2023 4F3 H oo K Vol. 42, No. 2
March 2023 ROCK AND MINERAL ANALYSIS 239-253

TR, R, FRUE 5. IR ) AR WA R RAE Ty 1 R i PR BT e [ )] A I, 2023,42(2) :239-253. doi;
10. 15898/j. cnki. 11-2131/td. 202207240140.

WANG Lingxiao, YU Tao, LI Fengyan, et al. A Summary of Research Progress on Bioavailability Assessment Method of Selenium in
Soil and Its Influencing Factors [ J ]. Rock and Mineral Analysis, 2023,42 (2):239-253. doi: 10. 15898/j. cnki. 11 —2131/1td.
202207240140.

-5 ) A= W0 AT R PEARAE D7 T B s i DR o 3 e

IaTF, &2FT FRIE, BEF, EEHA, AR
(1. ol R A (bt ) 24 B, b 100083 ;

2. ASRGEIRER A S MR AL 22 E S %, JEaT 1000375

3. i EHL BT A (b at) #hakRbaE S5 BT BE , st 100083

4. BEPGAA K T A MR A bty , BEPE P54 710068 ;

5. PEPUAS B Hb BT A o 0, BEVE PEE 710068)

WE. MAEARLENRELETZ—, BE- WK ZZARBARNY L2827 fadse 2 E R0 2R F
B AR AR R ik B B R A PN T E AT R A A A8 BRI
FRE AR RE, R GBI TALFIREBGE M HE Bk | R 3R A W A RO 3R T ik
AR S, RO F IR Bk A — R Bl B 4 A — A2 JE B AR R A £ P A W A AU A 2 42 B
HRPHEEY AL S RRBRRZAFFM, HEY KEBE AR (DCT) BB 69 4% A& W E 42 48
YOI 42 AR 40 3o R AR AR 69 A M A R0k A2 T A 26 09 A AR A A R R LR oA 25+, 59 R A5 kA
BAREADB AN, BT KA RAEY -4 2 AR 5 2R - RAFM AR TR NAR R R A R
EIE A RO BACIEAT (Se LIEBRBE AN AT LEMEEE) A BST TN R R E L AR A M A Ak
P, AR LT Yo Bk L35 P ABG B F e LEER A A A B REACK R AL
EIEEACE AN H T A L3R KA AR BT A BRARE e AR A R MO 2 W F A RS g
WA RERE, BE DCT FRAZSIHMBAR KA EHESWH R RARARRENE LT G,

4. MG, IR, AR, ARk, LFERE; RAEFE

s

(1) I B Ao B BOE LA AR R ARG A A RO AR B R 2

(2) RIRRE L IEARGY A& M A ZOPE PRI AR A Fm) 84 A% 2 B85 5

(3) AR EE A LIEIRACM A AL Bk LR 2 2/ &

FESZES . S151.93 SCERFRIAED: A

it —fh BRSPS AR R S RIT R, ) IR TCR 2 — 0 AR FI S ) et FREHR A
ZAETAA Y A3 SO G R A Bk MR R A A AN vk R 22
VU R LA B R A et AR sh A BIER  JE A 0. 01 ~2. Omg/kg Z [, 152

s BHE: 2022-07-24; 1€E HEA: 2022-10-13; #EZ HHEA. 2022-12-05

BEE£WB . BHEHESHZ IR E (2017YFD0800304 ) 5 BEFGE ST B 28 25 M SR 00 5 (202201) 5 H [ USRI 2E )=
H BT AT H (DD20211414) ;5 [ MU R (A6 5T ) M5t i A sUR e Ab 55 4 (202001)

F—1EE. TR, LA, MRS TR, EEMNFEIREE Pl A i o Z T B AL T AT
E-mail: wlx@ email. cugb. edu. cn,

BIEIERE . RmUF, BB AR S, RN F IR A SR A B SR T AR . E-mail ; yutao@ cugb. edu. en,,

— 239 —



O

2

mak

2023 4

http;//www. ykes. ac. cn

Tl F- 247 B & 0. 07mg/ ke, {H 7E — S8 & fiff [X. 7] LA
iEF 1200mg/kg o Dinh 557 X v [ 3 55 v 4 11
OYATHEAT T GEA T, A Sk B AR A 5 LA 0. 005 ~
79.08mg/ kg, 94 51% () 1 HEGRARG T 7 ) Ak B
Tit 8 PG 24 B 0 G X, G 5 e i v 0 ) T
ik 79. 08mg/kg. 36. 69mg/ke, F ¥ & & 4 il A
27. 81mg/kg 17. 29mg/ kg, 47 R B AR 40 4518
N RAT e Z 5 0 v 3 2 (8] 5 AR 42, A 40 ~
400 g/ d , Bihm ek 15 A s B A A M
NAREEA AT 32220k A TR TG &, i ]
15 PB4 (O 7 o 5 S S s MR OG0
FEPIXF TR AR B IEA R b e T oo R AE -3 h
ME s, TEEICRNAEYA MR
SR S R R AT 2 O A 2 R S RN
1L R, Bk S N S AR R e 3 A AR A R

P DRI o TP RS Y 2R A R RO
RN R BAN R REEAE L, BT 5 i
VESFE DT TR T R A AT (HIB A7 A S UL — 1k
AN IR B o 0 R 25 e A i T RO
(4 A= 1A SR AR T Wk R AN RE 58 A2 T 2 il L B W
TR

RICRES T AN L AT R RAE D5 3, A
WeAE A MY RO G | DR Bl ) A b
P ITE b T AR EE DL R AR R e T
TR HERTY A AAEIE S 3 pH AL
I PPN e A S5 PR 2 A= YA B P 2
B B - BRI A A R BB A

1 BRI A ERAE 5 i
TR LTy (P 1) AR, W R

3

*

5 e TS
T8 | mmATASe | RN AESe |
O | [SeVySe(v)] | ﬁ FhlSe |
e — i X
L mEAUERDR |
: i%ﬁlﬂlfﬁsg\ : . WEWEE%%{?% | qé;j ig
HEM RS e g n
‘ ‘ b
HRMEAE | AL IR |
Se i Se i
) )
BB AS | RRT AL |
+- 3 ; Se : K MiSe i
A o !
SE A AT P Se
BITIT | Sikse | | memmitn || %
j o ot j G
7 : 7
SRR AT RS E
J \ J ﬁ
R EAT AT ESe
A A A A A
O - Vv SRR IR R BER

IS e WA R AL 2

Pl 1 SR SR e i A AT B PR DG AR 22 R P (5 Dinh 51 B880)

Fig. 1

The bioavailability and associated chemical reactions of selenium in soil—plant systems ( The grey—blue parts on the left side

presents, from top to bottom, the root soil, the soil solution and the soil solid phase; the blue arrow on the right side indicates

the increase in bioavailability of selenium from bottom to top). Modified from Dinh, et all By,
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Fig.2 The impact of soil pH on selenium bioavailability.
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Fig.3 The impact of soil organic matter on selenium and associated driving factors (Modified from Li, et al ).
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HIGHLIGHTS

(1) The chemical extraction method and DGT technology are limited in accessing the bioavailability of soil

selenium.

(2) The soil selenium bioavailability assessment models are acceptable at the regional scale prediction.

(3) Soil parent materials and soil physicochemical properties play a significant role in determining the uptake of

soil selenium by plants.
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ABSTRACT

Selenium (Se) is a trace element that plays a crucial role in human health. It has antioxidant, anti—cancer and
anti—viral properties and is essential for a healthy body. The level of Se in the human body is largely dependent on
daily dietary intake, which is in turn influenced by the amount of Se that enters the food chain from the soil. The
global distribution of Se in soil is uneven, with a large difference in concentrations ranging mainly between 0. 01—
2.0mg/kg. The average abundance of Se in the Earth’s crust is 0. 07mg/kg, but in some Se-enriched areas, it
can reach up to 1200mg/kg. The chemical behavior of Se in soils is complex and diverse, involving processes such
as adsorption — desorption, precipitation — dissolution, oxidation — reduction, methylation — demethylation and
complexation reactions, each of which affects the bioavailable Se and is influenced and conditioned by factors such
as soil pH, soil organic matter, metal oxides, clay and microorganisms. Roots are the primary site for most plants
to absorb Se, which is then transported, metabolized, and accumulated. Plants can directly absorb Se from the
soil, including Se that exists in the form of free ions, carbonate—bound Se, and Se adsorbed on the surfaces of clay
and humus in soil solutions. However, selenite and selenate can be reduced to solid, insoluble Se(0) and metal-
Se precipitates that are not bioavailable in locally anaerobic areas (such as soil aggregates) or used by bacteria as
terminal electron acceptors.

Previous researchers have conducted a lot of work on chemical extraction methods, but there are still
problems, such as insufficient extraction specificity and Se form transformation during the extraction process.
Hence, an accurate approach for predicting the amount of soil Se that can be absorbed by plants is essential.
However there are no clear paths for the choices of assessment methods and influencing factors of soil Se
bioavailability. These problems have restricted the utilization of Se—enriched land resources. Thus, providing a
scientific basis for the development and utilization of Se—enriched land resources is the goal here by summarizing
the main assessment methods and dominant factors on soil Se bioavailability.

Determining the activity of Se in soils comprehensively requires considering the complicated and varied effects
of natural conditions on its bioavailability, which can be studied through characterization methods and identification
of influencing factors. Therefore, it is of practical importance and a challenge to accurately determine the form of Se
in soils and assess its bioavailability. Current methods for characterizing the bioavailability of soil Se include the
traditional chemical extraction methods ( single extraction and sequential extraction) and the emerging Diffusive
Gradients in Thin films ( DGT) technique. Chemical extraction is a process that involves separating a specific
component or substance from a mixture using a solvent or a chemical reagent. The extraction method depends on the
physical and chemical properties of the substance being extracted and the nature of the mixture. The general steps
involved in a chemical extraction method are: choosing the appropriate solvent or chemical reagent that can
selectively dissolve the desired substance while leaving the unwanted components behind, mixing the mixture and
the solvent/reagent together to allow the selective extraction of the desired substance, separating the extracted
substance from the mixture using various techniques such as filtration, centrifugation, or evaporation, and purifying
and isolating the extracted substance by further chemical or physical methods if necessary. The DGT technique is an
effective environmental chemistry method used for identifying elements and compounds in various aqueous
environments, including natural waters, sediments, and soils. This technique is particularly useful for detecting
bioavailable trace elements, and it can be applied for in—situ detection. The DGT technique involves using a
specially—designed passive sampler that comprises a binding gel, a diffusive gel, and a membrane filter. The
element or compound of interest passes through the membrane filter and diffusive gel before being assimilated by the
binding gel in a rate—controlled manner. Subsequently, the binding gel is analyzed post—deployment, enabling the
determination of the time—weighted —average bulk solution concentration of the element or compound via a simple

equation.
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The advantages and limitations of chemical extraction methods, DGT technique and bioavailability assessment
models of Se at a regional scale are compared. Traditional chemical extraction procedures such as single extraction
or sequential extraction can be used to characterize the bioavailability of Se in the soil, to a certain extent. Still,
the extraction process has many limits and incomplete extraction problems. The DGT method can be used to
simulate the root uptake process of plants and can better characterize the bioavailability of Se compared to sequential
extraction. One of the major advantages of the DGT technique is its ability to provide accurate and reliable results,
even at low concentrations. Additionally, this technique is non—destructive and can be used in—situ, making it
suitable for real—time monitoring of environmental conditions. However, there are also some limitations associated
with the DGT technique. For instance, the binding gel used in this method may not be specific to the target element
or compound, leading to the possibility of cross—reactivity with other substances. Additionally, the technique may
be influenced by factors such as temperature, pH, and ionic strength, which could affect the accuracy of the
results. Using large—scale crop—root soil samples, a soil—crop Se assessment model was developed with parameters
of physicochemical indicators (e. g. soil pH, soil organic matter, soil Se, etc. ), which can better predict Se
bioavailability on a regional scale.

Some major and minor influencing factors affecting the uptake of Se in soil by plants are discussed. In short,
topography and soil type, Se species, pH and organic matter are the main factors affecting bioavailable Se, with
plant species and soil aging as secondary factors.

In brief, the main limitations of the characterization methods for the bioavailability of different forms of Se are ;
a single extraction method can be affected by soil properties, soil/solution ratio, extraction time, the pH value of
the extraction agent, and other factors. Sequential extraction methods have problems with incomplete extraction,
dilution of the extract, and Se loss during centrifugation and filtration. These traditional methods cannot be used to
reflect the dynamic processes of the solid —phase soil —solution —root system. DGT technology is a method that
disturbs the equilibrium between soil solution and solid phase, simulating the dynamic process of Se uptake by
roots, and has advantages in assessing bioavailability. However, it is still questionable whether it can be used to
fully predict the replenishment dynamics of Se in field soil. The main factors affecting the bioavailability of soil Se
are: (1) Topographical factors such as altitude, slope, and terrain wetness index, which have some influence on
soil Se content; there are large differences in organic matter, iron/aluminum hydroxides, and pH among different
soil types, which can be controlled to affect Se migration and bioavailability; (2) Soluble and exchangeable Se are
more easily absorbed by plants, and selenate with better mobility is easier to absorb, transport, and metabolize in
plants than selenite; (3) Increasing soil pH can generally improve Se bioavailability, but this is not the case in
organic—enriched soils. Currently, there is no universally applicable method for evaluating soil Se bioavailability,
as it is influenced by many factors such as topography, soil type, and soil physicochemical properties. This makes
it difficult to compare and verify different results. Improving in—situ DGT analysis technology and modifying the
analysis of Se forms are important technical means for accurately evaluating soil Se bioavailability and are also

important directions for future development.

KEY WORDS:; selenium; soil; bioavailability ; influencing factors; chemical speciation; assessment method
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