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Table 1 ~ Operating conditions of the instruments
ICP - MS TAFZ% JEEE R G TAESHL
RS iCAP Q {ERTS Aridus I

RF HHizh % 1250 W WIS FE 2.0 ~8.0 L/min
FHAHE  0.89 mL/min ASH# 0 ~20 mL/min

i B S 0.80 mL/min | &5 E IR 110%C

% AR 13.0 mL/min | BEIERAE 160°C
B 3 /T FASRRHE 0.7 ~1.0 L/min

R RETTK Jik

1.2 brifEiag B 4 2045

1000 pg/L [# Zr 10 pg/L ) Zr F1 Cd F1 1 pg/L
() Cd JTEZIMIR WL : CLMS —4 Fl CLMS -2 FRufEvE
(SPEX CertiPrep ) % 20 BE i 15

Cd F% 1 7% Wi: CLMS - 2 %% i ¥ W ( SPEX
CertiPrep ) B M B 15 o

WFREIR : 1 ng/mL ¥ Rh ¥, oA filf I 5 0%
Aef i 3 —SE AR i RS 250 i T3

LB FREAUK : i S = A KL A, r R
# >18 MQ - cm,
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e

ERER A = SR - MOS 2%,
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AR SCHERE ST T T 20 AN E R —Hbr i
WIS Tz ik MR HE LA 8 M5 A
B 43 A bR E 9 Bt ( GBWO7103 ~ GBWO7108
GBWO7113) ,7 4~ 7K 2 UL ALY 1 43 43 7 s o 400 Joi¢
( GBW07304 ~ GBW07305 .GBW07307 .GBW07309 ~
GBWO07312) F1 6 A~ 4 3 5 43 43 #7 4% #E 9 ot
(GBW07401 ,GBW07403 ~ GBW07406 .GBW07408) .
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i REBRUED) I AR B S I ROk N T
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RN B S0 O JC R i N AR 5 AR AR
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A ESE A TS, R RTEE R
FUHT, S LiCoIn A1 U £ 1 pg/L (37K
ICP - MS & Z I B SRR, B In 145 5 5 JiE
T 250000 cps,Ce0/Ce /NTF 3% . %t ICP - MS %
B AL G, 4 A 1 pe/L 9 Cd A1 1000 pe/L Y
Zr KEEWHEAT TR0, FE BT R 80 111 46 1 pg/L
() Cd 14 7K 5 W™ A 5 5 58 B2 4 9014 cps, i
M2 OH " A iR RO 111 40 /9 15 5 5T Rk (1000
pe/ LI Ze B)7KES W) 4 720 cps(FH4 T 0. 08 pg/L
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Fig. 1 Variation of the signal intensities of (a) * Zr'®OH*/*Zr
and (b) "'Cd with sweep gas flow rate
TEEE A AR TAEZS BT, Cd iy o il 2230 1
0.28 ~3000 ng/L, %M 0.9999
2.4.2 LK
KA SO 20 B K — hn i) it GBWO07403
FEOT IR AR 3 I 12 WK, GE il e 25 5 AR XA
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Table 2 Precision tests of the method

Cd bR
(pe/g)

Cd (AL S
(pe/g)
0.050 0.052 0.049 0.050
0.049 0.049 0.050 0.049 0.050 2.2
0.050 0.052 0.049 0.050

SEHE RSD
(ng/g) (%)

0.060 +0.022

2.4.3 JREUERE

RATT 10 A A K R TR A L83k 20 4>
FE R — B D AT T Cd I, S5 2R I3 3,
M3 W %I AN Cd B, A2 ARTRE



% 6 10 EL S ISR — P A 5 T DB S M B e 936 %
910 W 45 SARE A 2 LR F GBWO7105
s e @ i Ze/Cd A Mo/ Cd I FLAELGY 31 4134 139, Cd g
st o WEK0.066 pg/g, 5 Cd IIME( (0.067 +
£ / 0.016 pg/g) SEEWI G MR, Z Ik LI
s >1otr — s ICP — MS F #3207 PRI b FRE P i) Cd, % o 3%
lﬁ 4x10+ - \ / 1Y Zr 8 Mo(Zr/Cd =100 1%, Mo/Cd=10) , A5
g N TR IR IE S SRR
B N TN o e
N, (mL/min) SRFUATT Bk 2016 48 b B 4 AL SUR B A
4x10° T XTAE S Albriug — 09 Fi1 Albriug — 10 H /) Cd #E47
~ ARG W (e 4), A5 W3R AT I R — OB o ) I
& 3a0f / GBWO7113 JEATIi¥E. 7E 16 KB 95 5 4= 4
= ‘ B, R Z WP B0 3L 1R Cd S5 4K
T 2410° o Bk, Hr, Albriug — 09 it Cd {95k (5 0. 212
% ;. ././ wg/g, 5 /IMEH 0. 060 pg/g; Albriug — 10 1 Cd 15
. KAEA 1. 14 wg/g, J/ME 0.330 pg/ge M7
) e S | Bk AR R WA S, 1 RE R ERIRE
N (mLimi) ICP — MSTEIIR |5 592 560 %R RV 58 T WO
A . AR SEH0 % A R B L JE I8 M A
Pl 2 Wi - 1CP - MS BRRARAE T N MR e RE 0 5 SR 2 0 27

(a) " Z0OH" /"7 RI(b) "' Cd fi5 im0

Fig. 2

and (b) "' Cd with N, flow rate

%3 hiERIT TS

Variation of the signal intensities of (a) ** Zr'OH* /*Zr

Table 3 Analytical results of reference materials

PRUEY) T Cd F & (ng/'g)

G I RE fF PR UEE
GBWO07103 0.016 0.029 +0.014
GBWO07104 0.051 0.061 £0.014
GBWO07105 0.066 0.067 +0.016
GBWO07106 0.044 0.060 +0.016
GBWO07107 0.011 0.033 +0.017
GBWO07108 0.061 0.070 +£0.020
GBWO07113 0.138 0.140 +£0.030
GBWO07304 0.180 0.190 +0.020
GBWO07305 0. 800 0.820 +£0.050
GBWO07307 1.010 1.050 +0.060
GBWO07309 0.230 0.240 +£0.040
GBWO07310 1.030 1.120 £0.080
GBWO07311 2.030 2.300 +0.200
GBWO07312 3.700 4.000 +0.300
GBW07401 4.000 4.300 +0.600
GBWO07403 0.050 0.060 +0.022
GBWO07404 0.320 0.350 +0.060
GBWO07405 0.390 0.450 +0.060
GBWO07406 0.140 0.130 +0.030
GBWO07408 0.120 0.130 +0.020

TRE A48 SR 3 , b T 58 25 9 5 R T AN A
LB AL IENBR T, EHEA TN, 2 R A
Wi [, AT EERT 20 A4~ FE 5 —Gbr e o
TREE R HERA 1R HE A, AR S 56 % R I 5 3 A
U i Cd A 25 R B T LA

R4 ENINELERURBE I3 Cd M 45 R Le
Table 4 A comparison of measurement results for "' Cd with

and without membrane desolvation, respectively

R Cd P (pe/g)
SRR el I S LS
0.572 0.136
GBWO7113
0.581 0.137
0.361 0.068
Albriug — 09
0.365 0.065
1.02 0.351
Albriug — 10
1.04 0.352
3 g

AR AR FE , 5 TR % - ICP - MS
FLHIN S PR AR il R R Cd 97 il
1k TCP — MS 453 ik 2 BRI L 25 05 0 FF R 45 b B I
ORI B0 — 1CP — MS AR 31 B3
TAirh 2 Mo BRI A EALIXT Cd f9 BT
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Determination of Cd in Environmental Geological Samples by Inductively

Coupled Plasma-Mass Spectrometry with Membrane Desolvation

WANG Lan, YANG Li-fang, TAN Xi-zao, WU Zhao-hui

(State Nuclear Security Technology Center, Beijing 102401, China)

Highlights

samples by ICP-MS.

the solvent for the plasma.

Zr, Mo oxides and hydroxides have serious interference for the determination of Cd in environmental geological

Membrane dissolvation can change wet aerosol which enter ICP-MS into a dry aerosol, reducing interference of

Membrane dissolvation coupled with ICP-MS can directly and accurately determine Cd in the environmental

geological samples. The method has a significant application value for direct determination of trace and

ultramicro-trace Cd in environmental geological samples.
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Abstract; Cadmium suffers from significant Zr and Mo

Aspire PFA

based oxide/hydroxide interferences during Inductively '
4 nebulizer

Aerosols such As
H,0, H,, HNO,,
& Ar,, ArH’, etc.  Nitrogen addition

Coupled Plasma-Mass Spectrometry (ICP-MS) analysis of

environmental samples, which can result in a significant
deviation of the results. Direct determination method of Cd ~ S°lUtion . l
Ar sweep gas m—¢

[ | TolCP-MS
—_—

iz Ml Y o

in environmental geological samples by ICP-MS with Heated PFA
spray chamber

membrane desolvation has been developed in this study.

Pumped dr: in<J Metal fons
This method can effectively eliminate the interference of ped A Heated fluoropolymer
L membrance
Zr, Mo oxides and hydroxides, and ensure the results are Ar sweep gas out
accurate and reliable. Compared with the conventional 1
method of ICP-MS, the interference of Zr and Mo oxides 4
and hydroxides can be reduced to 0. 001% when
3t

membrane desolvation is used. Meanwhile, the sensitivity
of Cd can be increased 3. 5 times. Under the given

conditions, the detection limit of Cd was 0.28 ng/L, the

CeO*/Ce* (%)
[\S)

—_
T

lower limit of determination was 2. 2 ng/L, and the
precision (RSD, n =12) was 2.2%. The method was

applied to analyze 20 Chinese environmental geological 0 Standard nebulizer — Aridus T system

reference materials. The analytical results are consistent

with the certificated values. It indicates that the proposed method has a great potential for the direct determination
of trace or ultra-trace levels of cadmium in environmental geological samples. At the same time, the method was
used to determine Cd in two comparison samples between two laboratories in 2016. This comparison was organized
by the China National Nuclear Corporation. The Z-scores were 0. 500 and - 0. 964, respectively for the two
laboratories, and the absolute values of Z were less than 2.

Key words: membrane desolvation; Inductively Coupled Plasma-Mass Spectrometry; cadmium; environmental

geological samples

— 580 —



