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Cr( D) JE BB FXF, SRR — £ — e VU IRV T 55
VERTRSIM s A WS A B 7584, 2 —
W DU 208 — 4 (EDTA) 2845 Cr (1) , fiS PR S/ I 3h
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BB RO 7R A S BURLDIR TUTE, 51 @ 3% A 5
FE (HFREMR SIFILE LC — AFS BB 17
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B LA, ok P A R B SR Sk vp T 4
210 T1T BH S S 4R HE I R 53 B i AE A IR S B vh
ORI R R, B A AR IE

(1) Bh A ) R Ji 51

BT A2 Sh AR BURE 0. 2mol/L il 7 1R, 1M
WA Sb A #l S, S8 LC - AFS B
PRI ) RS, FOR ) AFS 2500k . — 1 RE
ISR g Sh (V) 8915 5, 3R ZE Sb( M)
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Fig. 3 Effect of masking agent and reducing agent on the

atomic fluorescence intensity of the same amount of

Sb(1l) and Sb( V)
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Fig.4 Effect of reducing agent on atomic fluorescence intensity

of the same amount of Se( V) and Se( VI)
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FHERBRAE hyik 511

ARSLE I 5L T R B (20% 25% \30% .
40% 50% .70% ) F17K i it B (50°C [ 70°C [90°C Fl
100°C ) Xf Se( V1) if Ji s AL 22 By 52 M, 25 R WI3h
BRI KT 30% B Se (V1) BeAb R B K, e 3k /K i
H1 Se( V) 58256464 Se (V) , NS5 J5 8 2% &, 1E
BER RS54 33% LR >R F 100°C 7K A
2.2.4 BT R B - RS Tk

PRI B A

ARSZE Cr (M AR T 732 BH S 138 e 4%
JE 535, ICP — MS & /Y 5 % o

(1) B 2c e b e 4%

Cr’* BB, v] FH 732 PHES T2 A s Wit
I S B, 80t B AN B S A W R 43 S FE
PR AERS Cr( 1) MR R4 100% 1 Cr( VD)
JUTPABR BT e th i 2 Cr( VL) |, Bl
A Cr, 20T Cr(D) &8, PISEe R A 732
FH B FA3c g xF Cr( ) A1 Cr( VD) #7740

(2) Wkt EI Itk

VBRI IR S A K 25em, 5 18 5S¢, 12
B, AR I R R O AN P, $E 0 25 mL I LD U
30min iy, SEERFRW, AR 25ml YRR S, H bR
Py Ce( ) WEBfFAR >99. 5% , YEIBEH) Cr (VD) [alie %

>99.5% ,ikUkse 4z B VLR [E] J 30min,

(3) LRI

B AHAE E o3 A 1000 pg/mL g Cr( 1)
A1 Cr( VD) ARUER R LmL, 73 BellcH bk vk i th 98,
10mL —3K, M i b Cr i 45 RER M, Yicdk
25mL it U, Cr( VD) [l >99.5%

(4) ik &AL S P T bR

R PR Y T B A ORI RS
T F TAESHL [l A R G — 2 IR T T 4
R S R RGOS SR . 2Tk
J& 1CP = MS N7 i e o E 2T, 48 1E m/z =52
REH I Z I B T HRE A CT o AR5
oK FHRIE AR SRt ( CCT) A, M 2l g e 45 1 it 2

KR TIE T
2.2.5  JpAT O I AR LR Y PR R A
R

PR R A TG R G %85 5 AR S5
ZER LR 1, £ 5 AR R B K T 0.999,
SCHRARGE Y AFS 7585 LC - AFS 351 34 1 BR 7
0.005 ~ 0. 5pg/g, A LA H FR7E 0. 007 ~ 0. 020
we/g, AR, DD2005 — 03 i FRO. 02 g/ g
RS 5 A 28 T TG RSD < 15 % PR 5 B G 2
TR ER 90.0% ~110. 0% FEEK

1 1 As Cr Sb A Se fr 507 TAG NG A IR RS 3% 5 (RSD) Rlhnbzialc %

Table 1  Linear range, method detection limit, relative standard deviation and standard addition recovery of As, Cr, Sb and Se in soil samples

TE& Rt 7 s TEME LMEEH (png/L) KPR (pe/g) RSD(% ) SER AR R (% )
KRS As(TD) 1 ~200 0.008 7.5 94.0 ~105.0
(HPLC - HG - AFS) As(V) 1 ~200 0.012 6.8 98.0 ~102.5
BT st As(1I) 2 ~500 0.007 5.0 92.0 ~100.5
(HPLC - HG - AFS) As(V) 2 ~500 0.012 4.6 94,5 ~97.5
IR Cr(1I) 1 ~500 0.011 9.6 96.5 ~100.5
(ICP - MS) Cr( V) 1 ~500 0.008 4.1 96.0 ~99.0
BT Cr(IM) 1 ~500 0.008 10.7 96.0 ~10.0
(ICP - MS) Cr( VD) 1 ~500 0.012 7.9 95.0 ~98.0
KA Sh( 1) 1~20 0.010 6.9 94.5~99.5
(HPLC - HG — AFS) Sh(V) 1~20 0.015 5.4 97.5~102.0
KRS Sh( 1) 1 ~20 0.007 3.6 97.5 ~100.5
(HG — AFS 22381 ) Sh( V) 1~20 0.008 4.5 92.5~101.0
BTt Sh(1M) 1~20 0.010 5.5 93.5~99.0
(HG — AFS 229812:) Sh( V) 1~20 0.011 6.1 97.0~99.5
KA Se(IV) 1~50 0.010 3.9 96.0 ~101.0
HPLC - HG - AFS Se(VI) 1~50 0.020 5.9 91.0 ~96.0
B Se(IV) 1~50 0.012 5.4 99.0 ~103.0
(HPLC - HG — AFS) Se( V) 1~50 0.020 7.8 94,0 ~106.0
KRS Se(IV) 1~50 0.010 4.9 99.0 ~106.0
(HG - AFS 223875 ) Se( VI) 1~50 0.014 4.8 97.0 ~99.0
BT e Se(IV) 1~50 0.012 6.7 95.0~101.0
(HG — AFS 2298) Se( V) 1 ~50 0.018 5.3 92.0 ~96.0
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XERAERI SS9 NOT ~ N20 (% 3R i, $2 B
T AR B 28, 5 FH A A 325 00 7 38 P iZon R B
o 2 GEREW] KIS As TR, B oS
A As B Ho As( V) RRE T As(I) 5 58
Feh Ce( VD) i i 7 Cr( D) , fH -3 Cr Bit

Phs 3 Sb 1 Se S A LYHIA R, KIS T
LIS Sb A Se (R ARME, 7EA ) FRFFHE o
SRR, As CID) 72 PEFIBRE 26 F R ARA
FasE o e As (V) s TERRTE S T BAe
Cr( VD) TERRIEZRAF P ARAARSE , Z Fe Ay Cr(D)
A5 FPPEFIBR L 2% AF AT UG- A7 . Cr () AE AR

R i, ¥R

2 Gehn HERES As Cr Sb Al Se i
Table 2 Content of As,

R’ Cr &

Sov EL
:{C‘uﬁ

AN R, B R B A

Cr, Sb and Se in actual soil samples

FAFTRGE  bn E LA AF TE SRR AT I o R i b 2

Tt (pe/g)

=] W5 J5 ik H oy
NO1 NO2 NO3 NO4 NO5
L HG - AFS M As 161.39 454.35 14.74 12.70 12.90
HG - AFS As <0.02 0.05 1.84 0.05 0.07
TR HPLC - HG - AFS As(1I) <0.02 0.06 0.68 <0.02 <0.02
HPLC - HG — AFS As(V) <0.02 <0.02 1.12 0.04 0.07
HG - AFS As 13.20 43.31 4.06 1.28 1.70
BT HPLC - HG - AFS As(I) 0.12 0.23 0.72 <0.02 0.03
HPLC - HG — AFS As(V) 13.10 43.02 3.31 1.29 1.66
) Cr & (pg/g)
SyHTIH W 7 i Hor
NO6 NO7 NO8 NO9 N10
iy ICP - MS 2 Cr 23.1 326.7 50.7 6.58 410.0
Cr 0.05 0.78 0.07 0.08 0.40
KR ICP - MS Cr( 1) 0.05 0.04 <0.02 <0.02 0.02
Cr( V) <0.02 0.76 0.07 0.08 0.37
Cr 0.23 0.27 0.13 0.13 0.11
BT ICP - MS Cr(10) <0.02 0.03 <0.02 <0.02 <0.02
Cr( V) 0.23 0.22 0.12 0.14 0.11
Sb & & (pne/g)
=] W Ty ik 4y
NI1 NI2 N13 N14 N15
S5 AFS . Sh 1.21 2.26 3.20 3.77 1.23
HG - AFS Sh 0.03 0.03 0.07 0.03 0.08
HG - AFS Sh( 1) 0.03 0.03 0.02 0.03 0.03
IKIEA HG — AFS 2231 Sh(V) <0.02 0.02 0.05 <0.02 0.05
HPLC - HG — AFS Sh( M) 0.03 0.04 0.02 0.03 0.03
HPLC - HG — AFS Sh( V) <0.02 0.02 0.05 <0.02 0.06
HG - AFS Sh <0.02 <0.02 0.09 <0.02 <0.02
BT HG - AFS Sh( 1) <0.02 <0.02 0.04 <0.02 <0.02
— AFS 2283 Sh( V) <0.02 <0.02 0.05 <0.02 <0.02
T (pg's)
Se D5 s Ay
N16 N17 NI8 N19 N20
iy AFS 14 Se 1.26 2.38 8.52 0.74 1.63
HG - AFS Se <0.02 <0.02 <0.02 <0.02 <0.02
HG - AFS Se(IV) <0.02 <0.02 <0.02 <0.02 <0.02
IR HG - AFS 2508 1= Se( V) <0.02 <0.02 <0.02 <0.02 <0.02
HPLC - HG - AFS Se(IV) <0.02 <0.02 <0.02 <0.02 <0.02
HPLC - HG — AFS Se( V) <0.02 <0.02 <0.02 <0.02 <0.02
HG - AFS Se 0.14 0.08 0.15 0.05 0.01
HG - AFS Se(IV) 0.14 0.08 0.15 0.05 0.01
BT HG - AFS 27 Se( V) <0.02 <0.02 <0.02 <0.02 <0.02
HPLC - HG — AFS Se(IV) 0.13 0.08 0.16 0.04 <0.02
HPLC - HG — AFS Se( V) <0.02 <0.02 <0.02 <0.02 <0.02
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Determination of Valences of As, Cr, Sb and Se in Soil Using HPLC -
HG - AFS

XUE Jia
(Fujian Research Center of Geological Analysis and Testing, Fuzhou 350003, China)

HIGHLIGHTS

(1) A set of methods for the determination of water — soluble and exchangeable As( Il ), As( V), Cr(1Il),
Cr(VI), Sb(Il), Sb(V), Se(IV) and Se( VI) in soil samples was established.

(2) Determination by HPLC — HG — AFS was more efficient than by other non — chromatographic methods.

(3) Experiments showed that the element valence content of the soil leaching solution was low, much lower than

the total amount of the element.

ABSTRACT

BACKGROUND: The environmental effects of heavy metal pollutants in soil are closely related to their inorganic
valence. The determination of the valences of As, Cr, Sb and Se elements is of great significance, but due to the
easy conversion between the valences, the determination is difficult and the degree of standardization is low. The
geological industry standard DD2005 -3 recommends the use of ion exchange resin separation, atomic fluorescence
spectrometry to determine the valences of As, Sb, and Se, and graphite furnace atomic absorption spectrometry
(GFAAS) to determine the valence of Cr. The preparation of these methods is cumbersome, the number of
measurements is large, the workload is large, and the existence of other element forms can also cause errors in the
results.

OBJECTIVES; To establish a set of methods suitable for determining the valences of water — soluble and
exchangeable As, Cr, Sb and Se in soil samples.

METHODS:: The valences of As, Sb and Se were separated and determined by HPLC — HG — AFS after 30 min
extraction in a water bath of 50°C. The processes were simpler and more accurate than the recommended
subtraction processes by AFS. To avoid the masking action of some extracting agent, the method of selective
determination of Sb( Il ), Sb( V), Se(IV) and Se( VI) by AFS was developed, which has the advantage of low
instrument cost. As for Cr( [l ) and Cr( VI), after separation by ion — exchange resin, they were determined by
ICP — MS, which has higher sensitivity than the recommended GFAAS.

RESULTS: The detection limits of As( Il ), As( V), Cxr(Il ), Cx(VI), Sb(Il), Sb( V), Se(IV) and
Se( VI) was <0. 02pg/g, with the RSD of 3. 8% - 10. 7% and the recovery of 91. 0% - 106. 0% . These
methods were successfully applied to the analysis of geological samples, and all indices met the quality requirements
of DD2005 -3.

CONCLUSIONS:; Compared with non — chromatographic methods, newly established methods by HPLC — HG -
AFS can determine multiple components simultaneously. At the same time, preliminary studies have shown that the

valence content of elements in the soil is not high, and lacks correlation with the total amount of soil.

KEY WORDS: As; Cr; Sb; Se; valence detection; liquid chromatography — atomic fluorescence spectrometry
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