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A critical review on the speciation and development of sequential extraction procedures for arsenic in soils

LIU Guan—nan', CHEN Ming", LI Wu—qing’, GONG Wen—wen®

(1. MNR Key Laboratory of Metallogeny and Mineral Assessment, Institute of Mineral Resources, CAGS, Beijing 100037, China; 2. Test
Center, Hunan Institute of Geological Survey, Changsha 410116, China; 3.Beijing Research Center for Agriculture Standards and Testing,
Beijing 100097, China)

Abstract: Sequential extraction procedure (SEP) is as an important method for the study of the speciation of trace elements in soils. It is of
great significance in the assessment of environmental risk. The migration and transformation behaviors of arsenic in soils are significantly dif-
ferent from those of other heavy metals. Therefore, the SEPs for most heavy metals are not suitable for quantifying arsenic speciation in soils,
and a specific SEP for arsenic in soils is required. This paper critically reviewed the geochemical fractions of arsenic in soils as well as the
extractants, procedure, and development of SEPs for arsenic in soils. The advantages and disadvantages of some prevalent SEPs, such as the
Wenzel method, Shiowatana method, Keon method, and Drahota method, were proposed to provide a reference for the extraction of arsenic
speciation in soils. Finally, an overview of the combination of various instrumental analytical techniques and SEPs for arsenic speciation in
soils was provided.

Keywords: arsenic; speciation; sequential extraction procedure; soil; Wenzel method
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environmental redox limits imposed by the dissociation of water to
H.(g) and 0,(g)""
B 1 As—O-Hf& % pe-pH

Figure 1 pe—pH diagram for the As—O—H system
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Table 1 Extractants of SEPs for the geochemical fractions of arsenic in soils
RIS Geochemical fractions of arsenic PEHGA Extractants 22 R References
KB 7K [34-35,37,49]
550 RS NH.C1(1 mol- L") [38-39,50]
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Figure 2 Diagram of SPE development of arsenic geochemical fractions in soils
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%R 2 Wenzel i& .Shiowatana i% . Keon i&#0 Drahota iX 12 BUG IR
Table 2 SPEs of Wenzel , Shiowatana, Keon and Drahota methods

RRe DI

KA

gL B ; ) ST MR IS - VSN
B} eochemical fractions of ) . . Reagent :soil/ )
SPE Step L Extractants and extraction conditions . Features
arsenic in soils mL:g
Wenzel % Fl1 Bl 0.05 mol - L' (NH.)>80,, 25 CHE% 4 h 25:1 BRI | mISCR N R
F2 L Al 0.05 mol L' NH,H,PO,, 25 CHE% 16 1 25:1  KIEITREECEIE LIS R
N ol R o e Tl e (R B e 5 2
F3 ToE BB ER AL 0.2 mol - L™ FLEREZZE vl (pH=3) , 25:1 AT 7IE P T pH (R 04 TR+
ZEA TS 25 CHe4h BRI IE
r4 TR AR A ERE(0.2 mol - 1) +HLHRILER (0.1 mol - 25:1
ERRE N T L"), pH=3, 96 CHE3% 30 min
F5 i A TH A FE
Shiowatana 3£ F1 KV A FETFK, 25 CHRY 16 h 30:1 K Vs A5 T+ J 2 W B A 5k g e
F2 FE I B 25 0.5 mol- L NaHCO, 25 “CH% 16 h 30:1  AHSRPEARER {0 NaOH % i 48 PR 613
) . EEDMATE SR, mHEEBHT KL
F3 AR A A 0.1 mol-L™"' NaOH, 25 C#E3% 16 h 30:1 F -3 LR AE DT L R
F4 FEZE LA S 1 mol-L™ HCI, 25 C4E3% 16 h 30:1 AR LA S5 R o
F5 BRI A T S I
Keonik™  Fl1 AT R B 1 mol- L™ MgCl,, 25 C#E#% 2 h 10:1 L HEP R T 2 IR BT
P2 GHHEAR Lmol-L! NaH:POL(pH=S), 25 ClR%24h 101 JCMIELIERIAERE . [MRD
¢ A e D C PR | LA SR, T RE 2 S BRI I
3 (i AN i 1 mol-L"HCI, 25 C¥E% 1 h 10:1 W e AT MR S L PRI 25 4 2
F4 TCE AR A L 0.2 mol - L™ FEFREE I (pH=3) , 10:1 B2 g7kl AT IR S AR
A 25 CHRPF 2 h J7 T RIAIFEE o
F5 TR Ak 0.05 mol - L' Ti( D) -#r @M -EDTA -k 10:1
EE N FREBNGE i (pH=7), 25 CHR % 2 h
F6 i A AL FEE 10 mol- L' HF, 25 C#E% 16 h; 10:1
A A Jns g B2, 25 C {8 h
F7 SRR TG E T 16 mol- L' HNOs, 25 CIR¥% 2 h 10:1
(Aszss)éﬁﬁljﬁ?\ﬁqﬂ
F8 FRE A T A S D
Drahota 7 F1 IR A FBTK,25 CIRE 10 h(F 1) 25:1 P kTR A EH&%%GEE%%&
F2 VGRS 0.01 mol-L" NH/H,PO,, 25 “CH#% 16 h 100:1 o AHERIU kAR RS L & A
o e (PRI %7 HE T 1L 4
F3 TCE AR A L 0.2 mol - L™ FEFREEZZE R (pH=3) , 100:1 IR 2SI 40 AR T
EO 25 CHR# 2 h
F4 Fh TR E ALY 0.2 mol - L™ FEFREEZZ h I (pH=3) , 100:1
ZEA A 80 CHR% 4 h
F5 SRiE A T AR S D

AR M . {H Shiowatana 722 FH NaOH 35 7 H B gk
R A TR S B A B
R 5240,

Huerta—Diaz 75 1 mol- L™ HCI. 10 mol - L' HF
Y HNOs 7337 4 BT ARy th il M S R 2 BT &R
FESRIRER 45 & R &8 T = A gk 45 5 B e
JLE . Keon I Huerta—Diaz 15 i) B:filt I i T TE £
HYHIBGR] , A b 1 i [ AR 2 20 Ak 2 i — 25
K AR T 5 W B S A i O B S A T Y
BRERZE A A RS A A A S AL

WILEFEY) b S A RS S, BT LR FY
H pH {8 Eh {H 255 R I Fe AL RIS 250 5 1 & 7%
AR, S B IR 52 Th B S S BORA — & IR

PR . Drahota 5B E X8 1L F2 40 B HF A, X5 Wen-
zel JEPH Dold I HEAT T LAl , S HR A4 5 g 1
HisE T IR FEY) TR A 932 . Drahota 2%
WA LLE SRR 25 1Y 2 SR A R SR B %42
B X B bR i 2 OSCR B (>85% ) , ift ) [T e 4 Oy
89% ~ 112%™ Drahota %} 3¢ sl 25 10 73 2 2
W EAEENSHEE L.

Javed IKPEAE Kreidie 75 FE Al E 7R 4T SOk Y
FREOT 2, nl 3R >00% MR B K . %0 ik
B R 2B BOT R R 7y B it A e AT E— 20
SR, K73 hy S A R RERRER A W) 45 5 25 A (Ass as-
sociated with As oxides and silicate clays) . #{ &8 Fl G
& F T ¥ ILPTPE A (Pyrite and amorphous orpiment co-
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precipitated As) A LA R AL B Ak 25 6 A5 6 (Or-
ganic matter— and secondary sulfide—bound As ) F15% i
A0 (Residual As) . T Kreidie P52 i AL 8 B 4
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H 5 45 R B S 5L T V5 Tessier 7£%/F1 Sondag
E
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B, ABR 3% 5 ¥ 95 AR 5 B 45 45 A5 1 5 Shiowatana 15
S XS EE G AR T T 3R, (H =% 07 1 vh SR IR
SR A5 25 R NaOH PRV, 3% S I T
TR AT AL 235 5 A B A PR A0 S A W 4 1 2
HIASE R, AHECT R PIM 12, Javed 12l Ke-
on VA L3 ORI 23 B T ZRIE A XN T
F AP RE S A —En s L. LRI
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