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Assessment of denitrification processes in lower Ishikari

river system, Hokkaido, Japan
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The increased anthropogenic activity including fossil fuel combustion, fertilizer applicatioﬁ
along with watershed disturbance resulted into increased pool of biologically available nitrogen
resulting into alteration of aquatic ecosystem structure and function due to eutrophication and coastal
hypoxia. Microbial denitrification process may mitigate the amount of N transported to downstream
system by reducing dissolve nitrogen species into gaseous N and permanently removing it from
aquatic ecosystem. Understanding the processes that control sediment denitrification in stream is
essential for determining the importance of denitrification in local, regional and global N cycles.

The present study was carried out to estimate the in-stream denitrification process, identify
factor controlling denitrification process and evaluate the role of denitrification process in removing
dissolve nitrate load in lower Ishikari river system. Water and sediment samples were collected from
lower Ishikari river system including main river channel, major tributaries (Tobetsu, Toyohira,
Chitose and Yubari) and ox-bow lake Barato during August 2009 and July 2010.

The results of nutrient analysis indicates that land use pattern governs the spatial variation of
nutrient concentration with higher nutrient concentration were observed in the system having higher
urban and agriculture land use. The main anthropogenic sources of dissolve nutrient concentration in

| Ishikari river system includes discharge from sewage treatment plants, industrial units along with
runoff from agricultural areas and livestock farming areas. The seasonal variation of dissolve nutrient
was function of river discharge variation along with variation of in-stream biological productivity
and climatic conditions existed in watershed. The nutrient concentration showed increasing trend in
Ishikari river system during past 50 years owing to increased nutrient loading in watershed area due
to change in precipitation chemistry along with changes in land use pattern in catchment area.

The results of carbon and nitrogen isotope study of suspended and bed sediment indicates
that detritus from C; plants and Cs plant dominated soil and fresh water phytoplankton contributes
the POM load in Ishikari river system. The Barato lake particulate organic matter(POM) samples
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were relatively depleted in 8'*C isotopic ratio(-30.8%), enriched in 8"°N isotopic ratio (7.7%s) and
had lower C/N ratio(7.6) indicating major contribution from in-stream phytoplankton however POM
samples of Ishikari river and its major tributaries were relatively enriched in §C isotopic ratio,
depleted in 8'°N isotopic ratio and had relatively higher C/N ratio indicating contribution from land
sources such as plant detritus and soil organic matter. The relatively higher C/N ratio combined with
depleted 5'°N isotopic ratio during winter, autumn and spring season compare to low C/N ratio
combined with enriched 8'°N isotopic ratio of POM samples in summer season indicates seasonal
shifting in the organic mafter source contribution in Ishikari river. The Barato lake POM samples
8'°N isotopic ratio were relatively higher and showed strong inverse correlation with the dissolve
nitrate concentration in the lake water, indicating that significant portion of the POM samples being
derived from phytoplankton that were utilizing nitrate that had been subjected to denitrification.

The result of potential and unamended denitrification rate measurement indicated that
denitrification rate showed spatial variation within the lower Ishikari river system with Barato lake as
hotspot of denitrification activity. The denitrification rate in river system showed strong correlation
with the overlaying dissolved nitrate concentration indicating that nitrate for denitrification process
was provided by overlying layer. The denitrification rate was not correlated with the dissolved
organic carbon however it showed strong correlation with sediment organic matter and carbon
content indicating sediment samples provide enough carbon for the sediment denitrification rate in
Ishikari river system. The nutrient amendment experiment results showed that increasing nitrate and
carbon concentration had no significant effect on the sediment denitrification rate in Ishikari river
~and tributaries samples indicating other factors such as population of denitrifying microbes and
hydrological properties of stream channel including channel depth and flow velocity regulates the
denitrification rate. In case of Barato lake sediment denitrification rate followed Michaelis-Menten
kinetics with increasing nitrate ion concentration. The maximum denitrification rate estimated
through using regression equation was 1.58ug N g”! DM h! and estimated half constant (Km) was
0.53 mg/l NO3 N. The estimated half constant (K,,) was lower than the median dissolve nitrate
concentration of Barato lake indicating that denitrification rate was saturated in the lake system. The
result of nutrient spiraling metrics indicated that the nitrate loss rate within the lower Ishikari system
ranged from 0.01 to 14.9% d' with an annual mean of 5% d! in main Ishikari river channel
indicating that in stream denitrification rate do not have strong influence on NO;-N movement
through the stream channel and dissolved nitrate will be transported to the Ishikari Bay without

significantly removed in the stream channel.
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