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Determination of Mineral Elements in Thermal Mineral Mud from
Tanggangzi Hotspring by Inductively Coupled Plasma-Mass Spectrometry
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Abstract; The mineral elements in the thermal mineral mud samples from Tanggangzi hotspring were analyzed.
The thermal mineral mud samples were decomposed by microwave digestion and the elements of Na, Mg, K, Ca,
Fe, Zn, Mn, Cu, Se, Ge
coupled plasma-mass spectrometry (ICP-MS). The results showed that under optimum conditions, the detection
limits of the method for these elements were in the range of 0. 0002799 ~ 14. 66 pg/L. The recovery of the
method for these elements was 91.1% ~108.2% with precision of 0. 18% ~6.20% RSD (n =6). The resulis

also indicated that the thermal mineral mud from Tanggangzi hotspring contained abundant of mineral elements.

, Mo, Cr, Al, Ni, As, Hg and Pb in the samples were analyzed by inductively
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1.1 Qe Table 2 Microwave digestion procedure
Agilent 7500A A JBB A 25 5 TR i3 (26 g i PRAFITH] THiRFE (S

[ Agilent 2 7) ; WR/BP — 3TC 75§52 i i Bk ~ @T  min »(TomnT) PR

AR G (AU AU SR 2 A A BR A R ; ﬁg ; z ;ggg

1.2 il A A0 3 180 5 8 2000
TRAPRMERR : 1 1000 pg/mL B—JCR Ak &

e (IR0, T RSB RUBL DR 1 a3 g

i) H ¢ =5% (RFU 8L, FIA) i HNO, Fie i BLIR
BICERREE W, Na Mg K .Ca Fe:1.0.2.0.5.0.,
10.0.50.0 mg/L;Zn Mn .Cu . Al: 0.0.1.0.2.0.5,
1.0 mg/L;Ge Hg: 0.0.0004 0. 0008 .0.002 0. 004
mg/L;Se Mo .Cr .Ni As Pb:0.0.002.0.004 .0.01 .
0.02 mg/L,

TRAPIFRAT:1000 pg/L Sc.Y [RRARER R

BV 10 pg/L Li\Y Ce T1,Co BITR A
FRIETR I o

# HNO, \H,0, \HF At sl (b mfb 1))
S FHZK A 4K o
1.3 S0 AENN

D TR 2008 4F 10 A ZHd PR
1.4 985751k
1.4.1 [UE&SEmhik

FRB R R O A AR 2 A R T A R
TR AR OBUHLAT SN BER A5 TS B 18 B
R UBSE TR 1,

41 ICP -MS U T3
Table 1  Operating parameters of ICP-MS
HiH TH2H HH TH2%
RF S o 1300 W RFEREA SE R
Fiba Fidh EEEYZEN g
A 2%¢ BAFRME 0.1~0.5s
FEE (A—fRAl) 2.5 mm ARGl || I /0 38
TR/ 1.0/0.4 mm Bl | B ER/N
B 3 2 et 0.11/s JERBUMSE]  0.3~1.55
TR A 0.0267 Pa SRR Bkt BEAL(P/A)
WS (ER) ikt 12 L/min BT HER 0.65~0.8 u
B i 1.19 L/min At <0.5%
SERETRE 7.5 mm R ff <2%

1.4.2 FEg b

G AR IBURE & B T TH A R, AL 5. 0 mL
HNO, 1.0 mL HF, %% 1 h J5#3 2 @@ BF ot
T e 18 20 25 LUB 27K € 45 2 50 mL, fif
W, [ AR s 0

TERAC A B 25 1F T A E TT 1%, 5 ATEZR
PRI LI AR TE TC 3R REBUEE ARG 1A 2=
E PR ETE T a2 RE Sl P i R 9 S
F RIS NARE E TR, JFAR SR ME T FE it
SRR A LRI

2 g5
2.1 Tk

W H ICP - MS #4584 240 R s P Ak
JFRETE . BT R R R R R T
F R Aar SR AIAE , 0T DAE A RS A g A T
POREIE R PR o JE B TP 2ok A 3
P e 8 FH AR DG JE A AR vE ) T s R A
T BAEBR . A L5038 I R A 1S i I E T
R ZE RN ETTR Y IR TR
IE T R FRA A ES S5 A S R AR T, JIr 228 I
TCREMFEMRE W3,
2.2 KEEJIRE

MEWETTRE AR R BB L FR 3. 17 PPt R K
TR M R AT

3 JUHBHETT R AR R

Table 3 Calibration equations of elements and correlative coefficients

JLE N M || L& N LiiES
iz PR e PR gy
- 3,
BNa “1]61251 Xll(())z“ 0.999| Ge  y=15.19x+0.1197 0.9979
. X

Mg y=5.726 x10% x +25.16 1.0000|| Mo y=19.75x +1.282 x10~* 1.0000
YK y=72.72x+92.66 0.9988| S2Cr y=13.68x +2.608 x10 > 0.9995
w“ y=0.1927x + 2 y=6.251 x10%x +

y 1. 1.

Co ) or 102 0000|| 27Al 3108 0000
5 y=2.888x + won. ¥=27.32x+

Fe 0.2004 1.0000|| ©Ni Lls7xi0-2 09994
65 y=8.409x + 754, y=8.885x -

I opxip-r OO0 A Lagxiot 09
ss y=1.335x10%x 208 y=1.611x10%x +

Mn 00812 0.9999|| 208p}, 0 1082 0.9996
63 y=35.51x+ ! 202 y=13.87x+

. .9997

G 304x102 0000) He © 5 pg4xpo-r O
© y=0.6253x -

e smyioos 9999
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I RE — 2 R BE AR ETR I, B 48T IR
A4 LRI, I (R Y A X AR fE i 22 (RSD,
n=6)#0.18% ~6.20% ,
2.4 JilkKm

PAIRE a2 1 (5% B HNOS ) A by 22 250405
G ITER IR (30,0 =6) , 3 5 BRTREK R
40.0002799 ~14.66 pg/L,

B4 iU

Table 4 Precision test of the method

Wi WRRTGE BRI p/(pg L7

~ . RSD/%
E ew/(ee L) ARWEE T R

BNa  Se(1000) B3 178 AR s 0.4

1742 1736 1740

580.4 597.3 93.5
b (1 2 . .
Mg Se(1000) 5994 5872 595.6 593 597.8 0.9

166.4 157.0 158.9
39 ;
K Se(1000) 1615 155.9 163.8 160.6  165.4 2.53

0.2169 0.2157 0.2163
4“4
Ca Se(1000) 02172 0.2163 0.2139 0.2161 0.2197 0.54

3.087 3.091 3.085
57
Fe Se(1000) 3075 3.088 3086 3.08  3.097  0.18

0.8927 0.9174 0.9267
6 Y(1 19290 0.9101 5.5
Zn (100) o o1 rom ogpy »OP0 09101 558

130.4 1317 129.5
55
Mo Se(100) D bl o 071825 09

3.605 3.654 3.641
63
Cu Y (100) 1550 3618 3578 3.614  3.625 1.10

0.002281 0.002201
0.002298 0.002278  0.002258 0.002296 2.13
0.002192  0.00229%

82Se Y(4)

0.4266 0.4182 0.4257
7
Ge Y(20) 0.4146 0.4283 0.4177 0.4219 0.4235 1.35

0.3942  0.3953 0.3936
95
Mo Y(20) 0.338 0.391 0.3955 0.3948 0.3951 0.26

0.2936 0.2958 0.2993
2 n
Cr Se(20) 0.3053 0.2931 0.2947 0.2970 0.297 1.56

88.65 91.21 95.54
27 "
Al Se(100) %.37 BT N8 RN.63  9.59 3.2

0.5567 0.5128 0.5392
6On-
Ni Se(20) 0.5679 0.5770 0.5564 0.5517 0.5580 4.15

0.1725 0.1656 0.1598
TN
As Y(20) 0.1549 0.1768 0.1824 01687 01763 6.20

3.323 3.307 3.275
208 ; 3
Pb Bi(20) 3231 3458 3693 3.381 3.330  5.05

0.2835 0.2746 0.2683
202 :
Hg Bi(20) 0.2646 0.2882 0.2933 0.2788  0.2807  4.09
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Table 5 The detection limits of the method

e il e Rtk (e iR
JEE Ly/(pg- L)) EE Ly/(pg - L7|[ 8% Ly/(pg- L7

BNa 0.5937 5Mn 0.08665 ZAl 5.858
Mg 3.485 B Cu 0.007822 || Ni  0.006522
¥K 5.937 82Ge 4.326 5As 0.1107
#(Ca 14. 66 Ge 0.006522  ||*°Pb  0.0002799
TFe 6.808 %Mo 0.00125  ||*2Hg  0.008866

%57n 0.04608 20y 0.001537

2.5 JilkERE

DKL T 1 B VERR BE , 0 1 b4 1A T T R A
A EA TR [RIGE, 2 6 45 REW], AL bs
IR 91. 1% ~108. 2% FF IR T 2K

6 JiikuERnE

Table 6 Accuracy test of the method

Wi ww/(pgoke™) R || v/ (pegckeT) R
TR OARME b R | TR ORRE e R%
BNa 1500 450 108.0 || Ge 20.0 8.0 98.5
300 101.5 6.0 102.2
200 101.5 4.0 95.7
Mg 16000 5000 103.0 || *Mo  20.0 8.0 104.2
5000  106.5 6.0 102.1
5000  104.6 4.0 105.0
®K 70000 20000  108.2 || *cr 20.0 8.0 97.5
20000 105.5 6.0 102.3
20000 106.2 4.0 99.5
#Ca 20000 5000  97.2 |[?7A1 200.0 100 106.0
5000  93.8 80 104.5
5000  96.3 50 103.8
The 1500 450 107.6 || “Ni 20.0 5.0 98.4
300 106.2 4.0 97.1
200 104.7 3.0 96.7
®7n 2000 1000  103.3 ||As  10.0 2.0 104.9
1000 95.5 1.5 102.5
1000 9.8 1.0 100.9
SMn  450.0 150 93.6 ||™pp 20.0 5.0 94.5
120 96.4 4.0 96.4
100 9.6 3.0 93.5
BCy  200.0 100 102.0 ||*Hg 20.0 5.0 101.5
80 101.5 4.0 91.1
50 98.6 3.0 9.2
828e  40.0 10 91.1
8.0 92.9
5.0 93.0
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Table 7 Analytical results of elements in samples
week R e Wl
wy/ (g g™) wy/(pg - g™)

2Na 5243.48 Ge 1.36
Mg 942.61 Mo 0.98
K 108608. 70 20y 9.50
#Ca 2801.30 Al 8239.13
e 45434.78 ONj 5.31
7n 31.67 BAs 5.07
SMn 115.39 208py, 23.16
8Cu 1.27 22 g FA
#2Se Aefir i

4 g5
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