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Combined extraction of bioavailability of arsenic and selenium in soils

WU Mei"?, ZHAO Jiayu"?, LIU Yi"?, TIAN Xinglei’, NI Runxiang®, LIU Yonglin"*

(1. Key Laboratory of GIS Application Research, Chongging Normal University, Chongqing 401331, China; 2. School of Geography and
Tourism, Chongqing Normal University, Chongqing 401331, China; 3. Shandong Institute of Geological Sciences, Jinan 250013, China;
4. Rural Energy and Environment Agency, Ministry of Agriculture and Rural Affairs, Beijing 100125, China)

Abstract: In this study, to improve experimental efficiency by reducing the number of experimental steps, a rapid, accurate, and effective
method for extracting bioavailable As and Se in soils was designed, produced, and evaluated. The experimental effects of four extractants
(0.5 mol - L' NaHCO3, 0.1 mol - L' HCI, 0.5 mol - " KH,PO, and 0.1 mol - L' KH,PO.~K,HPO.) in extracting bioavailable As and Se in
soils were compared. Following the mixture and extraction process, the resultant solutions were added to a mixed acid solution of HNO; and
HCIO, and further digested. Subsequently, a hydride generation atomic fluorescence spectrometer (HG—AFS) was used to determine the
content of As and Se. Additionally, soil reference materials were used as controls for determining total As and total Se in soils. The

experimental quality of corn root and corn seed was controlled using the corn reference material. The relative standard deviation was within
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10%, and the detection limits for Se and As were 0.01 pg+Land 0.05 pg- L™, respectively. We found that the contents of soil bioavailable
As and Se extracted using 0.1 mol - "' KH,PO,~K,HPO, and 0.5 mol - "' NaHCOs buffer solutions were positively correlated with the total
As (r=0.788, P<0.01; r=0.794, P<0.01) and total Se (r=0.707, P<0.05; r=0.648, P<0.05) in soils, whereas the other two extracts were
ineffective. The plant index method showed that the content of soil bioavailable As and Se extracted using 0.1 mol - L' KH,PO,~K;HPO,4

buffer solution had a significant positive relationship only with that of corn root (r=0.848 for As, P<0.01 and r=0.822 for Se, P<0.01). In

conclusion, 0.1 mol « L' KH,PO,~K;HPO, buffer solution could be used as an extractant to rapidly, accurately, and effectively extract

bioavailable As and Se in soils.

Keywords: soil; arsenic; selenium; bioavailability; combined extraction
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Table 1 Steps of extracting bioavailable arsenic and bioavailable selenium with four extractants respectively in soils

[13-14]

FEHGH) +K 373 it ] Ik Lo ] B
Extractant Soil liquid ratio Oscillation time/min Shaking velocity/(r+min™") Centrifugal time/min Centrifugal speed/(r+min™)
0.5 mol L™ NaHCO: 1:15 120 250 10 4000
0.5 mol - ™' KH,PO,4 1:15 120 250 10 4 000
0.1 mol-L™" HCI 1:15 120 250 10 4000
0.1 mol - ™' KH.PO,~K,HPO,4 1:5 240+240 250 10+10 4000

1% WHART]
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Table 2 Instrument operating conditions

HG-AFS Z %] Parameters of HG—-AFS

5 (S %UH ) Setting values of Se

il (ZHUH ) Setting values of As

e HL 445 1755 TR Voltage of photomultiplier tube/V
ATHLIE Lamp current/mA
# < Carrier gas/(mL+min™)
B < Shielding gas/(mL-min™")

280 280
80 60
400 400
1 000 1 000

2 ZR5W®R

21 TEAYMBERNSHEE

Kruskal-Wallis ) 2 B0K 56 45 1 B, 4 Fp L
Fr IO LR A A RS S R A B E S
(P<0.05) . 0.5 mol-L" NaHCO5.0.5 mol - L' KH,PO,,
0.1 mol-L™" HCIF10.1 mol-L™" KH,PO,~K,HPO.$ZH 1 +-
A YA RS R IE 2 510 0.119.0.478 ,0.548
mg - kg™ F10.343 mg-kg' (£ 3). 0.5 mol- L KH,PO,
F10.1 mol - L™ HC1 $E B H I AW ARSI i 5
g SR R 0 B E A DG . 0.5 mol - L' NaHCOs
(r=0.794 , P<0.01) F1 0.1 mol - L' KH,PO,~K,HPO,
(r=0.788, P<0.01) $2HL i) + A= WA U & 2
TR R R B IR,

4 FREGA H Y 0.1 mol - L™ KH,PO,~K,HPO, fT 12
LY - AR WA ARG A R ORORF (7=0.901 8, P<
0.01) 1 F KM (r=0.848 1, P<0.01) M Aifi 52 i 25 1F AH
K, HR OB MM (B 1) . SR F Y BEERIR I
0.5 mol - L™ KH,PO. I 4 B 4= 58 A= W A3 25 &5 i g

F 0.1 mol - L™ KH,PO,—K,HPO, fT & B 1) £ ¥ 45 5035
i g, FHCR O 5 FORAT R RAR S G S8 2 A0
ek, DRI AR X 345 0.1 mol - L™ KH,PO,~K,HPO, H &
T A YA RS FR I
22 TEAYBRUSWEE

Kruskal-Wallis JF 2808 56 45 H WK , 4 Fh 2 B
P32 B LA AT B3SRBS (P<
0.05) , 0.5 mol - L' NaHCOs 0.5 mol - "' KH,PO, 0.1
mol - L' HCI #1 0.1 mol - "' KH,PO,~K,HPO, & B 1) +
LR W A S R P 43 514 0.023.,0.015.,0.009
0.023 mg-kg' (£ 4). Br0.1 mol-L" HC14},0.5 mol -
L™ NaHCO,(r=0.648, P<0.05) .0.5 mol - L' KH,PO, (r=
0.627, P<0.05) A1 0.1 mol - L' KH,PO, — K,HPO, (r=
0.707, P<0.05) $& B i) 38 2 Wy A 2GR & 1 34 5
ARG A N AR AR G

4 PP BGRA PR B HIEAE YA RS S /Y |
KA AP £ 15 38 T J 2 A M (L5 R AR AN % £
Y i 2 EAROC (181 2) ,r 43 5100 0.818 3(P<0.01,0.5
mol « L' NaHCOs) | 0.717 5 (P<0.05, 0.5 mol - L

R3AMERF SR T IEEBASHEEN TR EXREHEE(ng-kg')

Table 3 Four extractants extract the bioavailable arsenic content in soil and

total arsenic content in soils and corns(mg-kg™")

i AL A Bioavailable arsenic N FORRART TR R
Sample 0.5 mol -1 0.5 mol -1 0.1 mol-1." 0.1 mol-1." Total arsenic ~ Total arsenic ~ Total arsenic
number NaHCO; KH,PO4 HCI KH,PO,~K,HPO4 in soil in corn seed  in corn root

1 0.009 0.158 1.025 0.207 14.01 0.052 0.756
2 0.076 0.373 0.379 0.299 8.41 0.078 0.628
3 0.099 0.417 0.549 0.334 11.16 0.044 1.163
4 0.105 0.696 0.190 0.266 10.50 0.075 0.989
5 0.132 0.486 1.260 0.345 23.12 0.121 1.151
6 0.127 0.789 0.250 0.296 17.47 0.092 0.865
7 0.104 0.542 0.367 0.152 15.74 0.051 0.494
8 0.171 0.322 0.235 0.744 36.41 0.391 1.627
9 0.246 0.519 0.678 0.444 34.47 0.078 0.889
SN 0.246 0.789 1.260 0.744 36.41 0.391 1.627
e/ ME 0.009 0.158 0.190 0.152 8.41 0.044 0.494
S5(H 0.119 0.478 0.548 0.343 19.03 0.109 0.951
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Figure 1 Correlation between bioavailable arsenic content extracted by four extractants in soils and total arsenic content

in corn seeds and roots
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KH,PO.) .0.731 3(P<0.05,0.1 mol- L HCl) .0.822 1
(P<0.01,0.1 mol- L KH,PO,~K,HPO,) . Z:4KE ,
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S5t SR
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LN FEAAPERT B BRI SRk AV 2
AEARLIE , W 1Rk 22 s VAN AN AT DA 4 B 9 Ry
it T ELXE T35 0 A7 AE T S0k s Hp it v 3
B, DTS T PR G Sl A R AR g
it 32 22 DL R A (AsO3) FIE A R HR (AsO3 ) TE A7
18, B B R R (HPOT \H.PO) A R KA A BIM: . 78
KEZFHKR T, As( V) AT IR A AL /AL AN
SAACEE I R R L 5 AsCV )AL, SR sh7E bt
S R W 5T i Z b W B T ERY S Alam SEELAL T
WERRER BLRR PR SRR A R B A ey SRR X - HE
AR, R B R B 0 B RO LU LAt T LA £ ) 4R HR
TG, TSP Wl R AR 110 W B A2 B o T AP R AR
DRIt , Bl IR AR PT DA 00 3 174 e S A I
PR AR L ok

0.1 mol-L"' KH,PO,~K,HPO.#10.5 mol-L"' NaHCOs

PR A 3 v A= WA RS G B 5O B Bt (3R 4
2) H i F 0.5 mol - L' NaHCOs XJ 1 5 A= Wy A S A5 i
H R BOR R A 2% , P 0.1 mol - L' KH,PO,~K,HPO, B
AT ECA I A A YA OGS S . 0.1 mol -
L' KH.PO.,~K,HPO, 7] DL £ B+ 338 i K 5 2 AT 28
PSSR A A LGS A A AR, DL 3R IR AR
il 2 P - 38 oAl AR A e R IE B AR, R
D S AEN OIS T A [R] B IBGR6 HE H A RGSG Y
PR, H A NaHCOs , KHoPO,4 , K;HPO, . KH,PO,—
K.HPO, R HE 24 40 . T NaHCO; . K.HPO. /7K
VS TSR, KHLPO, I 7K 7 T 2 R | 0 fof B2 O v
ARG A RS i 2 KHLPOL-
KoH PO 28 W75 T 1 B AT 3k 6 o Ll T 287 g 4 B

il 5 e EL AT AR AL ) S RROR 1 2 8, FE b A 4
¥ E AL, DL SRR AR T AEAE2, 0.1 mol - L™
KH.PO,— K, HPO, 4 B - 338 A= W) A R0l 5 A ) Jist 3
S P B T sC eV L i R AR RE K 1 39 v g oAb ik &
Yy, B an S Ak A%k AR AR TR B A B R AR (ASO3) L
BHERAR (AsOY) AR (SeOF) F AR M (Se02 ) HEHL
s Sfere PR, DA Ak B N S0 4 SR R A5
0.1 mol - L' KH,PO,~K,HPO, A] /= g + 358 v 2| ¥ 7
ST AR R IR IR B, SR 5 R R Ak S 56
BEVEAL IR 1 AL X 2 AP 3 R
T A A=A A B SR S

3 %

()4 FPEEF 42 0.1 mol - L' KH,PO,~K,HPO,

R4 AMERFASHNERPNH L EEYEREHSEMLE EREMAEE (mg-kg)

Table 4 Four content extractants extract the bioavailable selenium and total selenium content in soils and corns (mg-kg™)

R A1 345 Bioavailable selenium HERTE EKHATE AR S
Sample 0.5 mol -1 0.5 mol- L' 0.1 mol-1." .1 rangilolL™ Total selenium Total selenium Total selenium
number NaHCO; KH,PO, HCI KH,PO.~K,HPO, in soil in corn seed  in corn root

1 0.016 0.004 0.012 0.013 0.089 0.018 0.036
2 0.013 0.007 0.005 0.012 0.189 0.017 0.028
3 0.041 0.031 0.013 0.040 0.352 0.018 0.057
4 0.010 0.010 0.006 0.015 0.210 0.025 0.034
5 0.029 0.016 0.016 0.028 0.185 0.008 0.061
6 0.023 0.018 0.008 0.022 0.152 0.004 0.044
7 0.024 0.018 0.009 0.023 0.136 0.014 0.039
8 0.018 0.017 0.004 0.024 0.147 0.007 0.043
9 0.029 0.016 0.011 0.029 0.323 0.011 0.041
e RMH 0.041 0.031 0.016 0.040 0.352 0.025 0.061
fe/IME 0.010 0.004 0.004 0.012 0.089 0.004 0.028
SH5(E 0.023 0.015 0.009 0.023 0.198 0.013 0.042
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Figure 2 Correlation between bioavailable selenium content extracted by four extractants in soils and total selenium content

in corn seeds and roots
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P A AR WA S A 1 3 AR (7=0.788, P<
0.01) . E KK (r=0.902, P<0.01) Fl £ K M it (r=
0.848, P<0.01) & I 2 1F AH 3¢, Kt 0.1 mol + L'
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