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ABSTRACT

This study evaluated groundwater metal behavior before and after stabilization in a difficult-to-remediate site using
diffusive gradients in thin films (DGT). Iron salt solutions (FeCl;) and neutralizing agents (NaOH) were sequentially
injected into the vadose zone for in situ Fe oxides synthesis, and time-weighted average concentrations (TWAC) of As,
Cd, and Zn in the groundwater at four monitoring wells were determined using the DGT to assess the changing patterns of
metal leaching from the vadose zone into groundwater. To determine whether the average concentration changed after
stabilization, a Welch’s #-test was applied. The results showed that no statistically significant changes were observed for all
metals in all wells, with p-values exceeding 0.05. Also, a segmented regression was applied to detect the change points
and slope shifts. Most change points occurred before stabilizing agent injection, and those observed after injection showed
no significant slope changes. Overall, stabilizing agent injection had no significant effect on groundwater metals, while the
DGT-segmented regression approach was useful for detecting gradual dispersion.

Key words : Passive sampling, Diffusive boundary layer, Segmented regression, Groundwater contamination, Difficult-
to-remediate site
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Fig. 1. Schematic of the study site. (a) Plan view with X-Y coordinates and contour lines; blue arrows indicate groundwater-flow
direction; the dark-blue filled circle marks the stabilizing-agent injection well; black open circles denote monitoring wells; the red dashed
box delineates the expected effective zone of the stabilizing agent. (b) Shows the groundwater levels at monitoring wells MW1-MW3
along the groundwater-flow direction and the effective zone of the stabilizing agent.
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Fig. 2. Time-series variations of groundwater quality parameters: (a) temperature, (b) pH, (c) EC, (d) ORP, (e) DO, (f) TDS, (g) ferrous,
and (h) ferric. Symbols denote monitoring wells. (MW1: yellow triangle, MW2: green square, MW3: black circle, and MW4: red

rhombus).
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Fig. 3. Time-series variations of dissolved metal concentrations before and after stabilizing agent injection.

1 (a) As, (b) Cd, and (c) Zn.

Symbols denote monitoring wells. (MW1: yellow triangle, MW2: green square, MW3: black circle, and MW4: red rhombus). The
vertical dashed line marks completion of the stabilizing agent injection. Concentrations are plotted on a logarithmic scale.

Table 1. Welch'’s #-test results comparing As, Cd and Zn concentration
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Table 2. Segmented regression summary for As, Cd, and Zn
concentrations in groundwater. B pre and [ post represent
concentration slopes before and after the change point. p_diff
indicates the significance of slope change. Asterisks (*) denote
statistically significant slope changes (p < 0.05)

Monitorin
& Parameters

As Cd Zn
wells
B _pre -0.0003 -0.0004 -0.4328
MWI B post 0.0012 0.0016 -0.0292
p_diff 0.4378 0.1319 0.8987
B _pre 0.0048 0.0001 -0.0029
MW2 B post -0.0023 0.0005 0.0392
p_diff 0.5240 0.6940 03183
B pre -0.0015 -0.0026 -0.1487
MW3 B post -0.0001 -0.0001 -0.0016
p_diff 0.1782 0.0002" 0.0028"
B pre 0.1530 -0.0001 0.0021
MW4 B post -0.0094 -0.0001 -0.0072
p_diff 0.1744 0.3920 0.2919
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Fig. 4. Segmented regression of metal concentrations measured by DGT. Each panel presents the temporal trends of As, Cd, and Zn for
monitoring wells MW1, MW2, MW3 and MW4. Black dots represent observed concentrations, red solid lines indicate fitted segmented
regression lines, and blue dashed lines mark the estimated change points.
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