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Evaluation of Denitrification Efficiency and Functional Gene Change According
to Carbon(Fumarate) Concentration and Addition of Nitrate Contaminated-soil
in Batch System
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ABSTRACT

Nitrate is on the most seriou pollutant encountered in shallow groundwater aquifer in agricultural area. There are various
remediation technologies such as ion exchange, reverse osmosis, and biological denitrification to recover from nitrate
contamination. Biological denitrification by indigenous microorganism of the technologies has been reviewed and applied
on nitrate contaminated groundwater. In this work, we selected the site where the annual nitrate (NO5") concentration is
over 105 mg/L and evaluated denitrification process with sampled soil and groundwater from 3 monitoring wells (MW4,
5, 6). In the results, the nitrate degradation rate in each well (MW 4, 5, and 6) was 25 NO;™ mg/L/day, 6 NO;™ mg/L/day,
and 3.4 NO;™ mg/L/day, respectively. Nitrate degradation rate was higher in batch system treated with 2 times higher
fumarate as carbon source than control batch system (0.42 M fumrate/l M NO;"), comparing with batch system with soil
sample. This result indicates that increase of carbon source is more efficient to enhance denitrification rate than addition of
soil sample to increase microbial dynamics. In this work, we also confirmed that monitoring method of functional genes
(nirK and nosZ) involved in denitrification process can be applied to evaluated denitrifcation process possibility before
application of field process such as in-situ denitrification by push-pull test.
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i
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HES-o] 7B SAAQ1 E4E nitrite reductase©]™,
23 vAYELS cytochrome cdl(nirS)¥ copper nitrit
(nirK)E 333K (Bannert et al., 2011; Braker et al.,
1998; Park et al., 2014).
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Fig. 1. Groundwater wells (MW?2, 3, 4, 5, 6) location and flow
direction in nitrate-contaminated site.
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Table 1. Primer sequence of functional genes involved in denitrification enzyme and PCR condition

Primer Primer sequence Size (bp) Thermal profile
nirK876 ATYGGCGGBAYGGCGA 95°C, 10 min
95°C, 15 sec 5 cycle
63~58°C, 30 sec touchdown
165 72°C, 30 sec (-1°C)
nirK5R GCTCGATCAGRTTRTGG
95°C, 15 sec
58°C, 30 sec 40 cycle
72°C, 30 sec
nosZ2F CGCRACGGCAASAAGGTSMSSGT 95 10min
95°C, 30 sec 5 cycle
65~60°C, 30 sec touchdown
259 72°C, 30 sec (-1°C)
nosZ2R CAKRTGCAKSGCRTGGCAGAA
95°C, 15 sec
60°C, 15 sec 40 cycle
72°C, 30 sec
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Table 2. Soil Physical Characteristics with depth in each well (MW4, MW5, MW6)

" N Soil texture Gravel content (%) Water content (%)

Soil dept MW4 MWS5 MW6 MW4 MWS5 MW6 MW4 MWS5 MW6
0~I'm 15 3 3 18.6 16.1 16.9
I~2m Silty sand Silty sand Silty sand 3 3 : 172 14.9 212
2~3m 1 3 1 18.9 17.7 17.6
3~4m 3 1 1 22.1 16.3 19.6
4~5m 1 0 15 23.6 18.9 15.7

Sandy clay Clay Sand
5~6m 1 0 25 27.7 19.9 13.0
6~7m 5 15 1 16.7 133 13.5
7-8m Sandy clay s 30 1 116 18.1 92
Sand Sand
8~9m 40 15 15 14.5 17.7 16.2
9-95m Sand 40 30 15.1 94
Table 3. Soil chemical and physical analysis results in soil sampled from three wells
Content MW-4 (4~7 m) MW-5 (5~7 m) MW-6 (5~7 m) Unit
Organic 0.69 0.19 0.06 %
EC 420 75.4 74.4 (nS/em)
pH 5.95 5.51 53
Moisture 229 16.6 13.25 %
Ammonium (NH,*-N) 3432 17.845 2745 mg/kg
Nitrate (NO5™-N) 36.376 29.513 41.867 mg/kg
Exchangeable Ca 573.7 721 668.9 mg/kg
Exchangeable Mg 201.2 259.7 2347 mg/kg
Exchangeable K 90.25 98.3 74.96 mg/kg
Exchangeable Na 28.93 61.86 4222 mg/kg
Available phosphate (P,Os) 26.85 8.04 1.97 mg/kg
Bulk density 1.36 1.4 1.31 g/em®
Real density 2.36 2.35 245 g/em®
Porosity 40.68 42.13 46.53 %
Soil texture sandy loam sandy loam sandy loam
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