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Abstract: Extensive human activities, including industrialization, intensive agriculture, and urban construction, coupled with the

accelerated pace of socio-economic development, have significantly precipitated and caused a measurable surge in heavy metal
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concentrations in soil environments. This environmental issue severely degrades the quality of natural environments, thereby
engendering substantial threats to human health and ecological safety. Conventional risk assessment techniques have focused on
quantifying the total content of heavy metals in soils. However, such approaches are inherently limited to capturing critical
insights into speciation changes and bioavailable concentrations, which are essential for accurate ecological risk assessment of
heavy metals. In recent years, the diffusive gradients in thin-films (DGT) technique has emerged as an innovative and promising
tool for in-situ measurement of heavy metals in soils. DGT is recognized for its stable performance with minimal disturbance to
the surrounding natural environment in real-world applications. Based on Fick's first law, the DGT technique facilitates the
analysis of gradient diffusion and buffering kinetics of target pollutants, thereby providing valuable data on their speciation and
bioavailability in diverse environmental settings. Furthermore, the integration of the DGT technique with the DGT-induced fluxes
in soil/sediments (DIFS) model significantly enhances its applicability, enabling detailed investigations into the dynamic
behaviors of heavy metals within soil matrices. This study provides a comprehensive review of the current advancements and
prospects of utilizing the DGT technique for soil heavy metal risk assessments. By examining the severity and urgency of heavy
metal contamination in soils, the technical advantages of DGT as a precise assessment tool are delineated, and the necessity of its
application is emphasized. Through a critical analysis, the principal environmental factors influencing the ecological risks
associated with soil heavy metals are identified, including soil composition, pollutant characteristics, and external environmental
conditions. Additionally, this study provides an in-depth overview of the DIFS model's role in visualizing the minute-scale
dynamic behaviors of heavy metals under varying soil functional scenarios, highlighting the differences in ecological risks that
may arise. In the concluding section, strategic recommendations for advancing DGT applications are outlined, focusing on
improving the analytical criteria, enhancing the preparation of binding layer materials, facilitating multi-contaminant enrichment,
and integrating multiple analytical techniques. These improvements are crucial for advancing the detection and quantification of
heavy metals in complex environmental media. Potential directions for future research are also discussed to further expand the
capabilities of DGT and DIFS in the context of soil pollution monitoring and ecological risk assessment.

Key words: Heavy metals; Bioavailability; Diffusive gradients in thin—films (DGT); DGT-induced fluxes in soil/sediments; Risk

assessment
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Fig. 1 Schematic diagram of the application principle in the soil of
the diffusive gradients in thin-films ( DGT) device!*?!
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Table 1 Advantages and disadvantages of different bioavailable detection methods for heavy metals
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Table 2 Material composition and application conditions of the adsorption layer of diffusive gradients in thin-films (DGT) device

R %y Hineg+ 1
Absorbing material Composition Target ions Range
Chelex-100 WX R R T Fe. Pb., Cu, Zn, pH: 3~9
Cd. Ni, Mn, Cr** BFE. 10°~1mol-L ' Na*
1 Se % 55 F B : 0~30C
NMDG C,H;,NO; cr pH: 3~10

B 10°~10" mol-L ' Na'

IR 0~30C

Fe-Oxide Fe,0s B As pH: 3~7
BT 10*~10" mol-L' Na"

IR 0~30C

MPS 3-F A e = T R e As*, MeHg pH: 3.5~8.5
CeH,40sSSi BTiRE. 10°~0.75 mol-L™' Na*

. 0~30C

TiO, TiO, As*". As®". Sb. pH: 3.5~8.5
SetB3233 BTiRE. 10°~0.75 mol-L™' Na*

. 0~30C

Zr-oxide Zr (OH) 4 Se® . V¥, Pb’, pH: 4.42~8.45
As™, Cr*', Sb™, B 10*~0.5 mol-L ' Na*

Mo®", WO B 0~30C

S. cerevisiae Y i MeHgH pH: 3.5~8.5

BT, 5%x10%~0.1 mol'L™"' Na*

RE. 0~30C

TCH SRR RS R 20 He™', CH;Hg'P™ pH: 4.1~8.1

( Tulsion® CH-95 ) 36 A, 10*~1 mol-L' Na*

TE: Chelex-100: Chelex-100 # & /lF; NMDG: N-FIZE-#% 0k ; Fe-Oxide: #kA b4 ; MPS: 3-5iNFE =W ARG TiO,:
ZEALER s Zr-oxide: #5585 S. cerevisiae: BRI EER:; TCH: 545 IR g A AL IR PK £ 4% ( Tulsion® CH-95 ). Note: Chelex-100:
Chelating resin Chelex-100; NMDG: N-Methyl-d-glucamine; Fe-Oxide: Iron oxide; MPS: 3-mercaptoproply functionalized silica; TiO,:
Titanium oxide; Zr-oxide: Zirconium oxide; S. cerevisiae: Saccharomyces. Cerevisiae; TCH: Isothiourea functionalized macroporous

cross-linked polystyrene ( Tulsion® CH-95) .
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Table 3 Input parameters for DGT-induced fluxes in soil/sediments
(DIFS)
SH
J¥#*7 No FfL Unit TER Comment
Parameters
1 R LR R A
2 P, pgrem” -3 RBURL v i
3 Dy, D cm’s! PHUZ/ LAY R B
4 od, ¢s VU2 LB R
5 Cy pgL! A O
6 Ka cm’ g 4R a0 e 25
7 k. ke 5! MR B e 1 k5
8 T. s W 7 ]

BRI ZHL R At T 5 i A PR 25
HEE R, & X T IEFE SR DGT W JE
( Cper) 5 LR ESRIKE (Co) MIE, mX
(1) PR
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R o6t o pe (1) B BT As 9 AN R RO X R TR 2
Cy W R B R R T 5 3 4 0 B A

d

2, REFEMAE 0~1, 4 REIET 0mf, BiHIE
R AE IR AR X R E s E LT LI g, W)
AR G R SR R IR ez, R B
T 1 R R BN ER, AR RO
4R BB L = Coor A SR EYA
RO 5 Cy o 3 B L VR IO FE

S e B0 R — LT [ RO =2 A A —
R s SN AT O R AR I, 2% S S8 7
SCASTPEREL Kao Ka 7EFHPIRZSS th g0k A0 5
JE S BE R AR HHAE, s (2) FoR

(2)

A, G AN AE UL I A5 Y -+ 38 rh R 4w TR Ak
BHHSE, pgL'; P o HIEWORIHRIE, pgrem;
ky R kg 43000 Ay A 38 v EE 4 R AT Mg T P R

-1
S o

1

= (3)
by +k_,

Tc

X, TR, s, XJEY P E SR TE
[T AR 19 AH 22 [) W2 S R A Wi et R ks 1)1 IR S Y
63% T2 B T 75 ZE I I ], B AR Y A i o
32 R AMNESREESXEE TGN

i FiE KR AL 25 LI R EREH , A+
b Zn, Cu. As. Cd ZHEREHAW LT, &
B IS Y, U AR KB RR R
T B0k - e B AL S A I 2%, PR, B
SERYITAAZY . FEIREA LTS i
TSR EY A SORE . HEEINN, DGT Al
DIFS & Al i H I & @ A SRS I EZE T H .

Al A= 7= K Tt i i e kL 2 e R LR
K E W, SRR &5 B4 R4S A Y B R b U,
WA T 4 i AE 33 b 1 RS 16 ) RN A WA Sk B
EEE 2 VEM . S n s &R Po Al
Cr (II1) WAEAROKRE, RGBS ESEIRE
SRR AR Y, SR B A 4 2R
HEM Rae (0.31) BT L Ry (0.21), FHI4-3E

HEFEAR R As AR

A rfEs AR AR R A LI, A AL AT e R
EASERKESEEE T HPR, Heaiun
FEWANTEESEUENIER, NS H
RO R o e T A A K M B LUK
o Cd (IR B k(1,19 x 10 s ~8.62x107s ")
B BAKT Cd BTHAEE R &y (3.44 x 1077s7'~9.43 x
107 s"), XREMTAVESMRE RS Cd
MR SE AL, Cd N 18 WU fiff 125 75 A5 AH X 281810,

FIH CaCl, $EE I Z —We VU 2.1 ( EDTA ) $2
Bkt 3R g Cd 1 Ni gEF T A BSOS HRE, 450 0
R Cd A RBCERBCR T Ni,Cd 1) T 1.0x 10’ s)
INFNiHI T, (7.72x10° s), T Cd 89 k. fH (34.20 x
10%s™ ) KT Ni ik fH (3.85x107%s"), EW Cd
AR T Ni, H5 NiM, cd BaEH M1
AR A ok, B R AT R KR, MR T
T IEIE AN CaCly 3, DGT HARLEM A H 13
Pb A & vk B 7 B A Ak Ak . ol o
DGT-DIFS A48l 1455 B, KA oK 1) + 3%
[ AHAMNA A P I RE AT EAR, T AHRE L Pb
(4 B S O AR O B, I LR B iR FR e Po AT v
R A A5 IR B AL 30 e XU 7
33 T AMESEESKEITEN

WY TERAN Tl A P i f v 2 = AR R A
&g, BEE TEAKTR, XESEEAEGD+
e, dETE MR, Tl KRR 0 3
R B 3 pH Al Eh, U E S B IIES 5T
Fofie S, XY A 25 2 A7 A VA R

Tl AR A R Y R o R Ak S 4 ek A -
pH ¥8s, fmi+HER)Z M, M pH < 60, +
SHTE H A7 AT, %2 IR IE F e B T A RE D B
X EE 4 R o, D e REU E AR A
Wt A, MUAMTEAR T (H) 5SE4)E
B3 4 HERTH A W RS R, £ A R AR
NI FE— B R L3658 T 4w A0 RE e 1100, 24
pH>6 B, HWKEKIK, ELEEFHEY UREE
BAFAE, BRARHAE -3 TR R 1Y, [N &
M Tl - 4800 pH, 3450 5 4 )& 1YV g AT AL e T .
Chelex-100 DGT 7£ pH=5.6 il pH=4.0 Y + R LT
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MAHE Cper-Cd (5.6) KT Cper-Cd (4.0), FH
Cd M AR ] AR 9 R T2 358 pH A2 . I ELBE
FHBEWENRM, £)Z2EH (1~4 cm) B Req
(0.75) BE® TIRZ I (12~16 cm ) Req (0.51),
RNEZ HHEA T RO ESEAATEN L H,
V7 AR ) D T o T S ) 2 U2 R MR i 4 S v A R
OB . ZEARET T IXFERN, +3E pH MRS
L 4h 500 m i 8.5 R 6.4, [Al} i DGT K& DIFS
AT Re  [HULM 0.76 TREZE 0.45, £ pH AYRE
AR 10 1) 9 1 R 1 8 R ) BT AD TS B 1)

Tl Az 7= Hp (e ) R AR R R A R 2 5 ) -
T Ehe X4 Eh RAESASE, 30 pH tikfiz 48
b, (EWFZRIFAE R R — AR . AR
H, M ET 4 BEh BRI M-180~-120 mV B, +
R Rer o TEMN 0.66 TFEZE 0.38, Rerovp THM
0.41 LJ+% 0.72, Eh W24k T L3 Cr i
A=A AR
34 BARPRIEMNESEESXEIEN

HARAE B XA HIEREAR A 5) 2 SR i 8
& JE AR AT RO B s, LS R TR R S R Y b
AV DA, SR ENER. 5HABSK
REYAR L, ARAS I  ERA T— A  AR
FE, FEZAEER S A S KR AR A R
DL AN AR R E AR B T, ELE
WA SR R AR A . R, RISV A 1
&I AR A EEE

FHWFFE %W, DIFS () RAE . kAl ky AT 2
(X 3 v 4 A K S A KU AT T . - de e
Tk B 1) - g (A5 R A R A I S 3 K, A A
DN E R N /AN w2 1 1 51 AT e
TR R RAEAT Coidi/, BT R ES S
() RAE, [EAEYARORE S TR A, W
[R5 M - 398 4 R A AR S RS o R s
RUARA SR X 1, PSR S €, B3
KRR, HE T IE %57 A Rea FHIME R 05870,
e & 1 A SRS IX 48 Reg “FIIMEIR 0.67, ZHIX
AR 18 CH RS KR &, 5 R
H XA EE 3T E T A 2 XU XA - 3 TS A T
GBI T R, T REANGE 0.42 s, hHER
W Cd MR BE R/, 3L Reg UK, #0517 14
4 ) S SOV RE TR U % s K 2R - A R R
T3 Cd BRI I B A2 R AR R BILTT Y S

R TR A - SRR A B0 R PR SR Ky 8 v TR R R
ko, TR I Cd RO BT, A 8%
SR XA BR B 55, T i O E 4 R A WA A
BEESTWINBRRASIEL . WL, WE R AR
PRAP IXCHEAT AR ZS W, & B EE 4 Ja 15 G ISk O B i
Ab

4 HEHEE

SEG RN E F AR, DGT AR BEWS 7 7
SR R R TS Ml S e 3 R 4 0 AR A Rk
JE, ERG MR TE YK . AR SCGE A LSS DGT
FEN TR IR 8 b i 4 IR U5 e B A Y BIR, AR
DGT 5 DIFS 7+ 3 &m0 b i v g, o
MEAS RIS 4 398 ) 1 4 i 15 e R A S KU . R
& DGT 74 BIL S EAL 1T E A2 N, HH
HET 5 5 B iy TS I G — SE R AR

B, HETEL=Z%—M DGT MErsifE, S
DGT kil 45 RAFAEAf e P . A T A IRERE T
— e AVE UL, (HIX T AN G5 6] TARE AL B AR R
AN TRIBIF 5 38 5% (] — A i B AR E 25 R T R AR 22 57
F, A 2% DGT WY A R 52 il
T HEIK A IR EE S R 23 50 DGT AR 4
JE YA RORE . B, YAk fby DGT 257
XA PR, FEALH5 Chelex, NMDG . Zr-oxide DGT
A, KPR T HAEARNFABE AR IE M PR
YT LS IR A AR S B YR, R
GBI A 2 DA A R s PR TS R B L A
Ja, RTESEEIGYL RN RAERTEED
DMFEIBFSEAT SR B, BEAS T %) 5 4 J 1 e s i ML
IR AIRSE . DGT H AR A B AL G 73 B 07 vk 10
J1, PR PS5 R AT e R 2k e U )

(1) N EESEARShORAE | AL BRI 4347 ) A 1 AR
J¥, WY K DGT A M F AN VL, (05
SERTHRUIR T . AR EFRMT, @A
BT AU AN M, T R BEREAE AN ] 25141
DGT ¢ & A & )7 ik 2 o2 .

(2)DGT HEBEMEAZHMCHESR T 2MES
&, (BEH (U), 8 (W) EEERNESEM
FRCR A, BTUBEEBIRES G2, ¥ DGT HR 1)
METhfen R B2 E W ESE, SIS A 2 n Rkt
MR, RZIE DGT HiAR L BH FE I, T4k,
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BEERENE R BT b 2R E 48 TR
KR BWFFE R AT RE, L DGT By & & %5 W)
A S 2 R0 Z R AN BRI,
FORERCR, WUNMRZE ., 52552 MIT, B
A GA RN & AT v RN [R) W B 550 2 18] )
L, AR ATIRE, S5 R b PR B
(3t F g iis Y o A B R TEHL
B — R S R 1) WD JE DA BRI S PR A AT Y
JE. Wk, £XTEIL-THE STl R T E L, 0l
Bxd i 4 B B dE e N i A W R T DGT
MY B2, e EaRA RS ENSG)ZE
NG ERVEY M EY BOER (BC-DGT) # &, #f
[ B 345 - 18 v 5 4 S AR A R0 B 1 AR A R AR
ABTHART, TEHTEZ ARTNREE. SR
THOREE T, AT YR S AR SRR R AN
[l 2B 4% [ IR B RN, 1T BB e Stk
PSR G g, T AEWNE R 2R AT
Ko AT WL, HEER T HL-TCHLE A e b 45
53 BT SR AE L BRI K, RS HETEAG E BTG Y
W RN, RA A E A R EAS
IRBE RS 0 A AT . HETE & T A HL-THLE
BEGZ RIS, RN T S BR R
(4) F3rb ity i ge g DR 2 (R 3R B4 7 R AR
AN, X R SOUL S 5T B A G A AR b Bk Ak
S AR A R LA o Ry T VAR I - SO A R
HE SR AEYERORE, AR S50
Ak, ¥ DGT HAR 5 H A e #E AR B A T BUCh
— MR FB . DGT 5w AR (PO) [k
4 R ( DGT-PO ) REMEKE B b e 057 43 B e A 7K
AR B S (A RO R 4 mk At I e R
Ak, WRAGEIG e Wy i A8 A an f] S 35+ R v
e (C). B (P), BA (0,) WK pH F— R
W2 sh A Mkt R . EAh, DGT 50 i 4% AR 1Y
ECE T, A8 B FHE9% 4 5805 Y i 0 il 15 1 AR &R
Gy I Z B A ARl 2 R R B R R
AIFEROW R E I iE— 29" R 2 S5 E . (A
TS AR T B — 25 % e Ny kit
ittt i nr 2 iR Ae CRIE R 2K 68 1 A BO8CR 1)
[FEF, fifk DGT %% B4 TIRE LW R . 7E 2 AR
FRA B R, R R TS e T PR B 2
B E A AR RE Y, DA e R B EE b /N4 R
ZI A, P e AR R Z M e s, M

S BE RD D R

T T, TR LA TS YR D0 B AR 25000

JLAE DGT 1 I ks i & —Le Bk, (H 2
AE A% A7 200 I 8 AN [ PR B R i b B 2 s A Ak 22 B
A, VAL AT YR O R H A A KRR S IR A
f LA o AT DGT BRI, AT S A 24 g
SRR PRI R R AR, Ry il 5 A 5 il A
I8/ 0 B 4 5 G ) S PR IR S AR o A KRR
M, K DGT I S E G ML AR BU LML &, A
ASCRT ] 25 48 3t 0 285 M 000 A 23 [ A K dl , SR REEA T
S o TEAENE IR ARE . XAER T2
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