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R e E LR R R ML SR G LS
H 534 I PH B TR i AL DTTE , 5 3500 B Il 45 2R D
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IR AR AR IS B BRI S EOLE 1,
1.2 brifEiig A 2]
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Table 1 ~ Working parameters for ICP — MS instrument

TAESH HE TAESH ¢l
RF & 5175 1550W i kg
BHIK (A J# 13L/min THIE 3
A (Ar) i 0.85L/min Hisk 30
FAEHE (NI FLAR 1.0mm B B sf i) 20ms
THICHE (Ni) £L12 0.4mm v 2 0.6 ~0.75u
RAETREE 100mm Ak <2.5%
[EmIETE ST 40r/min LEE fif 77 5 <2%

PR e 89 5 1R A48 0 (IR R - kiR
L) 584 E (gsh) ¥ 3 - 2 Ll 7E 33
W FE AT IR 5T 5 JoK %

732 FUBH B A AR e Al TS TS
10% B BRIZ . 24h, T FH 85 4lK K YE & 2 SO3
Jo , AR T R A

SIS T PSR M7 10% £k Tk i 48h 1 I,
Ak IhYE 3 ~5 A .

S FK B A Atk (FBH#E > 18MQ) - em)
1.3 GRS
1.3.1 FrAEd) s

TIEFUK RUORIAR Y e B T oA R
(R AS [ o AN [) PR A T o

A3 [ K — PR fE Y 5. GBWOT7407 (bR
f:19 + 2pe/g) . GBWOT7451 (M #p i {H: 8. 6 =
0.7pg/g); K RULH Y B K — K br fE ) .
GBWO07305a( UpRifE(H :2. 4 +0.4pg/g) .GBW07358
(MARAES 0. 47 £ 0. 08g/g) , ¥ Hy v [ Hh ot ) 2
B 1t 3R Py b 3R T A 4 A B BT O
1.3.2  SZPrkedh

NS 58 A 2 1) X I BR AL 2 R A 20 Hr AT
AL 43 I T AN TR B )RR S (AT
HEWR 52 21T002 ) 1 3T FL 4 B 5 (40 B 4 K 5
20C011) AT SEBRAE S A A i LE XS o I FE A R
TUHAURFEIN T2 10 HIF# 25, e =m
T.% 200 Hadfi,

1.4 HAEJTE

FREL0.5g(200 H ) A & FHUEC AL Sgilk
BRIV 10mL 2 3 3 B R 5 50 500 78 4 i
¥i5), M 1 Sg AR MR E T D b,
T2 400°C, TP T TGS =28 AL R
30min, 4k FHE 2 750°C A£ 1R 30min, B, f§ 42 5
FERE R ELA 100mL B, i A 20mL j# /K,
IMATUETEIK CBE B R E T F AR &0, 12 2
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J5 L VR I3, R RS g 2 & SOmL A R, $E 2,
HHEL

I 10mL 35 % F SOmL BEARH, A 8g B Hilkk
B0 732 B PH BTSSRI , A AS S 2h (U]
FESPIUC) , BRI 98 0, B ImL 592 10mL
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TE o
L5 rhrilik

PRI L. 3.1 ke fl 1. 4 1 R R T Ik AT
12 AR PATAE R, [R5 I 12 A RE R =S HIER .
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A 4ng/mL) Re R ES B (1% 20K A J50) AF 8 A
b, = ST R AR AL I E UG R 1975
T BT TG R RS B AR

2 5
2.1 BAERURIIThE

AU TR R BN — AR B b R
FROIELIEE % I 6] 47 1 S0, 4 Hh 55 AR O A
700 ~800°C 2 [] AL ] 10 ~ S0min,, fill i) 75 H 44
RTCH 25 5 s B A 4 R AR TR T =X
KA, T4 B RN — SR AL B2 vk rh LAY 7 1 2
B RPN B, AR OB e v 1R
9 750°C , 28 T AN R THR AL T ICP — MS 30
SEBLE RN . FRRE 1 51 2ok ) ekt oy ik, 7
J¥ 2 hAS S B AL ik

FERF 12 3500 T B HE R A 3B vhr, S g
17, THEZ 750°C A3 30min J5HUH . FERF 2. R
TR R A T g, Z IR THE & 400°C , $T T
BT, HATE B 23S, AR I 30min, SEEF T, kL Tt
JHZE 750°C , {375 30min J5HUH .
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4 03 A3 AR 1 R 2 THIR 7 ST Sk
B, FABAERRIA 1.4 45 SEHRsE (3 2) R, R
BB TG (FRIF 2)  FE Bt R A IS 2, 28
S RTE R IR A T S IR AR P A AR R AR
B AL, TSN FE A A R e 2 A A
JEURL B T, 4 5 TR S R LAV R A g
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Table 2 Effect of sample melting program

b BUEEAEE BE 1 lE R Ry 2 ilEa
' (pg/g) W (ng/g)  WEE(pe/s)
17.1 19.2
17.5 19.2
GBW07407 19+2 74 181
17.7 18.3
2.17 2.45
2.27 2.39
GBW07305a 2.4+0.4 5 06 5 38
2.13 2.41
0.41 0.48
0.41 0.49
GBW07358 0.47 +0.08 0.3 0.46
0.43 0.45
8.13 8.88
8.15 8.83
GBW07451 8.6+0.7 8 09 J.
8.09 8.69

At . ASSEER HRE A ZE B R BN — AL BHIR 5 4T
AL BG  BE P AROC R e LU ES 1 i X
FAE TR o A SR BR Y FH B 5 52 4 Jlig Ak 2
Ja SR . IR AT R T s
AL TR G | T SO E 2 R AR IR
R T ACACRE A AL BRI 2 im0, e 1 e
HE AR B A A ol T8 R A BT IR I R 3 DR Y
4R
FRECT. 3.1 35 v £ A0 K R DR s E W)
JiA 4y, I 2 U8 2 B R i, e g
I AIMA 15 g/L HLIR ML AR 0. TmL FIAN I 4t 36 1L
iR, oMb D BRI 1.4 95 (1.5 4y, SEIEi R (K 3)
F W] AL AR A5 AR R, A il 80980 R A8 D5 47
R AL P 19 A 00 45 SR 3 3l 1K T R I A PUIR 1M R
AR 7 45 2R o

DR A SE T L PR i 3 25 2R 9% 7 S
7P SmL Sng/mL AL I (i KA B —
i, — A 0. ImL 15g/L FUSR MR, 75— A
A R EPLEZNE 10 3. B 1 452K,
ABUIRILIRE , BOCE A5 5 58 A BT REAR, 70 B HL
DU AT IR ML R I, o6 i 86 B2 18 O, 25 A 280 % A
1R, F B0 15 5 5 AR, AL EL
SRR — 7 SRR AR IS L R b i Ly
LA AL TRE G IR Sl DR 5 4 R A o
BT SAREE, A T R ER BRI A 3 S5 4 A
sty R ) R A S A SRR S T AR SO i,
FEAIADUIR L R34 I
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Table 3  Effect of reducing agent (reference materials)

TAGURMER  ARIAGIIR MR

o
PRI BRI o
i (ng/g)

(pg/g) (pg/g)

17.6 19.2

) 17.4 19.2
GBW07407 19 +£2 18.4 188
17.7 19.3

2.27 2.45

2.13 2.39

GBW07305a 2.4+0.4 221 238
2.06 2.41

0.40 0.46

0.41 0.49

GBWO07358 0.47 +0.08 0.41 0.47
0.43 0.46

8.07 8.88

8.17 8.83

GBW07451 8.6+0.7 7 04 3.72
7.82 8.69

2.3 ICP - MS M v i Se Wb oC R
2.3.1 ES BT

2P BHELZ S B4 R T AR R A
A B AR, 2R A 27K AT LA B ik b 7
BRICHZ RN, A53) BLAT B A B It 2 . ARk 4
TE5E IR ft I3 4t AR 20K DA e 7 =00 vk
ERER G, AT A S kb A A AR SE 2 00, (B R R4
. PHIELZ S 76 R 5 Ab B8 3 72 (SmL 50% &
7K) FNFREETE (5% M2 K ) A T 2K 217
TEUE, WRE IS 2 FEARAL e A28 1) H ) (H AR 2
B UK s i o AR iR I AR, A
SIS &t 20 B DU Ao A, {6 Sng/mL WAL 1 i
W R EiK A T, AR A AR R A 1 00, 38 2
=G A FA BT, BB Smin 2 1K, 3% 220
10 ¥R 3R 56 TS e s ik (1% ZK 3% IR A
FErP g R BE AR E M. IR A R (K 2) =, il
B FAE =R b i RS G B 22 HAE 3%
RERR A e A BN, 43 B i #E e 4K A I A
— B FRCAZAEON 5 7 1% Sk A T, e e ik
el o BORSCREER 1% 2K A A T A I 22 o
2.3.2 Wit R ke

AR ICP — MS JEIN 2 f i IR TG R B
IEAER AR AR A R0 3 ARTE S S
Bl o B 3, AR IE G 25 19 o e 4k L S pe A fb
P55 1 0 50 28 A BT e, AR I SSCR BB, Rho A
Re 7EHb 3K 1k 7 8 £ - 58 A T AR 4 o v iy 3 52
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Fig. 1 Effect of reducing agent (standard solution)
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Fig.2 Signal intensity and stability of iodine in different media

B, AL 2 o 2 A I Xt e v P A R A
JCH. RS RS  BRAT Rh BN
PR IE TR AT R 7 il DA AR A 34
RPHERATE, 4545 D A s B 45 21, AR SCRC I 1
4ng/mL ) Rh Re ARUES L, LA 1% 19 20KAE N5
Jit, LI AE 20 U, SRR Z AR (1 3) R, 18 1% /Y
UK Rh A AR B A ICAZ 3800, A E T
TEWARIC K, Re W H AT B4 1 A2 1, P9 oL 2 4%
" Reff i B PIAR TR

S R AE 1% ZUKA T, 35 Re 1
N AR IETC R EAT R I 2 , m] LA 2 v o m] g
o ik Es R o
2.4 JjikbiRebs
2.4.1 JiiEKH R

AR L1 AR TAR A 1. 4 1A i AL BEAL
i 15 WAk, 5IA 12 s =S L
JRCTERIIEABCRE X e 245 T2 K0 1 31 R IR S, R
0 RE AR v 2R A, AT 3R SR vk 2 (X ik ) A
BRI (Y ) 22 R HE 2R 15 B RE i A
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Fig.3 Signal stability of iodine in different media

PEAHIC R 40(0.9998) o I A i 45 TV, 12 IR
W (B 43 )47 :0. 19,0, 17 ,0. 19 ,0.15.,0. 17 ,0. 15,
0.16.0.17.0.15.0.17.0.16 0. 19ng/g, H1 457
24 0.015pg/g, LA 3 b i 22 3158 0 3 4t PR
7 0.045ug/g, DL 10 FEARifEd 22 11505 A R B
H0.15ug/g.

B i 2 1 P e 42 Akt 47 i Ak BELRE S8,
AP R A A A UL, LI S B 2004 U T 2 5
JE M AE , P BOHAE T 2 RS 35 B2 ARG, A s BR A
Bio ARSCAESEN i Rh A M NFR G R, E R E
B THRETE . ARSI AL E R RS — R
B EE A H R, R Re fE B NFRIGE, I E Fa
SEVERAR SCaE 4 A, 7 s BRAL T PR iz
20136 =0. 10 ng/g) A L2541 (36 = 0. 051
ng/g) LR,

2.4.2  JriEKS R B RUER R

PRI 1. 3.1 5 g ik - S5 v o Rk R TR
YbrEY) B R 1. 4 5 s i, AT AT
12 YR 7 52 55l P Ak B0 s o 1 A A A it
25 E T R & IR G T RO R B R
#EM 22, RSD ) F1UE 1 B2 ( AlogC ), J7 ¥ 4% % J&
(RSD) <5.93% , J7 i MEMR E AlogC<0.01 (5K 4),
7 U B R R B s vk a5 T AN AR
SEAENI AT T — 8 IR TE, 5E 4x i AL DZ/T 0258—
2014 LA v 7 R % B (A5 R BR LY RSD
<17% , =5 R LL F RSD<10% ) 5 b J&
( =A5K HBR LA AlogC < 0. 1, =454 R LA I
AlogC <0.05) fEER
2.4.3  SEBREERATET

VEAT 1.3.2 5 Hp RS RATTRRRE &, 5300 R
PR BRIREN - B A ik T A

— 610 —

AU B PR VA — Eh IR IR R R S5 ICP — MS 33
i, SAG R TI F XY . 65 25 RAEH, 6ok
FEREARAF R B R B, A i 5 H AR - 3
PR ¥2 e 38 it ICP — MS 3 0 & B8 W) & 547, 56 4
Wi R (% B bR X R Bk Ak 2 8 A MLE ) (DZ/T
0258—2014) Bk . 2 52 PR AR & 20 B st e X
TIE B AR 7 15 56 4 1 2 X488 b Bk Ak 2% 8 2 43 47
B,

# 4 JTIRREIEAERE

Table 4  Precision and accuracy tests of the method (n=12)

FERVES GBWO07407 GBWO7305a GBWO07358 GBW07451
1 18.8 2.36 0.49 8.57
2 19.1 2.41 0.49 8.98
3 18.9 2.37 0.45 8.84
4 19.7 2.33 0.46 8.97
5 19.5 2.45 0.51 8.67
6 18.9 2.52 0.48 8.68
7 19.0 2.38 0.43 8. 86
8 19.4 2.38 0.47 9.02
9 19.4 2.46 0.47 9.12
10 19.0 2.34 0.53 8.53
11 20.3 2.51 0.51 9.03
12 18.4 2.48 0.46 3.83
AL S A7
PR ) 2.42 0.48 8. 84
(ng/g)
A EL gy
B B HE (L 19 2.4 0.47 8.6
(ng/g)
AT braft i 22 2.46 2.73 5.93 2.17
RSD(% )
YEREE ( AlogC)  0.005 0.003 0.01 0.01
:k\
3 énlle

ARICHCHE T IRIR A - A AR, 1CP - MS I
SE HLERAG 224 i o B ) A 3K 2, sl o e AL i
FERRIY U E A IR AR U R S5 26, b T Ay 73
A A I AR eSO 5k FeE PR
SFMDE. Pt A T ik SRR R TR, 45 R ME A Al
FEL9 2 11 50000 A1 : 250000 4545 L i R R AL
SR AR BT R B R R, R TR X
Sty ol P A A R A 2 R A ST R i P
ST

TEIZTT 1 W SE BRI T, 38 AT IR AR TS TR R B
— SR P T TH AR i A DR BRI Wi (R %, B T
Ik RS EE e Hrii R R0
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Table 5 Comparison of analytical results in actual samples

M 1 A HH/(\FL“I‘I I‘LA’ o M 1 BAG H,H‘/\\|=L»‘n /_\i’

*:)“p?ffﬁ{ﬂllj _— LA A2 1 (g/g) #ﬂﬁn?m'ﬂﬂ o WL A2 (pg/g)

i AT S BRI i ARICr: SO BRI
217002 - 022 + 45 3.80 3.51 3.75 20C011 - 031 DU 2.67 2.25 2.66
217002 -035 4 1.13 1.25 1.13 20C011 —086 TR 1.85 1.21 1.83
217002 - 046 + 1.01 0.83 1.06 20C011 -121 TR 1.63 1.97 1.66
217002 - 052 + 3 6.43 6.38 6.51 20C011 - 154 W%t 0.72 0.55 0.77
217002 - 088 +35 3.99 3.52 3.89 20C011 -182 TURY) 0.51 0.73 0.52
217002 - 102 -4 0.74 0.57 0.78 20C011 -243 TR 2.28 1.92 2.24
217002 - 115 4 1.05 0.94 1.01 20C011 -244 ALY 6.19 6.28 6.21
217002 - 154 4 12.4 12.68 12.3 20C011 -280 TUB 1.20 1.03 1.24
217002 - 199 +3% 0.45 0.27 0.49 20€011 -311 UIE) 8.33 8.25 8.24
21T002 - 348 +3% 2.02 2.28 2.01 20C011 -315 MIwiAs 4.47 4.10 4.54
217002 -412 et 4 9.83 10.06 9.76 20C011 343 TR 3.55 3.14 3.61
217002 -424 + 4 12.7 13.15 12.6 20C011 —380 T 0.84 0.93 0.89
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HIGHLIGHTS

(1) The semi — melting method of sodium carbonate — zinc oxide was used to treat the sample, which solved the
problem of incomplete melting caused by the polyvalent state coexistence of iodine in the sample.

(2) By optimizing the analytical medium and internal standard elements, the problem of poor stability and accuracy
of sample determination by ICP — MS was solved.

(3) The method has high efficiency and reliable results, which is suitable for the analysis of geochemical survey

samples.

Geochemical samples Sample melting Extraction constant
volume to 50mL

Determination of iodine Exchanged 2 hours by 732
by ICP-MS cation exchange resin

ABSTRACT

BACKGROUND: The determination of iodine in geochemical samples by inductively coupled plasma — mass
spectrometry (ICP —MS) is treated mainly by closed sample melting, mixed acid solution, alkali fusion and semi —
melting method. However, due to the complex existent morphology of iodine in soil and sediment samples,
including periodate, iodate and iodide ions, and the first ionization energy of iodine being high as a halogen group
element, there are problems such as incomplete dissolution, strong memory effect and poor precision during sample
processing and measurement.

OBJECTIVES: To improve the determination of iodine in geochemical samples by ICP — MS.

METHODS; The samples were treated by sodium carbonate — zinc oxide semi — melting method, extracted with
boiling water — ethanol, and separated by 732 cation exchange resin. Following this, iodine in the solution was
determined by ICP — MS using an internal standard method.

RESULTS:: The optimized detection limit of iodine was 0. 045ug/g, the lower limit of detection was 0. 15ug/g.
The precision (RSD, n =12) and the accuracy ( AlogC) of the method were <5.93% and <0.01, respectively,
which satisfied the analysis standards of geochemical survey sample.

CONCLUSIONS: ; This method meets the requirements of sample analysis for geochemical investigation, and can

be used for the analysis of iodine in large quantities of soil and sediment samples.

KEY WORDS: inductively coupled plasma — mass spectrometry; geochemical sample; Na, CO; — ZnO; cation

exchange resin; iodine
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