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arsenic (As) pollution in soil and groundwater, gravely threatening the ecosystems and human health in those regions. In order to
effectively control As pollution risk at large scales, it is necessary to accurately evaluate interfacial behaviors of As in different
media. Being regulated by chemical and microbiological factors migration and transformation of the element in certain typical
environmental interfaces, like that of soil-water and rhizosphere, exhibit the characteristics of drastic changes in species at
pm-to-mm-scales. Conventional active sampling techniques, which mostly consist of destructive field sampling and afterwards
sample analysis in lab, have proved to be not good enough to meet the demands of the study on interfacial process of the element,
such as handling an element varying drastically in species, quantifying the element at trace levels, and time- and labor-saving. In
recent years, passive sampling technology, represented by diffusive gradients in thin-films (DGT), diffusive equilibrium in
thin-films (DET), in-situ porewater iterative sampler (IPI) and dialysis sampler (Peeper), has emerged, displaying great
advantages over the conventional ones in the research. The DGT device is composed of filter membrane, diffusion gel, binding
gel and plastic bases/caps used to fix the three layers of membrane/gel. The filter membrane is mainly used to prevent particles in
the environment to be tested from entering the device; the diffusion gel to facilitate free diffusion of ions and formation of a
diffusion gradient; and the binding gel, chosen according to the purpose of the experiment, to absorb the pollutants to be tested.
DET is a sister technique of DGT, omitting the binding gel phase. The IPI sampler consists of hollow fiber membrane sampling
tubes and catheters. For sampling, the sampling tube is filled with deionized water in advance, and ions and small molecules in
the environment diffuse into the tube. After the diffusion reaches equilibrium, the solution in the sampling tube is directly pumped
out for measurement of concentrations of the ions tested. In principle, Peeper is similar to DET and IPI, but lower in spatial
resolution for measurement of porewater concentration. These passive sampling techniques have been used to determine in situ of
total As and As speciations in water and soil porewater, and their one-dimensional distribution profiles. DGT-measured As
concentration in soil has a good correlation with its content in plants, showing that DGT is suitable for the evaluation of As
phytoavailability. It turns out in recent years to be an important trend to use these passive samplers to study two-dimensional
spatio-temporal distribution of As at the soil/sediment-water interface. DGT has been used to characterize the two-dimensional
distribution of As at soil/sediment-water interface and plant rhizosphere in submillimeter high-resolution, so it cherishes great
advantages in the study on spatial distribution of As, whereas IPI can sample iteratively with low disturbance, thus being one of
the few tools that can be used to study dynamic distribution of As relative to species. These studies elucidate biogeochemical
behaviors of As from a microscale perspective. In the end, the paper describes a prospect of the research in future, including:
1) taking advantage of the merits of the passive sampling techniques in future studies on dynamic-controlled processes of As
uptake by plants; 2) developing novel passive sampling techniques with both the spatial resolution and the temporal resolution of
As concentration taken into account; 3) combining the passive sampling techniques with other 2D sampling techniques, such as
planar optodes and soil zymography, in comprehensive studies on biogeochemical process of As in soils and sediments; 4)
extending the use of passive sampling techniques to the study on processes of As uptake by fauna living in soils and sediments;
and 5) building models of As transporting across interfaces based on data of changes in spatiotemporal concentration of As at the
interfaces in complex environmental matrix.

Key words: Diffusive gradients in thin-films (DGT); In-situ porewater iterative sampler(IPI); Arsenic speciation; Bioavailability;
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Table 1 Characteristics and main limiting factors of the application of the interfacial process sampling & analysis methods
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Spatial Time needed for Element quantification Representative
Method Main limiting factor
resolution sampling and analysis method reference
LIRS E JHR PN JeRR IR TERAE , 25 R 53 PRIk [23-25]
- SR A E , ZUCRA:
T HERCR A NG JINE F R ICP-MS % B [26-29]
S IERIEE
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DGT/DET #4t Wz K REH [20,21,30-33]
TALRES RIS
B A U, R B
Peeper KAE#F K- KE| R ICP-MS, ik B [34-36]
RIS
IPLRAE 2 LN S BN ICP-MS HUREREAT PR [37-38]

[E: ""DGT/DET, WY 1Bobh B MY HOV-AiF 5 Peeper, “PAFsUSLERACREE s IPL, JSUOLS A FLBRKCRFERR s 2 ICP-MS, H&
WA TR, LA-ICP-MS, BOGR ih-r BHE & %55 PR i . T IR, Note: ' DGT/DET, diffusive gradients in thin-films / diffusive

equilibrium in thin-films; Peeper, dialysis sampler; IPI, in-situ porewater iterative sampler; 2’ ICP-MS, inductively coupled plasma mass

spectrometry; LA-ICP-MS, laser ablation ICP-MS. The same below.
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Table 2 Application of passive sampling techniques in the study on spatial distribution of arsenic

WA 4 S ¢ @ N D& NS it

BB RAE T 1 SERAT Y 2% Wk
Medium/interf ~ Dimens  [1] ) Resolution ( vertical or
Passive sampling method Quantification method Reference
ace ion vertical x horizontal )
DU -IE
SPR-IDA-DGT"’ PIXE ID, 2D 100 um, 100 pm x 500 um [72]
Y-k
Peeper ICP-MS SWI* 1D 6.3 mm [35]
KRG -Agl-DGT LA-ICP-MS SWI 2D 333 pm x 333 um [73]
4 AEK-DGT 1D YI%|-ICP-MS SWI 1D 3.0 mm [70-71]
3MFS-DGT? 1D PJ#%I-ICP-MS SWI 1D 3.0 mm [70]
DET HR-ICP-MS SWI 1D 2.0 mm [74-75]
Zr (OH) 4-SPR-IDA-DGT"’ LA-ICP-MS FOKRMR PR 2D 122 um x 300 pm [76]
SPR-IDA-DGT" LA-ICP-MS TR AGAR 2D ~120 pm x 400 um [77]
AfLEE-DGT LA-ICP-MS SWI ID, 2D 5mm, 100 pm x 150 um [32]
DET 1D YJ#]-1CP-MS 7K 4 T 1D 1.0 cm [78]
Peeper 1D Y1#I-AFS SWI 1D 4.0 mm [79]
KB -DGT 1D ¥J#|-ICP-MS SWI 1D 5.0 mm [80-81]
IPI ICP-MS SWI 1D ~2.0 mm [38]
Peeper 1D YJE|-ICP-MS SWI 1D 5.0 mm [82]
SPR-IDA/ZK 8ty /48 AL B -DGT" LA-ICP-MS JKFEAR B 2D ~120 pm x 400 pum [83]

[E: " SPR-IDA, BVFFRIAN BRI CMREL, FARK/NAN 0.2 pm, A< B ASHEA ZOW BN, 700 238 ik 5 W R4k 13 % A 4 5
*'3MFS, 3-Hi N DI REALAE ; °' PIXE, BT Tk X 3806155 1D VIH], DGT W M2 sk DET V)2 i) — 4k Y1 ; HR-ICP-MS,
T3 P vh R A A B TR T 5  SWI, 35 /T R Y -7K B 1H . Note : '"SPR-IDA , suspended particulate reagent-iminodiacetate, bead size ~
0.2 um, it cannot effectively bind As, but can be used to bind As after initially adsorbing appropriate amount of Fe; 2’ 3MFS,
3-mercaptopropyl-functionalized silica gel; >’ PIXE, proton induced X-ray emission; HR-ICP-MS, high-resolution ICP-MS; * SWI,
soil/sediment-water interface.
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