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ABSTRACT

Diffusive gradients in thin films (DGT) are passive sampling devices used to determine the time-weighted average
concentrations (TWAC) of contaminants. To ensure accurate performance in groundwater, it is crucial to identify environmental
characteristics and maintain optimal operational conditions. This study examined the deployment time required to reach effective
capacity, the thickness of the diffusive boundary layer (DBL) under stagnant water conditions, and biofilm formation on the
DGT surface using groundwater samples. When using DGT with Chelex gel (A=3.14 cm?), the effective capacity was 0.7 pg for
Cd and 250 g for Zn, with a deployment time of 24 h. Lower Cd accumulation was due to the competition effect of coexisting
ions. The DBL thickness under stagnant conditions was 0.074 cm, 93% of the diffusion gel's thickness (0.08 cm). Neglecting
DBL thickness in TWAC calculations led to a 79% decrease in the determined concentration. No biofouling was observed
during the 28-d DGT deployment in groundwater. In conclusion, it is essential to consider the appropriate deployment time,
DBL thickness, and biofilm formation to ensure accurate DGT performance in determining contaminant levels in groundwater.
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Fig. 1. Schematic diagram of DGT consisting of a membrane filter, diffusion gel, and binding gel. It operates on the principle that contaminants in the
environmental media pass through the membrane filter, diffuse according to Fick’s first law, and accumulate in the binding gel.
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Fig. 2. The reciprocal of the accumulated mass (1/M) in the binding gel plotted against the material diffusion layer (MDL, defined as the sum of the
diffusion gel and membrane filter thicknesses). The solid line indicates the result of linear regression, which can be used to determine the thickness of

diffusive boundary layer (DBL).
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Fig. 3. Schematic diagram of the experiment to assess the effect of biofilm formation on the surface of DGT on the concentration of As accumulated
in the binding gel. DGTs were deployed in groundwater for 5 to 28 days. After retrieval, membrane filters were recovered and inserted into new, clean
DGTs. These replaced DGTs were then exposed to a solution containing As at a concentration of 1 mg/L to assess the effects of biofouling. To avoid
potential underestimation of accumulated mass due to stationary flow conditions, additional DGTs with different thicknesses of diffusion layers were

deployed to determine the thickness of the diffusive boundary layer (DBL).
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Fig. 4. Accumulated mass of metals in the binding gel of DGT plotted against deployment time: (a) Cd, and (b) Zn.
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Table 1. Thickness of the diffusive boundary layer (DBL) at various flow velocities obtained from previous studies.

Thickness of diffusive

Flow velocity boundary layer (cm) Site Reference
Sufficient flow 0.023 Laboratory
Warnken et al. (2006)
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No stirring 0.04 Laboratory Lucas et al. (2014)
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<5 cm/s” 0.07 River Turner et al. (2014)
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Unknown Panther et al. (2010)
0.068 Marine
b 0.076 .
<2 cm/s 0105 Groundwater Mohammadi et al. (2022)
No stirring 0.074 Laboratory This study

“No stirring’ in the flow velocity column indicates that the experiment was conducted in stationary water conditions in the laboratory.
"The flow velocity values <2 cm/s and <5 cm/s refer to the minimum flow velocities that the measuring device can detect in each experiment.
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