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ABSTRACT: Nitrate and phosphate in groundwater can be transferred to surface water through base flow, causing
environmental problems such as eutrophication. Therefore, it is necessary not only to manage these contaminants
in surface water, but also to remove them in groundwater. This study aimed to evaluate the applicability of a treatment
method, which uses Ca-citrate complex to simultaneously remove nitrate and phosphate in groundwater, and
column experiments were conducted under flow-through conditions. A total of two columns were operated: one
column was composed of pure sand and the other was composed of soil, which was collected near Deokjin pond
in Jeonju-si, Korea. The influent of the columns contained nitrate and phosphate as contaminants and Ca-citrate
complex as a reagent, and changes in geochemistry under flow-through conditions were evaluated. Experimental
results showed that nitrate and phosphate were removed in both columns. Nitrate was removed within averages
0f 0.5 and 0.8 days in the pure sand and soil columns, respectively. Phosphate was not completely removed within
the columns; however, it decreased steadily for 88-100% in the first 13 days and 40-45% after 688 days while passing
through the columns. It is considered that nitrate was removed by denitrification process, and phosphate was mainly
removed by precipitation of hydroxyapatite. In conclusion, nitrate and phosphate can be simultaneously removed
under flow-through conditions using Ca-citrate complex. The results from the experiments can be used as a basis
for applying Ca-citrate complex to actual field sites.
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Table 1. Flow history of columns 1 and 2 during the experimental period.

Column Cumulative Cumulative pore  Average ﬂow rate
Column No. . Profile No.  operational period
material volumes (PVs) (mL day™)
(days)
1 13 42 148.7
Column 1 Pure sand 2 289 78.7 240.7
3 688 246.6 284.7
1 13 3.5 179.8
Column 2 Soil 2 289 73.7 323.1
3 687 324.8 320.7

Waste bottle
(Column 1)

Silica sand
layer

Waste bottle
(Column 2)

Sampling bottle

Fig. 1. Schematic diagram of the column setup.
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Table 2. Concentrations of contaminants and reagents in the influent for each sampling occasion.

Concentration (mmol L™)

Sampling No.
NO; PO, Ca Citrate
1
5 0.15 0.15 0.35 0.35
3 0.3 0.3 0.7 0.7
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Fig. 2. Changes of geochemical parameters with respect to residence time: (a) pH, (b) alkalinity, and (c) Eh in column
1, and (d) pH, (e) alkalinity, and (f) Eh in column 2.
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Fig. 3. Changes of NO; concentration with respect to residence time: (a) column 1 and (b) column 2.
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Fig. 4. Changes of concentrations of organic acids with respect to residence time: (a) column 1 (at 4.2 PVs) and

(b) column 2 (at 3.5 PVs).
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Fig. 5. Changes of PO4 concentration with respect to residence time: (a) column 1 and (b) column 2.
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