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Abstract 

 

This study estimated ammonium retention in a drainage canal in tropical region. We first 

surveyed seasonal patterns of inorganic nitrogen loading from three land use types, pig farm, 

aquaculture and paddy field in Thachin River basin. The maximum ammonium concentration 

observed was then use in a tracer experiment to estimate ammonium retention in a drainage canal. Our 

results showed that pig farm is the largest point source of nitrogen among three land use types, and 

ammonium concentrations in the canal in pig farm area were significantly higher, about 10 to 20 times 

higher than in rice farm and aquaculture areas during the dry season. Ammonium concentration 

decreased as water flows into a larger canals and the main stream of the Thachin River, suggesting 

dilution and in-channel nitrogen retention. Co-injection of NaCl and NH4Cl revealed the presence of 

ammonium retention in the study canal. The ammonium retention increased as the injected ammonia 

arrived but quickly stabilized around 1 mgL
-1

. This result suggests that maximum ammonia 

concentration of 40 mgL
-1

 observed in the canal would likely be beyond the capacity of the in-channel 

ammonium retention. Therefore, the smaller effect of in-channel retention in the concentrated canal in 

pig farm is expected.    
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1. Introduction 

  

 In Southeast Asia, sewage without treatment is still directly discharged to rivers and 

canals in many areas, causing severe water quality problems (Smith et al., 1999). The Thachin 

River in central Thailand is not an exception. The Thachin River basin experiences intensive 

agricultural, livestock farming, and aquaculture activities which have rapidly increased 

between 1980 and 1995 due to economic growth (Schaffner et al., 2009b). As a result, the 

water quality has been rapidly degraded, and especially the middle and lower segments of the 

river experience elevated ammonia and phosphorus level and low dissolved oxygen 

concentration. In some critical areas, where there are intensive pig farm, aquaculture, and 

paddy field, the dissolved oxygen concentration reaches close to zero, and the ammonia and 

total phosphorus concentrations exceed by two to ten times of the Thai water quality 

standards (Schaffner, 2007). From 2000 to 2002, the Thachin River was named as the most 

polluted river in Thailand, and the river has been a focus of government and public concern 

(Simachaya, 2003; Schaffner et al., 2009b).  

 There have been several studies on water quality conducted in the main stem of the 

Thachin River (Mahujchariyawong and Ikeda, 2001; Simachaya, 2003). However, few studies 

were carried out in the tributaries and the irrigation canal system in the basin where people 

rely heavily on water for their livelihood and their survival, and where many aquatic 
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organisms inhabit (Schaffner et al., 2009a). Observation of tributaries and canals will improve 

the management strategy of the Thachin River.  

 Aquatic ecosystems regulate transport of organic matter and nutrients through processes 

such as biotic uptake, microbial immobilization, transient storage, and sorption. Transient 

storage processes exert considerable effects on nutrient retention by increasing residence time, 

especially nitrogen due to its soluble form in water (Jones and Holmes, 1996; Gooseff, 2005). 

Many studies on in-channel nitrogen retention and transient storage have been carried out in 

streams of temperate region (Triska et al., 1989; Salehin et al., 2003; Ensign and Doyle, 2005; 

Gooseff et al., 2005; Schulz et al., 2003), and there are little studies in tropical region (Gücker 

and Boëchat 2004), especially in lowland streams. In addition, nitrate is commonly reported 

to be the dominant form of inorganic nitrogen, and many studies on nitrogen retention 

focused on nitrate and fewer studies on ammonium retention. In the Thachin River, 

ammonium is reported to be the dominant form of inorganic nitrogen (Schaffner et al., 

2009b). This study focused on ammonium retention in drainage canals in tropical region. The 

unique setting of our study canals, tropical and ammonium-dominated, will improve the 

understanding of nitrogen retention in lotic system.  

 In this study, we examined retention capacity of drainage canals in the Thachin River 

basin. Firstly, we periodically sampled water from drainage canals in three land use types, pig 

farm, aquaculture and paddy field, to observe the distribution and seasonal patterns of 

inorganic nitrogen. The observed concentration was then used to set the condition of tracer 

study, co-injection of NaCl and NH4Cl, to estimate in-channel retention of nitrogen. Many 

streams and rivers in tropical region face severe eutrophication problems, and understanding 

the natural abilities of rivers and canals to retain and remove nitrogen will provide useful 

information to improve river management.  

 

2. Materials and methods  

 

2.1 Study site description  

 The Thachin River basin, located in the Central Plains of Thailand, covers a total area of 

12,000 km
2
 with a population of around 2,5 million (DOPA, 2010). The Thachin River flows 

325 km southward to the gulf of Thailand and is a branch of the Chao Phraya River, which is 

one of the fourth largest deltas in Southeast Asia (Figure 1). In the Central Plains of Thailand, 

the climate is dominated by monsoon regime which has two seasons, a dry season from 

November to April and a rainy season from May to October. In the period between 2005 to 

2010, the Kamphaeng Saen weather station, located in Nakhon Pathom province, recorded an 

average annual rainfall of 1075mm with over 80% in a rainy season. The average monthly 

temperature ranged from 24°C to 30°C. 

 Nakhon Pathom province which is located in the middle to lower part of the Thachin 

River basin has numerous natural and artificial channels flowing through intensive pig farms, 

paddy field, and fish farm areas. Agricultural land use dominates the province of Nakhon 

Pathom, accounting for 63%. In 2009, there was 63,826.24 ha in rainy season and 6,4313.44 

ha in the dry season (data obtained from the Department of Agricultural Extension of 

Thailand). Intensive use of fertilizer and pesticide is common, and paddy field is considered 
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as the main nonpoint source of nutrient and toxic substance to the Thachin River (Simachaya, 

2003; Schaffner et al., 2009b).  

 Aquaculture is another production sector that has contributed significant nutrient load to 

the Thachin River. Wastewater from fish and shrimp farm, which is considered as the point 

sources, discharges into the canal system and subsequently flows into the Thachin River 

(Schaffner et al., 2009b). In 2009, there was shrimp farm of 13,202.4 ha in the province of 

Nakhon Pathom (data obtained from the Department of Fisheries of Thailand). Nakhon 

Pathom province is also the third most important areas for pork production in Thailand with 

the approximately 80% of all pig farm in Thailand are located along the canal system in the 

Thachin River basin. Schaffner et al. (2009a) estimated that the total nitrogen loading from 

pig farm in Nakhon Pathom province is 2,380 tons per year, accounting for 71% of the total 

basin. As the results of intensive land use, the canal and its tributaries of the Thachin River in 

Nakhon Pathom provice have been experienced exceeded ammonia and phosphorus level and 

low dissolved oxygen concentration.  

 

Figure 1. Map of the water sampling locations in the Thachin River basin. 

Data were obtained from the Remote Sensing and GIS department, Environment and 

Resource Studies Faculty, Mahidol University. 
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2.2 Methods 

 1) Water sampling  

 Three sampling areas were selected from Nakhon Chaisi and Muang Nakhon Phathom 

districts to study the water quality condition, in particular nitrogen, of canals. Each sampling 

areas represents a land use type, either paddy field, pig farm or aquaculture ponds. At each 

sampling area, 6 water samples were collected periodically: a sample of direct discharge from 

the farm, 3 samples (upstream, middle, and downstream) at a selected small canal receiving 

directly discharges, 2 samples from a larger canal that drain into the Thachin River (Fig. 1). In 

pig farm area, there are 31 pig farms and three food production factories with the areas of 

roughly 32 ha and 61 thousands pigs, along the small canal. Based on our survey, only 11 pig 

farms, 35% of the total pig farms, have waste water pond. The remaining pig farms discharge 

untreated water directly to the canal that causes strong smell and results in high concentration 

of ammonia in the canal. The small study canal in aquacultural farming areas were surrounded 

by 52 fish and shrimp ponds with approximately 144 ha. There is also a small orchard farm 

growing, such as mango, guava, and rose apple. In the rice paddy area, the small canal was 

surrounded by rice paddy expect for a small orchard farm growing Calotropis gigantean, 

Orchid, Jasmine, Mango and Sansevieria  cylindrica  Bojer. 

 Based on the hyetograph, water sampling was conducted 6 times to capture seasonal 

pattern. We sampled in January, which are dry season, and in April, June, August and 

September, which are rainy season.  

 We carried out in-situ measurement of temperature, dissolved oxygen (DO), and 

salinity, using handheld sensors YSI 85, and collected water sample for nitrate and ammonia 

analysis. The handheld sensors were calibrated before each sampling. Water samples were 

transported back to the lab on ice, and they were filtered within 24 hours of sampling. The 

samples were preserved by adding 0.5 ml H2SO4 per 500ml to lower pH< 2 and kept in 

refrigerator at 4 degrees Celsius before analysis. Concentration of NO3-N and NH3-N were 

analyzed based on the Standard Methods for the Examination of Water and Wastewater by 

using Nesslerization method and Brucine method, respectively in the lab. 

 

 2)  Stream tracer experiment  

 A stream tracer experiment was carried out in 200 meters reach of a small drainage 

canal inside Kasetsart University Kamphaengsean Campus, located in Nakhon Pathom 

province. Irrigated hay fields surround the experiment canal, and emergent and floating plants 

were present in the canal. To study nitrogen retention, a pulse co-injection of conservative 

(NaCl) and non-conservative (NH4Cl) tracer was conducted on 2 November 2010. A 

concentrated solution of tracer was added to the canal at upstream point of the experiment 

reach. To ensure quick mixing of tracer with canal water, a weir to concentrate flow to the 

center of the canal was constructed just downstream of the injection point. At 200m 

downstream of the injection point, we measured specific conductance, using handheld meters, 

and sampled water for ammonium and nitrate analysis. Water samples were handled in the 

same way as described above.  We injected enough tracers to reach the highest ammonium 

concentration observed during the water sampling of canal in three land use types at the 

upstream boundary of the experiment reach.  
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 Specific conductance was used for surrogate of chloride concentration (Gooseff and 

McGlynn, 2005) by constructing calibration curve between specific conductance and chloride 

concentration before the experiment. It was made sure that calibration point covered the range 

of specific conductance we observed at the sampling location. Specific conductances 

measured during the experiment were converted to chloride concentration using the 

calibration curve.  

 

3. Results and Discussion  

 

3.1 Inorganic Nitrogen Concentration and Land Use Types  

 The spatial distribution of nitrogen concentration revealed strong effects of land use 

type on water quality. The dominant form of inorganic nitrogen was ammonium at all 

locations, and its concentrations were significantly higher in the canal in pig farm area,  about 

10 to 20 times higher than in the rice farm and aquaculture canals during the dry season (Fig. 

2).  The drainage from pig farm was very high in ammonia concentration, 75.75 mgL
-1

 to 

179.75 mgL
-1

, and it was reflected on the much higher concentration compared to other two 

sampling areas.  A study on nutrient loading in the Thachin River showed that in Nakhon 

Phathom province pig farm is one of the largest point source of nitrogen (Schaffer et al., 

2009).   

 Concentration of ammonia in small canals, receiving water from sources, was 

significantly higher than larger canals, receiving water from small canals, (Fig. 3). At the pig 

farm areas, ammonia concentration in the larger canal was 8.51 mgL
-1

, which is 4 times lower 

than in the smaller canal in January water sampling. It suggests that the canal system itself 

have ability to reduce nitrogen concentration through dilution or in-channel processes, before 

discharging to the main river.  Compared to the ammonia concentration in the Thachin River, 

monitored 4 times/year from 2000 to 2009 (data obtained from the Pollution Control 

Department of Thailand), the ammonia concentration we measured in the canal system was 

much higher than in the main stem of the Thachin River. The highest ammonia concentration 

in the main stem at the Nakhon Chaisi district was 2.1 mgL
-1 

in Feb 2009, which is 15 times 

lower than the highest concentration in similar season in the small canal we measured(Fig. 3). 

This finding reveals severe problems, much more than the main stem, that canal system faces 

in the Thachin River basin. Seasonal variation of ammonia concentration was also observed. 

It was high in dry season and low in wet season, which the canal in pig farm area showing the 

trend most significantly (Fig. 2).  
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Figure 2. Concentration of ammonia at three 

sampling locations, pig farm, rice farm and 

aquaculture, from January to September 2010. 

Data show the concentrations in the small canal 

receiving drainage directly, and the error bars 

indicate 1 standard deviation. 

Figure 3. Concentration of ammonia in the 

study small canal, receiving a large quantity of 

drainage from pig farm, and in a larger canal, 

receiving water from small canals. Data were 

collected from January to September 2010. 

The high ammonium concentrations corresponded with the pattern of dissolved oxygen 

(DO) concentration. DO was lowest in the pig farm canal and much higher in rice farm and 

aquaculture areas (Fig. 4). The low concentration of DO, which hinders nitrification, also 

explains ammonium as the dominant form of inorganic nitrogen. Nitrate concentration was 

consistently low with 0.1 mgL
-1

 and < 0.1 mgL
-1

at all sampling locations. A common 

seasonal pattern was apparent among the three land use types. DO concentration in 

aquaculture and rice paddy area is likely affected strongly by farming practice, as drainage 

from aquacultural pond and rice paddy tend to be aerated water.  

 
Figure 4. Concentration of dissolved oxygen at three sampling locations, pig farm, rice farm 

and aquaculture, from January to December 2010. Data show the concentrations in the small 

canal receiving drainage from particular landuse directly, and the error bars indicate 1 

standard deviation. 
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3.2 Ammonium Retention in a Drainage Canal 

 Co-injection of NaCl and NH4Cl was carried out to estimate ammonium retention. 

Concentrations of chloride and ammonia were measured at 210m downstream of the injection 

point (Fig.5). Chloride arrived at the sampling location, 40 minutes after injection, and 

returned to the background after 2 hours. Peak concentration of 67.4 mgL
-1

 was observed 55 

minutes after the injection. Observed ammonia concentration showed similar pattern, but 

returning to the stable concentration early, 90 minutes after the injection. Peak ammonia 

concentration reached 7.3 mgL
-1

, 5.4 mgL
-1

 above the background concentration.  

 Ammonium retention was estimated using the difference between observed and 

predicted ammonia concentrations. The predicted concentration, the expected concentration if 

there was no retention of ammonium, was derived from the chloride concentration.  Observed 

concentration was consistently lower than predicted concentration, indicating presence of 

ammonium retention (Fig. 5). Ammonium retention results from biotic processes such as 

nitrification, plant uptake, and microbial immobilization (Gücker and Boëchat 2004), and 

abiotic processes, such as volatilization and sorption (Triska et al. 1994). Nitrate-N 

concentration was measured periodically throughout the experiment, and it stayed at ≤ 0.1 

mgL
-1

, suggesting that nitrification was negligible in the canal water where dissolved oxygen 

concentration was at or below 3.2 mgL
-1

.  Canal water had pH of 7.2, which does not support 

volatilization.  Emergent and floating vegetation were observed throughout the canal. 

Presence of vegetation in water increases transient storage, which in turn increase ammonium 

retention through uptake and microbial immobilization (Gücker and Boëchat 2004). With the 

elevated ammonium concentration during the experiment, sorption to the sediment may 

account for considerable portion of ammonium retention (Triska et al. 1994).  
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Figure 5. Concentration of ammonia and chloride 

at 210m sampling point was plotted against the 

time after injection. Data were collected on 

November 2, 2010. Using the chloride 

concentration, we calculated the expected 

concentration of ammonium if there were no 

retention, and it was also plotted as ―predicted‖ 

ammonia concentration.  

Figure 6. Predicted concentration of injected 

ammonia (predicted-background) and 

ammonium retention (Difference between 

predicted and observed) at 210m sampling 

point was plotted against the time after 

injection. Data were collected on November 2, 

2010.  
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When the ammonium retention was compared to the predicted ammonia concentration, 

it showed that the retention increased as the injected ammonia arrived but quickly stabilized 

around 1 mgL
-1

 (Fig. 6). In the canal through concentrated pig farms where we carried out 

water sampling, the highest ammonia concentration observed was 40 mgL
-1

 in January, in the 

middle of dry season. Discharge from pig farms reached > 125 mgL
-1

, and input from those 

sources with high ammonia concentration result in high canal ammonium concentration, 

especially in dry season. Although we cannot directly apply findings from a small drainage 

canal to a much larger canal, our results suggest that 40 mgL
-1

of NH4-N would likely be 

beyond the capacity of the in-channel processes to result in significant decline of ammonium 

concentration in canal water. Besides, in a larger canal, amount of vegetation relative to the 

volume of water is much smaller than the smaller canal, and smaller transient storage and thus 

smaller relative ammonium retention from uptake and immobilization is expected. 

 

4. Conclusions 

 

 This study shows that ammonium concentration observed was much higher in small 

canals, receiving drainage from various source activities, compare to larger canals or the main 

stream of the Thachin River where previous studies have focused, and highlighted a severe 

excess nitrogen loading problem that canal network faces. The canal throughpig farm showed 

highest ammonium concentration, compared to aquaculture and rice paddy area. Ammonium 

retention estimated from the stream tracer experiment in a small drainage canal was around 1 

mgL
-1

, which is much lower than the ammonium concentration observed in the canals. Our 

results suggest that the effect of in-channel retention of ammonium is smaller in periods with 

high ammonium concentration.       

 

5. Acknowledgements 

  

 This research project was funded by the National Research Council of Thailand. We 

thank the Faculty of Environment and Resource Studies at Mahidol University and Faculty of 

Engineering, Campus at Kasetsart University- Kamphaengsean for allowing us to use their 

facilities, and Thailand International Development Cooperation Agency for their financial 

support. We greatly appreciate Mr. Rawee and his crew for their help in fieldwork.  

 

6. References 

 

DOPA. Department of Provincial Administration. www.dopa.go.th, accessed in June 2010 

Ensign, S.H. and Doyle, M.W. In-channel transient storage and associated nutrient retention: 

Evidence from experimental manipulations. Limnol. Oceanogr  2005; 50(6): 1740–

1751. 

Gooseff, M. N. Determining in-channel (dead zone) transient storage by comparing solute 

transport in a bedrock channel-alluvial channel sequence, Oregon. Water Resource 

Research 2005; 41, W06014, doi: 10.1029/2004WR003513: 7pages. 

http://www.dopa.go.th/


VII(O)_002 

 

 
                                                The 1st EnvironmentAsia International Conference on 

 “Environmental Supporting in Food and Energy Security: Crisis and Opportunity”    

Thai Society of Higher Education Institutes on Environment                                                    22-25 March 2011, Bangkok, Thailand    

386 

 

Gooseff, M.N., McGlynn. B. L. A stream tracer technique employing ionic tracers and 

specific conductance data applied to the Maimai catchment, New Zealand. Hydrological 

processes 2005; 19: 2491 – 2506.  

Gücker, B. and Boëchat, I.G. Stream morphology controls ammonium retention in tropical 

headwaters. Ecology 2004; 85: 2818–2827. 

Jones, J. B., Holmes, Jr and R. M. Review: Surface-subsurface interactions in stream 

ecosystems Trends in Ecology & Evolution 1996. Volume 11, Issue 6, June. 

Mahujchariyawong , J. and Ikeda, S. Modelling of environmental phytoremediation in 

eutrophic river — the case of water hyacinth harvest in Thachin River, Thailand. 

Ecological Modelling 2001; 14: 121–134. 

Salehin, M., Packman, A. I., Worman, A. Comparison of transient storage in vegetated and 

unvegetated reaches of a small agricultural stream in Sweden: seasonal variation and 

anthropogenic manipulation. Advances in Water Resources 2003; 26: 951-964. 

Schaffner, M., Bader, H.P., Scheidegger, R. Modeling the contribution of pig farming to 

pollution of the Thachin River. Clean Techinical Environment Policy 2009a; DOI 

10.1007/s 10098-009-0255-y: 19pp. 

Schaffner, M., Bader, H.P., Scheidegger, R. Modeling the contribution of point sources and 

non-point sources to Thachin River water pollution. Science of the Total Environment 

2009b; 407: 4902–4915. 

Schaffner, M. and Wittmer, I. The Thachin River is overloaded with nutrients. Research 

report, Eawag News 62e 2007. 

Schaffner, M., Bader, H.P., Koottatep, T., Scheidegger, R., Schertenleib, R. Using a Material 

Flow Analysis model to assess river water quality problems and mitigation potentials – 

a case study in the Thachin River, central Thailand. In: Proceedings from the 3rd Asia 

Pacific Association of Hydrology and Water Resources conference 2006; Bangkok, 

Thailand. 

Schulz, M., Kozerski, H. P., Pluntke, T., Rinke, K. The influence of macrophytes on 

sedimentation and nutrient retention in the lower river Spree (Germany). Water 

Research 2003; 37: 569-578. 

Simachaya W. Lessons learned on integrated watershed and water quality management in the 

Thachin River Basin, Thailand. In: Proceedings from the first Southeast Asia water 

forum 2003; Chiang Mai, Thailand. 

Smith, V.H., Tilman, G.D., Nekola, J.C. Eutrophication: impacts of excess nutrient inputs on 

freshwater, marine, and terrestrial ecosystems. Environ. Pollut 1999; 100: 179–196. 

Triska, F.J., Kennedy, V. C., Avanzino, R. J., Zellweger, G. W., Bencala, K. E. Retention and 

transport of nutrients in a third-order stream: channel process. Ecology 1989; 70: 1877- 

1892. 

Triska, F. J., A. P. Jackman, J. H. Duff, and R. J. Avanzino. Ammonium sorption to channel 

and riparian sediments – a transient storage pool for dissolved inorganic nitrogen. 

Biogeochemistry 1994; 26: 67–83. 

  

 
 

http://www.sciencedirect.com/science/journal/01695347
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%236081%231996%23999889993%2399052%23FLP%23&_cdi=6081&_pubType=J&view=c&_auth=y&_acct=C000014278&_version=1&_urlVersion=0&_userid=206209&md5=00ff468be4f28f25ffa52542f79d0d61

