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Cartes 25 5 1 5827 5 4y 1 Yot il 192 % 1 0 8 2
RS Y 25 S, IR R 2 RO TG R 1 W A
JE IR ER A 20 ~60 {5, Zhao 25 X} 2= 2 SR ALY
I Pezzarossa 25 X 5§ 5 WO WF 2 W AG B T — &b
o T Zr - oxide DGT & YA AL Se EZRIE T
AR ELR , I AN 2 AR P WS ) 3 B 4, BRI
Zr — oxide DGT JoikHF 3 Se (4 WA 5 PE
#ro Cpor(Fe —oxide) —Se 57K FHf 5L 1 AH 35
£ 0.705 , K F A2 IOL F1 - J8A Wk, HAER XA
[ X HEAT Se A3 R0 A B 32 3 30 10 A 4 () A 56
PEAKF- (18] 1e) . Wang 278§ Mason 27 ) A 55
R FRW] DGT I E MA % As FIA R P SHEYIAH
NETCER & A e R TR IR . X TR T
%, Cu,Cd, Pb Ml Zn % o A5 2R 87,
DGT 32 AT YU RN o6 22 78 + IO B8 b i 22 4k,
FE A RSB AL S T S B S T 4
B AT P R A 3 43 LA R R 1) Y AH )R A
3, FLR SR 0 S ) 3 e LB 5 4 R AL T RE AR
FH5E R H AR T AR EE A BT 28 Y 1A 3R 1 1 3l )
S ARLEE SR, B2 W 7o r 4 R 8w, DGT
T A2 AR FRAYE T (40 pH KT HLY
T CEC, T ) i m ™ . ik, Xt F3F
Pr RIR il - b Se A2 WA PR &, DGT J7 i
T TFAE SR Ab 2 R B A L 3 v Tk, FLREUE 3l
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JieE A BT 3 Se M REHGE ARE , DT AT LASE 4F
A5 Se AEMARUNE
3.2 WFSEIX LG i B A B A AR

d- 4 Se 1 R REAE 2 H ) B A Y 32
s, FEERFSEIX 18 Se & EIEHIY 0.33 ~1.47
mg/kg , SEH &R 0.75 +0. 28mg/ke, 5 S5 R EH
37% ,Hrf 95% 1y T 3EAE SO AT G e Al R IEEAR (0. 4
~3mg/kg) ; ¥ FIFSRIX 3 Se B L EI M 0. 15 ~
2. 16mg/kg, )& R 0. 65 £0. 42mg/ke, 8 7 &
BN 65% ,Forh 72% 1) 5 RE G AT B L AR
o PIPTEIX 4 Se & K FERA KR, B
FEE T WL A R)Z L Se V& & (0. 32
mg/kg) 0 Tk SR f) R T R X . AR SRR
(CV) I IR/INAT LA T 3R 7 4 38 rp i 1 &) PR R0 AR
SE, CVAE/INT 15% Rz A8 5, CV HTE 15% ~
35% N AR S, CV H KT 35% M A ™,
ARG X 7 F L M o g X b 3022 S 450K, vl g
ZHRA A R T Se BYARRT & 4R FIHLIE S5 R 1Y
S, T3 Se YOS AR R,

d- 4 Se HYMAAAIE 25 AT W 90 H A= W A 3L
PRt E SE D I X AR S AT I S A R IR
30T, A% Se 19T FIRAAIEAS , o AKIES (F)) (B
TR (F,) AR EL 45 A 8 (Fy) B 2B
AR ST, TEAE IR A IR S 5 A8 (F,) VB
FMEE B (Fy) MR A PG G (F) Bl 2
TRTELE A S 1 5 BB 2 (F,) INFR MRS E 3, 7
TETH W) has b, XE LURS A RE R R . 45
TR, FEEMIRIX 3 Se Hh F, 2 F, KL 42
BB REKR ] :0. 7% ~2.3% 0.9% ~2.9% 1.5%
~3.8% 10.9% ~17.8% 0.7% ~1.5% 41.4% ~
67.4% 15.1% ~30.5% , %25 Se &5 w35 Lo 141
HEFAR IR N . F, —Se(57.0% ) >F, —Se(22.1%) >
F, - Se(14.5%) >F, —Se (2.3%) >F, - Se
(1.7% ) >F, =Se(1.5% ) >F; =Se(1.1% ), ¥
WFFE X I Se tf F 2 F, &2 25 U128 46 50 AR TR
$:0.5% ~2.6% 1.2% ~3.0% 1.8% ~4.0% .
13.1% ~21.7% 0.7% ~1.4% 39.1% ~58.2% .
19.4% ~37.5, %L Se & & V-1 L A9 HE ¥ Kk
Hp:F, —Se(47.1% ) >F, - Se(27.7%) > F, - Se
(17.9% ) >F, - Se(2.7% ) >F, —Se(2.0%) >
F, -Se(1.6%) >F, -Se(1.1% ) ,

TGS RE(MF) AT LhE i S e 38 v Se 1949
AR, EEA DR X MF S A{E 530 5.5
+1.1%f16.3£1.9% ., ARMFFTLERSGLHHNIT

DX AN B AL R AR L R Se JE 2543
Brat AL, MF (3978 5% ZE47 . BRI 15
RIUKE B AR L4 Tmg/kg 43 TR N Se (IV) Al
Se( VD) /b5 , +-HE Pk % 45 Se FIES T35 45 Se
I3 R T (B 2) . 133 Se [1) BCR 24241
e, 50 B PR A YR 11 352 % S 280 ) 2 0 i - 3
) Se LIRS R T 1N S 6 T 174 72 ] X Al 1 9]
2 WS -3 Se W LA RT 42 AL AR 3 iR T £
PR B (RIS + A8 RS + T AL 4)
Se St FIE B e AT K AR A A
DA SRR I S A B 25, Nk +
e Se (T8 B PE 414> 5 e, (EBFIT & BRAMR Se
PEA 385 7E A 43 1) R AT F 0 I, 8 AR
A HUREE A e 230 P, ATVA A5 B T30 145 Se bl
IS IA] B 1 T R R R AR BN 3 h Se F
SEDIARXTRRRE BPIR S AEAE , AT Bl A W S A B9 A
B Se A B ) — /NER 43 AB AR BT N R SR U -
e HIB S R E

100

00 | oo e 1 45 & 25 Se
80 I T e #u A Se 72.1%
70 F |COJKEZASe
—~ 60}
xX
= 50 +
= 4of 30.09
30+ 0%
20+
10}5.5% 6.3% 0
0 o pim 4.1%  3.6%

k& @O )SIT HFH Se(VI) Se(IV)
AR A I T SCHR [40 - 421, Se ( V) 48 4% 1me/ke #S A0
Se( VI) 4L B, Se(IV) 4§ 13 1mg/kg %30 Se(IV) 4b3H .

Pl2  RERGHMIRTRM L Se TG EhA M AFFAERT EE

Fig. 2 Comparison of selenium activity fractions between

natural and external added soil

3.3 WX e

X N AEDI ) Se F i RHAIE 2 Al i 5 A
TIETF IO I E AR AR, o | BRI SY XOK R
S Se & i 0. 028 ~ 0. 068mg/keg, 1 & - H
0.046 +0.018mg/kg, i}y 0. 046mg/kg; Ui FIHF5E
XKFRFSE Se &4 0. 026 ~0. 1mg/kg, V- 1415 &
9 0.05 +0. 02mg/kg, 1 {H K 0. 046mg/ kg, 4
(ERGA) (GB/T 22499—2008 ) HhXf ok H Se 47
HAYHLE (0. 04 ~0. 30mg/kg) , PIHIFFE XK R ff
SRR IR B AR E Y E 430 S 65% T 60%
MAE 3. 2 42 3] B9 X 4% 3 Se 210153
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(1) 5 A 398 Ho 9 i ik 95 %, 5 HE DX ds P A= K 1 /K A
18 B0 LA s AR 2 e o X DB AR AR 13
Se & it 1M AN 7% S8 A= W1 R0 ok X 43 Al 4
ABFE Y, T LK 4 br o B e 1Y A g
G ) A ) A A5 A T R, Bt — 20 e A
R, A BERRE VAN A 3 Y m A

BAF JZ— Tt YR BUE, nT LUE fE e A fE
Xf -3 Se (LR W) SR, BAF {BHOK, R IWME
Prxs Se WM R AR o B BERT ST IX KA H 52
Se ] BAF {H7ZF AL 0 0. 040 ~ 0. 14, F{H N
0.058 ,*F-Y{H > 0. 065 ; ¥y H HFFE IX /K FE AT 55 Se 11
BAF {57547 0. 030 ~0. 19, Hf{H K 0. 091, 3
BIEH 0. 090, BT 5E XK R Af S vf Se 1114
B RAHZEAR B DRFFEIX Y BAF S EARECT
B IX R 38% o X 5 I Se (TR A
PR3, Uy HBFFEIX L3 Se BTG S REL(MF) &5
T EEIWIR X, RWIALE Se & AR B0 K, L4
BA TR FILE Wy n] R R B 23 o Fe B
XA v Se WS R AR BE g
3.4 JET DGT i1yt ) A5 AE s Hr
3.4.1 DGT M5ELER

ARWFFE 53 59 L I K 2k 9 B DGT (Fe - oxide
DGT) FuK & ZE AL DGT(Zr - oxide DGT) il &
TIEER Se i, BARGIR L 30 DGT Jy iUl
TR LA R Se YR E (Chey ) & BEARAK, Horp
Fe —oxide DGT 15 ) Cper EX & #E 0 0. 17 +
0.076pg/L,Zr — oxide DGT {45 9345 &4 0. 20
+£0.13ug/L, Zr — oxide DGT M5H %L Se &= T
Fe —oxide DGT, iX IH [ T Zr — oxide [& & 57 Xt & 4k
PEBF B 04 2 F0 3 B 0 2 K, 2 [R5 e
Se .Cr Mo . Sb.Se .V . W Fl P 45 8 Fh[H & 7}, HA
2 Fe —oxide 19 7.5 ~232 4517 R AT L0 o 5
Z 1 Se B ¥, it ZICEIHF TN T LA Se £ IE
SEEN AR Cye oy S & /Y 18] 09 07 72,

#3 DGT Mg 1AL Se & HEESR

Fe — oxide DGT 151 C,o, fH 2K A T8 1 3¢
A Se(F,) MBRFRERZE G A Se (Fy) Je—/NER 4K ¥
A Se(Fy) , MEBHERES G Se(F,) R A4S
HASe(Fy) GRANLGE B (F,) FEREL Se(F,)
X Copor [HIEA T [ Cpey (Fe - oxide) = —0. 17 +
0.11F, +17. 62F, + 18. 87F, — 0. 52F, — 3. 26F, —
0.023F, —0.044F, R* =0.89 ], Zr - oxide DGT j
131 Coer EEE A TKIER Se(F,) FIlkPRERZE A
A Se(Fy) AHAHKAER S [ Coor (Zr — oxide) =0. 36
+12.96F, =37.61F, +30.00F, —=3.95F, —30.53F,
-0.18F, +1.83F, ,R* =0.28 ], Wang 25'** FI Peng
A0 T 9 245 Bt R B KV A Se T 22 45 Se
J& DGT % 5 [ 5 Se [ FZEARE, th L o] W, DGT
RIARL Se EZK A T Se LA YA B
Hioro
3.4.2 LI JIERHEST BT

DGT AT T i &5 83 ) 27 07 s, Hg i
Ry et FRALER, S ARV RSO FEAE - SR B
H R B IR o IR PR3 1 Y 31 0 2 i AR L
BEIARL, PR ] DA S e — 7 1 388 8 Ty 2R 5 B Y
DGT FARN ]+ h A BES T o At HEgi G
J& T s B AR B S e 5 TGS AR, DA
FUARY 5 AN - 98 [ A 1 980 HE b 25 9 3 2575
DGT 7EE TCHLAY B, 38 5 HA B B2 RE
MR W B, DGT 3 B E T S, i
DGT Z& g 1 X IR) +3EWS W Se B TR FEE 1R
BREAR, 30 5 1 30 W A - B e TR , 21
518 - S AR AR AR Z [H] Se (13 sc 4, Rl 5 A
VLYK 51 Se 2 R AEMRES, DAZESy - 58I
FGIEA Se He s 0 X iR T SAELS Se BT
B R T A S ik 2 R 3 S T Cer
5 RIS EE (C,,) Z R HE (R) , AT LAVE
Al - 38 [ AH ) - 38 0 W AR 45 Se B T MU RE 7.
Fe —oxide DGT M8 R 19 35{E M 0. 053, Zr — oxide

Table 3 Analytical results of available Se in soil with DGT measurement method

Cper (pg/L) R(Cpgr/Cyra)
DGT %! WX
/ME i NIE] A EADA /M NI S SRDASE
Fe — oxide & 0.089 0.41 0.18 0.16 0.020 0.087 0.049 0.041
} ian| 0.051 0.34 0.15 0.14 0.024 0.13 0.056 0.055
bet 2 0.051 0.41 0.17 0.15 0.020 0.13 0.053 0.050
Zr — oxide it 4 0.050 0.55 0.19 0.14 0.0096 0.23 0.058 0.034
i 0. 066 0.56 0.21 0.17 0.016 0.27 0.085 0.073
bet A 0.050 0.56 0.20 0.16 0.0096 0.27 0.072 0.049
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DGT 75 R B¥{E %9 0. 072, R {H T 0 W] +
SRR ] 1 ER IR TR AN Se BT I T R MG, A S
1 RAHMLES S Wang 251 R T 45 R — B, 7E A
IR 392 T - SRR I VMR 45 Se 15 T 0380 5 501
T Se B 7B 3 3R AR, DGT SLT M il 14 Se
Y PR BN 1) 3 7 AT, R T e 8 T H IR 4
F9 ST IR 2 I 2 S A 1 A 8 B £ 1 el g
TR,

TR WU T - R R BT TS T
T, dd DOT WL B A 2L Se ORI T, 152
FIS VTS X A 3838 W F) T 29 & 543 31 4. 31 =
2.27ng/L 2.8 +1. 12ng/L, T AR PR Se
B (C,,) & DCT MAGH % Se (Cper) B9 20 ~30
% 2 O RO AE T DT T B
BB Se B T, iBALIE AT I B A LIRS &9  EHLIL &
W) YRS AR Se. X HLBANBFSEIX £
HEVRIREE S, EEIX DA Se SRR E ST
Uy 31X, X 7 98 1 020 T 2 8 K/ T 11 e
X, YiHA b B M IX e Se HAT BB AITAS1E, 2R
T — 2 % FE B BFSE X B R (B &, B2 M X Y
RAE/NTY MK 3) %72 B M 8K B 3 XA
BFY T 4 Se HA HRR AT (A H +
S AR i TSR AN T Se B9 T IR /N T 1 3t
X B 3.3 45 A0 1 Hb X K RS2 1 BAF {E A
T 1B X 2 38% , A UL 4 3 WORE X Se BT
HOFFLEANA 1 L3 — VR RGET B AT R P 5 A
FEHAL Py HLIX 30 Se 85 T A X 5 4 25
e T RE 5 HOR S 4URA %o ABFRIIZ T H 5
Bras S W DGT I 194G 4% Se R UE T /KIS &
TR e A5 R R £k 25 45 25 Wang 2% Fil Peng
LSRR g b FE W K T 45 Se FIA] 284 25 Se J& DGT
e E 1 Se K, Y TTHLIX L3 KA DS Se
A AC IS Se JeBRIRERSE & 75 Se I T LBy
X, % e T AT 1) DGT 52 945 3L Se $RAEHE £ 1
P

4 4k

ARSCUAHTILAR 1 5E 2 5 AR A Y AR Bl
TIERHIFEN R, SR AL B UL  Fe - oxide
DGT(ARERE L) \Zr — oxide DGT (/K& S A LA 1Y)
L SRRV IRl A A AT Ak . SRR
W] : DZr - oxide DGT XJ Se (V) HAT L E M B AL,
2 Zr - oxide DGT JCI%kA RO M AR Y AR A A 5
K, DRI T A 0 - S A= ) A7 R ER:, Fe — oxide

0.16
0.14 L | Fe-oxide DGT
0.12 +
0.10 |
~ 0.08 | T
0.06 0.055
0.04l 0.041 T
0.02 | 1
0 1 1
i wA
500
450 L | Fe-oxide DGT
400 b
350 f T
300 | T
250 + 218
?(5)8 I 161
100 | L 1
50 |
0 1 1
R wn

B3 DGT BARMEHT R fEA K 4
Fig.3 R value and K, value by DGT measurement

DGT ZAJL T Zr — oxide DGT ;@] HA[R] -3l A= 49y
ARANEVE 7 ik, DT EARAE M AV RE B AL T 1
FEBOEA LI R T DOT HORTHREAH T Y
RAG (R0 1) - S0 kb SERN R RE ) A K
(S-S WO Z 18] Y 0 B AR 20 L AR B SRS
DR T3 TS X A 8 il 5 A i R i A 1
(ELIC o S STAR 1) - SR b ST B 1 A3 R/ T
HFFEIX . DCT FAR R HE T2 3 ik F 4 ey
kAR S Wt B oA AR B A L

BTG T B Y BOM AR ( DGT) £ AR AT LA
AP TR G S R AR A R IO AN
BTALGE R A2 S 0 A - S ik, 7 I i P
s e - 8 gl g~ R B0 S R
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Assessment of Selenium Bioavailability in Natural Selenium - rich Soil
Based on Diffusive Gradients in Thin Films

WU Chao'”*, SUN Bin - bin'** , CHEN Hai —jie' , CHENG Xiao — meng'>, HE Ling'”,
ZENG Dao — ming'”
(1. Key Laboratory of Geochemical Exploration, Ministry of Natural Resources; Institute of Geophysical and

Geochemical Exploration, Chinese Academy of Geological Sciences, Langfang 065000, China;
2. UNESCO International Center on Global — scale Geochemistry, Langfang 065000, China)

HIGHLIGHTS

(1) The diffusive gradient in thin - films ( DGT) technique can be used to efficiently evaluate selenium
bioavailability in natural selenium — rich soil.

(2) The DGT technique is better than chemical extraction and soil solution methods in evaluating selenium
bioavailability.

(3) The DGT technique can be used to reflect the information of the soil dynamics process when compared with

chemical extraction and soil solution methods.

— Fe-oxide DGT @

— Zr-oxide DGT

Natural selenium- Collection .
. . Conclusions
rich soil ; - summary
Chemical extraction
method

Q

Soil solution
method

ABSTRACT

BACKGROUND: Available selenium is an important index to evaluate the supply capacity of selenium from the
soil to plants. Unfortunately, there is no general method for the determination of available selenium in soil in
China. Chemical extraction and soil solution methods are commonly used to evaluate bioavailability of selenium.
Furthermore, there are problems such as the lack of universally applicable extractant types, incomplete extraction of
target states, and dissolution of non — target states. The diffusive gradient in thin — films ( DGT) technique is a
method based on dissociation and diffusion kinetics which has been successfully used to assess the bioavailability of
selenium. However, it is not clear whether the DGT technique can be used in natural selenium —rich soil.
OBJECTIVES: To investigate the feasibility of the DGT technique to evaluate the bioavailability of selenium in
natural selenium — rich soil.

METHODS ; Natural selenium — rich soils from Shangshu and Fenkou in Zhejiang Province were chosen as the
research objects. Fe —oxide DGT, Zr — oxide DGT, chemical extraction, and soil solution methods were used to

evaluate selenium bioavailability.
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RESULTS: (1) The average of available selenium measured by Fe — oxide DGT was 0. 17 £0. 076 ug/L, whereas
the average of available selenium measured by Zr — oxide DGT was 0.20 0. 13wg/L. Zr - oxide DGT cannot be
used effectively to reflect the content of selenium in plants due to the specific adsorption characteristics to Se**
Fe —oxide DGT was suitable for the bioavailability evaluation of selenium in soil rather than Zr — oxide DGT.

(2) There was a significant positive correlation between the selenium content in plants (C ) and the available

plant - Se
selenium content determined by the three methods. The correlation between available Se by Fe — oxide DGT and Se
concentration in plants (r =0. 705) was greater than the chemical extraction method and soil solution method.
(3) The K, value and R value calculated from DGT and soil solution methods indicated that the soil of the
Shangshu area had stronger selenium mobility than the Fenkou area, but the rate of Se supply from the soil solid
phase to the soil solution was less than the Fenkou area.

CONCLUSIONS: DGT is more suitable for evaluating selenium bioavailability compared with chemical extraction

and soil solution methods because it has more advantages in testing performance and reflecting the information of

soil dynamics process.

KEY WORDS: chemical extraction methods; diffusive gradients in thin films technique; soil solution method;

selenium; bioavailability ; natural selenium - rich soil
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