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Rapid determination of iodine in geochemical samples by microwave digestion—
inductively coupled plasma mass spectrometry

CHEN Lu, GU Yangjian, WANG Yuhuan, GaoYuhua, SHAO Changwei, SUN Pengfei
(Geophysical and Geochemical Exploration Institute of Shandong Province, Jinan 250013, China)

Abstract An analytical method for rapid determination of iodine in geochemical samples by microwave digestion—
inductively coupled plasma mass spectrometer was established. The sample was digested by microwave with 10% ammonia
water, and measured with inductively coupled plasma mass spectrometer (ICP-MS) under the selected instrument working
conditions: peak—hopping scanning, emission and radio frequency powers of 1 200 W and 1 250 W, single element
integration time of 1.5 s, and atomization gas flow of 1.02 L/min. The mass concentration of iodine had a good linear
relationship with the mass spectrum peak intensity in the range of 0.00-300 p g/L, the linear correlation coefficient was
0.999 8, and the detection limit was 0.012 p g/g. The established method was used to determine the reference materials
GBW 07405, GBW 07407, GBW 07451, GBW 07389, GBW 07309 and GBW 07311, the relative error was 0.31%—1.96%,
and the relative standard deviation of determination results was 1.53%—5.41%(n=12). The method is simple and efficient in
the sample processing process, and suitable for the determination of iodine in batches of geochemical samples.

Keywords microwave digestion; inductively coupled plasma mass spectrometery; iodine; geochemical sample

VER—FP N B oo R, S TR B i AU A 0 7 i AT 22 A AR R ) — SR A
PRAEREFT H H A6 B EARSE, AR R AL FRHR G — BB G 55 B TR mis e B
ZW L FBOMR ARG " B LR ZUKE A - BB G S B TR B R B A
R A A R I AR ORI B e Lk B e Ak
A Pl PE BRI R, B R R A e ik O O G R el I ot B s T
R I S PSSR A2 T B — e e etk PR BH S T it i — LI A5 T

BEEE  wRAL, WL, SRR, 5T 5 ) R MR Ak~ S i

WRRBEH  2022-04-15

SIAMEI BRI, SV, ERIN 5 AR — RS S B T R B R O S MR AR S P B (0], AL2A A BT, 2022, 31(7): 28.
CHEN Lu, GU Yangjian, WANG Yuhuan, et al. Rapid determination of iodine in geochemical samples by microwave digestion—inductively

coupled plasma mass spectrometry[J]. Chemical Analysis and Meterage,2022,31(7): 28.



WA, 45 - TRl % — PR 5 25 1 1 DR B I DR A L BR A 2 i P 29

ARG L U S BRERAN — AL EER A IR -
LG & 45 B R s vk B IR 2 G T AR R
Wi K B B — PR 5 S5 B R B i AR A
I ARERAERT IR (B 18 h DAL ), NG T
b s A A R I L EE B R, B
DR TR B PR | R G R A R R
S LA S 5 AL R i — R 2 By vk LR
PEPELT PRV H R N AR, RS S)
SO 5 B TR PR A 2R 5 32 B AEON Y PR A 5
oI AT o B NS s SN i R B,
RAPUEAL ™ 5 Bl AL A R R o,
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1.1 FEZAEL5EKA

WO T A : MASTER 40 B!, [IEHT UMk Ak
FRHEARR A,

HJER 5 25 B T B« NexION 2000 %, 55 [
&R IR A BR AW

B 0AL: TD-5M B, 3% 225 BRIy 7 RHECA R A
.

HL R F-: BSA124S I J& &8 0.1 mg, FEZLH
Wikl2AES (dbat ) BIRAFL,

S AR AEVA W : 1 000 wg/mL, 445 & GSB

04-2834-2011, [E %A (4.4 )& M W 34 KL 3 Bl ik
Hl

e A ME TR W : 1000 wg/mL, %i 5 9 GSB 04-
1756-2004, [ XA 0 4 J& S Ha 44 B3 Hr il it
Lo

T R AK R DO 5y o B br HE W BT - 1L
IR BT S AR N R YTV SN g
ARG R T AR R
IR H BT DR VT K R VTR ) B Al
B oK &R DU, 4 5 43 1 o GBW 07389(GSS-
33), GBW 07566(GSS-75), GBW 07565(GSS-
74), GBW 07407a(GSS-7a), GBW 07405(GSS-5),
GBW 07407(GSS-7), GBW 07451(GSS-22), GBW
07309(GSD-9), GBW 07311(GSD-11), b Bk #) ¥ #iy
BRAL 2 A A AT

TS WR 20K : o B4k, ST AR AL TA PR
Al

IS . 75 Be .Ce Fe.In.Li . Mg .U .Pb G,
FrHE R EEYN 1 pog/L, 56 EFEIRIBRIBAD A PR 2>
GBS

i A s 2 (R FRA 500 A /T 99.999%,
T R R AR PR AT

SR A LB K
1.2 Eik B

5% Z KM : BRI R B TR FARFILL 1219
RE5.

10% ZKIFI : BOK MBS TR 1:9
RAE5].

TSRV (1 1) « Al R AN 25 8 T /K 4% AR A L
1 LIRES),

TR HEAE B IR W . 10 w g/mL, B2 HL 5 mL b
HESH T 500 mL 25 flirh, FH 5% ZUKISIOE R 2
PRk, 550,

BEARAEME PV : 1 o g/mL, B HL 10 mL i br v
AT 100 mL 25, 1] 5% ZUKIHOE %S
BB

TEPIFRIEWE : 0.02 wg/mL, B 2 mL FibnEfd
FHWTF 100 mL A, FH 5% ZUKIEUE 2 £h5
&S

TS 7~ bR MEA A5 T 10 wg/mL, F2HL 5 mL
LS TARMEIR T 500 mL 255, 5% &UKiE
WE A B HE5
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s AR EA AW . 1 wg/mL, 2 HL 10 mL fill
B TARERE SR T 100 mL 25, ] 5% 2ok
AN SR Y 1S e L AT

F A RS A o AR R MR RS B 0.00
0.10.,0.30.,0.50,1.00,3.00.,5.00,10.0.,30.0 mL fiit 25
TRRUERE R, 4358 T 9 H 100 mL A, A
5% ZOKIEW (25 AN TR ) 45 BARER, 125,
e ) o A - 194 JoT i vk B2 43 591 S 0.00,1.00.,3.00
5.00.10.0.,30.0.50.0,100.300 . g/L [ F 5 5 T.
VEVS
1.3 MEIEEH

FEHLEE EBFIA] - 30 min ; F8 720 Bk ; &5
AR 1200 W 5 23K : 30 r/min ; BN G/, Wi
0.2 L/min ; JRICRBUMIE]: 1.5 s 3 ST W
LUK 12 Limin ; tPYERTE 50 s 5 5540 A,

WM 1.02 L/min ; faERTE]: 15 s ; RAEHEFLEAL

1.0 mm ; BEGEFLER: 0.4 mm ; FHHTIZ. 1250
W B HIK i 1.5 Limin 5 3875 @S N 113
L/min ; 58 U8 : 3 1K
1.4 Fonibz

JE FARSPRVA R (1 2 1) Bl I e P9 I S 25 1 1
P Ve, I A RS BR A W 10 mL T 1 il B b, 55
LI BN 2000 W, I fEEE A 160
C, AR R 10 min, TR 5E MR, H H K b
Ve 5, FEARBUN 10% 120K R IR TR
FERTE R P AT QAR . THR S AT
IKYEEE A . SEE6 AT A 15 mL YERL B0 e 55
FRERFECN 10% MEUKIRE 12 h, R EET
Y/ Y REIE-I5

HERR PR URE i 0.100 0 g (FEHA 2 0.000 1 g) T
TR T R A 8 mL ARFL A 10% RYZIK,
@ LT, BT AT IR | R AR
AWM. TMSE UG B H R 5, U I e 4T
FIEF, A 7 mL 2B FK, A E Tk
THARREE RS 2 15 mL ¥0RFELCA H, LU 3 000 r/min
e 8 min, B ZHE, EHLIEK .

F1 BEHERER

I IR /C Hif i) /min IR /W
1 160 10 2000
2 170 10 2000
3 190 30 2000

2 Z#R5THE
2.1 AT TAEEBRAL
PS5 Be, Ce, Fe.In, Li, Mg, U, Pb T,

JER YR 1.0 W g/L TR TR H BRI A 45
TR BUEAGHE TR, 2R S
a1 SR AR 55 TEARER T 997 Be In,
U ) R 3K TF 4 500,80 000,60 000 cfs ;
CeO/Ce ALY 7 H LLAH/IN T 0.025 ; 70Ce™/140Ce
ML ff PR FEAE/NT 0.03 5 B/ N T 3 ofs. {UAR
TAEZRAALZE R 1.3,
22 Ry

g3 il 5 RS M A IR 3 = 7 GBW 07389,
GBW 07566, GBW 07565, GBW 07407a 3t 4 F #5
HED 5T, B AP AR D) BT B 3 A AT RE S, A K
B A B0 K03 N 2% 5% . 10% . 15% .20%, 1% 3¢
1 IR FR T I M 78 1.3 A TARSAE N HE Tl
DL 3 ASPATRE S 18 - B AR A A (8, 25 28 AN [A] {4
FRATE A Z K0T HLBR AR 22 it T B 00 e 45 R 1
S, R 20 g 2 R, RS I (R R
IRARFR ST TR TG R, 2K IR 508 10%
B, WS I (s e TP A, TR . 5
J At T A B A i T 0 2 A ot X S8 1) 5 i 55 PR
L EFEUKIRF R 10%.

#2 FRSKERSBAREERRPRETUELR

b SRR RS ¥ B S B /(mg - kg)
‘ SB% e (i SFRIE R
2 0.21,0.15,0.27 0.21
5 0.85,0.83,0.75 0.81
GBW 07389 10 1.03,1.05,1.02 1.03 1.02+0.14
15 1.05,1.05,1.03 1.04
20 1.01,1.02,1.08 1.04
2 0.35,0.28,0.41 0.35
5 2.58,2.77,2.65 2.67
GBW 07566 10 3.45,3.39,3.38 3.41 34+02
15 3.44,3.45,3.41 3.43
20 3.51,3.42,3.41 3.45
2 0.61,0.68,0.59 0.63
5 4.13,4.15,4.19 4.16
GBW 07565 10 5.33,5.28,5.31 5.31 53£0.7
15 5.35,5.15,5.26 5.25
20 5.42,5.44,5.35 5.40
2 1.01,0.95,0.99 0.98
5 11.8,12.3,13.1 12.4
GBW 07407a 10 19.2,19.3,19.2 19.2 19.0+2.2
15 19.5,19.4,19.5 19.5
20 19.1,19.2,18.9 19.1

2.3 KRR ERE

g3 0 3 AR ME 1A K 2 = 1 GBW 07389,
GBW 07566, GBW 07565, GBW 07407a 3Lt 4 Ff #x
HEW L, REAARER UL 3 AN TR S, [ 5 TH A )
FH 2000 W, 453 3 I AH 7 500 A TIH R 76 1.3
AR TAESAM T HEATINAE , A 3 A AT HE -1
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(EL 0 5 A, 25 A TR gkl B T B BR AR~ e i
LR IR S SR A, e 4 R WA 4. R 4
AP, D756 1.2.3 P BOE EE E 1 RE {E /)
THRENE, U758 4.5.6 AT i B2 1 s -0 s
YREIR BIbRE(E, HJ7 5 4 TE AR, NETEA
FPHVARIBE T figp ASORT it B2 P R ) K 25 ., Vi ik Uk J3E
BIT% 4.
R3 ROHBRERBTE

AR W ] . TEREREE /S
RES C min RS C min
150 10 160 10
1 150 10 4 170 10
150 30 190 30
150 10 160 10
2 160 10 5 180 10
170 30 190 30
160 10 160 10
3 170 10 6 180 10
180 30 200 30

£4 REERREMRL SRR UE TSR
WU TR ((mg - kg )

EMIRT RIS - —
’ 8 5 W {H FIE AR
1 0.71,0.75,0.66 0.71
2 0.85,0.81,0.83 0.83
3 0.92,0.93,0.95 0.93
GBW 07389 4 1.03,1.03,1.02 o3 102014
5 1.05,1.01,1.03 1.03
6 1.02,1.02,1.08 1.04
1 1.15,1.26,135 125
2 1.99,2.05,2.01 2.02
3 2.85,2.99,2.91 2.92
GBW 07566 4 3.41,3.43,3.42 34y 3402
5 3.51,3.52,3.44 3.49
6 3.45,3.44,3.43 3.44
1 2.04,2.00,2.01 2.02
2 2.95,3.12,3.05 3.04
3 422,4.12,3.89 408
GBW 07565 ! 34533534 o3y 53%07
5 5.33,5.35,5.38 535
6 535,541,541 539
1 5.96,7.15,6.28 6.46
2 125,12.1,12.9 12.5
3 18.1,17.9,17.9 18.0
GBW 074072, 19.1,19.2,19.1 1 19022
5 19.5,19.5,19.4 19.5
6 19.4,19.5,19.2 19.4

2.4 U4 ERT )

3 3% AR HE A AR 3 & i GBW 07389,
GBW 07566, GBW 07565, GBW 07407a 1t 4 F #5;
HEWI I, SRR ER I 3 AN TRE A 18 T A 2
2000 W, 338 S THAR T 5 A TR, E 1.3
A TAEZRAE FHEATINE , LA 3 ASATRE A B2
(EAE R A, 25 28 [ 1 Mgk Fsf T) 0T b sk Ak 27 A

L T IE SR AR, SR LR 6. th R 6 AT
Jra 1.2 3 FTBOE T AR 1] e I E (/N T
PRUELEL, 7758 4.5 .6 JITBEE 19 gk i (] Al g 13000 i
(EXIREIRBIBRIE(EL, HJ7 58 4 Prifs il e, et
AT I8 T TR R JT 58 4.

RS RURIHERRENIKIE TR
THARIRE /T AR IR /

. e TR S WHfERE] /
Sy e ﬁ%@& ﬁ%iﬂ
C min C min
160 5 160 10
1 170 5 4 170 10
190 5 190 30
160 5 160 10
2 170 10 5 170 20
190 10 190 30
160 10 160 10
3 170 10 6 170 10
190 20 190 50

%6 FRARH AR R AE T NEAR
S TN ]
BRI P 7 Ut 18 (g - ke )

5 (H S hRiEE
1 0.15,0.22,0.16 0.18
2 0.66,0.68,0.69 0.68
3 0.82,0.81,0.79 0.81
GBW 07389 ) 105 103,103 Log 1022014
5 1.00,1.02,1.01 1.01
6 1.04,1.05,1.03 1.04
1 0.25,0.21,0.28 025
2 125,133,138 132
3 2.22,2.12,2.20 2.18
GBW 07566 4 3.45,339,3.42 34y 3402
5 3.44,3.41,3.40 3.42
6 3.40,3.41,3.42 3.41
1 1.66,1.53,1.71 1.63
2 3.05,2.89,2.93 2.96
3 4.11,4.12,4.03 4.09
GBW 07565 4 533,531,535 533 o307
5 532,532,531 532
6 5.33,5.35,5.35 534
1 222,225,230 226
2 6.99,7.21,7.05 7.08
3 13.6,13.9,14.1 13.9
GBW 074078 o2 191 193 oy 19022
5 19.5,19.3,19.5 19.4
6 19.6,19.1,19.1 19.3

2.5 ZMEFRELSEHR

TE 1.3 AUE TAESAME T, X R 5 LS A i T
VEVE I BEATINAE , L) 0.02 w g/mL T b I A N
PRIAWE, IOT R Tk i (x, pg/L) B HAS
DU 05 B (v) b PRLAR e b AT 2k |1 TH R4k
P RRA T E R 7E 1.3 U TAERME T, X
FEMZS B OTATINGE 12 1, LA 3 A5 bt 22 %1
AR o o Wk B A R O kA Hh B AR SR AR 1
0.1 g, EAR 15 mL, B AE G b iy & &, DB
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P E (mg/kg) Frn . BILES T i U LR MRV IR L 2K
PET R ARG R R AR R WL 7.
£7 MBETRERESISIE SN AL RYRGHR

BB / ST Wegy R
(pg- L) (mg - kg )
0.00~300 y=0.262x+0.000 1 0.999 8 0.012

2.6 EHELEHEERE
%% B GBW 07405 . GBW 07407 . GBW 07451 .

GBW 07389, GBW 07309, GBW 07311 3t 6 Fpife
Yo, e T 7 1k A3 A TN e 12 Yk, AR 2
SRRV REX A T O 255 LA S I P-4 1B 5 A (B A A
WL ER LR 8, i 8 M, 6 Fhbr Yy TS
TR AE AR R 22 4 0.31% ~ 1.96%, 1l 7E 45 F 1Y
AR FRAEDR 22 M 1.53%~5.41%, K WiZ 5 - HA B
D 8 e R 2%

RS EMESHTERBRLER

il T B 43X /(g - ke )

BRI P T THE RSD/%  HHXFIRZE 1%
GBW 07405 3.8+0.5 3.92,3.88,3.99,3.75,3.77,3.85,3.89,3.55,3.99,3.81,3.85,3.75 3.83 3.16 0.88
GBW 07407 19.0£2.0 19.5,19.1,18.8,18.9,19.2,19.2,18.8,19.1,19.2,19.5,18.2,19.2 19.1 1.85 0.31
GBW 07451 8.6+0.7 8.52,8.77,8.63,8.48,8.52,8.44,8.77,8.65,8.66,8.78, ,8.82,8.75 8.65 1.53 0.57
GBW 07389 1.02+0.14 1.01,0.99,0.98,1.11,1.09,1.08,1.08,1.05,1.03,1.12,0.95,0.99 1.04 5.41 1.96
GBW 07309 0.63 +0.09 0.61,0.62,0.62,0.65,0.59,0.61,0.62,0.65,0.64,0.66,0.66,0.67 0.63 3.94 0.53
GBW 07311 20+03 1.95,1.88,1.92,2.11,2.05,2.08,2.12,1.95,1.93,2.05,2.04,2.02 2.01 3.97 0.42
3 HiE Rl 7K L 2008.

AR A T8 i 5 501, SR P ARICIBt T e 12 T A A
fi, HES7 T ICP-MS SE PRI o M BR Ak 224 i b iy
BLES T %7 AR A A B AR, i, G BR A, 2
AR IO T B ARG 2% 8, 8 ] T R A e A
v A
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