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Denitrification Rates in Tributaries of the Han River in Relation to Landuse
Patterns and Microtopology
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Abstract : Stream ecosystems carry out significant functions such as water purification, especially denitrification.
However, rapid landuse change since industrialization has altered ecological functions of streams. In this study, we
aimed to investigate denitrification rates and their determinant factors in streams with different landuse patterns, and
how denitrification rates vary with microtopology within streams. Ten fifth streams of each landuse were selected,
and each stream was divided into four microtopological sites within streams - riparian zone, subsoil, and both head
and tail parts of sand bars. In situ denitrification rates and physicochemical properties of soil were examined.
Denitrification rates of agricultural, urban, and forest streams were 289.62 + 70.69, 157.01 + 37.06, 31.38 + 18.65
mg N;O-N m? d* respectively. There were no significant differences in denitrification rates depending on
microtopology, but the rates in riparian zone were the highest, and the rates in the head parts of sandbars were
lower than those of tail parts. The determinant factors for denitrification rates included water temperature, silt and
clay contents of soil, inorganic nitrogen, and organic carbon, and these factors all showed positive correlations with
denitrification rates. Through this study, we find that landuse pattern in watershed region affects denitrification rates
that is one of considerable functions of streams. In addition, estimation of denitrification rates taking into account
for microtopology would contribute to developing ecological management and restoration strategy of streams.
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Table 1. Landuse classification of the study sites. Area with percentage in parenthesis.
. Reach watershed designated landuse km? (%)
Study site
Forest Agricultural Urban Water area Total
2.38 0.34 0.34 0.09 3.14
Chang=Reung Up (76) (11 (11) ®) (100)
Forest 2.17 0.67 0.19 0.12 3.14
Yong-Am ) ) : ) ’
ons 69) 21 ©) 4) (100)
0.00 0.00 2.93 0.21
An-Y 3.14
ang ) ) 93) %)
Vana-] 0.20 0.00 2.77 0.18 3.14
ang-ae ©) ) (88) ) (100)
Urban
Sune-Nae 0.20 0.20 2.57 0.17 3.14
£ ©) ©) 82) ®) (100)
Ton 0.34 0.00 2.30 0.50 3.14
4 an ) (73) (16) (100)
Gul-Po 0.02 2.66 0.28 0.18 3.14
(@) (85) (©)] ) (100)
Chang-Reung 0.71 2.01 0.10 0.32 3.14
Down (23) (64) 3 (10) (100)
Agricultural
Hone—Reun 0.64 1.88 0.47 0.15 3.14
ongTeuns (20) (60) (15) ) (100)
1.06 1.65 0.17 0.25 3.14
Wang-Suk (34) (53) ©) ® (100)
27 58 cm ¥o] 45 cme PVC AE]
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PO,”, SO/, ol
3o B,
2748 913 oAgaA

3% (acetylene blocking method)& AF&-3FTH

oFo] 15 cm Zo]E 1AA|
10] 5 cm oJulellA 90 % ©]
Aol e Ao® ®BuEa ¢loyt (Inwood
et al., 2007, Groffman et al., 2009), olx€zl
2 N0 EHF 2 WES WAE] fEiA SR
gk Zlo](15 cm)® ZAASI3itE. FAP]E o]835t
EF ¥9 wold A= septacl] olAE# 7|AE
FA3 opAd A 7]Al= chamber W
EGS AL 23 F99 20 %5 FYs)

= fg 71A AF = 27 okE
3y 30 ® 5 ’\]XW o7 3o
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N0 HAELS mg NbO-N m™? d'& Yepfigich
3. 41t 9l E9
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(Moore, 2005; Kaye, 2006). EA £ A3}
oEW Aol XS AF sl Az

Hlgo] & W, =49 54 5kl

)

A B FBANA AR A sloR
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Table 2. Physico—chemical characteristics of soil (Mean with S.E.). Data labeled with different letters
represents significant difference at /0.05 (one—way ANOVA)

Landuse categories
Characteristics
Forested Urban Agricultural
Temperature () 248 + 0.9° 284 + 0.7 26.3 + 0.7
Water content (%) 13.78 + 1.41° 21.65 + 1.70° 14.75 + 1.17°
Organic matter content(%) 0.65 £ 0.08 2.13 £ 0.53 1.76 £ 0.31
pH 7.27 £ 0.07* 7.14 + 0.09" 777 £ 0.15°
Dissolved organic carbon . . a .
iy ) 20.53 + 3.56 7.14 £ 0.09 35.44 £ 5.99
(ug g dry-soil)
NOs -N (ug g dry-soil) 0.21 % 0.04° 0.49 £ 0.19% 0.52 + 0.08
NH; -N (ug g_ldry-soil) 13.82 £ 1.11°% 23.26 + 2.07° 17.16 £ 1.31°%
Gravel content (%) 55.35 + 3.56° 28.33 + 5.82° 48.04 + 5.36"
Sand (%) 93.73 £ 0.35 88.16 £ 2.73 90.79 £ 1.14
Soil - a ab b
Silt (%) 0.76 £ 0.12 3.40 £ 1.70° 2.09 £ 0.65
texture
Clay (%) 5.64 £ 0.29° 8.42 + 1.05" 7.12 + 0.54™
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Table 3. Water chemical characteristics (Mean with S.E.). Data labeled with different letters denotes
significant difference at /<0.05 (one—way ANOVA)

Landuse category
Characteristics
Forested Urban Agricultural
Temperature (C) 24.3 £ 0.5° 26.3 + 0.3 25.3 + 0.2°
pH 7.42 £ 0.16 7.78 + 0.10 791 + 0.15
Conductivity (s cm™) 174.17 + 13.72° 340.42 + 22.62" 313.00 * 15.61°
Dissolved organic carbon . b b
(g LY 1.74 £ 0.10 3.49 + 0.29 2.82 + 0.35
NOz -N (mg L™ 0.31 £ 0.02° 0.59 * 0.05° 0.46 + 0.05°
NOs™-N (mg L™ 2.46 + 0.23° 3.37 £ 0.19" 3.15 + 0.12°
Cl” (mg LY 12.83 + 1.54° 40.82 + 3.50° 21.40 + 2.14°
05 (mg L™ 1.25 + 0.04° 1.83 + 0.08 1.77 + 0.16™
0 (mg” L) 17.10 + 1.12° 32.96 + 2.44° 31.33 £ 1.47°
NH,"-N (mg L™ 0.33 £ 0.1 1.78 + 0.33° 1.01 + 0.43®
Na* (mg L) 8.75 * 0.39° 27.88 + 2.64° 17.56 + 1.79°
Mg* (mg L™ 3.03 + 0.29° 5.34 £ 0.17° 4.92 £ 0.18°
Ca* (mg L 20.98 + 1.91° 31.40 £ 1.10° 32.21 £ 1.12°
(Table 3, 7X0.05). P}1UlF ]S A|Ljd B < #s Bl (Fig. .
o2 Fre Al s shxlolA AlA ek o
ke 3 u) o]} Ekom, 53] wAle] ¢4 3.0
o2 FEE AA 3 Hel 7.8 mg L] 54 — e
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BE A9 iRl 7MY me gldES 1 o s A A A8 ATl s, =
ol A& o] MM FEg 7] gt A eHe]l @x edsko]l 154, 3.3-57.6 mg
TR A9HQl Sroz WAE JUAF NoO-N m™ d'& vehd Az vlas) 2 o 2
Twol 7P ARA SR s vy HEoR d S ALt sl =2 #telw (Torre
wolty, & eXalsko] shHel 74 HEEAY et al, 1992, Zhu et al., 2005), 234 z7)A
o] g we 7Y wokd Zlo® vk SAS A¥ (574, A, Ak Zb7 75, 23, 15
ol SAYE olE RS & ole AE EA0] mg NoO-N m™” d') o Blsim= 4u) olide] %
53 Ao vxPHE FFEE AAIHY 2 groltk (Inwood et al , 2005).
S A dadad db] g2dgs EA5el Aol Hx= AAE FAE] S8 gt
oha v g Aaedhs S0 4 S Ao A BAE s dn AVARE, 72, vAke
g} gk o)9el AWE 4 e U9l A% HE 3 §7] A, Sago]l mEF ko] ¥
A8k 7re] JuAgow ek et gl TAE Blonw EY U mygeke oo A
= A A" 7 T FRE ARt AE BSItE (Table 4). o= 7]l 4%l e}
down-welling 3= A9l WA, FIAL=] H| o] G g v &5l JgS T
ol ABE ARTT F59 JF] o & AY ]l IA oJEAYS ou)eitt. = 7] Aa
A Ao diert wetd S wEet v 22N HFAAFEA, frleae vA
AN Ghgo] o =& e Hol= AL F o] gaddos Zgsr] wiie ol5e] w%7t
A 2 xS e E2% AxF-AEe ES7E 94 AR Fo] molxa gAF
3ol A el AFAIZE S7FR Q8] FAEE o] FoIHSS F5T 5 vk EI GAVAYE
717 343} Aslrel] HAE FEAT dol 2 |z AAEAALE HTAATEA
Aq5e 9 2aun JdFez Z7] wEe 2 olgetnR Ek] SR, vALHES] &
2 2349t} (Hester and Doyle, 2008). o] S7HESE B gr)zdde] 37t 24
EXo] g5 gdgS 2 Ay 54 s) ol T/ 4 Q= Aotk olg WHiE EY
o] 289.62 + 70.69 mg N.O-N m* d'& 7} U 22 2 wge] dggko] ZrleE Bk )
FEe s UERla, vgo R B4l AN st Tl S7h A el IUkslal gl
ol o7 157.01 + 37.06, 31.38 + 18.65 7 ytel] gl Aojtt
mg NoO-N m™ d'¢] ghe el ol e

Table 4. Spearman’s correlation coefficient among environmental factors and denitrification processes
at the entire site samples. Only significant values are presented.

Environmental factors (correlation coefficient)
. w'EC w*Temp Silt Clay
Positive
(0.386%%) (0.552%%) (0.463%%) (0.443%%)
NH,"-N wNO, =N Organic matter DOC
(0.386+%) 0.4104) (0.493+%) (0.402%%)
Negati Sand
egative
8 (-0.465%%)

? : Factors labeled with the letter 'w' indicate chemical properties of water samples.
* © Asterisks show the significance of correlation (2 < 0.05%, 2 < 0.01#*)
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