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TE: MAG W™ X E ARSI P e N R LM RRZIANGEN, BAELSE
BABSE B TR 5 (ICP - MS) | & £3EAfu P a9 ke, 2 B 9 Rk mAn % RT B F THILKR L F £
R AEAS TR R, AE LT RA 50% EK - KSR R, ICP - MS ) & XIEH & P ms g
8% ik, S8 P SRR B AL AU X (KED) 38 iR i F 36, 3 A 'O Rh LA AE A £ & m N AT L IR LB AZ 5
B MG EA AR LIEAT RN R AT N, RS R P ERHZETLE A, N EALL )RR A xR £
F -2.01% ~2.99% 2 Ja] , 4833 47 4k £ (RSD) s F 6. 60% , 4 1R 4 0.012png/g, M 2 F R4 0.048pg/g.
B R Z 7 kG B RIS AR 7 3 (HJ680—2013) 24 20 /> L3R K A e AT xd A7, LR R A K —
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K KISIH A B3R AR RS AE B RIS R SR X

g8
K:f;\\:
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7SeszFY A CLY 1 T4, Se 32 B AP Art 25T
ﬁt,sose %?UMAI‘A‘OAI'JF \AOAr4OCa+ %@Fq:ﬁt,&se %?U
YA Cat NSO AT 1997 AE R S
M AR (CCT) 1 BT, SRR T i bk ICP — MS
T T B B T R b AR P
JE& , BhAS M AR S ( DRC) ™ 7> i 3 il il A =
(KED) = 3l bl ke b & iy B ] T o 2 J5L T 85 T
JRi T4t Al A, KED 455X 4 32 B2 J5080 2 3 1 1 1k
SRR F 5 KA 2 J50F B 1 K LR i fe 14
R 488 52 7 315 DU T 22 16 £ 2L 08 O R 7 Y 1 £ 11 A
VLB RRT , T SR R AE R0 T I8 1, ik 3
FEAR TR H o A SCEE A b SRR i 20 B O R 1L
SEBL TR R AT AL B AR SR, SR T R AR
SR A A A R ) S R o M R K £ i
AL T 50% FK - WK ARAR R, ICP — MS &
- HEAE S A o i, SR 3l RE B AR =X
(KED) B £ )50 785 7B T4, Rk e ' Rh 5t
FAERTELIMAN P AR DAE BRSO 15 5 38, A
ARSI T FRAR AR I 25 5

1 SEIG s
1.1 U385 TR

iCAP — RQ 7 v A 5 55 55 1 1R 55 X (7
KED #%5, 5% [§ ThermoFisher 73 7)) o LA X
IXES AT RAR AL, DAL S RS ARSI R - 5
BT 1250W 5 2546 3 ik 0. 82 L/ min ; i B A It ik
0. 7L/min; R EH S 131/ min ; flf < (S Tk
3. 2mL/min; F 43 B [B] 0. 55 2 S 4R % &1 IR
2 ~4C s F 7 Bk IG ; TR 100 ¥R,

B >99.99% ) , B aig /A >99.99% ) .

DZKW - S — 6 HUHE B #E R KB 58 (Jb st Th
GBI TR KR ) s M2k 2% (FE P B L
e/ 7)) 3 BSA1245 — CW B 7 4y 22— 7 K F
(ff [ Sartorius FELFHTAF]) o
1.2 FESVFN 255

398 B 53 o A B K As 4 i GBWO07303
GBW07304 ., GBW07309, GBW07403 . GBW07404 .
GBWO7405 , 54 v [ Hhy 57 Bk 27 B Hh K ) BE Bk 1k
A BT BERT ]

bR R 25 [ GSB G 62029 - 90 (3401) ] : ¥
J& 4 1000 g/ mL, W4 [ [ 80444 RH I Hh oo 402k
WFFE EBE o 4 1000 g/ mL A A 1 £ 5 % 328 7 g
A 1. Opg/mL BRI — e Fi B, 53 511 B 1. Opg/mL
kR vE — 2 F BRI 0. 00.0. 025 .0. 05.0. 10.0. 25,
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FEA 2SS ot BOR S AR R 2h JE IR RETE A
VoA, 1 M o A5 AR 2R H R, A SR
50% FARNERTH MR, FE 5 B Tk AR P TN

X B FAREY) i GBWO7303 (Se tAEAE 1.0 +
0.2pg/g) Fl GBWO7405 (Se A EME 1.6 +0.2png/g)
K L3 55 M B BR 43 9 #6475 0. 5h 1. Oh (1. 5h,
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FRUEYIIT Se F DN 2 (L B 25 T A BT 1] £ 3854 17
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Table 1 Analytical results of Se in different digestion time
FHEbRE SeihiEfE AFEHEARE Se ME(pe/g)
PSS (ng/g)  0.5h 1.0h 1.5h 2.0h 2.5h 3.0h
GBWO07303 1.0£0.2 0.74 0.86 0.92 0.96 0.95 0.98
GBWO07405 1.6+0.2 0.88 1.49 1.58 1.61 1.63 1.59

2.2 RS THURNRR
filifE @ AR T 6 A [ 2= 1Y = B2 A sy 2R
AR Se 49.61% *Se 23.77% °Se 9.37% ¥ Se
8.73% ."Se 7.63% *Se 0.89% ., [ T'°Se **Se.” Se
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A, 38 AT VR T Rl SN -5 PURRAT =2 18] ) 3 i e A
i s A B R RS, (IR RE i 1 TR B T Te ik
I T RE S A AR S AT DAGE A, AT Ak 2 T
BRTHer H Y. 0% Se g al fef7 e HAth T4, A 1E
S Se (I 5 )47 2 AR SR Bl R IBE A X
(KED) 5™ Se [alfi 2%, P 1 25 5% m] I B Al i <
W ~3. 2mL/min,
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Fig. 1 Effect of gas flow velocity on signal intensity of ™*Se

2.3 ShrnikivEe
2.3.1 ik BRI E R

D5 A BRI R BRSO RS RO B
PR3PSR 58 W DU 43 AT 5 TR A o A T B R T 000D
(HJ 168—2010) Z3R , $iz FEAE T b i 4 A2 98,
510 R 25 152 3 (H) 168—2010 sk v #1 2
n=T) YRR 0. 1g, 4 E 50mL B R 4500
SERIFARE S IR, 25 FRAE P Se T K 10
Y SE {4+ 0. 038 .0. 041 0. 033 .0. 036.0. 034 .
0.044 0.042 0. 037 0. 040 0. 032png/g, 10 K F-47
W PR EAR 25 (s ) 24 0. 0040 g/ g 4%k HY BRIT5
AN MDL = 1,y 000 X s 3 HZ 7 A4 B KRR
0.012ng/g. Lh4 A H FRAE A e R RR , 11515 1
I E TR 0.048 ng/g.
2.3.2 5k uER RO

TEHL Se AEMETE 0.09 ~ 1. 6pg/g Z [A] £5 e JiE
MAREN i A A A A E 3 853 40 M b vE 4 T
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GBW07303, GBWO07304, GBWO07309, GBWO07403
GBWO07404 .GBW07405 #E47iM5E , R JH 1.3 15434
RSB ER T ATINAE 12 00, e 45 R %
FEA UL SR E ) JTOAN B0 2 B V1 L Y, AR R 22 1
=2.01% ~2.99% Z [a], # % b e 22 (RSD) /N T
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Table 2 Analytical results of Se in soil standard materials

THERE  Se e 129 Se (. WEF-3(E MR RSD

Wiigs  (pe/g) (pg/g) (ng) (%) (%)
1.02 0.94 0.91 1.01

GBW07303 1.0+0.2 1.03 1.01 0.96 0.95 0.98 -1.67 3.76

1.00 1.01 0.97 0.99
0.26 0.32 0.28 0.28

GBWO07304 0.29 £0.08 0.26 0.29 0.27 0.28 0.28 -2.01  6.09
0.30 0.28 0.29 0.30
0.16 0.18 0.15 0.15

GBWO07309 0.16+0.03 0.17 0.18 0.16 0.17 0.16 2.08 6.57
0.17 0.16 0.15 0.16
0.0950.0940.088 0. 086

GBWO07403  0.09 +0.02 0.082 0.10 0.0960.093  0.093 2.96 5.64
0.0910.0930.0990.095
0.64 0.71 0.66 0.61

GBWO07404 0.64 £0.14 0.68 0.68 0.69 0.66 0.66 2.9 4.41
0.62 0.65 0.64 0.67
1.63 1.61 1.55 1.66

1.6+0.2 1.71 1.57 1.62 1.6l 1.63 1.72 2.86
1.64 1.69 1.65 1.59

GBW07405

2.3.3  SEhRbERL T

PRI VY BT 3 X 20 > 4 39 52 PR i FH A D7
TEUEATINSE B ) 5 50 0.096 ~ 1. 85pg/g. [
SR T ZRERSE OR3P b o S FTDCAR Y ok A
B BB E ORI R DT 9O ) (HT 680—
2013 ) f4 77795 X X 46 - SR i AT 0 A E L AR
TR LA R I 30 AR 3 Bda nl DL H, A
7%t S BB il I A AR5 R T ik A
GERIEAR—EL

3 4k

ARSCAE A WU T AT LR b o TR A L T
LR AL 50% FOK — PRI % , i B & 2
B VR T A I E L S Al R R Tk . SEER
TAERNATAL B AR — PSR, SR R T TARRCR il
RIS REEAAEE K (KED) #i & 1 ICP - MS 7EH1ER
P27 BT B A i
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Table 3 Analytical results of Se in real samples and comparison
of different methods
\ Se & fH (pg/g) , Se 5 {H (ng/g)
?—Ii] HJ 680—2013 ?iﬂ HJ 680—2013
WEAonk B Ao
SY-1 0.34 0.36 SY-11 0.84 0.88
SY-2 0.13 0.12 SY-12  0.69 0.72
SY -3 0.63 0.61 SY-13 0.23 0.21
SY -4 0.48 0.49 SY-14 0.14 0.14
SY-5 1.03 1.05 SY-15 1.83 1.85
SY-6 0.41 0.39 SY-16 0.74 0.71
SY-7 0.25 0.26 SY -17 0.096 0.10
SY-8 0.17 0.16 SY-18 1.85 1.83
SY-9 0.52 0.49 SY-19 0.32 0.30
SY-10 0.51 0.51 SY -20 0.21 0.20

AT il Ak P ) L RO BOR AR
o, 8 A R R AR A P TN E . R E R
FRUED R A IAIE , 0 E 25 R S A E M5 5 E AR
ETT X S PR Al KA R 1Y LEX | S5 RIEA— 3L
REAS Ay ol it Bl fl 24 vy R s
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Determination of Selenium in Soil by Inductively Coupled Plasma -
Mass Spectrometry with Aqua Regia Digestion in Water Bath

XUE Jing", AN Shuai', WANG Yin - fu', GAO Hui -1i' , SHI Jia — ming’
(1. Shenyang Centre of Geological Survey, China Geological Survey, Shenyang 110032, China;
2. Liaoning Nonferrous Geological Exploration Institute Co. LTD, Shenyang 110121, China)

HIGHLIGHTS

(1) The 50% aqua regia — boiling water bath digestion combined with ICP — MS method was used to determine
selenium in soil samples.

(2) The sample pretreatment process was completed in one step to improve the accuracy and efficiency of the
method and was suitable for the analysis of selenium in large numbers of soil samples.

(3) The application of kinetic energy discrimination mode ( KED) expanded the application scope of ICP = MS in

the field of geochemical analysis.

ABSTRACT

BACKGROUND: With more and more attention being paid to selenium — rich products, the study on the
determination of selenium content in soil has become more significant. The accurate determination is difficult due to
the serious interference of the matrix effect and polyatomic ion when determining selenium in soil samples by
inductively coupled plasma — mass spectrometry (ICP —MS).

OBJECTIVES: To establish a method for accurate determination of Se in soil.

METHODS ; The content of selenium in soil samples was determined by ICP — MS with 50% aqua regia — boiling
water digestion. Kinetic energy discrimination mode (KED) was adopted to eliminate mass spectrum interference,
and the 103Rh element was selected as the internal standard for on — line addition to eliminate instrument signal drift.
RESULTS: The results of the analysis of certified soil standard materials were consistent with those of certified
standard materials within the uncertainty. The results showed that the relative errors ( REs) of this method were
between —2.01% and 2.99% , the relative standard deviation ( RSD) was less than 6. 60% , the detection limit
was 0.012ug/g, and the minimum quantitative detection limit was 0. 048 .g/g. The method was applied to analyze
20 soil samples, and the results were consistent with those obtained by national environmental protection standard
HJ680—2013.

CONCLUSIONS:: The study results are suitable for the determination of selenium in large numbers of soil samples
from the geological industry.

KEY WORDS:; water bath digestion; soil; selenium; inductively coupled plasma — mass spectrometry; kinetic

energy discrimination
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