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Characterization of Nitrate Contamination and Hydrogeochemistry
of Groundwater in an Agricultural Area of Northeastern Hongseong

Min-Gyu Ki'? + Dong-Chan Koh'* - Heesung Yoon' + Hyun-su Kim*
Korea Institute of Geoscience and Mineral Resources, Korea
’Department of Earth and Environmental Sciences, Chonbuk National University, Korea

ABSTRACT

Spatial and temporal characteristics of nitrate contamination and hydrogeochemical parameters were investigated for
springs and surficial and bedrock groundwaters in northeastern part of Hongseong. Two field investigations were
conducted at dry and wet seasons in 2011 for 120 sites including measurement of field parameters with chemical analyses
of major dissolved constituents. Nitrate concentrations were at background levels in springs while 45% of bedrock
groundwater and 49% of surficial groundwater exceeded the drinking water standard of nitrate (10 mg/L as NO;-N). The
difference in nitrate concentrations between surficial and bedrock groundwater was statistically insignificant. Cumulative
frequency distribution of nitrate concentrations revealed two inflection points of 2 and 16 mg/L as NO;-N. Correlation
analysis of hydrogeochemical parameters showed that nitrate had higher correlations with Sr, Mg, Cl, Na, and Ca, in
surficial groundwater in both dry and wet season. In contrast, nitrate had much weaker correlations with other
hydrogeochemical parameters in bedrock groundwater compared to surficial groundwater and had significant correlations
only in wet season. Temporally, nitrate and chloride concentrations decreased and dissolved oxygen (DO) increased from
dry season to wet season, which indicates that increased recharge during the wet season affected groundwater quality.
Aerobic conditions were predominant for both surficial and bedrock groundwater indicating low natural attenuation
potential of nitrate in the aquifers of the study area.
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Table 3. Comparison of nitrate contamination according to three sample groups using various threshold values (mg/L as NOs-N) in

May, 2011

Proportions (%)

Sample groups med' n’
NOs-N <1 1<NO:N<3  3<NO:N<I0 NO;-N > 10
Spring 20 60 10 0 2 10
Surficial aquifer well 0 5 46 49 9.3 39
Bedrock well 4 14 37 45 8.5 71
Total 4 15 38 43 7.5 120
Proportions (%)
Sample groups med' n’
NOs-N <2 2 <NO;-N< 16 NO;-N > 16
Spring 60 40 0 2 10
Surficial aquifer well 3 77 20 9.3 39
Bedrock well 62 30 8.5 71
Total 11 65 24 7.5 120
'Median concentration
“Number of samples
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Fig. 4. Box plot of nitrate concentration by the sample groups in groundwater (May, 2011). (a) Linear scale, (b) Log scale.
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Table 4. Results of linear regression analysis between Cl and NO;-N in study area with other areas

Site Slope R? P-value Ref.
This study 1.377 0.459 <0.001
(2) 1229 0.456 0.023 Lee et al. (2008)
(b) 0.753 0.644 <0.001 Kim and Woo (2003)
() 2.950 0.836 <0.001 Koh et al. (2007)
WE Holal QlOo1(Fig. 7b), U WA pH 6 ©] 60
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Qe Al AR} e ogifle] 27 AL 3 S
$3 wmel 24, 9de) fvol meh gge weny 20| © i

(Bohlke, 2002; Koh et al., 2007). °]&gk
2Rl HluE 93l AFAGH o]HY] I AT F (a)
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F& <0.0012 YeEH ol Clo] i dAh TR
o= Ax IS Fi IS BT Rk F2AY
ol (@°] AL 718719 AWAFRYE 42 1.229=,
045602 2 AFA9 vls=gt AR Y=t o]
St A= FE=XY ek cit dabd AAe] BALE
o= Ax ddo] ASS AR (e ght &4
o Ho} 23 =2 A 06445 HoA|N V1&T)E
0.7530F UeRt} ¥l FEART Clo] Zid Aol
T Fo] AFo= A2 Flo= YERth (o= 7t
T2 0836y HeolH 7P & 71571(2.950)
S Holet ol AlFE A|HQ] AgkrollA Clo] ZiHd
Ao & IS T IS AN

Fe= A2 Al oA o Z [ mg/L v
ko] Feg EAEhe AR 4#* QO™ (Hem, 1985),
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Table 5. Results of Shapiro-Wilk normality test for log-transformed concentrations

Sample groups pH DO Ca Mg Na K HCO; Cl SO, F SiO, Sr
Spring 0.94 0.21 0.06 0.53 0.12 0.56 0.88 0.69 0.84 0.11 0.33 0.31
Surficial aquifer well — 0.47 0.00 0.72 0.43 0.41 0.01 0.89 0.71 0.02 0.00 0.00 0.94
Bedrock well 0.49 0.00 0.17 0.21 0.50 0.00 0.12 0.17 0.00 0.00 0.60 0.31

Total well 0.58 0.00 0.01 0.07 0.23 0.00 0.36 0.07 0.00 0.00 0.00 0.14

Table 6. Results of Spearman's rank-order correlation coefficients between hydrochemical parameters in May, 2011

i:ﬁl‘;}: Parameter pH EC DO Ca Mg Na K HCO; Cl SO, F S0, St NOyN
pH 1
EC 1
DO 1
Ca 0.88 1
Mg 068 1
Na 0.70 1

. K 1

Spring o, 0.72 0.83 0.79 1
cl 0.73 1
SO, 1
F 1
SiO, 0.87 1
Sr 0.83 0.73 1
NO3-N 1
pH 1
EC 1
DO 1
Ca 0.83 1
Mg 0.90 091 1

. Na 038  0.68 049 052 1

Surficial 0.38 043 046 1

aq‘“lf]er HCO; 055 030 -039 054 046 1

we cl 0.77 0.77 073 074 035 |
SO, 0.42 050 049 033 1
F 1
Si0, 035 -0.33 1
Sr 0.73 0.72 070 0.60 0.57 1
NO;-N 0.81 0.61 068 0.66 0.66 070 1
pH 1
EC 1
DO 1
Ca 0.45 1
Mg 0.45 094 1
Na 037 056 060 1

Bedrock K 0.26 0.51 052 046 1

well  HCO, 0.44 0.65 0.63 1
cl 0.41 0.76 079 086 054 029 1
SO, 037 0.60 058 054 042 034 057 1
F 024 2051 049 042 -030 -027 -049 -046 1
SiO, 0.42 1
Sr 0.84 038 036 033 042 037 042 -026 030 1
NO;-N 021 025 1

* Correlations are significant at the 0.05 level (2-tailed) and those higher than 0.6 were shown as bold fonts.
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Table 7. Results of Spearman's rank-order correlation coefficients between hydrochemical parameters in October, 2011

i:ﬁl‘;}: Parameter pH EC DO Ca Mg Na K HCO; CI SO, F SiO, Sr NO;N
pH 1
EC 1
DO 1
Ca 0.94 1
Mg 0.97 090 1
Na 1

‘ K 0.72 1

Spring o, 0.97 0.88  0.93 1
cl 1
SO, 1
F 0.70 0.72 1
Si0, 0.83 0.67 1
Sr 0.91 0.84 0.8 0.90 1
NO;-N 0.72 1
pH 1
EC |
DO 019 1
Ca 0.96 1
Mg 0.94 091 1
Na 0.58 1

Surficial ¢ 0.45 0.50 1

aquifer o, 0.45 1

well
cl 0.82 074 072 074 1
SO, 0.50 051 049 |
F 0.45 1
Si0, 1
Sr 0.78 0.74 069 051 0.55 1
NO,-N 0.75 0.64 069 062 0.66 074 1
pH 1
EC 1
DO 1
Ca 0.93 1
Mg 0.85 088 1
Na 034 074 059 050 1

Bedrock K 0.51 039 048 043 1

well  HCO;, 035 048 -039 0.64 0.64 |
cl 087 -025 077 074 082 043 038 1
SO, 0.65 068 070 035 033 050 049 1
F 029 1
Si0, 0.38 039 027 054 041 |
Sr 0.83 085 080 060 030 050 071 0.75 039 1
NO,-N 0.61 035 054 046 055 039 044 029 042 057 1

* Correlations are significant at the 0.05 level (2-tailed) and those higher than 0.6 were shown as bold fonts.
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o) AA 2 F Jdom, AFAHe] sl 3 &
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