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Removal of Nitrate in Groundwater Using Passive Treatment Systems:
Evaluation of Removal Efficiency Through a Long-Term Column Experiment
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ABSTRACT

Nitrate in groundwater can be transported to surface water, which can exacerbate eutrophication of surface water.
Therefore, it is necessary to treat nitrate not only in surface water but also in groundwater. In this study, we evaluated the
long-term efficiency of passive treatment systems, such as permeable reactive barriers (PRBs), for nitrate removal. A
laboratory column experiment using wood chips as a reactive material for bacterial denitrification was conducted for about
5 years, and the rate of nitrate removal over time was evaluated. The results showed that initially the average removal rate
of 0.86 mmol L™ day™ (£0.18 mmol L™ day™) was maintained for the first 6 months. The removal rate gradually
decreased over time, probably due to the consumption of carbon source in the column. However, even after 5 years, the
removal rate was comparable to those of previous studies, with the average rate of 0.41 mmol L™ day™ (+0.12 mmol L™
day™) for the remainder of the experimental period. This study shows that a passive treatment system using wood chips
can be effectively operated for a long time to remove nitrate in groundwater.
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Fig. 1. Schematic diagram of the column experiment.
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Table 1. Flow history of the column during the experiment

F(NaNO;, Sigma-Aldrich, USA)C & #|Z&13c}. 2+
=9 AAEH 419 5L NO;-N 7]F 20mg L
(NO; 71& ¢F 88mg L), 28|31 429%E 17599714
E 10mg L'(NO; 71& oF 44mg L) s 2
|As Ao EEFAT

23. 8 28

T 175997k] 2 -8 7R el 1271l 23 =
23 (profile) AEFS AL, olF Fal A3l
uhE 2 FellAe] WSS ksl of71A 2
=39 AEHolRE o] A RET7He] s

Profile No. Cumulative operational period (day) = Cumulative pore volumes (PVs?) Average flow rate (mL day™)
1 18 10.1 354.5
2 41 22.1 387.8
3 69 35.1 3542
4 182 62.8 408.1
5 292 91.3 411.0
6 406 144.6 3524
7 496 169.3 396.9
8 589 192.2 359.9
9 747 228.0 318.1

10 987 286.9 226.3
11 1371 3524 238.9
12 1720 364.2 351.8

1 pore volume (PV)=750 mL.
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Fig. 2. Alkalinity with respect to the residence time within the column over the experimental period.
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Fig. 3. Normalized nitrate concentration (C/C) with respect to the residence time within the column over the experimental period.
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Table 2. Denitrification rates reported in previous studies

A AA: A7) 2 APE T A 2E w7t 23

Operational period Temperature Type of study

Denitrification rate

Substrate Reference

(day) (°C) (mmol L' day™")

135 Batch 1.08*

2 e Softwood Gibert et al. (2008)
55 Column 0.83-1.20*
13.6 Cotton
121 23 Column Della Rocca et al. (2006)
16.9-19.8 Cotton + ZVI
150 25 Column 2.29-3.79 Wheat straw ~ oares and Abeliovich
(1998)
125 20-22 Column (15-yr old media) 0.25-0.43
. Sawdust Robertson et al. (2008)

95 22 Column (1-yr old media) 0.73

365 9-17 Field 1.00-1.29 Woodchip Burbery et al. (2020)
1759 20-22 Column 0.14-1.04 Woodchip This study

*Estimated on the basis of the reported denitrification rate in mmol L™ day™" g.upsuae | With the mass of the material used in the experiment.
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At AA E&7tF Akeo] A 9FS M0 By
3 Fofof S BTt HEgh Wy e] A Aasto]
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