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1. Introduction 

 

The city of Phnom Penh, Cambodia (population 1.4 million), relies on a system of naturally-

occurring wetlands to treat approximately 90% of its waste, with the remaining 10% going 

directly to the Mekong River system. The city is growing rapidly and some of the wetlands 

have been filled in for new construction, so the capacity to treat waste is being reduced while 

population is increasing. The objectives of this paper are to examine the spatial patterns of E. 

coli and detergents levels in an area of the Boeng Cheung Ek wetland near the Trabek pump 

station and establish dry season treatment efficiency characteristics. This paper is part of a 

larger project examining the role of Phnom Penh’s wetlands in sustainable sewage treatment.  

 

Boeng Cheung Ek is the largest of Phnom Penh’s treatment wetlands, with a surface area of 

about 2,000 ha in the wet season and 1,300 ha in the dry season (Muong, 2000). During the 

dry season, sewage enters the wetland primarily from three sewer canals (Iron Bridge, 

Meanchey, and Trabek) at the north end, but there also are local inputs from communities and 

industries around the shoreline. The wetland discharges via an outlet channel to the southeast. 

During the wet season, waste continues to enter the wetland from the three sewer canals, but 

high flows on the Mekong and Bassac Rivers force flow into the wetland at the outlet channel. 

As part of the larger project, samples were collected in the sewer canals and Boeng Cheung 

Ek (Middle and Outlet sites) on dry weather days in the dry seasons of 2007 and 2008. The 

Middle site is approximately 2,700 m from the Trabek pump station, while the Outlet site is 

approximately 5,500 m distant and represents water quality as it leaves the wetland.  The data 

suggested that while the wetland was providing treatment, there was little difference in many 

of the quality parameters between the Middle and Outlet sites (Figure 1). A more intensive 

spatial sampling on Boeng Cheung Ek (once per month, March, 2007-January, 2008), together 

with a kriging analysis of the E. coli data, confirmed no significant difference between the 

Middle and Outlet areas. Rhodamine dye testing conducted in November, 2007 showed that 

flow preferentially moved through the dense plots of morning glory in the wetland near the 

Trabek pump station, suggesting high potential for contaminant trapping. As such, we decided 

to conduct more spatially intensive investigations of water quality near the Trabek discharge. 

 

2. Methods 

 

A total of 58 samples were collected between April 22 and 25, 2008 in Boeng Cheung Ek for 

E. coli analysis. Samples were kept on ice in the field and analyzed by membrane filtration at 
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the Resource Development International – Cambodia laboratory in Kean Svay. A total of 45 

samples were collected between June 4 and 6, 2008 for E. coli and detergents analysis. 

Samples were kept on ice in the field and analyzed using the Coliscan Easygel system for E. 

coli. Detergents (anionic surfactants) were analyzed using the methylene blue active 

substances method in which anionic detergents react with methylene blue to form a blue 

colored complex that is extracted into an immiscible solvent. The intensity of the color 

reaction is assessed using a visual standards scale. These analyses were done in the 

Department of Environmental Science, Royal University of Phnom Penh. 

 

          
 

Figure 1 Geometric mean E. coli levels and arithmetic mean detergents levels for three sewer 

canals (Trabek Down, n=13; Meanchey Down, n=13; Iron Bridge, n=5), the middle area of 

Boeng Cheung Ek (Middle, n=13), and water leaving Boeng Cheung Ek (Outlet, n=13). 

 

3. Results and Discussion 

 

The results of the E. coli and detergents analyses for the June, 2008 sampling are shown in 

Figure 2. The spatial extent of sampling was limited in some areas because water depth was 

too shallow for the small wooden boat used as the sampling platform. Traveling through the 

plots of morning glory and water mimosa, the E. coli and detergents levels were reduced by 

99.9% and 87% respectively, within 200 m from the point of entry to the wetland. The flow 

travels approximately another 2,500 m before it reaches the Middle sample site on the 

wetland. Small increases in E. coli and detergents levels were recorded at some of the further 

sample sites due to discharges from local homes and factories. Results of the E. coli sampling 

in April, 2008 are shown in Figure 3. The E. coli levels entering the wetland were higher for 

the April sampling, at around 6.1 x 10
6
/100 mL (compared to 3.8 x 10

6
/100 mL in June) and it 

took approximately 350 m to observe a 99.5% decrease in levels. However, the April and June 

results generally are consistent, as a progressive decrease in E. coli level occurred prior to the 

flow reaching the Middle site.   

 

The trend of a reduction in E. coli levels between sewage input locations and the outlet as 

shown in Figure 1 is consistent with results for E. coli sampling done in 2005 (Kummu et al., 

2007) and for thermotolerant coliform (2-3 log reduction) reported by Anh et al. (2007). Our 

study provides information on a finer spatial resolution and indicates that much of the 

treatment for E. coli is completed by the Middle site of the wetland. Based on the April and 

June sampling and the data in Figure 1, the geometric mean level of E. coli was in the range of 

275-3,409/100 mL by the mid-point of the wetland. This range of E. coli meets or nearly 
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meets the level of 1,000/100 mL recommend by WHO (2006) as the maximum for 

unrestricted irrigation of crops eaten raw. 

 

The primary industrial activity in Phnom Penh is textiles and anionic surfactants are used in 

various processes including cleaning, cotton desizing, and dye dispersant. As such, the 

detergents analysis is a good indicator for textile industry activity (Figure 1). The detergents 

levels in the Trabek and Meanchey canals  (Figure 1) are in the same general range, although 

slightly higher, than the levels reported by Takeuchi et al. (2005) for samples collected in 

Phnom Penh in the late 1990’s. Takeuchi et al. (2005) also noted that detergents levels in 

Phnom Penh were higher than levels typically found in sewage from Japanese cities. 

 

The macrophyte vegetation near the Trabek pump station, dominated by morning glory and 

water mimosa, appear to promote treatment of E. coli and anionic surfactants, although the 

mechanisms of treatment require further investigation. For example, anionic surfactants tend 

to be particle-bound and E. coli also may attach to suspended sediment. Macrophyte growth 

may promote filtration and settling of particles. Free-floating and particle-bound bacteria may 

passively accumulate at the surface of the macrophytes and pathogens also may be taken up 

by plant roots (Anh et al., 2007). 

 

4. Conclusions 
 

During the dry season, Boeng Cheung Ek appears to effectively remove E. coli and detergents 

before the wastewater reaches the mid-point of the wetland. This does not mean the wetland 

could be filled in without impact. The larger wetland also provides storage for storm water 

pumped from the city to avoid flooding, as well as socioeconomic benefits (fishing, aquatic 

crops) for the peri-urban community living on the wetland. A fuller assessment of wetland 

treatment performance, optimization scenarios, socioeconomic benefits, and health impacts 

should be completed before the wetland is irreparably altered and an important, sustainable 

means of water treatment is lost. 
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Figure 2 E. coli levels (above, left) and detergents 

levels (above, right) for June, 2008 sampling. 

 

 

 

Figure 3 (left) E. coli levels for April, 2008 

sampling. 


