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Chapter 1 Background and Objectives

The fastest-growing economies in Cambodia are leading to significant environmental pollution.
Wastewater management has become a concern for the Royal Government of Cambodia since the
population in Phnom Penh has grown from 1.4 million in 2008 to 2.1 million in 2018. Until now, the
city still doesn’t have a proper wastewater treatment facility, while its population continues to grow
as well as the expansion of the city. In the past, the wastewater from this city was directly discharged
into three wetlands, namely Tumpon Lake, Trabek Lake, and Cheung Ek Lake. The wastewater is
discharged using a combined sewer system and pumped and stored in Cheung Ek Lake before its
discharge to the Bassac River. Thus, Cheung Ek Lake is known as a sedimentation lake for natural
wastewater treatment and aqua-cultivation. Recently, the lake’s area has declined due to urbanization,
and agricultural activities have changed, a concern has raised on water quality degradation.

The objectives of this study are to evaluate the impact of urbanization on the lake’s remediation
capacity and propose a suitable method to improve water quality and nutrient reproduction in
Cheung Ek Lake in Cambodia.

Chapter 2 Changes in Remediation Capacity of Cheung Ek Lake due to Urbanization

As the area of Cheung Ek Lake has declined, a great concern about the water quality degradation
has raised. Therefore, this chapter deals with changes in remediation capacity of Cheung Ek Lake
from 2019 to 2022. The water samples were collected in different locations in the lake and analyzed
for their physical and chemical properties, i.e., water discharge, pH, EC, Fe, NOs, NH4*, PO, DO,
Cr, and Cu.

The results revealed a reduction in nutrient concentrations (28% to 84% for NOs’, 29% to 91% for

PO.*, and 96% for NH4*) between the inlet and the outlet points in 2019-2021. Unfortunately,



increasing tendencies (36% for PO4*, 46% for NH4* and 28% for Cu) were observed in 2022, as the
lake area has been decreased. Based on these results, it can be said that Cheung Ek Lake lost its

remediation capacity due to urbanization in the city.

Chapter 3 Assessment of Economic and Analysis of Water Morning Glory Produced

Aqua-cultivation stands as a crucial economic asset for farmers in Cheung Ek Lake. Therefore, the
objective of this chapter is to assess the impact of changes in water quality on both the economic
aspects and the quality analysis of water morning glory production in Cheung Ek Lake. In 2019, a
survey involving 20 farmers was carried out to assess the profitability of production. Water morning
glory plants were collected from the lake for analyzing heavy metal concentrations, such as Cr, Cu,
Cd, Pb, and As. Additionally, fertilizers and lake sediment were collected for analyzing heavy metal
and chemical properties.

The results from the economic analysis indicated the profit from water morning glory production
was 8,712.55 USD/year/ha. Compared to the previous research in 2017 (13,656.40 USD/year/ha),
the profit from the production in 2019 reduced by 36%.

Moreover, it was found out that water morning glory produced in the lake was contaminated by
heavy metals, i.e., Cr = 4 mg/kg and Cu = 3 mg/kg. It was also observed that the fertilizer applied in
the field contained a high concentration of Cu (1.68 mg/L) and NH4* (266.50 mg/L), serving as the
primary cause of the contamination in water morning glory. The inflow of wastewater into the lake
contributed to Cr contamination. From this chapter, water morning glory production provides
economic benefits to farmers; however, excess use of chemical fertilizers for a higher production
causes heavy metal contamination either in water morning glory or the lake water. This change in

agriculture activities also leaded to an increase in nutrient concentration at the outlet of the lake.

Chapter 4 Development of Calcium Silicate Hydrate (CSH) for Fertilizer Reproduction

The findings in Chapter 3 highlighted the substantial contribution of chemical fertilizers to water
morning glory and water contaminations. Therefore, this chapter deals with the development of CSH
and evaluate its capacity in nutrient removal from wastewater. The CSH was produced by mixing
calcium hydroxide (Ca(OH),) with rice husk ash, and vibrated for 1 to 3 min. Absorption tests were
conducted to examine the capacity of developed CSH in removing NH4* and PO.*.

In the absorption test for PO43-, the removal efficiency increased from 44% on Day 1 to 98% on
Day 7, remaining stable until Day 14. As for NH.", the removal efficiency was 29% on Day 1,
reaching 97% on Day 7. The absorption capacity was 0.11 mg-PO.*/g-CSH and 0.065

mg-NH4"/g-CSH on Day 7. It can be concluded that CSH is effective in the removal of nutrients,
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specifically NH,* and PO4*, which can be used to increase to the remediation capacity of Cheung Ek

Lake.

Chapter 5 Used CSH as a Fertilizer for Agricultural Productions

From Chapter 4, the developed CHS can be used to remove nutrients in the lake. In other words,
CSH can be used to recovery nutrients (fertilizer reproduction) for agriculture productions. This
chapter focused on examining the function of used (nutrient absorbed) CSH as a fertilizer.
Additionally, an elution experiments were carried out to investigate the release of nutrients from used
CSH. This, in turn, contributes to the determination of used CSH as a fertilizer for aqua-cultivation.
Other experiments were conducted to assess the growth rate of spinach in soils with 5% of used CSH
and without CSH. The growth rates, for example, weight, height root, leaf length, and leaf width,
were measured. The soil fertility (N, P, K) was also measured to assess nutrient improvement in the
soils.

From the elution experiments, used CSH released nutrients back into the water in the
concentration of 3.23 mg/kg for NH,* and 7.05 mg/kg for PO4*, indicating that the used CSH can be
used as a fertilizer in aqua-cultivation. The addition of used CSH provided better growth rates, in
which plant weight, height, root, leaf length, and leaf width increased. Additionally, the soil NPK
levels indicated a notable three-fold increase, suggesting an improvement in soil fertility. From this
chapter, it is suggested that CSH can be used as a viable replacement for chemical fertilizers in both

farmland and aqua-cultivation.

Chapter 6 Conclusions and Recommendations

From this research, it was found out that a rapid urbanization of Phnom Penh caused a loss of
ability to treat wastewater in Cheung Ek Lake due to a decline in the lake area and changes in
agricultural activities (excess use of chemical fertilizers) for higher production in the lake. This, in
turn, contaminated water morning glory, which provided economic benefits to farmers. Therefore, a
new method is required to treat wastewater in the lake.

It is recommended to use CSH, which made from calcium hydroxide and rice husk ash, because
raw material for making CSH are available in Cambodia. The approach involved a simple and easily
adaptable of manufacturing process, specifically designed for implementation by farmers. The
experimental results showed that the developed CSH could absorb nutrients, and the used (nutrient
absorbed) CSH could be used as a fertilizer in both farmland and aqua-cultivation. These ensures that
CHS and be used for wastewater treatment and national fertilizer reproduction in Cambodia.

Additionally, the research strives for indirect outcomes, including the reduction of agricultural waste
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input, i.e., rice husk, and an associated increase in income for farmers.
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