IR BR A 5 ol BEAT
FETI, L REHE 1% R IR AT o BAKAE il 19 R AT
It

IrAIXIEAE (1% THPRIR HAF: |1 % Sh IR IR HAs it
FTIESE 5 JA RN FLE, BRALRE 2 R B R AL
AL B ROK A AR I TR 114 e JRE BB R AT I 1] 7R
PETEOL IR 1o al DI Y, 3Ok 25 4173 WL BR
As B Fe fb, HA TR A9 JERE RACEEINA S R AEA
JZESt o As B Fe JEEEINASS R U] AR T R AL AR
AR (K La b d) , X Al RERE i1 TR AR e o

As B Fe =RlnaR Hiid PR 10 AU K T B 1
PRBES LW B AR S TR Py R
FEFY Fe B2 FEARAR T WA A2 , 7255 2 JRIBUREIL A il
HBLBRLL G UITE, 7250 14 R FEA I 2 SR il AH (&
1d) o PSS SRR b R, B ah R AL A Bj 170 5K
FEFICTE e BE IR B 45808 JE Y S DB, BT A Rl o0
RUSLAE S JH g PRAT I 18] 3 G 8 5 P RH R 1k
IKAEIMNREE RAHZE A K, £85I A TR A 2
Rl e 2R A1 ICP — MS 350 5E IR B A 5l REAT1E
T, R 1% AR HUEAOKAE A PR AF A S o

4 4hiie

ARICHESL T ICP - OES [l i 7 P4 i H 223 5%
HoARoK R 1T A 32 R G AR (B A B 1 0 L A
BRANGRIRAR ) 173k, J5 16t BRATG  HER 5 w5 RS
WL, GG TR S R AW & o th T P
HRoK bt A LA B S 3t B PR R R AR
A S ZE DA T AT s M BAORRE Al PR A R
SRR 1% FEFRIRICKAEALE S JA I 18] N TR & i
AEFE W E A AT AR AT RE SRR,
TE PR SR ) 7K SCHLBR AL BT AR A3t T R T 5
Bl
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Fig.1 Concentration of As, B and Fe in geothermal waters in different storage time
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Determination of 11 Major and Minor Elements in Geothermal Water of
the Riduo Hotsprings from Tibet by Inductively Coupled Plasma-Optical
Emission Spectrometry

WANG Zhu'* | LI Ming-li'*, SHAO Bei'* , ZHUO MA Qu-xi'?, JIANG Zhen-zhen'? ,
LIU Gao-ling'*, DUO Ji°
(1. Central Laboratory, Bureau of Geology and Exploration of Tibet Autonomous Region, Lhasa 850033, China;
2. Lhasa Supervision and Inspection Center of Mineral Resources, Ministry of Land and Resources,
Lhasa 850033, China;
3. Department of Land and Resources of Tibet Autonomous Region, Lhasa 850000, China)

Abstract; Geothermal water in Tibet has a high degree of mineralization with abundant mineral substances.
Simultaneous determination of potassium, sodium, calcium, magnesium, silicon, boron, lithium, strontium,
arsenic, iron and sulfate radical in geothermal water of Riduo Hotspring by Inductively Coupled Plasma-Optical
Emission Spectrometry (ICP-OES) was developed in this study. Analytical conditions were optimized by application
of two-way observation mode to ensure simultaneous determination of the multi-elements in geothermal water. In
addition, geothermal water was preserved in 1% nitric acid and the results of 11 elements after five weeks are
stable. This method has a detection limit of 0. 0006 —0.0162 mg/L, recoveries of 95.5% —105.8% by standard
addition, and relative standard deviation ( RSD, n =10) of less than 6% . The analytical results were in good
agreement with those obtained by traditional methods. This method provides a number of reliable data for
hydrogeochemical research on geothermal water in Tibet.

Key words: geothermal water; major and minor elements; Inductively Coupled Plasma-Optical Emission

Spectrometry ; preservation medium; preservation time; nitrate
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