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Partial Correlation between Hydrological, Geochemical and Microbiological
Processes in Groundwater-stream Water Mixing Zone in a Rural Area

Heejung, Kim*" / Jin-Yong, Lee** / Kang-Kun, Lee*™
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Abstract : Biogeochemical processes in groundwater-stream water mixing zone are recently of great interest because
biodegradation and natural attenuation of aquatic contaminants may occur through the processes. The objectives of
this study are to investigate the hydrologic and biogeochemical processes at the groundwater-stream water mixing
zone through which surface water-driven nitrate may be naturally attenuated, and to examine the effect of the
vertical flow exchange flux on biogeochemical processes using correlation analysis. To examine the direction of
vertical water flow in the zone, vertical hydraulic gradients were measured at several depths using mini-piezometers.
Microbial populations in soil samples of the zone were also analyzed by means of the polymerase chain reaction
(PCR) and Cloning methods. In addition, partial correlations among vertical flow exchange, nitrate concentration
and microbial activity was investigated to examine their mutual interaction. The results showed the significant
interaction among the three parameters, resulting in natural attenuation of nitrate. This study showed an example of
the biogeochemical fuction of groundwater-stream water mixing zone, which can be predictable from the examination
of the interaction among microbial activities, concentration of contamination and vertical flow exchange flux.
temperature show a significant difference in adjacent streambed, Also, the results shows that distribution of
temperature was more affected by groundwater direction than intensity of flux

keywords : Groundwater-stream water mixing zone, partial correlation analysis, vertical water flow, nitrate concentration,
microbial activity
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Table 1. Hydro—geochemical measurements and their applications

Parameters Aspects of study
NO3 Indication of water contamination
pH, Temperature Definition of controlling mineral equlibria
ORP, dissolved Oz Redox system, oxic and anoxic state
FaolEEEE Uis FEH E Aleld] 3y 815t 16S rDNAE T3%3 & W55 4T
e, sk e AT A AtE A BEEGIth PCR Z% 2HE2 QIA quick
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Table 2. Hydraulic conductivity from two different methods and hydraulic properties.
Sampling point Permeameter test , .. Bulk density .
Hazen’s empirical formula 3 Porosity
depth (mean) (g/cm’)
S1-10 cm 0.64 1.53 0.32
S1-20 cm 0.65 1.47~1.84 1.52 0.33
S1-30 cm 0.63 1.55 0.32
S2-10 cm 0.23 1.40 0.32
S2-20 cm 0.22 4.32~5.40 1.41 0.32
S2-30 cm 0.22 1.44 0.32
S3-10 cm 0.83 1.43 0.32
S3-20 cm 0.81 2.54~3.17 1.55 0.32
S3-30 cm 0.82 1.42 0.32
S4-10 cm 0.76 1.39 0.32
S4-20 cm 0.76 1.47~1.84 1.35 0.33
S4-30 cm 0.75 1.39 0.32
S5-10 cm 0.67 1.49 0.32
S5-20 cm 0.80 0.77~1.15 1.45 0.32
S5-30 cm 0.79 1.48 0.32
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Fig. 4. Soil size distribution at S1-S5 points (1~4: well sorted, 5: poorly sorted).
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Table 3. Physico—chemical parameters.

T EC pH DO ORP NO3
2008 C pS/cm mg/L mV mg/L
August (n=25)
Mean 23.2 355 7.2 6.5 204 22.2
Max 27.9 572 8.1 11.5 245 73.6
Min 14.2 222 6.2 2.7 150 0.7
Standard deviation 4.4 119 0.6 2.5 25.7 15.2
Coefficient of variation 0.2 0 0.1 0.4 0.1 0.7
September (n=25)
Mean 22.1 367 7.2 8.5 206 15.5
Max 26.3 679 8.9 13.2 255 20.9
Min 14.5 143 6.3 2.9 123 9.9
Standard deviation 4.1 162 0.7 3.4 32.6 3.3
Coefficient of variation 0.2 0 0.1 0.4 0.2 0.2
November (n=25)
Mean 12.3 405 7.0 5.3 195 13.2
Max 15.0 802 8.1 8.7 219 62.7
Min 10.4 254 6.1 3.0 121 2.9
Standard deviation 1.6 184 0.6 1.8 28.7 17.0
Coefficient of variation 0.1 0.5 0.1 0.3 0.1 1.3
Q5 A3H HYL Sk Astel shel BB g3 A8 AY AAHA Asse] £4
¥ tololagls EASITtHY 6). 1 23 8 & gk Wi, o] 993t 11l Al
el EfRte] gebd {9 Ca-HCO3= b 3 92 Ca-ClSOHFex vepiitt. el <l
ERstth ojo} 2 FEL diHow 94del o AAR 2AEHRE QT 7o) 5t
Fe @ e AR Askre] £ o, £ PGl A 29 S W2 Zlo® 7h
FRrlA WASRE e fE Sl wa
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Table 4. Isolation of dominant bacteria.
. Homology
Isolate Identified by 16SrDNA
(%)
S1-A Bacillus sp. MSB 2029 99
S1-B Acinetobacter sp. BSA 35 98
S1-C Bacillus cereus 98
S2-A Acinetibacter Iwoffii 99
nitrogen—fixing bacterium
S2-B 99
COL
S2-C Pseudoxanthomonos sp.M1-7 100
- Denitrifying Fe( [] )-oxidizing 100
bacterium
S3-B Paucimonas lemoigner 99
S3-C Pseudomonas mephitica 99
S4-A Xylella fastidiosa M23 99
Exiguobacterium sibiricum
S4-B 99
255-15
S4-C Bacillus sp.GD1505 97
S5-A Alcaligenes faecalis 98
S5-B Acidovorax sp. R-24667 98
Pseudomonas marginalis
S5-C 99

strain JH13

=S ==

florescens7} &2t o2 Hol= ksl
o] ®el= +500 ~ +100 mV o], "3237]
41?1 Staphylococcus aureust™ +180 ~ -230
mV, PR eR #7443l Clostriciume -30
~ =550 mV ©]tiMcKane and Kandel, 1996).
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Table 5. Partial correlations and associated statistics between Flux, Isolated bacteria and nitrate

concentrations.

Control variables Nitrate isaocl‘?et;j Flux
None Nitrate Correlation 1.000 0.698 0.793
Significance(2-tailed) 0.000 0.000

df 0 13 13
Isolated bacteria Correlation 0.698 1.000 0.656
Significance(2-tailed) 0.000 0.00

df 13 0 13
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Table 5. Partial correlations and associated statistics between Flux, Isolated bacteria and nitrate

concentrations. (continued)

Control variables Nitrate i)zoclietfij Flux
Flux Correlation 0.793 0.656 1.000
Significance(2-tailed) 0.000 0.000
df 13 13 0
Flux Nitrate Correlation 1.000 0.252
Significance(2-tailed) 0.384
df 0 12
Isolated bacteria Correlation 0.252 1.000
Significance(2-tailed) 0.384
df 12 0
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