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Abstract
Treated wastewater may be reused for different purposes such as landscape irrigation (parks,
green areas, etc.), recreational activities, reclamation of urban streams and rivers, industrial
uses, groundwater recharge or in agricultural use. Reusing effluent for irrigation can be the
best way to utilize the wastewater since it removes many of the nutrients that are not removed
with primary and secondary treatment processes. The feasibility of wastewater reuse
ultimately depends on the cost of reclaimed wastewater relative to alternative supplies of
water, and on public acceptance of the reclaimed wastewater. For social efficiency, every
wastewater treatment decision must balance many variables and find the combination with
greatest net benefit. This report presents an assessment of the viability of wastewater reuse in
agriculture taking the Trapeang Sab commune in Cambodia as a case study. Following the
definition of general guidelines for wastewater reuse for irrigation, the assessment examines
the main challenges for developing water reuse, with emphasis on the choice of treatment
method, economics, water quality issues, and social value of recycled water. Moreover, a field
survey was conducted to identify the farmers perception with respect to the reuse of treated
wastewater in irrigation and to determine the amount of water applied in irrigation and the
cost incurred. The study showed that the utilization of treated effluent in irrigation is
profitable for some crops. Assuming with the worst-case scenario the benefit to cost ratio is
greater than one.

Keywords: Wastewater, treatment, agricultural reuse, cost benefit analysis.
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Chapter 1
1.

Introduction

Globally, freshwater water demands are increasing mainly due to population growth increased
per capita consumption, and the demands of the industrial and agricultural sectors. Greater
water consumption is directly associated with increased wastewater generation that requires
adequate treatment to prevent health risks and environmental degradation. Recently, the
development of reclaimed domestic wastewater reuse projects has emerged as a potential nonconventional resource to satisfy the continuously increasing demand for water (Salgot and
Pascual, 1996; Haruvy 1997; Angelakis et al., 1999; Bahri, 1999; Bonomo et al., 1999; Faby
et al., 1999; Hamdy, 2001). Since several activities do not require water of potable quality,
reuse of reclaimed water and nutrients recycling may be substituted for conventional
resources. Treated wastewater effluents may be reused for different purposes such as
landscape irrigation (parks, green areas, golf courses, etc), recreational activities, fire fighting,
reclamation of urban streams and rivers, industrial uses, and groundwater recharge (Ayers and
Westcot, 1985; Pettygrove and Asano, 1985; Asano and Levine, 1996, Friedler, 2001).
Reusing effluent for irrigation can be the best way to utilize the wastewater since it removes
many of the nutrients that are not removed with primary and secondary treatment processes,
provides a renewable and highly reliable resource, reduces the need for expensive tertiary
treatment, and frees limited freshwater supplies for municipal purposes. Considering that
wastewater treatment systems are generally capital intensive and require expensive,
specialized operators, reuse of secondary treated wastewater in irrigation may provide
revenues to offset the cost of treatment. The plant nutrients load in the effluent can also be an
important factor in saving costs of fertilizers needed especially nitrogen and phosphorous
(Hammer and Bastian, 1989). The reuse of wastewater has been successful for irrigation of a
wide array of crops, and increases in crop yields from 10 to 30 percent have been reported in
tropical areas (Asano, 1998).
The feasibility of wastewater reuse ultimately depends on the cost of reclaimed wastewater
relative to alternative supplies of water, and on public acceptance of the reclaimed
wastewater. For social efficiency, every wastewater treatment decision must balance many
variables and find the combination with greatest net benefit.
The amount of wastewater produced depends on the population of a city or town. Industrial
and domestic wastes are frequently channeled either into the same sewerage system or into
the open drains. Wastewater quality is affected by the volume and types of industrial effluent
released into the sewerage system or drains, and the degree of dilution with domestic water
and natural sources of flow where these exist. The wastewater is either released untreated, or
after partial treatment, or after more complete treatment (to the secondary or tertiary levels),
into drains, into channels, and then frequently into rivers.
There is no simple solution to wastewater use or how to minimize its negative consequences.
With the increasing scarcity of freshwater resources that are available to agriculture, the use
of urban wastewater in agriculture is increasing, especially in arid and semi-arid countries.
The major challenge is to optimise the benefits of wastewater as a resource of both the water
and the nutrients it contains, and to minimise the negative impacts of its use on human health.
From the environmental aspect there are potentially positive and negative impacts that should
be considered. International guidelines for use and quality standards of wastewater in
1

agriculture exist (Mara and Cairncross, 1989). These standards can only be achieved if the
wastewater is appropriately treated. Because of high treatment costs, most cities in lowincome developing countries will not have wastewater treatment facilities in the foreseeable
future. However, while the use of untreated wastewater has become a routine, Thus
smallholders or landless people, who rent land to cultivate crops, can lose access to a resource
critical to their livelihoods, and consumers can be deprived of cheap, fresh produce. Thus the
focus on this piece of research is to uncover these hidden livelihoods, to expose the potential
use of waste water and to recognise its contributions to people s livelihood portfolios.
This report presents an assessment of the viability of wastewater reuse in agriculture taking
the Smau khnei and Chork village in Cambodia as a case study. Following the definition of
general guidelines for wastewater reuse for irrigation, the assessment examines the main
challenges for developing water reuse, with emphasis on the choice of treatment method,
economics, water quality issues, and social value of recycled water. Moreover, a field survey
was conducted to identify the farmers perception with respect to the reuse of treated
wastewater in irrigation and to determine the amount of water applied in irrigation and the
cost incurred.
The situation in Cambodian context and the problems raised.
1.2
Generalities about Cambodian economy
Cambodia has emerged from decades of war and internal conflict and now faces the challenge
of rebuilding. However, the country remains one of the poorest in the world, ranked in 2000
by the Human Development Index as136th of 174 countries and with a per capita GDP of US
$ 270 Over one-third of the population lives below the poverty line, 90% of them in rural
areas, and 32% have no access to safe drinking water. Food security is of prime importance
and rice, in particular, sustains the country. Despite recent progress in promoting the water
sector as an attractive investment for the country s private sector and donor agencies,
Cambodia currently has one of the lowest sectoral performance indicators in the world.
Considering the condition of the sector in 1990, one must recognize the substantial progress
that has been accomplished thus far. In 1990, only an estimated 9 percent of the population
had access to safe water. Available services now provide between 25 and 40 percent of the
population with safe drinking water and about 18 percent have access to proper sanitation.
Serious health problems and one of the highest infant mortality rates in the world are
compelling reasons to keep performance expectations high and to continue to focus on the
Cambodia Millennium Development Goals (CMDG) as the driving force for improvement.
1.3
Situation regarding sewage in rural areas, including a brief description of the
current experiences being led by different organisations
A sector law for water and sanitation is under preparation. Despite the lack of legal
background, sector roles are distributed among main stakeholders and apparently with very
little overlapping. As far as urban sanitation is concerned, main institutions are:
MIME (Ministry of Industry, Mines & Energy) is responsible for urban water supply in all
provincial towns, and plays the regulation role over PPWSA, although the limits of this
regulation are unclear.
PPWSA (Phnom Penh Water Supply Authority) is considered an implementing agency and
operator by the MIME, and is in charge of the Phnom Penh water supply system, with
good results.
MPWT (Ministry of Public Works and Transport) is responsible for urban drainage. As the
latter includes sewage, MPWT ends up being responsible for sewerage as well.
2

MRD (Ministry of Rural Development) is responsible for water and sanitation in rural areas,
where water is provided by NGOs or cooperatives. Rural water provided by private
operators or public authorities capable of full cost recovery fall under the jurisdiction of
MIME.
MoE (Ministry of Environment) - responsible for environmental protection, regulation and
law enforcement. At this date, MoE mainly focus on industrial effluents, which make
sense since some of industrial areas are located upstream of the city, and impact the health
of urban poor.
The responsibility share between these institutions makes sense, since it fits with present
situation on the ground (combined sewer in urban areas, plus septic tanks). However, it leaves
unattended some important sanitation issues:
Education for appropriate use of water is handled by PPWSA (Phnom Penh Water Supply
Authority) in the city of Phnom Penh, and by the Ministry of Health in areas outside.
PPWSA s focus is on water use, but also incorporates factors such as leak prevention. The
Ministry of Health s program is broader, covers water use, household and village hygiene,
food handling, and personal hygiene. Its activities are severely limited by a shortage of
funds, and can now manage programs in only 4 of Cambodia s 24 provinces and
municipalities. Hygiene education has also been included in some World Bank and ADB
water supply projects, such as the CPPWSP (Cambodia Provincial and Peri-Urban Water
Supply and Sanitation Project).
Sanitation on household and community level is not covered, that is public commitment
starts at sewerage/drainage level. Facilities on household lot are not regulated, and no
standards exist.
(Source: World Bank report, 2005- A Strategy for Enhancing Urban Sanitation in Cambodia)

To date, limited investments have been made by relatively few donors. Beginning in the late
1990s and continuing through its Provincial and Peri-Urban Water and Sanitation Project, the
World Bank has piloted Output-based Aid (OBA) and Design-Build-Lease (DBL)
approaches. The Asian Development Bank (ADB) has financed rehabilitation of water
systems in six provincial towns and sanitation in three towns through its Provincial Towns
Improvement Project. The French government and related NGOs have piloted the Mini
Réseaux d Eau Potable (MIREP) approaches. UNICEF, the SEILA (Decentralization and
Deconcentration) Program. The Royal Government's SEILA Program was initiated in 1996 to
formulate, test and continuously strengthen decentralized and de-concentrated systems for
planning, financing and implementation of local development at the provincial and commune
levels. In 2003 the SEILA program coverage was extended to cover all provinces and
communes. During the period of 1998-2003, combining formal training with a "learning-bydoing" approach to capacity building, approximately 3,000 civil servants and 75,000 elected
village representatives have been provided training in a variety of technical areas that have
included--participatory planning, financial management, contract administration, bidding and
procurement, and monitoring and evaluation.
1.4
The government policy regarding sewage
Policy regarding norms
The law on clean water and sanitation in the kingdom of Cambodia (2003) is intended to
govern and organize the provision of clean water and sanitation services with the purpose of
upgrading the people's living standard and to provide social, economic and environmental
benefits. This law covers all clean water and sanitation service management activities
3

throughout the Kingdom of Cambodia. The law has 15 chapters and 78 articles defining
various procedures of implementation of this law.
. The aim of the law is to create:
a. Guidelines for clean water and sanitation service operations and for all service
activities of licensees of clean water and sanitation services.
b. Appropriate conditions for investment and business operations in the area of clean
water and sanitation.
c. Grounds for restriction of clean water and sanitation services throughout the Kingdom
of Cambodia.
d. Principles for:
1. Protecting the users' right to receive clean water and sanitation of good quality,
consistently and at a fair price.
2. Increasing private ownership of clean water and sanitation service facilities.
3. Encouraging competition in areas where clean water and sanitation services are
feasible.
e. Guidelines for granting rights, obligations and penalties for the providers and users of
clean water and sanitation services, the public and establishment owners interested in
clean water and sanitation facilities.
f. The Clean Water and Sanitation Authority of Cambodia to regulate clean water and
sanitation services.
It is the mandate of the MRD to improve access to safe water supply and sanitation services in
rural areas. In collaboration with other key line ministries, the MRD issued the "Water and
Sanitation guidelines" in 1995 and the "Policy Framework for Rural Water Supply and
Sanitation Sector" in 2001.
Contributions from other ministries include a "draft on water resources management" that is
now in the final stages of preparation under the overall guidance of MOWRAM, while
legislation for an appropriate water sector regulatory framework and water tariff reform" is
being drafted by MIME.
A sub-decree on water pollution control was issued in April 1999 to support the authority of
the Ministry of Environment on water pollution control. The MOE is committed to developing a
national action plan for prevention of pollution of water sources. It consists of the establishment
of national standards for pollution sources, including wastewater discharges to public areas or
sewers. Collection and evaluation of data and the analysis of the results are part of the
development of the national action plan, which is expected to be completed soon.
Some of the provision in article says
Article 7 : In order to ensure the human health protection and bio-diversity conservation, the
Ministry of Environment shall establish the standard of pollution load contained in liquid
waste that could be allowed to be released from any sources of pollution into designated
protected public water areas
Article 8: The disposal of solid waste or any garbage or hazardous substances into public
water areas or into public drainage system shall be strictly prohibited.
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The storage or disposal of solid waste or any garbage and hazardous substances that lead to
the pollution of water of the public water areas shall be strictly prohibited.
Article 9: The discharge of sewage from dwelling and public buildings in to public water
areas without passing through public sewerage systems or other treatment systems shall be
strictly prohibited.
Article 10: The discharge or transport of wastewater from any sources of pollution to other
places for any purpose is subject to prior permit from the Ministry of Environment. The
application for this permit shall be copied to the concerned ministries or agencies.
Article 11: The types of any sources of pollution that shall be required to have a permit from
the Ministry of Environment before discharging or transporting their effluent to other places
as mentioned in the article 10 of this sub-decree shall be listed in the annex 3 of this subdecree and are classified into two following categories :
a. The sources of pollution of category I that are subject to the prior permit from the
Ministry of Environment when the amount of their effluent exceed ten cubic meter per
day ( 10 M3 /day ) but not including the amount of water volume used for cooling the
engine. But in the list it didn t mentioned domestic households.
b. The sources of pollution of category II that shall be necessarily required to apply for
the permission from the Ministry of Environment.
Water Quality Standard in public water area for bio-diversity conservation as referred in the
law
1- River
No
Parameter
1
pH
2
BOD5
3
Suspended Solid
4
Dissolved Oxygen
5
Coliform
2- Lakes and Reservoirs
No
Parameter
1
pH
2
COD
3
Suspended Solid
4
Dissolved Oxygen
5
Coliform
6
Total Nitrogen
7
Total Phosphorus

Unit
mg/l
mg/l
mg/l
mg/l
MPN/100ml

Standard Value
6.5 8.5
1 10
25 100
2.0 - 7.5
< 5000

Unit

Standard Value

mg/l

6.5

8.5

mg/l

1

8

mg/l

1

15

mg/l

2.0 - 7.5

MPN/100ml

< 1000

mg/l

1.0

mg/l

0.005 0.05

0.6

Source : http://www.camnet.com.kh/moe/sub-decree_English.htm

There is a big debate for wastewater treatment works in Cambodia, as the environmental law
is bit broad and in many instance it does not have any prescribed norms, hence any project
aiming to treat wastewater has to follow either the Cambodian environmental standards or
5

more strict standards like that of WHO. Cambodian government is revising the law for
environmental protection and natural resources management, and they are closely following
the standards prescribed by WHO or EU. Hence there is a big uncertainty of this project to
follow which norms at this present stage. Hence project decided to go for standards which are
higher than Cambodian law but not par to WHO. This (while arranged) should be in 1.4, not
here
1.5

Policy regarding investment and implementation (decentralisation to communes)

As described in the above paragraph investment and implementation policy of the government
of Cambodia is to strengthen the community, hence the SEILA programme seeks to provide
the foundation for rural poverty alleviation and good local governance using a two-pronged
approach: (a) developing and strengthening local institutions in support of decentralized and
deconcentrated rural development; and (b) providing efficient and effective grant financing
for investments in locally managed infrastructure, identified as priorities through a
participatory process, at both the provincial and commune levels
1.6

De facto NGOs initiate most of the projects

As stated in the above paragraphs, these all policy points to donor agency and NGOs to
initiate projects by financing and implementing them. In this run, beginning in the late 1990s
and continuing through its Provincial and Peri-Urban Water and Sanitation Project, the World
Bank has piloted Output-based Aid (OBA) and Design-Build-Lease (DBL) schemes. The
Asian Development Bank (ADB) has financed rehabilitation of water systems in six
provincial towns and sanitation in three towns through its Provincial Towns Improvement
Project. The French government and related NGOs have piloted the Mini Réèseaux d Eau
Potable (MIREP) approach. The proposed wastewater treatment plant is also a part of the
continuation of the MIREP project in other name as PACEPAC
1.7

Presentation of PACEPAC

1.7.1

History of the project

At present time, there are very few references on wastewater treatment or collection in
Cambodia. Communal sanitation remains an unexplored field, even though, at this level,
sanitation is deeply affecting health of populations and the environment. Small communities
do not have the solution or the resources (human, financial and technical) to cope with this
threat. On rural areas, until these days, most of sanitation projects are drawing attention
mainly to the development of autonomous sanitation, rather than a communal approach by
sewage network or neighbourhood collective systems (condominial sanitation).
PACEPAC (Programme d'Aménagement Communal en Eau Potable et Assainissement au
Cambodge) is an innovative sanitation project under the umbrella of GRET (Groupe de
recherche et d échanges technologiques), Cambodia. The main aim of PACEPAC is to
improve access to water and sanitation in rural communities of Cambodia. (GRET, Cambodia)
PACEPAC is the first programme in Cambodia aiming to develop rural (off-site) sanitation,
based on a collective approach. The challenge is set and the programme has accepted to test
this new approach during 2007-08.
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1.7.2

MIREP - The Mini Réseaux d Eau Potable

Actually, PACEPAC is built on the foundations of a previous programme, MIREP that was
established in 2001 to assist rural communes in Cambodia to establish water service systems
in partnership with the local private sector. The programme, funded by the Syndicat Des
Eaux d Île de France (SEDIF), the French Ministry of Foreign Affairs, and Véolia
Environment Foundation, was completed in August 2005. Project implementation was the
responsibility of GRET and Kosan Engineering, with support from GTZ Community Based
Rural Development Program (CBRDP) in Kampot Province and the United Nations
Children s Fund (UNICEF).
MIREP worked in 14 centers of about 200 to 900 households, mostly in commune centers and
market places. The Project started in Takeo province and extended to Kampot and Kandal,
with GTZ and UNICEF financial assistance, respectively.
In a general way, MIREP followed the principles of the decentralization and deconcentration
process in Cambodia: MIREP systems were based on the establishment of contracts between
communes and local private entrepreneurs (selected by bidding or agreement), with the
technical support of the Provincial Rural Development Committee (PRDC).
Institutional arrangements are of various nature depending on the land and financial
availability of local government. As a result, MIREP has experienced four types of contracts,
which included full private system, concession, leasing and management contracts.
Technical requirements and specifications followed the principles of local material
availability, inexpensive design, low construction costs, and ease of operation. Financial
assistance from the project included a subsidy to finance the treatment plant (that covers up to
30 percent of the total investment) and access to credit through refinancing and guarantee
mechanisms located at the Rural Bank of Development.
PACEPAC is a continuation project of MIREP developed in 2001-2006 which adds sanitation
improvement. And after that it continued as PACEPAC and will finish up in 2009. PACEPAC
basically promotes ecological sanitation by developing treatment technologies enabling to
recycle "wastes" back to agriculture or to other uses. Sanitation "wastes" - such as excreta or
wastewaters - are treated by biological processes in order to eliminate pollution and to destroy
pathogen microorganisms.
Thus, in able to answer to a growing demand on water and sanitation in rural areas, the
program PACEPAC as defined a strategy to improve life conditions (access to water and good
sanitation) of the populations living in these areas. Local communities are involved in the
selection of drinking water and sanitation systems (decentralised approach) and, together with
private enterprises, they are responsible for the management and operation of the structures.
1.7.3 PACEPAC in TS
Smau Khnei, a village of the commune of Trapengsab in the Province of Takéo, was selected
for the program start-up, for the first year (2006-007). It is located at about 42 Km at the south
of Phnom Penh and it has a population of 3000 inhabitants. (See the attached location map,
figure 1)
The village has a sewers network of approximately 1000 m in operation since the year 2000.
This network is explored by a local private investor who constructed it in order to collect and
to dispose the wastewaters generated by the central market. This private investor is also the
chief of the local market.
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At the present, un-treated sewage is disposed in a public canal (located at 600 m far from
village centre) from where the stream runs-off, by gravity, into the rice fields outside the
village. Local farmers use untreated waters to irrigate rice cultures, (raw) vegetables, mango
and banana trees and other crops. The location map is presented in figure 2. (GRET,
Cambodia)

Figure 1: Study Area Map

Clearly, people are facing a strong problem of sewage water disposal. The existing network is
old, i.e 8 years and the design is not adapted to the needs of the people, hence it is not
functioning well. The whole of the area (market + village) is flooded with sewage water in
wet season.
Hence the commune needs a good drainage network for the safe disposal of sewage water.
GRET has proposed to build a wastewater treatment plant to collect all the water from
commune and then treat it before release.
The objective of the PACEPAC in TS is hence to adapt and complement these sewage
networks by Wastewater Treatment Plants (WWTP), based on stabilisation ponds (lagoons)
or other biological system. These treatment systems are based on a simple and inexpensive
technology, easily integrated on the local context of the chosen communities. The
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environmental principles of this technique (water reutilisation and recycling and a valorisation
of sub-products, such as duckweed and sludge), can bring economical benefits to the local
communities. (GRET, Cambodia)
1.7.4 Basic methodological choice (participative + responsibilities by local structures)
As already mentioned in the SEILA programme, for continuously strengthening and
decentralized and de-concentrated systems for planning, financing and implementation of
local development at the provincial and commune levels. And the role of NGOs in supporting
this at commune level, therefore the same approach has been adopted in Trapeang Sab
commune also, they adopted a partnership approach with the donor agency at community
level. Where the commune is responsible for deciding and implementation of project as per
their needs and requirement. The approach also states that all the stakeholders have equal
rights in the project and they can raise their concern over smooth functioning and
implementation of the project (treatment plant). To monitor regarding the progress of work
from its initial stage to its finishing stage, commune council and the village chiefs will be in
constant supervision of the project.
1.8
PACEPAC at Trapeang Sab, Takeo: institutional and technical innovation for
waste water treatment
1.8.1

Takeo and TS presentation

Rapid description of the province and of town

Takeo is located in Southern Cambodia. It borders Kampong Speu to the North, Kandal to the
East, Vietnam to the South and Kampot to the West. The area of the province is 3563 square
kilometers (MAFF www.maff.gov.kh). The low-lying area seems to include much of the
surrounding province area, which is probably why a kingdom that once had its heart here was
referred to as Water Chenla. There seems to be water everywhere in the surrounding
countryside during the rainy season.
Therefore the province consists of the typical plain wet area for Cambodia, covering rice
fields and other agricultural plantations. The province also features one of the biggest rivers
of the country (symbolizing the provincial border to the East), the Tonle Bassac (also known
as the Red River ).
The province share is 1.97 % to the total geographical area of the Cambodia. The major type
of land use is agriculture, which occupies 2440 Km2 (68.49%) of the total area. Human
settlements covers 22.81 %, occupying 812.70 km2.Forest lands covers 4.77 % percent of the
total area accounting 170 km2, which is continuously shrinking in size due to the
encroachment of agricultural land and settlements. The water bodies and non use area covers
3.93 % (140 km2) to the total. (MAFF, 2005) Fig 2
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Figure 2: land use Pattern Takeo Province

1.8.2

Demography of Takeo

The current population in this province is about 924,758 people or 6.4% of the country s total
population (14,363,519 person in Cambodia, 2007, provincial government data), with 445,000
male and 479,758 female. The total number of households in 2004 was 173 thousand, giving
an average household size of 5.2 persons (MAFF 2004). The people of Takeo live in 10
districts composed of 100 communes and 1116 villages (CDB 2004).
The population density is therefore 259.5 people per square kilometre to an average
population density for Cambodia of 75 persons/km2.
1.8.3

Government Administration

The province has it own agricultural service, which it administers to a very large extent
technically and financially. It consists of six offices serving the different fields of: 1)
Agronomy, 2) Animal production and health, 3) Forestry and fisheries, 4) Agricultural
extension, 5) Administration, and 6) Planning and accounting. The International NGOs, who
carry out activities relating to extension and other support services, have to receive permission
from the provincial authority or have to collaborate with the agricultural services. At district
level there is the same organization as at the provincial level, working directly with the
commune and village levels.
1.8.4

Commune Statistics

The Trapeng sab commune consists of 15 villages namely Pun Phnum, Sangkae, Trapeang
Tuem, Smau Khnhei, Roka Khpos, A Cheang, Khsach, Lob, Prech, Roleang Kreul, Sdok Prei,
Chak, Daeum Kray, Trapeang Sab, Trakiet, and Ta Su As mentioned before, the study area
comprise of two villages (Smau Khnhei and Chork)
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The village of Smau Khnei is located about 42 km from the Capital City of Cambodia Phnom Penh, in the Province of Takéo District Bati and Commune Trapang Sab. The village
is spread, especially along the National Road No 2, which links Phnom Penh to the city of
Takéo. Smau Khnei is the first village Intervention Program PACEPAC. The programme,
which starts here with the Sanitation pilot project on two channels - liquid waste and solid
domestic waste.
In general, based on the estimate (number of household s × average number of persons per
household = 500 x 5.5), the total population of the village is now about 2750 people, 375
being the total number of houses in the scope of investigation (method used: enumeration
direct). The study covers a total area of about 0.26 km2 ( 650 m length and width 400 m).
There is a main road access to Smau Khnei: Phnom Penh-Smau Khnei: National Road N2,
distance: 42 km, state: DBST, good condition. Smau Khnei is the largest village of the
commune Trapang Sab, and also the largest in terms of infrastructure and the economy.
The city has the infrastructure following:
1 large market, private concession (market Somraong Yaong) , 150 stalls
A common market (owned by District of Bati)
2 large restaurants
1 water treatment plant: drinking water (private)
1 grid power generation(private)
1 private drainage system (serves market and a few households in the vicinities of
the market)
1 petrol station
Some pharmacies and private clinics
Trade diverse: garages, store photos, centre washing cars, stone working (statues),
sale of food, small restaurants.
1 dumping site (private) for solid wastes.
Other important Infrastructures
1 pagoda
1 public primary school (Hang Ngor Smau Khnei)
1 language school (private)
1 large irrigation canal
Route national (RN2)
Secondary roads (provincial) and tertiary (commune)
1.9

Current sewage system in TS (description)

1.9.1

The technical option chosen

The technical details were presented to give and overview of the project, and better way to
understand the mechanism of the wastewater treatments. The financial details give us an idea
about the different options available according to the cost and preference of the people and the
need of the problem.
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1.9.2

Network Plan and Possible Scenarios

GRET proposed to build a new sewerage network (partially separate system) to collect all
domestic waste water and then treat it before release. This type of system is based on
centralized approach where one treatment plant is build towards all the household and all the
sewage networks are connected to the treatment station for the collection and treatment.
(Figure :4)
PACEPAC proposed three technical scenarios to the commune council (fig: 4), These
scenario analysis was the first step to test local authorities and users interest and willingness
to support it these scenarios were presented to the people and councils in July 2007. The
three scenarios were as follows
SCENARIO 1
Improved Conventional sanitation system: 1100 m concrete network + Wastewater Treatment
Plant (lagunage)
Description
1.
2.
3.
4.
5.
6.

Smau Khnei has a fully renovated sewers network
The network is extended over some 1100m of new concrete pipes
A wastewater treatment plant (WWTP) treats most of wastewaters (max. 5% losses)
Sewers collect Domestic Wastewaters + Storm waters
The WWTP is composed of stabilisation ponds
Wastewaters treated may be reused for unrestricted irrigation

SCENARIO 2
Improved mixed network: 850 m concrete network + 300 m PVC sewers + Wastewater
Treatment Plant (lagunage)
Description
1. Smau Khnei has a fully renovated sewers network
2. The network is extended over some 850m of new concrete pipes for the most
important areas (located along RN2)
3. The network is extended over some 300m of new PVC pipes for the secondary axes
(ex: Road to Tram Khnar)
4. The systems outlet (before final discharge) is set further at 250 m far from the existent
sewers outlet
5. A wastewater treatment plant (WWTP), located downstream, treats most of
wastewaters (max. 5% losses)
6. Sewers collect Domestic Wastewaters and only part of the Storm waters
7. The WWTP is composed of stabilisation ponds
8. Wastewaters treated may be used for unrestricted irrigation
SCENARIO 3
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Simplified sanitation system: 750 m PVC sewers + 450 m concrete sewers + Wastewater
Treatment Plant (lagunage)
Description
1. Smau Khnei has a fully renovated sewers network
2. The new network is based mainly on a simplified low-cost approach with some 750 m
of new PVC sewers
3. New concrete sewers cover only 450 m, located on the main axes of the RN2
4. The network is extended over some 750m of new PVC pipes for the secondary axes
(ex: Road to Tram Khnar)
5. The systems outlet (before final discharge) is set further at 250 m far from the existent
sewers outlet
6. A wastewater treatment plant (WWTP), located downstream, treats most of
wastewaters (max. 5% losses)
7. Sewers collect Domestic Wastewaters
8. The WWTP is composed of stabilization ponds
9. Wastewaters treated may be used for unrestricted irrigation
The schematic plan is attached in figure 5 and 6 for reference.
After several round of consultation, discussion and meetings, people decided they would
prefer the most complete system (scenario No 1); it was unanimously chosen, by the
commune council and village people.
Figure 3: Sewer Network Plan Trepang Sab Commune.
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Figure 4: Scenario Plan Trepang Sab Commune.
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1.10

Difficulties following the first decision that lead to the adaptation to last scenario

In the first scenario the plan was to collect the domestic wastewater and also the storm water,
this means that water from every where including the infiltration of water from roads, roof
tops etc., hence the plan was to put the whole network in concrete. After estimating the total
cost of network, it was found that in event of any big storm, the system cannot handle that
load of water in the network. And if at all from the initiation the system is build to take care
of big storm events , then the total outlet channel will be so big, and the daily water flow is
very minimal, and that make the water not to flow smoothly.
The second scenario was thought, the idea was to collect partial storm water, mainly rooftop
water without any infiltration or water from road. For this the network was also modified by
putting half into concrete and half into PVC pipe. But finally it was realized that, the cost of
putting half PVC with big diameter pipes will be costly and that is also not a good option.
1.11

Adapted Scenario: (2008)

Since 2007 PACEPAC has been working to improve technical aspects and trying to set a solid
financial plan for investment and operation costs. In 2008, they came to modify the choice
and proposed an adapted scenario closer to Scenario no 3. The scenario 3 states that the
system will collect only domestic waste water from connected household without any other
water from roof top or infiltration, and the network will be half concrete and half PVC. The
main thing is that the diameter of network channel will be very less compared to other
scenarios. The cost of putting the network will be also less.
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Figure 5: Design layout of network
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The problem of sewage water disposal from Trapeang sab commune especially in wet season
was a major challenge, the sewage water doesn t flow at all. This may be due to the
topographical problem. Whole of the water is blocked along the road and market area. This
was well understood by GRET and to address this problem, GRET proposed a new sewage
network to be laid in the area connecting maximum number of houses and then collecting
them all and treating the sewage before releasing to water canals.
As described in earlier paragraphs, there were three possible scenarios proposed by the NGO,
and finally it was decided by the commune council to go for the scenario No 3.
According to this scenario, the new network would collect only domestic sewage water from
the connected houses and it would not collect any rainwater coming from house roofs.
The proposal was also to go for a biological lagoon system to treat water, which means that
sewage water would be treated biologically, and that there would be no need of any
mechanical or power driven system. The water would be processed and cleaned automatically
in a chain of four ponds (Anaerobic pond, facultative pond, maturation pond 1 and maturation
pond 2).
In total 10,800 m2 of land would be required to build these 4 ponds. (Figure: 6)
With such a system, the treatment quality would be better than what the Cambodian
environmental law requires, but would not be as good as WHO standards. To achieve WHO
standards, more land would be required with higher dimensional ponds.
1.12 The question of the land
Project blocked; alternative options to reduce the land needs possible impact
To achieve all this, the project needs the support of commune and of the people. One major
question is how to get the land to build the treatment plant.
The selected site as per the existing situation says that, the waste water is being collected by
the old sewage network and is draining to the end of the market and draining to an existing
canal. This canal is not used for any irrigation water supply. Beyond this canal there are
paddy fields and some are irrigated with waste water. As per the topographical surveys, the
best suitable place is to build the wastewater treatment plant would be there itself. In year
2006, when the first proposal was given for this site, the commune council assured that it
would provide the land. In return GRET would have invested the money for building the
plant.
In 2008, when the project finally geared up to start, then the problem of getting the land came
up, as the cost of land has increased twice within these two years. Under these new
circumstances, the Council could not afford to provide the land anymore. This became a
major blockage of the project. Lots of negotiation started to get the land in cheaper price, but
that didn t worked.
To overcome this and to validate the initial homework done for this project, alternative
technology was thought, which could be implemented in less space and could work
efficiently. Hence the DEWATS (decentralised wastewater treatment system) (ref 2.7.2) was
sorted out.
The main problem for implementing DEWAT system was, that it requires much more
operational and maintenance costs, and the initial system setup is also much more higher
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compared to lagoon. This time the project is blocked due to lack of money. But DEWAT
system raised the issue of higher operation and maintenance cost. And the question came that
if this system has to be installed then how to cover the maintenance cost.
1.12.1 The question of the sustainability of the service in the future
The question of sustainability is about being able to maintain activities over a long period by
providing a cost effective sewerage service that meets the varied requirements of a
community and simultaneously preserves the environment. It means sound economic
management and meeting the environmental and social obligations. It means understanding
community and negotiating mutually beneficial outcomes.
To make the system sustainable three things needs to be taken care
It has to be economic in terms of cost and services, that means that consumers are willing
to pay the users fee without any hesitation and can mange the treatment plant to run for
long period
It has to be social, for it has to be accepted and even more it has to be considered as
necessary by a large majority of people. All the consumers should feel that the system is a
desired necessary for the community and for the environment and there is a social
acceptance.
It has to be institutional, as it is necessary to for its smooth operation, like the laws,
regulation and norms that can allow its correct management on the long run
1.12.2 The difficult quest for economic sustainability
Economic sustainability: Cover running costs: the question of valorisation of the treated
waste water.
Economic sustainability is the major question for Trapeang Sab wastewater treatment project.
The set up the DEWAT system needs more operation cost, which is also essential in terms of
working of the treatment process.
The commune can think of two options to recover this cost. First one is to collect a user s fee
every month from the connected households, which has to be decided among the users and
should be agreed upon to abide and pay per month. The second option could be valorise the
treated water and sell them to the beneficiaries as per the requirement. The cost of the water
should be reasonable enough to be purchased by the users. Again the question comes what is
the amount of water per day can be treated and who are the potential users to purchase that
treated water?
Another big question also lies in terms of standards maintained for the treatment of water. If
the buyers are going to use it for producing vegetables, then the water quality should be at par
to the WHO standards. And for this aspect the project is in dilemma whether to treat it as
WHO or Cambodian standards.
1.12.3 Social sustainability how to manage the plant
The second big issue for the project is the social sustainability, and how to manage the plant.
In general, there is a social taboo attached to wastewater/sewage water collection, it is not
considered a respectable job in the society, hence it is difficult to find private operators to
manage the system. In the commune there are no people or group of people who are willing to
operate the plant. The biggest lacking is the basic knowledge of operation methods and the
lack of experience in operating service based system.

19

Hence the commune council unanimously decided to manage the system by appointing one
private operator, who is also managing the drinking water supply to the community. It has
been decided that he will manage and operate the plant and in return he will collect the user s
fees, which will cover the maintenance charges as well as some money for his involvement in
terms of man days of work. Further more if he can manage to sell the treated water, which
will be his added profit. This again raises a big question regarding the decentralised policy of
the government, is it really working in commune level or it promotes private ownership of the
resources? (Ref cost benefit analysis of treated water sale)
1.12.4 Institutional and political sustainability
The institutional and political sustainability is achieved when there is a stable government,
and the institution formed under the present ruling party is strong. In Trapeang sab, the two
village chiefs are from the ruling party and the chief of the commune council is also from the
same party. This states that, what ever commune council decides will be accepted by both the
village chief and also by community people. People don t care so much about all the issues,
hence they accepts changes which they feels is done for goodwill of the commune. This
indicates that there a gap of communication and participation in the system. Everything is
someway politically motivated.
The other institutions who are closely working on this project are GRET, and partners NGOs,
like Rain Water and ACAP. These organisations will support in terms of technical advisory
and also in terms of monitoring the progress of the project. They are committed as they have
already invested some years to understand and motivate the people for good hygiene system.
Hence they will support the project. Still then there is a doubt if the problem as raised in
above paragraphs relating to land availability issue is not sorted out. May be the NGO will
think to shift the project location to other province and that raises the question on the
institutional sustainability of the project.
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Chapter 2
Conceptual framework, research questions and methodology

A complete review of the literature on waste water reuse was done at the start of the research.
Its total result is given in annexure1-7, we only recall here what is needed to precise how the
problems raised at the end of the previous chapter can be handled.
2.1
Water reuse, Water Quality and treatment
The terminology used in this chapter, water reuse or water reclamation, is intended to
convey what may be understood variously as water reclamation, water recycling, wastewater
reclamation, wastewater use, and wastewater reuse in different parts of the world. However,
water reuse, as used here, specifically refers to a well-regulated and controlled use of properly
treated and conveyed effluent after treatment of wastewater in well-designed and maintained
treatment systems. Unplanned water reuse may be properly labeled wastewater reuse. (Mc
Cornick etal)
Following the water chain, wastewater treatment implies the purification of a given
wastewater until its characteristics achieve a certain objective, generally related to health,
environmental or economic objectives.
There are several technological options available for sewage treatment, ranging from
traditional waste stabilization ponds to conventional aerobic systems (like trickling filters or
activated sludge), from anaerobic reactors to integrated systems in which a variety of
biological processes can be applied. Sewage treatment can be roughly classified at the
following levels.
(a) Preliminary and primary treatment, aiming at the elimination of coarse material, including
suspended solids, through physical processes like flotation and settling.
(b) Secondary treatment, to eliminate organic matter through biological action (by means of
bacteria, and to a lesser extent algae, protozoa, etc.)
(c) Tertiary (and even quaternary) treatment, also called post-treatment or advanced treatment,
which intends to remove pathogens and nutrients via chemical, photochemical and biological
action. At what treatment level wastewater is actually used depends on the specific situation
and is certainly linked to the available infrastructure of wastewater collection and treatment
capacity, farmers needs for water and to the level at which policies on wastewater use are
developed and implemented.
Increasingly, more secondary treated wastewater is directly and purposely used in irrigation in
many countries, generally under strict conditions with respect to type of crops grown or
irrigation techniques used. However, worldwide, the capacity is lacking for investment and
operation of sufficient and adequate treatment facilities (Van Lier and Lettinga, 1999). This
causes an increasing use of partially treated and untreated wastewater in irrigated agriculture
in and downstream of urban centres.
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2.2

Comparative presentation of Technical design of wastewater treatment Plant

2.2.1

Biological Treatment System (Lagoon)

Brief description (Duncan Mara, 1997)

Lagoons are pond-like bodies of water or basins designed to receive, hold, and treat
wastewater for a predetermined period of time. If necessary, they are lined with material, such
as cement or an artificial liner, to prevent leaks to the groundwater below. In the lagoon,
wastewater is treated through a combination of physical, biological, and chemical processes.
Much of the treatment occurs naturally, but some systems use aeration devices to add oxygen
to the wastewater. Aeration makes treatment more efficient, so that less land area is necessary.
Designs are based on such factors as type of soil, amount of land area available, and climate.
An important design consideration for lagoons includes the amount and type of wastewater to
be treated and the level of treatment required by regulations. Wastewater leaving a lagoon
may require additional treatment, or "polishing," to remove disease-causing organisms or
nutrients from the wastewater before it can be returned to the environment.
Anaerobic Pond (First step)
The word anaerobic means "without oxygen", which describes the conditions inside this type
of lagoon. Anaerobic lagoons are most often used to treat animal wastes, commercial or
industrial wastes, or as the first treatment step in systems using two or more lagoons in a
series. Typically, anaerobic lagoons are designed to hold and treat wastewater from 20 to 150
days. But it depends on entrance, change DBO and volume of ww/day. For small systems
like in Smau khnei only 1 day is enough. They are relatively deep (usually 8 to 15 feet) and
have similar function as septic tank. In the present design the water retention time in the
anaerobic pond is 1.5 days, which is comparatively less, and the depth is 11.5 feet s. Inside an
anaerobic lagoon, solids in the wastewater separate and settle into layers. The top layer
consists of grease, scum, and other floating materials. If not preceded with septic tanks, the
layer of sludge that settles at the bottom of an anaerobic lagoon eventually accumulates and
must be removed. The wastewater that leaves an anaerobic lagoon will require further
treatment.
Facultative Ponds
Like most natural environments, conditions inside facultative ponds are always changing.
Experience Pond cycles due to variations in the weather, the composition of the wastewater,
and other factors. In general, the wastewater in facultative ponds naturally settles into three
fairly distinct layers or zones. Different conditions exist in each zone, and wastewater
treatment takes place in all three.
The top layer in a facultative pond is called the aerobic zone, because the majority of oxygen
is present there. How deep the aerobic zone is depends on loading, climate, amount of
sunlight and wind, and how much algae are in the water. The wastewater in this part of the
lagoon receives oxygen from air, from algae, and from the agitation of the water surface (from
wind and rain, for example).
The anaerobic zone is the layer at the very bottom of the lagoon where no oxygen is present.
This area includes a layer of sludge, which forms from the solids that settle out of the
wastewater. Here, wastewater is treated by anaerobic bacteria, microscopic organisms, such as
certain protozoa, and sludge worms, all of which thrive in anaerobic conditions.
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The middle layer which is an intermediate or aerobic-anaerobic zone. Both aerobic and
anaerobic conditions exist in this layer in varying degrees. Depending on the specific
conditions in any given part of this zone, different types of bacteria and other organisms is
present that contribute to wastewater treatment.
Throughout in facultative pond, physical, biological, and chemical processes take place that
result in wastewater treatment. Many of these processes are interdependent. For example, on
the surface, wind and sunlight play important roles. Surface agitation of any kind adds oxygen
to the wastewater. For this reason, facultative lagoons are designed to make the best use of
wind in the area.
Time is another important factor in treatment. Facultative lagoons are designed to hold the
wastewater long enough for much of the solids in the wastewater to settle and for many
disease-causing bacteria, parasites, and viruses to either die off or settle out. Time also allows
treatment to reduce the overall organic strength of the wastewater, or its biochemical oxygen
demand (BOD). In addition, some of the wastewater eventually evaporates.
Sunlight is also extremely important to facultative lagoons because it contributes to the
growth of green algae on the water surface. Because algae are plants, they require sunlight for
photosynthesis. Oxygen is a by-product of photosynthesis, and the presence of green algae
contributes significantly to the amount of oxygen in the aerobic zone. The more warmth and
light the sun provides, the more green algae and oxygen there is likely to be in the lagoon.
The oxygen in the aerobic zone makes conditions favorable for aerobic bacteria. Both aerobic
and anaerobic bacteria are very important to the wastewater treatment process and to each
other. Bacteria treat wastewater by converting it into other substances. Aerobic bacteria
convert wastes into carbon dioxide, ammonia, and phosphates, which, in turn, are used by the
algae as food. Anaerobic bacteria convert substances in wastewater to gases, such as hydrogen
sulphide, ammonia, and methane. Many of these by-products are then used as food by both
the aerobic bacteria and algae in the layers above.
Facultative lagoons are designed to hold wastewater anywhere from 20 to 150 days,
depending on the discharge method and the exact size and depth of the lagoon. Facultative
lagoons are usually, 3 to 8 feet deep, so they have enough surface area to support the algae
growth needed, but are also deep enough to maintain anaerobic conditions at the bottom. In
the present case in Trapeang sab the retention time is 6 days and the depth is 4.9 feet.
Maturation Pond (1 and 2 as per the requirement and standards)
These ponds receive the effluent from a facultative pond and its size and number depend on
the required bacteriological quality of the final effluent. Maturation ponds are shallow (1.01.5 m) and show less vertical stratification, and their entire volume is well oxygenated
throughout the day. Their algal population is much more diverse than that of facultative
ponds. Thus, the algal diversity increases from pond to pond along the series. The main
removal mechanisms especially of pathogens and faecal coliforms are ruled by algal activity
in synergy with photo-oxidation.
On the other hand, maturation ponds only achieve a small removal of BOD5, but their
contribution to nitrogen and phosphorus removal is more significant. Mara et al. (1992) report
a total nitrogen removal of 80% in all waste stabilization pond systems, which in this figure
corresponds to 95% ammonia removal. It should be emphasized that most ammonia and
nitrogen is removed in maturation ponds. However, the total phosphorus removal in WSP
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systems is low, usually less than 50%. In the present case two maturation ponds were planned
with a retention time of 6 days each to meets the recommendation level according to the EU
standards. (See figure 5)
Advantage

Lagoon systems can be cost-effective to design and construct in areas where land is
inexpensive.
They use less energy than most wastewater treatment methods.
They are simple to operate and maintain and generally require only part-time staff.
They are very effective at removing disease-causing organisms (pathogens) from
wastewater.
The effluent from lagoon systems can be suitable for irrigation (where appropriate),
because of its high-nutrient and low pathogen content.
Limitations

Lagoon systems require more land than other treatment methods.
Odor can become a nuisance during algae blooms, or with anaerobic lagoons and
lagoons that are inadequately maintained.
Unless they are property maintained, lagoons can provide a breeding area for
mosquitoes and other insects.
They are not very effective at removing heavy metals from wastewater.
Effluent from some types of lagoons contains algae and often requires additional
treatment or "polishing" to meet local discharge standard
2.2.2

Decentralized wastewater treatment system

Decentralized wastewater treatment system consists of series of reactors having closed chambers,

in which the wastewater flows up-stream. Activated sludge is located at the bottom of each
chamber. Influent wastewater is intensively mixed up with the sludge, inoculating it with
anaerobic bacteria which decompose the pollutants. Progressive decomposition occurs in
successive chambers The BOD reduction rate can be 90 %. Pathogens reduction can range
between 40 75 %. The DEWAT system uses baffled reactors as the principal; these reactors
are small in size and work in the same principal as like lagoons.
Baffled Reactor
Baffled rector is a septic tank which consists of an initial settler compartment and a second
section of a series baffled reactors. Sludge settles at the bottom and the active sludge that is
washed out of one chamber becomes trapped in the next. The reason for the tanks in series is
to assist in the digestion of difficult degradable substances especially towards the end part of
the process. For the purpose of quicker digestion influent upon entering the process is mixed
with active sludge present in the reactor. Wastewater flows from bottom to top causing sludge
particles to settle on the up flow of the liquid wastewater allowing contact between sludge
already present with incoming flow. A settler can be used for treatment after effluent has left
the tank. Hydraulic and organic shock loads have little effect on treatment efficiency.
Advantage
Process simplicity, no electrical requirements
Construction material locally available
Low land space required
24

Low capital costs
Treatment Efficiency 70-95% BOD removal, 65-95% COD removal.
Limitations
Needs skilled contractors for construction
Needs strategy for faecal sludge management (effluent quality rapidly deteriorates if
sludge not removed regularly)
2.3

Major Process of implementation:

There can be two ways to implement the waste water system in the area. One way is the
centralized system, which say that all the wastewater from the connected household be
collected in sewage networks and then treated in one treatment plant. There is another
approach which is a decentralized approach, where the clusters are scattered and they are
connected to one network and one treatment system. There maybe another network
connecting other clusters of household with a separate treatment station. (Figure 7)

Figure 7: Centralized approach and Decentralized approach

It totally depends on the population and the spaces available for construction of treatment
plants. Hence it also totally depends which system is the community is adopting.
2.4 Actual Situation of Wastewater Treatment Work in the developing countries with
a special attention to the Asia-Pacific region
According to the United Nations Economic and Social Commission for Asia and the Pacific
and the International Water Management Institute (IWMI), wastewater treated to primary or
secondary levels is used for irrigation, in industry and cooling, whereas untreated wastewater
is used mainly for agriculture.
Wastewater treatment is costly, and even those cities that are currently able to procure funding
to build treatment plants only treat a small percentage of the total volume of wastewater. The
rest is left to flow into natural water bodies. Most of the water only receives primary
treatment. The majority of developing countries treat less than 15 per cent of the wastewater
they produce (Davis & McGinn, 2001).
Many treatment plants in cities in the South go into disuse after a short period of time due to
insufficient funds for operation and maintenance. This is the situation in cities like Vadodara,
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the third largest city in Gujarat state, India, where none of the three treatment plants is fully
functional (Bhamoriya 2004); in Kathmandu, Nepal, where many of the valley's treatment
plants are in poor condition (Rutkowski et al., n.d.) and in Cochabamba, Bolivia, where the
one treatment plant that exists is overloaded and therefore not working properly, and most
residential septic tanks and Imhoff tanks are not functioning (Huibers et al., 2004).
The percentage of the population with full water-borne sewerage connections in sub-Saharan
African is very low. Harare, Zimbabwe, is one of the cities in Sub-Saharan Africa with the
highest coverage while Lagos, Nigeria, has one of the lowest. In Lagos (Nigeria), Africa's
largest city, with a population of 10 million, only 5 percent of its population is connected to
the sewage system and treatment of sewage is below recommended standards. Only 2 percent
of the cities in sub-Saharan Africa have sewage treatment, and only 30 percent of these
systems are operating satisfactorily. In Addis Ababa, with a population of 2.5 million, the
sewage system serves only 35,000 people (www.unep.or.jp).
In Asia, the quantities of wastewater produced by cities are rising steadily with urban growth.
As cities grow, the water supply to these cities also grows, resulting in ever-increasing
quantities of wastewater produced by urban residents and industries.
Municipalities, farmers, and irrigation and agriculture departments are ill-equipped, however,
for the very sharp rise in urban-rural water transfers (Buechler and Scott, 2006). The sources
of wastewater include sewage drains, storm drains used as sewage channels, surface water
sources like rivers, lakes and natural streams polluted with wastewater from city sewage and
drainage channels, ponds and tanks, shallow wells, house drainage spouts and channels,
wastewater treatment plants etc.
The composition of the wastewater varies according to its origin. There is storm water and
other urban run-off, grey water (domestic water that is wastewater without urine and faeces)
or black water (domestic wastewater with urine and faeces), industrial wastewater, wastewater
generated by hospitals and other institutional/commercial establishments and combinations of
all of these (each with varying concentrations of waste). An example of urban growth far
exceeding the capacity of sewage collection and treatment is Delhi, India. Only about 40
percent of the capital city of Delhi has sewerage at present, and of that less than half actually
delivers sewage for treatment. Most is simply channelled through open drainage canals to the
main river (the Yamuna) untreated. Despite investments in new treatment plants, the growth
rate of the city is so rapid that progress in proportion to this growth has been very slow
(Ganges River Partnership Project, 2002).
The particular experience of Vietnam and Thailand are especially relevant to Cambodia, as
long as they are its two neighbouring countries.
As an integral part of doi moi, the Government of Vietnam is currently engaged in radical
reorganization and reform of the institutional framework. With respect to environment and
water, this includes
Creation of a National Environment Agency in the early 1990s
Passage of the first national environmental law in 1994
Amalgamation of three ministries responsible for resource management (Agriculture and
Food Industry; Water Resources; and Forestry) into one ministry (Agriculture and Rural
Development or MARD) in 1995
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At present, water quality management in Viet Nam is not unitary but rather involves a mosaic
of institutions and programmes:
Vietnam has got an Environmental Protection Law for the last five years. The surface water
quality standards TCVN5942, 1995. (Table 2.1). The official norms sought for wastewater
treatment were,
Table 2. 1 Waste water norm for Vietnam

Nº
Parameter and Substance
1 pH value
2 BOD5 (20ºC)

Unit
-mg/l

Limitation Value
A
B
6 - 8,5
5,5 - 9
<4
<25

3 COD
4 Dissolved oxygen
5 Suspended solids

mg/l
mg/l
mg/l

<10
³6
20

<35
³2
80

6 Arsen
7 Barium
8 Cadimium

mg/l
mg/l
mg/l

0,05
1
0,01

0,1
4
0,02

9 Lead
10 Chromium, Hexavalent
11 Chromium, Trivalent

mg/l
mg/l
mg/l

0,05
0,05
0,1

0,1
0,05
1

12 Copper
13 Zinc
14 Manganese

mg/l
mg/l
mg/l

0,1
1
0,1

1
2
0,8

15
16
17
18
19
20
21
22

mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

0,1
1
0,001
1
0,05
1
10
0,01

1
2
0,002
2
1
1,5
15
0,05

mg/l
mg/l
mg/l

0,01
0,001
not detectable

0,05
0,02
0,3

26 Detergent
mg/l
27 Coliform
MPN/100 ml
28 Total pesticides (except DDT)
mg/l

0,5
5000
0,15

0,5
10000
0,15

29 DDT
30 Gross alpha activity
31 Gross beta activity

0,01
0,1
1,0

0,01
0,1
1,0

Nickel
Iron
Mercury
Tin
Ammonia (as N)
Fluoride
Nitrate (as N)
Nitrite (as N)

23 Cyanide
24 Phenol compounds
25 Oil and grease

mg/l
Bq/l
Bq/l

Note: Values in the column A are applied to the surface water using for source of domestic water supply with
appropriate treatments
Values in the column B are applied to the surface water using for the purposes other than domestic water supply.
Quality criteria of water for aquatic life are specified in a separate standard.
Source : http://sunsite.nus.edu.sg/apcel/dbase/vietnam/regs/virws.html
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Presently, most of the wastewater treatment systems are however not designed for industrial
conditions. In general, in the southern provinces, wastewater treatment is more prevalent,
mostly for industries that are either joint-venture companies or have 100 percent capital from
abroad, or for a few state-managed industries. Private and local small industries like
handicraft show almost no progress. Various commonly used treatment technologies are
applied but there are still limitations to their proper functioning. Some of the common reasons
are over loading, complex composition of wastewater, insufficient operational budgets, lack
of experience and technical skills for design, construction, operation and maintenance.
Wastewater reuse has not received much attention in Vietnam, although it has been used
widely in agriculture and fishery because it is cheap and contains many nutrients. Wastewater
from livestock breeding and some agro-industries is also recycled for biogas production.
On other side, like many countries in Asia, increasing population, economical, agricultural
and industrial expansion in Thailand are the major causes of water quality in various water
sources, including surface water, ground water and sea water to be deteriorated. High loading
of pollutants from human activities beyond the water resource carrying capacity can
contribute to degradation of water quality in the country.
In general, the water quality of water resources in Thailand is in fair condition with a
significant trend of improvement. However, the surface water quality of major rivers, lower
Chao Praya, Tha Chin, Lam Takhong and Songkhla Lake, particularly in the areas where
receiving pollutants discharged from industrial, agricultural or populated areas. Similarly, the
coastal water in the Inner Gulf and certain highly populated areas of the Outer Gulf of
Thailand are in poor quality, particularly in the areas into which four main rivers flowing
(Mae Klong, Tha Chin, Chao Phraya and Bang Pakong Rivers). Despite the currently good
condition of the coastal water quality, high levels of significant pollutants are closely
monitored in many densely-populated and/or tourist areas of the Andaman Sea.
The ambient water quality standards has been established since 1994 and served as guidelines
of supposing the receiving waters based on major beneficial uses. The surface water quality
standards are classified into 5 classes as follows:
Class 1: Extra clean for conservation purposes
Class 2: Very clean used for (1) consumption which requires ordinary water treatment
processes (2) aquatic organism conservation (3) fisheries, and (4) recreation [DO > 6 mg/L,
BOD < 1.5 mg/L, Fecal Bacteria < 1000 MPN/100ml)
Class 3: Medium clean used for (1) consumption but passing through an ordinary treatment
process and (2) agriculture [DO > 4 mg/L, BOD < 2 mg/L, Faecal Bacteria < 4000
MPN/100ml)
Class 4: Fairly clean used for (1) consumption, but requires special treatment process and (2)
industry [DO > 2 mg/L, BOD < 4 mg/L)
Class 5: Waters are not classification in class 1-4 and used for navigation
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A study about the industrial sector in Thailand and its willingness to adopt wastewater reuse
practices indicates that only 10.5 per cent of the surveyed industries reuse their treated
effluent. Furthermore the tendency of the surveyed industries is directed into non-adoption of
industrial waste water reuse. (Visvanathan and Cippe, 2000). Again this shows the need for
analyzing the costs and benefits in all sectors.
2.5
The question of sustainability.
For social services like sewage, sustainability implies a notion of equilibrium that
simultaneously satisfies user s demands and the preservation of the system. In wastewater
management system sustainability refers to three things, the system has to be economically
sustainable, socially acceptable and institutionally viable.
To define further the widely accepted definition of economic sustainability is maintenance of
capital, or keeping capital intact. Thus Hicks s definition of income the amount one can
consume during a period and still be as well off at the end of the period can define economic
sustainability, as it devolves on consuming value-added (interest), rather than capital.
Applying the same concept, in Trapeang sab the project has to be economically suitable for
the users as well as for the suppliers (operator). As the Treatment process involves some cost
and it needs maintenance periodically hence the cost should be recovered from the users or
from the output of the treatment process, like treated water. Either the users pay the monthly
fee or the plant is self sufficient to generate income for its maintenance.
The second concept is social sustainability or acceptable, which means maintaining social
capital. Social capital is investments and services that create the basic framework for society.
It lowers the cost of working together and facilitates cooperation: trust lowers transaction
costs. Only systematic community participation and strong civil society, can achieve this..
Commonly shared rules, laws, and information promote social sustainability. Moreover
people should realize that the system is made for them and the project is the bare necessity for
them. Considering the problem in Trepang sab points to the fact that people are really in need
of a new sewage network system which can bring them, clean and hygiene environment.
There should be a strong sense of ownership by members of the community in this project.
This pride in the new development helps to ensure the sustainability of the treatment system.
Once the project is implemented, local participation contributes to the community s
confidence in this new technology and allows them to take on other challenges such as
accessing financial aid for other infrastructure projects.
The third factor is the institutionally sustainable; it has to be institutional, for it is necessary to
find institutions, laws and regulations that can allow its correct management on the long run.
For this purpose, in general there is government body to see that all the firms are abiding by
the standards and rules prescribed by the law. In Cambodia also, there is environmental
standards and laws, to which this project has to adopt. The responsibility of community
people is to maintain the system according to the standards. This will help them to get clean
and safe environment. As well as those who are depended on the by-product like treated water
or sludge can also use safely. There may be some local rule, in terms of distribution and
management of treated water, but that has to be abided by the members who will use the
water.
Source : http://www.wiley.co.uk/egec/pdf/GA811-W.PDF
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2.6

Impact of wastewater use on health

For unrestricted irrigation, there was evidence to suggest that the use of untreated wastewater
to irrigate vegetables led to increased helminth infection (mainly Ascaris lumbricoides
infection), bacterial infections (typhoid, cholera, Helicobacter pylori) and symptomatic
diarrhoeal disease in consumers. When wastewater was partially-treated, there was evidence
that the risk of enteric infections (bacterial and viral origin) was still significant when
consumers ate some types of uncooked vegetables irrigated by water exceeding WHO
guideline of 1000 FC/100ml by a factor of ten. There is no evidence supporting any need to
reduce the guideline level below 1000 FC/100ml in such circumstances. There is also no
epidemiological evidence to indicate the threshold level when wastewater use is introduced to
a naïve population. However, when microbiological and risk assessment studies were also
taken into account there some evidence to suggest that the faecal coliform guideline of 1000
FC/100ml would not result in increased infection in exposed groups beyond acceptable limits.
Wastewater treatment markedly reduced the risk of helminth infections (particularly Ascaris
infection) related to consumption of wastewater irrigated crops but the extent of treatment
needed to remove the risk could not be fully quantified. In hot and dry conditions, where
vegetables are grown commercially and not eaten by local populations prior to sale in shops
or markets, a guideline of 1 nematode egg per litre may be adequate. However, there was
epidemiological evidence that treating the wastewater to the nematode egg guideline level of
1 nematode egg per litre may not be sufficient in an area where flood irrigation is used and
field vegetables are eaten by the local population. The guideline may need to be revised to
0.1 egg per litre where those conditions apply, and where children of farm workers are
exposed to the wastewater
For restricted irrigation, studies of the risks of enteric viral and bacterial infections related to
use of treated wastewater (both from serological studies and studies of reported enteric
infections) suggested that when sprinkler irrigation was used and the population was exposed
to wastewater aerosols, there was an increased risk of infection when the quality of the
wastewater was 106 TC/100ml but no increased risk of infection when the quality of the
wastewater was 103-104 FC/100ml. Studies of the risks of symptomatic diarrhoeal disease
and enteric viral infections related to direct contact with treated wastewater through farm
work (adults and children) or play (children) suggested that when flood or furrow irrigation
occurs there was an increased risk of infection in children when the quality of the wastewater
was above 104 FC/100ml. For adults, the threshold level for symptomatic diarrhoeal disease
was 105 FC/100ml, but the threshold level for transmission of Human Norwalk-like
virus/Mexico (as indicated by an increased level of seroresponse) was below 104 FC/100ml
where high levels of contact occurred, even in a rural area where there were many other
transmission routes for this virus. This was probably not related to an increase in disease in
the study population, but could conceivably lead to increased disease in a population in a nonendemic area.
Source : http://www.who.int/water_sanitation_health/wastewater/whocriticalrev.pdf

2.7
Research Questions and hypothesis
As discussed above, a sustainable sewage system in TS should be at the same time:
Technically efficient (provide water of the quality that is expected for the uses envisaged)
Economically sustainable ( ..)
Socially accepted ( ..)
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Institutionally sound ( ..)
Sustainable livelihoods analyses are actor-centered and can be used for studies on the socioeconomic and biophysical context surrounding wastewater use and users in a given area. A
multi-disciplinary approach is required in studies of wastewater use so that all factors that can
impact on sustainability can be taken into consideration.
Therefore, the question is to analyze what are the conditions under which the TS sewage plant
can be sustainable on the long run from the economic, social and institutional points of view.
Such a general objective can be divided in several independent sub questions that are:
1. How much is the amount of water to be treated and the amount which can be used for
valorization?
2. What are the optional choices available for the users in terms of livelihood activities,
using this treated waste water?
3. How much will be the economic returns from those uses, and how best the running cost of
WWTP can be recovered from these uses.
4. How best are the institutional and social organization are involved for the sustainability of
the wastewater treatment plant
The present study is based on some hypothesis which will be tested during the process of
analysis of the research.
Hypothesis 1: Treated wastewaters will be used in agriculture (demand: social validation)
Hypothesis 2: The generated income from selling this water should cover the operational and
maintenance cost of Treatment Plant.
2.8
Conceptual Framework
In general the principal of sewage system is to collect domestic wastewater along with storm
water (rain water) and drain into a common point. This water can be directly used in
agricultural or can be released to other water body like canal, pond or can be stored in ponds
or reservoirs. If it is released into canal then it mixes with clean water and gets diluted and
this diluted water is used for agricultural activities. The principal idea of constructing
wastewater treatment plant is to treat the water before releasing. Hence the process of
collection can be channeled through the wastewater treatment plant where the waste water can
be treated and the organic pollution is reduced as well as pathogens. Afterwards, this treated
wastewater can be used in agriculture or discharged to canals or ponds. Figure 8.
In this study the same process is followed. This framework for wastewater use will centre its
focus on the actors who directly or indirectly benefit or are put at risk from wastewater. Of
particular importance is decision making processes pertaining to wastewater management and
livelihood choices.
This approach views actors to decide how best to adapt wastewater-dependent livelihood
activities to changing external conditions. These include changes in wastewater availability,
improvements in or deterioration of wastewater quality, and new government incentives or
disincentives related to crop production. Changes also require new decisions on how best to
manage wastewater. This will be influenced by social, economic, political, institutional, legal,
and health-related factors.
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Figure 8: Conceptual Framework

2.9
Methodology chosen
This research is more on exploratory study, employing both quantitative and qualitative
approach. Qualitative approach is mainly applied to the study with supplemented quantitative
data, because of its descriptive, explanatory nature of the study. The main character of this
research is to be
1. Systemic: all aspects of the livelihoods are considered equally, in a manner where the
interactions and the links between elements is deeply analyzed. Give an example to
illustrate
2. Integrative in terms of disciplines concerned :
Water engineering, for the design of the sewage, It is assumed that the system has to be
robust and simple;
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Health and biological sciences, for taking into consideration the quality of the treatment
process,
Agronomy, for identifying what is technically possible under the local environmental
conditions. It is assumed from the bibliography that the two seasons during which the
economic valorization of the waste water are those during which water is a real limiting
factor for agriculture, i.e. the dry season, from November to march, and the pre-humid
season, from march to July
Economics, to assess the cost: benefit associated to several options of water reuse
Sociology, to identify what can be the social and cultural constraints to such an project
Political sciences, to asses how the decisions are taken and how can be the management
of the future plant
3. Cost and benefit analysis framework was employed in justifying waste reuse in urban
agriculture. Finally recommendations were suggested through strategic planning
framework.
2.10 Research design
During preparation of the research proposal, literature review contributed to obtain the overall
picture of the research context, which assisted the author in identifying problems, objectives,
study area and research methodology. It was conducted at very beginning of the research
process.
Data collection involved both secondary and primary data.
Secondary data were obtained from mainly literature study. In addition, formal and informal
interviews of key informants usually government officials were organized to obtain quick data
on specific issues. An overview of waste water use in peri-urban agriculture in Takeo
province, Cambodia was revealed in this phase.
Primary data were gathered through questionnaire survey, conducted during May to June
2008. The target population was already identified by studying the secondary data from the
previous phrase. Concurrently, a survey of waster water use was performed at farm household
level. The profile data obtained from the survey were used for the analysis and drawing the
conclusions and recommendations.
Other tools were also applied like sample case study particularly addressing the issue of cost
and benefit of wastewater use and reuse issues, hence in-depth interviews were conducted
with some selected farmers, who are actively using the wastewater in their current practice
and the difference of cost was noted to get a comparison between wastewater and fresh water
use.
After completion of data collection, data obtained were analyzed according to the nature of
data and the analyzing purpose. The data obtained were analyzed and presented employing
mainly qualitative analysis with aid of illustrations. Quantitative analysis was also used in
supplement. The results of the survey would reveal the situation of wastewater reuse in the
study area, as well as demand and supply considerations.
Possible policy guidelines were recommended under institutional context of Cambodia,
employing strategic approach to the major issues. In the final phase, data and results from
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data analysis were summarized, synthesized and presented logically to the theme of the
research, during the thesis writing phrase.
2.11

Sampling design

2.11.1 Sampling Procedure and Methods
The Trapeang sab commune cuts in between two villages, these villages are Smau khnai and
chork, these two villages were selected for primary survey on the basis of random sampling,
and hence whole of the area will be treated as the target area. The basic idea is to get the
viewpoints of farmers therefore survey will cover the two villages to get a representative
sample of farmers having parcels near to the treatment plant.
As per the requirement and to identify the target population (mainly farmers) the survey
covered total area and farmers were selected on random basis. It is assumed that the houses of
farmers are not located near to the treatment plant.
2.11.2 Data Needs and types
Data were collected from primary as well as secondary sources. Some of the data were
obtained during the protocol development phase, e.g. maps, reports and previous household
survey statistics.
The present study will able to gather up specific data like
Situation Description: social, technical and economical data allowing clear diagnosis
Context definition and description: general (country/province/commune) and specific
(Global Project): geo-physical data, political and institutional, sector data
Wastewater Characteristics: quantitative analysis (volume and flow treated and
discharged) and wastewater quality profile.
Assessment on wastewaters' use: users' profile: type and number, volume of used
wastewaters, means (of supply and stock.)
Investment data s (technical options):
To estimate investments needed per option
To list economical impacts of each option: local providers, buyers, development of
parallel economical activities etc
To estimate related costs: equipment, operation and maintenance costs analysis,
optimization costs etc
Users data s:
To identify main actors: providers + users + buyers+ Chain+ middle men
To identify interested users: agriculture sector, commerce, public institution.
To estimated volumes of wastewaters needed for a sustainable market (dry season /
rainy season)
To estimate wastewater losses (assuming 10 % loss)
To estimate present (real) value of wastewaters ($ US/ m³) and the price evolution
over a cycle of 10 years
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2.12 Secondary Data
Most of secondary data were collected from the GRET intervention under water and
sanitation program (PACEPAC). Secondary data on the existing land use, Current agricultural
practices, and suitable crops for wastewater were collected from the Provincial department of
agriculture (PDA), Takeo province. The environmental laws concerned to releasing and using
the wastewater, the treatment standards etc were collected from the Ministry of environment
website. The Ministry of water resource website was also seen to get certain specific
information like water availability in dry period, the status and nature of canal irrigation,
WUAs and related village level association for management and maintenance issue.
2.13 Primary Data
This research is based mainly on primary data supported by secondary. Primary information
will collected through household survey, sample case study, structured interview and
institutional survey.
2.13.1 Structured survey of Household and Farmers
A structured survey of Peri urban farmers in a focused area of Takeo province was conducted
to explore the situation of wastewater reuse, in particular the objective of the survey was
To determine the potentiality of waste water and sludge reuse in agriculture and to identify
other alternative uses using this resource.
1. To know the Actual practice with using wastewater in agriculture and the practice without
using fertilizer, manure and irrigation.
2. To know the attitude towards agricultural production and towards product consumption
(consumers).
3. To know the willingness to use or to buy treated wastewater compared to normal water
price.
4. To know the potentiality of use of land/crop for intensive agriculture.
Furthermore, the survey will also try to find answer related to the question like existence of
market (products grown using wastewater), is it just a theoretical notion or is there any active
market exist? What are the push factors which need to promote waste water use/reuse? Is
there any change in attitude towards use of fertilizer, crops other than the existing practice?
2.13.2 Questionnaire design
The questionnaire comprises of four main sections: General information Household,
Agricultural inventories, and Wastewater uses (present practice) in agriculture, Comparative
of production between wastewater use and fresh water use. These sections were arranged in
logical order to maintain the coherence and systematic data gathering.
The survey questions were intended to answer the research questions directly and indirectly,
covering potentiality of wastewater reuse in agriculture. The questionnaire consist both open
ended as well as close ended questions. Open ended questions were mostly used to know
about the perception and views of farmers and general households. Close ended questions are
more precise and effective that employing quantitative data analysis. Therefore, a pretest of
the questionnaire was done. In the preliminary stage the questionnaire was made in English,
but at a later stage it was realized that it should be done in local language (khmer). Hence the
presetting was done by randomly selecting some household. Some modification was done to
the original questionnaire such as order and some linguistic adjustments. Sampled final
version of questionnaire is attached as Appendix
35

2.13.3 Structured Interviews
This was conducted mainly to obtain information about the functioning of the local
institutions, government intervention and initiation related to the current research theme. As
mentioned earlier in the section of secondary data collection, the concerned line departments
were approached and necessary interviews were conducted. The other interviews were
conducted with some stakeholders, who are very important in terms of success of establishing
the treatment plant in the area. They are mainly the commune chief, market dwellers,
agricultural input traders like fertilizer sellers, local vendors selling vegetables and
agricultural goods etc. This tool was also applied for gathering required information on
project initiated or other agencies initiated (ACAP and rainwater harvesting) activities and
their carrying out, which provide benefits to improve resource and socioeconomic condition.
2.13.4

Field Observation

Field observation was done during field survey period in Smau khnei and Chork village in dry
season with analytical and scientific mind. This will help the researcher to understand the
present physical condition of the study area, settlement pattern, agricultural pattern, and
infrastructure related to water resources, drainage system, wastewater flows (inlet and outlet),
road network and economic activities. Observation sheets were used to record the details of
observation. Photographs were taken to support the field observation.
2.14

Data Processing and Analysis

Numerical data and information gathered from primary and secondary survey was processed
and analyzed following quantitative and qualitative analysis techniques. The statistical
package for social science SPSS, SPHINX and Microsoft-Excel were used. The use of Arc
View and Map Info was used to analyze the physical attributes of the area
2.14.1 Quantitative Analysis
It consists of percentage, average, means, frequency distribution standard deviation and crosstabulation, which were used for data analysis. Moreover pie and bar charts were applied for
data presentation. These were used to describe social and economic conditions of household.
2.14.2

Qualitative Analysis

The qualitative analysis will be used to substantiate quantitative analysis on key indicators of
social assessment. It helps to understand the effects, causes and process of change in farmers
attitude and perception towards the present use and future ability to use the treated
wastewater.
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Chapter 3

Pros and Cons of Treatment: The Social Strategies of Various Stakeholders and the
Institutional sustainability of water treatment

3.1
Playing with the social interests
The social interest can be well understood, if we can understand the role of stake holders., In
general stakeholder is any person or organization who can be positively or negatively
impacted by, or cause an impact on the success of the project. It is also called as "position
analysis", which concerns how different stakeholders position themselves around specific
social-political issues. This is important to allow stakeholders to understand each others'
positions. (Freeman 1984)
3.1.1

Identifying Stakeholders

1. Farmers (small) holding size (0-1 hect)
2. Farmers (medium) holding size 1-2.5 hect.
3. Traders (Fertilizer, Pesticides)
4. Vegetable vendors (local sellers)
5. Middle Man (agricultural commodity)
6. Market Dwellers (commercial shops)
7. Consumers (village people, outsiders)
8. Agricultural laborers
9. Drinking water supply Company
10. Wastewater treatment plant in charge
11. Government line agencies (Ministry of environment, Rural development, Land
Management urbanization Planning and Construction, Agriculture, Water resources and
metrology)
12. Civil society organization (GRET, Rain water harvesting, ACAPE )
13. Users association (farmers + Market committee)
14. Market chief (local market)
15. Local Administration (local leaders, commune council)
16. Research organization (RUA, SupAgro)
17. Gasoline station
To analyze further, the roles and responsibilities of each actor, needs to be clearly defined.
3.1.2

Prioritize Stakeholders:

The lists of people and organizations that will be affected by the project are mentioned above,
some of these may have the power either to block or advance it. Some may be interested in
what we are doing, others may not care.
So we can map these stakeholders on a Power/Interest Grid in the below figure, and classify
them by their power over the work and by their interest in the work.
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Someone's position on the grid shows about the actions which we have to take with them:
High power, interested people: these are the people we must fully engage with, and make
the greatest efforts to satisfy.
High power, less interested people: put enough work in with these people to keep them
satisfied, but not so much that they become bored with our message.
Low power, interested people: we should keep these people adequately informed, and talk
to them to ensure that no major issues are arising. These people can often be very helpful
with the detail of the project.
Low power, less interested people: again, monitor these people, but do not bore them with
excessive communication.
3.1.3

Stake Holder Matrix
A

B

13
9

15

17

High
11

Power
D
Low

C

1

2

12

4

5

16

6

7

10

3
14
8

High

Low
Interest
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3.1.4

Analysis of their Interest

Table 3. 1 : Stake holder Matrix

1

2

3
4
5
6

7
8
9
10

11

12

13
14

15
16
17

Stake holders

Interest

Impa
ct

position
as per
matrix

Score for
Power
grid

catego
ry

Farmers (small, medium,
large) cultivating in wet
season
Farmers (small, medium,
large) cultivating in wet
and dry season
Traders (Fertilizer,
pesticides)
Vegetable vendors (local
sellers)
Middle Man (agricultural
commodity)
Market Dwellers
(commercial shops)

To get water for agriculture
what for?

+

C

0

support
ers

to get water for irrigation in
dry season as well

+

C

0

(-)

D

1

+

C

0

+

C

(+/-)

Consumers (village people,
outsiders)
Agricultural labourers

will mostly loose their
business
will get business in dry
season as well
More benefit, as more
crops and whole of the year
May use water for some
other purpose, clean
environment
Clean environment, fresh
vegetables
More days of employment

Drinking water supply
Company in charge
Wastewater treatment plant
in charge
Government line agencies
(Ministry of environment,
Rural development, Land
Management urbanization
Planning and Construction,
Agriculture, Water
resources and metrology)
Civil society organization
(GRET, Rain water
harvesting, ACAP)
Users association (farmers
+ Market committee)
Market Chief

Local Administration (local
leaders, commune council)
Research Organization
(RUA and others)
Gasoline Station

score
according
to
category
1

Final
score

support
ers

1

0

-4

-4

1

0

0

blocker
s
support
ers
neutral

0

0

C

0

sceptic

1

0

(+/-)

C

0

neutral

0

0

+

C

0

1

0

May get some intrusion in
the water supply
In charge of cleaning the
wastewater

(-)

A

2

support
ers
critic

-2

-4

+

C

0

support
ers

1

0

will monitor regarding
guidelines,
recommendation level,
collaboration and
overlapping with ongoing
or future extension
programmes
implementing authority,
project success

(+/-)

A

2

Advoc
ate/crit
ic

2

4

+

C

0

support
ers

1

0

Proper management and
sustainability issues
Existing network was laid
by him, and a potential
candidate for managing the
new wastewater plant
Community benefits,

+

B

3

2

6

-

D

1

Advoc
ate
Blocke
r

-4

-4

(+/-)

B

3

2

6

Future Research

+

C

0

1

0

Big polluter, hence want to
connect to the new system

+

B

3

advoca
te
support
ers
support
ers

1

3

Total

7
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0

Notes: For scoring
Impact:

(+ ) : positive impact
(- ) : negative impact

Scoring for categories (c)
Category
Evangelist
Advocate
Supporter
Neutral
Sceptic
Critic
Blockers

Scores
3
2
1
0
(-1)
(-2)
(-4)

Scoring method for Power/ grid Matrix (P+1)
Grids
A
B
C
D

Category
High power - low Interest
High power - High Interest
Low power - High interest
Low power - low interest

Scores
2
3
0
1

Final Score: Stakeholder Support = (P+1) x C
Support Scale:
> +/- 5
+/- 4 or +/- 5
< +/- 4
0

: High Stake
: Moderate Stake
: Low Stake
: There is no Stake.

So in present situation the final score is 7, which means High stake. Hence it can be
concluded that people in the study area are interested for this project and they are willing to
participate in each activities.
The main driving force behind its success
The analysis of stake holder matrix clearly states that, people in the community are interested
in this project. The main driving force for the success of the project will be Farmers (small)
holding size (0-1 hect), Farmers (medium) holding size 1-2.5 hect, Vegetable vendors (local
sellers), Middle man, Consumers (village people, outsiders), Agricultural labourers,
Wastewater treatment plant in charge, Government line agencies, Civil society organization
(GRET, Rain water harvesting, ACAPE ), Users association (farmers + Market committee),
Local Administration (local leaders, commune council) and gasoline station. As stated in the
table they have a strong interest to make this project success. The biggest benefit, which the
community will get, is a clean environment and better sanitation condition. The project can
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have some impact from some stake holders, but that impact will not be much compared to the
people who are supporters of this.
The Main Blockers
The main blockers are Traders (Fertilizer, Pesticides) and Market chief (local market). For
them the project in not beneficial, as if the waste water can be valorise then there is a
possibility of more awareness about the nutrient value of wastewater and on use of fertilizers
and gradually he may loose his business. The limiting factor behind the market chief, not to
support this project is, he was the first person who laid the sewage network in past years , and
the new network will bypass this, hence it is a humiliation for him, that none of the
consumers will use his system in future and the popularity he was gaining as a chief will not
exist any more. He is also a potential candidate to maintain the new wastewater treatment
plant as well as the new network. But commune council and village chief wants to give this
responsibility to the operator of Drinking Water Company in that area. As he has a good
experience in running this kind of network, hence the system can run smoothly.
3.2

How to build compromise?

A participatory community management project requires a strong and flexible base of
negotiation between local actors and supporting agency, to ensure people's participation in
decision-making and program implementation. This process determines the felt needs of the
people at community level. A common understanding is necessary between and among the
local actors and the project staff to trace out the real problems, and to determine which of
these could be addressed realistically through joint action. It needs strong encouragement for
local actors, to voice their own perceptions about the problems and the facilitating agency
should enrich this process, through their expertise and information gained from other
programs and research activities. The negotiation process should agree on the issues to be
addressed, respective role and responsibility of each partner and the technical design of the
project. Effective involvement of local communities in planning and implementation of the
developmental plan and management programs will increase social, political and economic
viability of the programs. These are some principal which say to build a good compromise
between users and service providers.
But in case of Trapeang sab, there is a lack of participative approach. Decisions have been
taken by the commune of behalf or the people, but anyhow they are well accepted by the
community. The possible reason for this is may be the severity of the problem, hence what
ever solution is available, and people are willing to invest.
3.2

Ruling the sewage systems

In Trapeang sab the participation of members is not so much active. They have been
consulted once, through questionnaire survey regarding their views and ability to pay for the
monthly service for connecting to the proposed network. During this study, many times
researcher felt that people are not aware of the programme and the proposal for construction
of wastewater treatment plant.
During the discussion with the people, it was felt that there have been some efforts to aware
about the scheme but that is not sufficient enough. Many people even don t know that, there is
any plan in future to construct a wastewater treatment plant. Initially when the project
approached and did the opinion survey, they fully aware the representatives of the commune
41

like village chiefs and health and sanitation committee about the wastewater treatment plant,
but during the course of time the interaction was much more with the leaders rather then the
local people. The mere fact is that finally the local people are the users and they are going to
connect, in future commune chief and village chief may change and question may arise
regarding the setup of wastewater treatment plant. There is a missing gap created between
users and implementers. This is not healthy in terms of participatory community planning and
in future will lead to more complication.
3.3

Analysis of the participative process of negotiation from the PACEPAC

In Trapeang Sab, to gain confidence of people, the role of village chief and commune councils
are important. They have to discuss and provide all the necessary information to people
pertaining to the project. The technicalities of scenarios and how the plant is going to work
should be discussed in great details.
The role of GRET is to provide the technicalities needed for the treatment plant. They are also
responsible for making the people understand about their proposal. As discussed in earlier
chapters the contribution of users are major in financing the project. Hence they have all
rights to know about the expenditure and also the progress of the treatment plant.
The participatory approach also points that village chief should arrange the general body
meeting and should aware people about the community development plan and proposals.
There is a fixed procedure mentioned in the law. After the approval of the plan, village chief
should call for general body meeting and should tell all the members regarding the approval.
But as per the opinion of members most of them didn t get any information of village meeting
in this regard. At the first instance, all the scenarios were presented to the village heads, it was
kept open for discussion within the community to finalize the best scenario as per their need.
This could have been done in general community meetings also, but as per the opinion of
GRET, it is really difficult to make understand each and every person regarding different
scenarios, hence they decided to make aware the chiefs, so that they can make their people
understand in better way.
Another procedure said that the detail of plan should be pasted in the notice board of the
commune council, briefing the details of the plan. But how far that has been implemented is a
question and believing to the fact that, many villagers are illiterate, hence putting a notice
doesn t address the problem. Finally at the mid of 2008, the plan is still in a hanging position
due to the problem of getting the land for the construction of lagoon system.
3.4

Possible compromises

To the present date there is a compromise, the community people are interested in connecting
to the new network, and are willing to pay the users fees as well as monthly maintenance fees.
That s a different questions that who decides the users fees, and what is the role of local
people in deciding this. In other way round, the decision flow is from top to bottom. People in
the commune accept this compromise keeping faith on commune council chief and village
chief. There is verbal agreement between Commune council and GRET regarding providing
of land for the treatment plant, the commune has to ensure the land availability and GRET
will initiate the work and will invest money. If commune fails then, there is every possibilities
that s the project will shift its interest to other province, having similar problem.
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Chapter 4
Valorising Wastewater: The Economic Sustainability
4.1
The expected outputs
Amount of water available per month according to the main seasons
4.1.1

Waste water availability

In the study area, the waste water availability is calculated by measuring the daily flow at the
existing outlet point. But the existing network is not connected to all household and it will not
give the representative sample for the discharge. Hence the average standard method was
followed to calculate the daily flow of waste water. Some studies shows that per average of
water consumption doesn t mean that, all will come as waste, there is 10-20 % utilization by
body itself. But for this study we are ignoring that factors and taking the average standard as
the amount of waste water which will be generated. The summary is in below table.
Wastewater Quantity
Number of Households
520
Nb. of family members per
5.7
household
Per capita water consumption
50
Total Domes. Wastewater
production
148

Total waste water discharge

HH
people
l/person
m3/d

148 m3/d

After treatment, in case of lagoon, 18 days retention time + evaporation and other factors like
Dry months etc

a minimum 5 % loss = 140.6 m3/d

4.1.2 Calculation of the running costs
Below table shows the nature of work and the cost estimation for the operation and
maintenance of the treatment plant.
Table 4. 1: Nature of Operation and maintenance work with cost.
Composante du système
Réseau d égouttage

Action : Opération & Maintenance

regards

curage

canalisations

curage

dégrilleur

nettoyage

déversoir d orage

nettoyage

Fréquence
2 × an
(avant et après saison pluies)

2 × an
(avant et après saison pluies)

2 × an
(avant et après saison pluies)

vérification suite à chaque
épisode d orage

Station de relevage
pompe

vérification du fonctionnement

au quotidien
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compteur électrique
nettoyage des pompes

relevé du compteur
nettoyage

mensuel
4x/an

Station de lagunage
bassins

Curage des bassins

bassins

Ramassage des macrophytes

2 × semaine

Végétaux ramassés (brulage sur place)

1 × semaine

déchets /produits

1 × chaque 2-5 ans

Control au quotidien
Vérifier :
niveau plan d eau
couleur
odeur
débris/mousses
conditions météorologiques
Control hebdomadaire

Mesure qualité des eaux

Vérifier :
niveau plan d eau
vérifier l écoulement (ouvrages de
communication)
Etat des berges
fauche des digues (BM)
contrôle chimique : DBO5, DCO, MES
(test kit)
contrôle chimique : DBO5, DCO, MES
(laboratoire)
contrôle chimique NK,NT, PT
contrôle physique pH, OD, T
contrôle bactériologique Coliformes
fécaux, streptocoques

jour

1 × semaine

1 × 15 jours
trimestriel
trimestriel
trimestriel
semestriel
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Main
d'oeuvre

Cout unitaire Cout Total
$US
$US/an

Type

Besoin

Execution

Frequence

Unite

Superviseur (gerant)

controle du fonctionnement / suivi
du chaier de prescription techniques
pour l' O&M

gestion du systeme

1/4 temps

$US/mois

50

600

Employe permanent
(operation)

entretien du systeme / guardian de
la station

tous travaux d'
entretien

temps complet

$US/mois

50

600

3 fois/an

$US/jour

3

54

$US/jour

0

0

$US/jour

3

3

$US/jour

5

5

$US/jour

10

10

$/heure

0.75

821.25

Curage (manuel) des
canalisations et des
regards

Employe de la station
eviter l'accumulation de depots dans
+ 2 ouvriers externes
les tuyaux / faciliter l'ecoulement
non specialises
Employe de la station

Curage (mecanique) des
bassins de lagunage (BA
et BF)

eviter nuisances olfactives/ eviter
formation depots / eviter conditions
d'anoxie

2 ouvriers externes non
specialises
1 ouvrier semispecialise

1 fois/ an les
pemieres 3
annees et puis a
chaque 2 -3 ans

equipement mecanique
Consommation electrique

fonctionnement pompe : relevage debit de pointe: 18m3/h

horaire

TOTAL O&M

Source : GRET, cambodia

Item
Nos
1.work expenditure
Supervisor
1
Employee 1
1
Employee 2
1
workers
6
2. Operational Expenditure
Electric consumption
1.46
Analyses fee
0
Administration fee
12
other fees (exceptional)
0
0
Total Amount

unit
month
month
month
day
KWH
unite
month

per/unit frequency/year Total amount in $
1752
300
20%
720
60
100%
720
60
40%
240
3
4%
72
1288
0.63
920
40
4%
160
9
108
100
3040

Source: GRET, Cambodia

The total cost per year = 3040 USD, which accounts for 250 $ per month
4.2
Social and institutional questions; the difficulty of collective action in Cambodia
Decision Flow: Is it imposed or taken by people.
Before analysing and describing the decision mechanism, it is important to define the role of
commune councils and its members, and the how the project and developmental proposals are
presented and accepted for implementation.
4.2.1

What is a commune council? And who are the members?

The Commune Council is a body representing the citizens in its Commune, which has a
mission to serve the general interests of its Commune. The Commune Council is elected by
the citizens of its commune in conformity with the procedures as prescribed by the Law on
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Election of Commune Council. The Commune Council will have a 5-year mandate, which
will be expired when a new Council is elected.
The Trapeng sab commune consists of 15 villages (Pun Phnum, Sangkae, Trapeang Tuem,
Smau Khnei, Roka Khpos, A Cheang, Khsach, Lob, Prech, Roleang Kreul, Sdok Prei, Chak,
Daeum Kray, Trapeang Sab, Trakiet, and Ta Su) and the council consists of 11 members. The
members for the council were elected by a general election with voting rights to each citizens
of the commune, to cast their votes in favor of their candidates. The citizens, who are willing
to stand as candidate, must be a resident of any of the 15 villages mentioned above. In general
the candidates were sponsored candidate from the political parties. In the present tenure of the
council, there are eight elected members who are from the ruling political party of the
government and other three members are from other parties.
To increase the effectiveness in the administration of the Commune, each Commune Council
should proceed to recruit one Village Chief for each respective village subordinated to its
Commune. The Village Chief will manage to appoint one Village Deputy-chief and one
member as assistants. These three members will work as a representative of their village to
advocate and facilitate developmental activities for their village in commune council. The
selection of members was done in a general village meeting and the mandate of work is not
fixed. It may carry for years together or it can be changed when a member willingly decline to
work further or in case of death. Overall Trapeng Sab commune has 45 representatives from
15 villages.
4.2.2

Role of commune councils and village chief in terms of Development Projects

The role of commune council is vital in terms of development project. The present situation
says that the people in Trapeng Sab commune are facing the problem of sewage water
disposal and whole of the area (market+ village) is flooded with sewage water, especially in
wet season. There is an existing network but it too old and is not functioning well. Hence
commune needs a good drainage network for the safe disposal of sewage water. GRET
initiated the idea under its programme of water and sanitation, to build a wastewater treatment
plant to collect all the water from commune by putting a new sewage network connecting
maximum numbers of population and then treat it before release. The total system will help
people from the area which comes under the jurisdiction of two village i.e. Smau khnai and
Chork
In general the development plan should be initiated by Village chief and the two members, in
consultation with the villagers. They should conduct a general meeting and discuss a priority
list for their developmental activities. These activities should be written down and should be
submitted to commune councils for consideration. The commune council receives all the
plans from 15 villages and then, all council members decide which one to give more
importance and priority. Again here, the total process is more political rather then a social
need. The members, who are from the winning party, play a vital role in deciding the projects.
In the present commune council maximum members are from the ruling party i.e. eight out of
eleven, hence this waste water treatment plan got the approval as all the eight members agreed
for its implementation.
4.2.3
-

The responsibility and duties of village chief

To implement the duties as assigned to him/her by Commune Council or Commune Chief
to ensure public security and order, and economic and social development in the village.
To provide recommendations to the Commune Council on matters relating to the interests
of his village.
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-

To raise recommendations to the Commune Council or Commune Chief to manage and
coordinate works in his village.

4.2.4

Why this project needs the approval of commune council?

Commune council get funds every year from the government (Ministry of interior) for the
developmental activities. These funds are used for the implementation of project, as per the
selection of plan and priority by the council members. The project gets funds support, may be
partial or full to utilize for the approved project in the villages. In Trapengsab commune, the
same procedure is followed as mentioned above. The last year fund was about 12000 $ and
this year it is 12750 $. As described above, GRET has a limited budget to build the treatment
plant which is around 80,000 $. It was estimated that in total 120,000 $ excluding the land
price will require to complete the treatment plant with new network connecting 120
household. The deficit of 40,000 excluding land cost is required. Hence it was targeted to
approach commune council to divert some of its fund in completion of the project. Commune
council agreed to the proposal and agreed to invest 12,000 $. The interest of commune
council is to help the people suffering for sewage water disposal. The other targets were
district, province and users (Table 4.2)
Table 4. 2 Monetary contribution of stakeholders in treatment plant.
Participants
Commune of T.Sab
Province of Takeo
District of Bati
Users
Private operator
GRET- PACEPAC
Others

contribution $ US
12000
5000
5000
18000
1000
82960
30000

cost total
Percentage
7.79
3.25
3.25
153960
11.69
0.65
53.88
19.49

Source: GRET, Cambodia

The power of village chief is also very high in terms of deciding the donor s project supported
from outside. The village chief can implement the plan without asking for any approval from
commune council if there is a full financial support from donor. In the case of treatment plant
this can also happen but, due to high investment cost, partnership from commune, province,
district and users is required. This approach is more concrete in terms of transparency and
participation.
In present situation commune council is in charge of all the activities of implementing the
treatment plant. The schematic diagram is presented in figure 9 stating the responsibilities of
Trapeng Sab commune in the wastewater treatment project.
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Select Option
(scenario 1-3) as
proposed by GRET

Analyze technical
and financial option

Commune Council
(CC)
Trapeng Sab

Operates/mange
system or delegate
to Private sector

Participates on
money investments

Participates for
operation and
Maintenance

Inform population

Figure 9: Responsibilities of commune council in wastewater treatment Project.

4.3
Agro-economic questions: which land use and which cropping systems can at best
valorise the water
The agro economic question, that which land use and cropping system can at best valorise the
water. Before analyzing this question if we analyze and focus to the present land use pattern,
then Trapeng Sab commune mainly developed in a confluence point of major national
highway, which passes through this region and continues to the city of Takeo. Hence the
major activity developed is in the market area, which is also surrounded by residential houses.
The agricultural fields are far from the market areas. In general the topography is plain,
without so much of natural vegetation, very few trees are seen, which are mostly orchard
trees. If we consider the particular case of valorizing the treated wastewater in agriculture,
then we have to consider the major crops grown in that area. In brief there is paddy grown in
wet season and very few in spring season. In summer season, vegetables are seen, like
pumpkin, long bean, Long gourd. The other vegetables like salads are morning glory and
Chinese cabbage, these crops grows for whole season, provided if there is enough water. So
considering the fact that there will be enough water in future, hence all these crops can be
grown. But the big questions gain comes of the water quality, and a good quality is always
required for salad crops.
4.4

The current farming conditions

To understand how and why farmers use the land as they practise, and to identify what they
could do with wastewater we need to characterize their environment.
4.4.1

Topography

The topography is formed from the old alluvial terraces, these landforms, which occur in all
rice-growing provinces of Cambodia are former river, lake, or marine floodplains that are now
above the level of regular flooding. The soils are derived from alluvial material carried in the
waters of the old rivers that once flooded these areas. Now the soils are flooded principally by
rainwater only. The topography is variable, from the Bassac River floodplains to the east,
through a broad belt of lowland paddy fields occupying much of the province, to smaller areas
of lowland/ upland mosaic on parts of the Western and Southern borders. Takeo is classified
as a rural province.
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4.4.2

Pedology

The area is mostly covered by Prateah lang soil, a soil occurring on the old alluvial terraces
or the colluvial-alluvial plains, which has sandy topsoil less than 40 cm deep over subsoil,
which has a loamy or clayey texture.
Occurrence
This soil makes up a substantial part of the old alluvial terraces and some of the colluvialalluvial fans and piedmont plains. This group occurs on anthraquic pluvial and anthraquic
phreatic rice lands. The Prateah Lang group does not occur on fluxial rice lands, although in
years of exceptionally high floods, floodwaters may reach these lands for short periods. This
soil type is very common and is estimated to occupy about 25 to 30% of the rice-growing
area. Where it has not been used for rice production, the soil supports grassland or low-grade
tropical forest.
General description
A prominent feature of this soil group is the sandy textured surface soil overlying loamy or
clayey textured subsoil. The surface layer, in which sand grains can be distinctly felt, is
overlying a more compact subsoil of heavier texture in which the sand grains cannot be as
easily distinguished. The topsoil, which is structure less, is firm or hard when dry. The small
amount of clay in the topsoil is highly dispersed and generally leaves a very thin layer of
clayey material coating the surface of the soil when the standing water evaporates. The color
of the soil ranges from very pale brown or gray (which appears almost white in some cases) to
lighter shades of brown or gray In some cases, the soil surface may have a pinkish tinge
occurring within the top 15 to 20 cm. The subsoil shows clay accumulation together with red
and yellowish orange mottles. In many cases, it is dominated by plinthite, which is shown by
characteristic red streaking when struck with a spade. The plough pan and the clayey subsoil
also. The effective rooting depth is often restricted by a firm to extremely hard plough pan
restricts internal drainage. Ironstone gravel can occur in the whole profile and in some cases
large ironstone boulders or hardpans can outcrop the surface. In most cases, however, gravel
is mostly scattered in the subsoil.
The Prateah Lang group has developed from previously weathered alluvium deposited by
rivers and/or colluvium derived mostly from sandstone and clay shale. The alluvium was
deposited on ancient river, lake, or marine floodplains, the hydrology of which changed,
leaving the soils above the level of natural flooding by rivers or streams. The colluvium, often
mixed with the alluvial material, was washed down from the surrounding hills and mountains.
The soils were subsequently weathered and leached by rainwater with clay movement down
the profile giving the characteristic sandy surface over clayey or loamy subsoil.
Division in phases
Three phases of Prateah Lang soil have been defined based on characteristics of the subsoil
that affect root penetration and water drainage.
Shallow phase. The depth of the topsoil is 20 cm or less and the texture of the subsoil is
Clayey or a very hard layer occurs within 20 cm of the surface. The compacted layer is a
plough pan or a consolidated ironstone pan. Drainage and root penetration through the profile
are restricted by the clayey subsoil or the compacted layer.
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Clayey subsoil depth. The depth of the topsoil is between 20 to 40 cm deep, a very hard layer
is not present within the top 20 cm of the profile and the texture of the subsoil clayey. There is
usually a sharp boundary between the sandy topsoil and the clayey subsoil. Drainage through
the profile is restricted by the clayey subsoil.
Loamy subsoil phase. The subsoil has a loamy texture and a very hard layer is not present
within 20 cm of the surface. The sandy topsoil tends to grade into the loamy subsoil. The
contrast between the sandy topsoil and loamy subsoil is not distinct at the boundary but a
distinct difference occurs between the middle of each layer. Water tends to infiltrate more
rapidly through the subsoil of this phase than through the subsoil of the shallow or clayey
subsoil phase.
4.4.3

Climate

The study area is just 40 km away from the capital city, hence it has the same climatic
features as of Phnom Penh. The average temperature, rainfall, and humidity for the area from
1996 to 2003 were obtained from Pochentong Weather Station. The graphical presentation in
the figures used these two years (1996 & 2003) data to see the difference of variance within 8
years. The climate is like that of the rest of Southeast Asia--is dominated by the monsoons,
which are known as tropical wet and dry because of the distinctly marked seasonal
differences. The monsoonal airflows are caused by annual alternating high pressure and low
pressure over the Central Asian landmass. In summer, moisture-laden air--the southwest
monsoon--is drawn landward from the Indian Ocean. The flow is reversed during the winter,
and the northeast monsoon sends back dry air. The southwest monsoon brings the rainy
season which starts falling in April with little intensity, and increases in the following months
(Table 4.3). Its maximum is generally reached in September and October. Rainfall declines
from late November to March. It is the monsoon wind blowing down from the South-West
which brings rain shower to Cambodian territory every year. On an average the rainfall is
1500 mm per year. (Figure: 11)
The temperatures follow a similar trend like the rainfall. The temperature starts increasing at
the same time than the rainfall. It gets cooler from late November to February, during which it
o
o
decreases from 26-28 C to about 25 C. From March to early May, in the dry season, the
o
temperature increases and reaches around 31 C. It goes down again when the rain comes in
late May. For the whole year, humidity ranges from 70% to 80% on average. The dry season
lasts from November to April, with water shortages starting in February which constrains
growing until May. (Figure: 10)
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Figure 10: Comparison of Average Monthly temperatures (1996 and 2003)
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Figure 12: Comparison of Average Monthly Humidity (1996 and 2003)
Table 4. 3: Average Temperature, Rainfall, and Humidity (Temperature in degree Celsius,
Rainfall in mm, humidity in percentage)
Year

Description

Jan

Feb

March

April

May

June

1996

Temperature

25.3

26.8

29

29.9

29.6

29.3

28.8

28.7

28.1

29.4

28.3

25.3

Rainfall

14.9

N/A

5.2

103.6

173.4

151.8

99.6

150.3

343.3

213.3

345.8

15

72

67

66

75

79

79

90

90

90

89

82

72

Temperature

25.7

27.8

29

30.1

30.4

30.2

28.5

28.7

28.3

28

27.8

25.1

Rainfall

N/A

26

7.4

19.2

108.6

157.9

212.9

98.1

340.1

337.1

94.6

6

73

74

73

73

84

73

80

81

84

84

80

73

28.1

29.3

31

31.4

29.6

29.2

29

28.6

28.2

28

27.1

26.3

Humidity
1997

Humidity
1998

Temperature

July

Aug

Sept

Oct

Nov
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Dec

Rainfall

N/A

N/A

74.2

25.2

225.9

217.2

180

247.6

219.4

269.7

25.1

75

74

69

71

72

77

80

83

82

79

73

69

Temperature

26.6

27.6

30.2

29.5

29.1

28.6

28.4

28.4

28.5

27.6

26.9

26.3

Rainfall

40.1

23.3

2.7
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35.8

26.7

68.7

21.5

130

93.8

128.2

60.3

79

75

76

82

81

80

81

81

84

87

84

77

Temperature

27.2

27.7

29.2

29.7

29.7

28.8

28.2

28.4

28.7

27

26.7

27.4

Rainfall

26.5

8.3
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190.8

206

240.3

234.4

147.3

124.7

442.5

124.7

301.1

79

74

77

82

84

83

82

84

88

82

78

78

Temperature

27.1

27.6

28.8

30.5

30.1

29.1

29.1

28.3

28.2

27.6

25.5

26.5

Rainfall

74.4

0

171.1

55.5

104.7

139.2

110.6

245.8

254

410.3

40.5

9.2

73

75

80

76

80

80

80

82

85

86

76

73

Temperature

26.5

27.7

29.7

30.7

30.7

30.1

30.1

28.4

28.5

28.1

27.5

27.5

Rainfall

N/A

N/A

0.4

20.3

80.2

144.7

98.9

178.9

236.1

302.3

165.8

58.2

73

73

70

72

75

76

73

82

82

83

81

82

Temperature

25.9

28.1

29.9

30.8

30

30

28.5

29.1

28.7

28

27.8

25.7

Rainfall

N/A

0.4

54.3

46.4

180.8

188

288.3

115.1

302

193.3

42.8

13.4

74

71

69

71

78

77

83

80

83

84

76

72

Humidity
1999

Humidity
2000

Humidity
2001

Humidity
2002

Humidity
2003

Humidity

N/A

Source: Em Huy (MAFF) and Paule Moustier (CIRAD), November-2005

4.5
Cropping season (water availability)
In the study area, paddy cropping mostly starts in the early wet season in June and ends in the
early dry season in late November. (Figure: 13)
Figure 13: Wet and dry season
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Source: Rainfall data for 2003

The early wet season is the suitable season for cultivating crops because there is sometimes
sufficient water. The cropping can starts again in the early dry season from late November or
December when irrigation is available; it then finishes by March. During this season, crops
grow well and produce full yields when sufficient water is available. It is indicated that the
suitable seasons for cropping in the area is in the wet season from May/June to
August/September for rice and in the dry season from November/December to end to
March/April for vegetables.
4.6

Landscape Arrangement

The crop succession, all along seasons, is visible in the fields. Hence there two main seasons
during which the arrangements are quite different: one during the rainy season and one is
during the dry season.
In TS the arrangement of landscape is quite simple (Figure: 14). There is a general slope from
the main market towards the agricultural fields. The upland is mostly covered with
homesteads and the waste water canal passes along that. The cropping fields are divided into
upland and lowland. The upland is mostly irrigated during the rainy season and the lowland, a
flood plain, is inundated by the monsoon. Again the landscape is bit raised like a valley plain
and some homestead land is mainly dominated. There is another canal also near to this which
is mostly dry, only it gets water in rainy season.
During wet seasons (Figure: 14) there is paddy in every field. This paddy depends upon the
variety also, some are long duration varieties, specially cultivated in the lowlands where they
are transplanted the first and harvested the last, and some are of a shorter duration, specially
in the uplands where inundation occurs later and stops earlier.
The period between the wet season and the dry season is a transition type of period. When
water for supplementary irrigation is available, a pre-season crop of paddy can be taken in
lowland, with a short duration variety. Some short cycle vegetables can also be grown like
long bean and morning glory. During the dry season (Figure: 14) there is no crop in upland
and also in lowland. The field is covered with crop residues, some field are ploughed, or else
it is just kept as fallow. There is only few vegetable grown in home gardens and near to the
wastewater canal. These vegetables are mostly, long beans, Pumpkin and morning glory.
Waste water also serves to irrigate banana and mango orchards, which are mostly close to
homestead land.

53

Figure 14: Landscape Arrangement
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4.7

Presentation of the main land uses at the different seasons

4.7.1

Cropping Systems

A Cropping System is a succession of crops and the techniques applied to them. The analysis
of cropping System can be done at different levels: at field, plot level or a group of plots,
which are cultivated in the same way. A Cropping System is characterized by homogeneity in
the crop management in a group of plots: same crop associations, same crop succession, and
same cultivation practices. cropping system can be define by different inputs, the amounts of
labour, crop varieties, tools, practices and their different interactions.
4.7.2

Diversity of cropping system.

To start with, first different cropping system will be defined according to crop associations
and successions. Then different practices of farmers, according to the crop, will be discussed
In Trapeang Sab, we can observe two main Cropping Systems. (Figure: 15)
Figure 15 : Cropping system
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In system 1. Farmer usually cultivate wet season paddy (rainfed) from the month of May to
November, and after that, if the field condition are favourable then Dry season paddy with
supplementary irrigation from December to march.
In system 2. Farmers practice same wet season paddy (rainfed) and after that Chamcar crops
(vegetables) in small plots as kitchen garden. These vegetables are mostly irrigated from
wastewater sources.
During the dry season, the farmer has three choices:
To grow paddy, with irrigation.
To grow some vegetable crops (Chamcar crops): long bean, Pumpkin, and cucumber,
also with irrigation
To let the land to be fallow.
Morning glory is grown by some farmers and this is a crop which is grown through out the
season and that too near to waste water canal. The orchards, like mango and banana are also
irrigated through waste water near to homestead.
Cropping calendar is a useful tool that can provide quick and cursory information about
cropping practices and crop production cycle in a given farming community. The calendar
demonstrates (figure: 16) the pattern of wet season paddy production in the rainy season. The
production time starts in early May and concluded in November.
There are very less instances of paddy as a second crop in the region in between the wet and
dry period.
55

Dry season paddy is initiated in December and terminated in March.
The planting of cucumber can be taken three times in a season, it starts from mid June and it
continues until August, this time is good for the plant, as there is sufficient water available.
Again farmers sow in 2nd week of December and then continue until January last week. The
third succession starts in last week of Feb. and continues until April first week. In the dry
season, cucumber needs irrigation, and in TS this irrigation is mainly fulfilled from
wastewater source.
The growing season of Long beans and Pumpkin is mostly the same. They both have two
successions in a yearly calendar. Long beans are grown from first week of June and continue
until 1st week of August. The second succession starts early November and continues until
mid February. Pumpkins are planted in mid march and continue until mid June, the next
succession starts in December and continues until 3rd week of February.
Some vegetables like morning glory can be grown all the year long, and do not have any
specific cropping period. The harvest (every 10 days) depends on the growth of the plant.
Figure 16: Cropping calendar (wet and dry season)
Crops
Jan Feb Mar Apr May Jun Jul Aug
Sep Oct Nov Dec
3rd
Rice (wet season)
2nd
1st
Rice (dry season)
3rd
th
3rd
2nd
4th 4
Cucumber
1st
1st
st
st
1
1
Long Beans
2nd
1st
rd
nd
3
2
Pumpkin
3rd
Morning Glory
Source: Household survey 2008

With these cropping calendars, it is likely that farmers might be involved in crop enterprises
all year round. But in reality only few of them are engaged in double cropping annually.
The results from socio-economic surveys reflect that there are about 17 farmers in that area
who practise agriculture. Out of these 17 farmers, only 4 farmers are interested in dry season
vegetable cultivation. Other farmers solely practise mono cropping of wet season paddy, and
rest of the year they are busy in secondary activities, like selling goods in market, shops etc.
Therefore, most lands are purely under sole paddy crop and the areas under double cropping
are very few, ranging from 0.1 to 0.4 ha. Below is the presentation of a case study of one
farmer, who cultivates both wet and dry season farming.
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Box No 1: Case study Mr. ly loung
Mr ly loung is a progressive farmer, age 48 and lives in the village of Smauknahei. His family
consist of his wife, one daughter and one son. The son is married and stays with his wife and
children in Phnom Penh. The daughter is also married and she lives in Kandal provinces. His
house is just near to the wastewater outlet point of the existing network system. He has two
ponds which receives wastewater from the outlet point and also from seepage. In total he has
0.95 hect of land adjacent to his house. He doesn t have any other source of income, he
sustain his livelihood on agriculture only. Last year he practised wet season Paddy (0.70 ha),
Morning glory, through out the season (0.10 ha), long bean (0.05 ha) and cucumber (0.10 ha
.)in dry season. The total productions of his crops are paddy 1.08 tonne, morning glory 4
tonne, long bean 3.8 Qtl and cucumber 7.04 Qtl. The expenditure were less, as he used to
irrigate all his crops from the wastewater, hence he doesn t apply more fertilisers. For paddy
it was 105 $, morning glory 20 $, long bean, 25$ and cucumber 38$. In total his net farm
income was 84 $ (paddy), 380 $(morning glory), 184$(long bean) and 155 $ from cucumber.
In his view the vegetable crops are profitable, and in dry season they have a good marketable
value. he himself and his wife both work in the field, and sometimes they take the help of his
relatives for harvesting and other works.. He used to irrigate the crops from his pond through
traditional way of lifting by hand driven system, and he is planning to purchase a motor pump
for next year. In his perception, morning glory gives him highest income and the money
comes as a running income throughout the season, and it doesn t need much labour input, but
for other vegetables crops he has to take care a lot. He is happy with his present livelihood
system. But he doesn t know what will happen after the Treatment plant is built, whether he
will get the wastewater freely or not.

4.7.3

Wet season rice production (low-land and upland Rainfed rice)

As in other rustic areas of the country, rice is the main culture in the study area. Cropping
pattern was always built around this culture. Wet season rice was planted in whole area, and
dry season paddy was only cropped near to wastewater canal, where water is available for
irrigation.
Many rice varieties are planted in this site. For wet season paddy only local/traditional
varieties are planted. Most of these varieties are late and photo-sensitive cultivars having long
period of production, which ranges from 5-6 months. Following are the names of wet season
paddy varieties grown in the area: Kung Skor, Angkul, Phcar Tien, Ort Chhmuoh, Tong
Mlou, Chhmar Prum, Krachork Chap, Neang minh, Phcar sla, Kung Phlook and Tanung.
Wet season rice, practically is transplanted crop. Seed bed is always prepared at the onset of
rainy season in late April or early May. Land preparation for transplanting follows 30-45 days
after seeding and mainly when seedlings are well established for transplanting. Ploughing are
repeated many times in land preparation for transplanting. Whilst levelling is practised by
most farmers as due to the loose structure of sandy soil. Since seedling period take long time,
transplanting could be operational mostly in June or sometimes July, which marked
harvesting delay and it is often commenced in November or December. The level of yield
generally goes up to 2.63 tons/ ha and the amount of labour man days varies from 130-150.
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4.7.4

Dry season Rice Production (with supplementary irrigation)

For dry season rice tilling starts in December and some other commence as early as January
and as late as early march. Usually used varieties for dry season paddy are IR-lines. The
widely used cultivars are IR-36, IR-66 and IR-75. Formerly planting method of dry season
rice was also planting, but it was changed to broadcasting. The grain yield of this crop is
much higher than wet season rice. The level of yield generally goes up to 4.21 tons/ ha and
the amount of labour man days varies from 190-210.
4.7.5

Chamcar Crops (vegetable crops)

Aside from rice culture, four other crops, cucumber, Long beans, Pumpkin and Morning
Glory were also grown. They were locally called chamcar crops. Chamcar crops are the ones
that do not stand in water, as lowland inundated paddy does. Chamcar crops are planted
almost on land that a little more elevated than rice field in topographical condition. These
crops are planted partly for family consumption, but more generally they are mostly for sale.
Most farmers who are involved in the production of chamcar crops start cultivating these
crops within the slack period of the wet season, especially, before or after peak period of
labour requirement for wet season rice crop. The cropping periods of most of the crops are
nearly same, within 45 days or 60 days fruiting. (Except for the morning glory, which is
harvested every 10 days interval, and this crop is practised whole of the year).
4.7.6

Zoning of the area subject to irrigation with wastewater

There is a different crop distribution according to the water availability. This has been shown
in the figure 17. The figure illustrates the zoning of the area which could be irrigated with
waste water. The slope of the area is from north to south. The total area can be divided into
three zones, according to the main crops and the location of homestead lands.
The Northern area (Zone 1): This corresponds to the area which is close to the main
market and which is dominated by homestead lands (Shops, houses etc), orchards and
home gardens. This zone is an upland area and two water canals starts from this zone, one
is the wastewater, which is connected from the market and flows passing through the
houses and continues until central zone. The other canal which is an irrigation canal
passes in the north eastern side of the area the canal doesn t have nay irrigation water
supply, but it gets water in rainy season, and that water is available until January. The
village road starts from this zone and continues to other villages. The zone has orchards
and home garden which are dominated with mango, banana and coconut trees. In the
home gardens, mainly vegetable crops are practised with waste water. The same land use
and practise is also found in eastern part of this area, hence it is also under zone 1.
The central Area (Zone 2): The central zone is the main agricultural area where paddy is
mostly practised during the rainy season. This zone is well connected with the other
irrigation canal, and in wet season this area gets maximum water, due to low lying. The
water canal gets most of the water in wet season and that water is available until January.
Farmer grow paddy in this zone, the main system are low land rainfed rice and dry season
rice with supplementary irrigation. The proposed waste water treatment plant is planned to
be constructed in this zone, and the treated wastewater will be connected and released to
the irrigation canal for more agricultural crops in dry season. The same pattern of landuse
and practise is done in south also, hence that is also considered in zone 2.
The last area (Zone 3): This is the zone which is placed parallel to the central zone, as it
is passed by the waste water canal and also in the eastern side with the second irrigation
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canal. This area is mostly dominated by vegetable crops in the dry season. Near to waste
water canal, morning glory is the main crop which is grown whole of the year, along with
Long beans, Pumpkin. In the eastern side, the area is cultivated with Pumpkin and
cucumber in dry season. The irrigation is done from the canal, which has sufficient water
to raise small parcel of vegetables.
As mentioned previously also, the area is a fast growing peri urban center, hence the interest
of agriculture is low among people. Most of the land is sold for construction of houses and
other commercial establishment, and very little land is available which is under practise of
agriculture. Most of the people have there main occupation as traders or market dwellers,
people prefer to search for commercial activities rather than cultivation. Agriculture is only
done to get the main food for the sustenance; hence most of the people practise mono
cropping.
Figure 17 : Zoining of Trapeng Sab commune

4.8

Economic calculations regarding the results currently obtained

4.8.1

Economic efficiency of the different land uses

The economic efficiency of the cropping system will be discussed, as the cropping system is
mostly the wet season paddy and very few dry season paddies. The vegetable production is at
home garden level, hence economic efficiency at the level of garden system will be discussed.
There are different indicators, to evaluate the economic efficiency of the different system. The
focus will be on the net farm income of two Cropping System, evaluating the economic
efficiency to land and to labour.
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4.8.2

Cropping systems economic efficiency

Cultivation costs
To understand the farmers choice concerning the crop production, the Cultivation Costs (CC)
is the vital factor. These Cultivation Costs mainly consist in fertilisers, land preparation and
irrigation costs. In Trapeang sab commune, farmers plough the land with animal traction In
other way it can be analysed as gross value Added (The net value added is difficult to
estimate due to uncertainty of estimation of depreciation cost of equipments because smallscale farmers use their equipments for different purposes) Each Cropping System CC is
presented below.
Table 4. 4: Cropping systems economic results (Wet season paddy)

1. crops
Rice (wet
season)
Total

Area
1 ha
1 ha

Total
Production(year) Price/kg (Riel)
USD $
750
2630
1972500
493.125
R/kg
2630
1972500 493.125

total
2. Cultivation costs
Per ha/Kg
Price
(Riel)
USD $
Seed
107
1000
107000
26.75
Fertilizer (urea)
84.6
2800
236880
59.22
16-20-0
55.6
2800
155680
38.92
Fuel
0
0
0
0
Total
392560
124.89
3. Total fixed cost
Machinery deprecation
0
0
Maintenance cost
0
0
0
0
Total
4.Total Cost, TC = 2 +3
124.89
5. Net Farm income (NFI) = 1-4
368.235
Family Labour mandys
135
Source: Household survey 2008
Note: 4000 riel = 1 USD $

The wet season paddy is widely practiced in the area; the paddy is mainly rainfed upland rice
and rainfed lowland rice. The crop statistics (table 4.4) depicts the gross income from 1 ha of
cultivation, which is 490 USD. The input cost excluding the labour cost is 125 USD. Hence
the net farm income is 368$/ha. This income is not sufficient for yearly maintenance of
expenditure for livelihood support, but it gives a security for self consumption.
Table 4. 5: Cropping systems economic results (Dry season paddy)

1. Crops
Rice (dry
season)
Total

Area

Production
(year)

1 ha
1 ha

4210
4210

2. Cultivation costs
Seed

Total
Price/kg (Riel)
780
3283800
R/kg
3283800

Per ha/kg
135.5

USD $
820.95
820.95

Price
total (Riel) USD $
1000
135500
33.875
60

Fertilizer (urea)
16-20-0
Fuel
Total
3. Total fixed cost
machinery deprecation
Maintenance cost
Total
4.Total Cost, TC = 2 +3
5. Net Farm income (NFI) = 1-4
Family labour man days
Labour productivity ($/d)

207
62
18 lit

2800
2800
5000

579600
173600
90000
873200

0
0
0

144.9
43.4
22.5
252.175
0
0
0
252.175
568.775
198
2,86

Source: Household survey 2008

The Dry season paddy is very little cultivated. One can find it in lowland, where the soil
moisture is ample to get a short variety crop. This crop needs some supplementary irrigation
in growing period. The crop statistics (table 4.5) depicts the gross income from 1 ha of
cultivation, which is 820 USD. The input cost excluding the labour cost is 250 USD. Hence
the net farm income is 570 USD/ha. This income is quite good as the farm gate price of this
paddy is also higher in market. But farmers in this zone are not interested for the second crop
as it needs more input cost and also more labour mandays. There is no certainty of getting
supplementary irrigation, hence farmers doesn t want to take risk.
Figure 18, present the comparative status of Income and expenditure of wet and dry season
paddy, which is clear that the dry season paddy is more profitable in terms of Net income, but
it also needs more expenditure.
Figure 18: Comparison of Income and expenditure in wet and dry season Paddy

value in USD
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Table 4. 6: Cropping systems economic results (Chamcar crop, Cucumber)

1. Crops
Cucumber
Total

Area
1 ha
1 ha

2. Input Cost
Seed

Production
Total
(year)
Price/Kg
(Riel)
USD $
7046
1100 7750600
1937.65
7046
1100 7750600
1937.65
total
Per ha/kg Price/kg
(Riel)
12.1
6500
78650

USD $
19.6625
61

Fertilizer (urea)
253
16-20-0
128
Fuel
7 lit
Total
3. Total fixed cost
Machinery deprecation
0
Maintenance cost
0
Total
0
4.Total Cost, TC = 2 +3
5. Net Farm income (NFI) = 1-4
Family labour man days
Labour productivity ($/d)

2800
2800
5000

708400
358400
35000
392560

177.1
89.6
8.75
295.1125
0
0
0
295.1125
1642.538
90
18

Source: Household survey 2008

The chamckar crops or vegetables are very less grown in terms of area coverage, as these are
mainly practised near to waste water canal and near to homestead lands as home gardens. The
crop statistics (table 4.6) depicts the gross income of cucumber from 1 ha of cultivation,
which is 1940 USD. The input cost excluding the labour cost is 295 USD. Hence the net farm
income is 1640 USD/ha. This income is quite good in terms of investment. But the limiting
factor for farmers is that they don t have sufficient land and irrigation facilities, hence they
are limited to grow dry season rice near to water canals only.
Table 4. 7: Cropping systems economic results (Chamcar crop, Pumpkin)
1. Crops Area
Pumpkin 1 ha
Total
1 ha

Production(year) Price/kg Total (Riel)
USD $
7750
900
6975000 1743.75
7750
900
6975000 1743.75

2. Inputs
Per ha/kg
Price/kg Total (Riel)
USD $
Seed
8.8
7000
61600
15.4
Fertilizer (urea)
65
2800
182000
45.5
16-20-0
96
2800
268800
67.2
Fuel
7 lit
5000
35000
8.75
Total
392560
136.85
3. Total fixed cost
Machinery deprecation
0
0
Maintenance cost
0
0
Total
0
0
4.Total Cost, TC = 2 +3
136.85
5. Net Farm income (NFI) = 1-4
1606.9
Family labour mandays
65
Labour productivity ($/d)
8,08
Source: Household survey 2008

In continuation to above paragraph, the other vegetables which farmers grow in their home
gardens are Pumpkin. The data (table 4.7) depict the gross income of pumpkin which is 1740
USD. The input cost excluding the labour cost is 137 USD. Hence the net farm income is
1600 USD/ha. This income is quite good in terms of investment. But as mentioned previously
the limiting factor for farmers is that they don t have sufficient land and irrigation facilities.
They rather prefer the big plots for rice in wet period.
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Table 4. 8: Farm system statistics (Chamcar crop, Morning Glory)

1. Crops
Morning
Glory
Total

Area
1 ha
1 ha

Production
(year)
50000
50000

Price/kg

Total
(Riel)

500 25000000
500 25000000

USD $
6250
6250

2. Input cost
Per ha/kg
Price/kg Total (Riel) USD $
Seed
32
700
22400
5.6
Fertilizer (urea)
20
2800
56000
14
16-20-0
25
2800
70000
17.5
Fuel
7 lit
5000
35000
8.75
Total
392560
45.85
3. Total fixed cost
Machinery deprecation
0
0
Maintenance cost
0
0
Total
0
0
4.Total Cost, TC = 2 +3
45.85
5. Net Farm income (NFI) = 1-4
6204.15
Family labour mandays
104
Labour productivity ($/d)
59.65
Source: Household survey 2008

The economic data (table 4.8) depict the gross income of morning glory which is 6250 USD.
The input cost excluding the labour cost is 45.85 USD. Hence the net farm income is 6204.15
USD/ha. This is the highest income in terms of investment. But the crop needs all time
flooded water in the field, and it is best practised with wastewater. This crop can be grown
whole of the year and harvesting can be done very 10 days. Farmers having plots near to
wastewater canal uses for this crop mainly. And the market is quite good in terms of selling
this crop.
Table 4. 9: Cropping systems economic results (Chamcar crop, Long bean)
Production
Total
(year)
1. Crops
Area
Price/kg (Riel)
USD $
Cucumber 1 ha
8300
2500 20750000
5187.5
Total
1 ha
8300
2500 20750000
5187.5
2. Input cost
Per ha/kg
Price/kg total (Riel)
USD $
Seed
9
6800
61200
15.3
Fertilizer (urea)
72
2800
201600
50.4
16-20-0
63
2800
176400
44.1
Fuel
18 lit
5000
90000
22.5
Total
392560
132.3
3. Total fixed cost
Machinery deprecation
0
0
Maintenance cost
0
0
Total
0
0
4.Total Cost, TC = 2 +3
132.3
5. Net Farm income (NFI) = 1-4
5055.2
Family labour mandays
65
Labour productivity ($/d)
78
63

The statistics (table 4.9) depicts the gross income of long bean which is 5190 USD. The input
cost excluding the labour cost is 130 USD. Hence the net farm income is 5060 USD/ha. The
return in terms of investment is quite good. The crop has a good market value also, hence this
can is a profitable crop for farmers in all season.
4.8.3

Comparison of Net farm Income between crops

Vegetable production over the years has been highly seasonal with discontinuity of supply. In
the early rainy season (May-July), growers use local varieties and traditional planting
methods which do not extensively use purchased inputs. During the late rainy season (Augustmid- October), due to the heavy rains, there are no commercial vegetable growers; only water
convolvulus, cucumber ,yard- long bean, and other indigenous species, such as components of
the subsistence gardening pattern, are sold on the local markets. During this time, all
vegetables are sold in cities at more than double the price at the dry season.
Temperature, rainfall, soil, and irrigation strongly influence Cambodian traditional planting
methods and determine which vegetables will be grown. Table 4.10 depicts the comparison of
all the crops considering the factor of gross income and expenditure (excluding labour and
others). The Net farm income will is shown with corresponding B/C (Benefit/Cost) ratio.
Table 4. 10: Comparison of different crops in terms of Net farm Income

Crops
Gross income Expenditures Net farm Income B/C ratio
Wet season paddy
493.12
124.89
368.23
3.95
Dry season paddy
820.95
252.17
568.78
3.26
Cucumber
1937.65
295.11
1642.54
6.57
Pumpkin
1743.75
136.85
1606.90
12.74
Morning glory
6250.0
45.85
6204.15
136.31
long bean
5187.5
132.3
5055.20
39.21
Figures are in USD $

Analysing the figures presented in above tables, the B/C ratio of wet season paddy is 3.95,
which is good in terms of investment and it is stable for farm income. Also, paddy is the real
staple crop for all families and it is the basis for every rural family food security. Therefore,
all households are quite interested in planting it. Wet season paddy is widely practised in the
region.
But B/C ratio of dry season paddy, which is 3.26, is a little lower. This lower ratio is due to
higher expenditures and labour. Not all families have interest in cultivating it. Hence farmer
hardly goes for the second crop as dry season paddy.
The comparison between the Chamcar crops, especially vegetables in the dry season, has by
far the highest B/C ratio of 136.31 is of morning glory, followed by long bean and pumpkin.
The morning glory crop is very profitable, and can be grown all along the year. But it needs
lot of water. The field needs standing water always. The crop can be harvested every 10 days
of interval. The other crop which is more profitable is the long beans, as the soil and
topography is very suitable for its growth and farmers can get good profit out of it. Growing
of pumpkin are at the same level of returns, while it needs a little more inputs. Therefore if a
farmer gets plenty of water then he would prefer to grow morning glory as a first priority
followed by long beans and pumpkin.
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4.9

Alternative options with treated waste water

4.9.1

Identification of alternative options with treated wastewater

As per the survey results, the potential uses of treated wastewater will be
In agriculture (irrigation in dry period)
For small kitchen garden
For car or moto washing
Construction (Quarrying)
4.9.2

Use in Agriculture

Before analyzing the cost and benefit ratio, it is important to find that how much treated water
will be available in dry season. To ascertain this we need to calculate the crop water
requirement for both the crops. The water requirement varies according to crop and season. In
dry season the water requirement are higher compared to wet season. In the study area the
agricultural practice is divided into two main group of crops
Inundated crops: Paddy and Morning Glory (there is also percolation for morning
glory)
Chamcar crops (vegetables)
Crop water requirement for Paddy
ETo x Kc + P + LP

Where, ETo -Potential or reference evapo-transpiration in mm/d. (which includes
temperature, dew point temperature (relative humidity), wind speed, and solar
radiation.)
Kc -Crop coefficient (dimensionless)
P - Percolation in mm/d (this factor was taken as, the field is always flooded,
hence, there is always loss in percolation.)
LP -Land preparation in mm/d (land preparation factor was taken because, paddy
crop needs huge amount of water during the land preparation, and the field needs
to be flooded for the transplantation/broadcasting)
For Non Paddy crops, mostly vegetables

ETo x Kc

For non-paddy crops, percolation is assumed to be minor and neglect able and the land
preparation doesn t need water, as the soil moisture available is sufficient to make ditches for
sowing of seeds.
To calculate the crop water requirement, Kc factor has been taken from the FAO crop
coefficient reference table (for paddy and non paddy crops). References for morning glory :
has been assumed to be the same as of wetland grass, because morning glory also need
flooded water in the field for its growth, hence the water requirement is more or less same as
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wetland grass. To calculate ETo, P, LP reference has been taken from a similar work done in
Cambodia, Komping pouy scheme, 2006. The reference used for calculation of crop water
requirement in TS resembles the same climatic condition, as the scheme is near to Phnom
Penh and the soils and texture are mostly same as that of TS. This reference was also taken
due to lack of climatic data available for that area.
So for paddy
P = 3.62 mm/d
LP 5.60 mm/d (30 days)
ETo -4.76 mm/d
Kc 1.14 (for Paddy), 0.75 (for vegetables)
So according to formula = 4.76 1.14 3.62 5.60 14.64 mm/d or 14.64 lit/sq meter
1 ha = 10,000 sq meter, hence it needs 146,400 liters/d or 146 m³/d
Actual available amount 140.6 m³/d, hence with this amount 0.95 ha/d (approx) can be
irrigated.
For Chamcar crop (vegetables)
ETo -4.76 mm/d
Kc 0.75 (for vegetables)
So as per the formula, 4.76*0.75 =3.57 mm/d.
1 ha = 10,000 sq meter, hence it needs 35700 liters/d or 35.7 m³/d
or 3.92 ha/d. can be irrigated.
For Morning Glory
ETo -4.76 mm/d
Kc 1.00 (reference of wetland grasses)
P - 3.62 mm/d
So as per the formula, 4.76*1.00 + 3.62 = 8.38 mm/d.
1 ha = 10,000 sq meter, hence it needs 83800 liters/d or 83.8 m³/d
Or 1.67 ha/d. can be irrigated.
4.10 Discussion on the possible uses of the treated wastewater in agriculture
As calculated in above paragraph and the result shows that there is a good potentiality to use
the treated water in vegetable production in dry season. The amount available per day is
sufficient enough to irrigate 3.92 hectares. Hence small kitchen gardens are good option to
utilize this water on daily basis. The water demands for kitchen garden are small and that can
be easily fulfilled. If we considered the Average agricultural land holding size of respondent,
then it is 0.36 hectares. If we assume that every family has a small vegetable garden with an
average of 0.20 hectares land then around 19 farmers can irrigate their vegetable crop in a
day.
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If we compare the B/C ratio of all the crops, then it is clear that the highest return is from
morning glory, followed by long beans and pumpkin. But none of the farmer is willing to
cultivate 1 hectare of morning glory. There is a risk of available water, then market volatility,
and in long run there would be tough competition among farmers for market. In present
condition there are very few farmers practicing morning glory and that too less than 0.30
hectares. Hence the market is able to consume the product. For other vegetables like long
bean and pumpkin, there would be no problem in terms of marketing. The labour availability
in dry season is not a problem for growing vegetables, as laborers are available in that time
and that is also the lean period for them, hence they go to capital for search of work.
The only problem for developing home garden will be the transportation of this water on daily
basis. The best alternative is through field channels, but it needs construction and investments.
So it is always advisable for the farmers who are near to the treatment plant, they can
maximize the utilization in vegetable production.
The survey result shows that at present only 4 farmers are interested in vegetable crops. On an
average they have 0.37 hectares of land each for Chamcar. So in total 1.48 hectares can be
grown for vegetables in dry season.
Assumption:
If we assume that all of the four farmers divide there 0.37 hectares of land equally between
three vegetable crops (long bean, pumpkin and cucumber), then they can cultivate 0.12 hect
for each crop. Some of the option these families can choose
Option 1: practicing vegetables in dry season with treated water, the vegetable crops can be
long bean (0.12 ha), Pumpkin (0.12) and cucumber (0.12). The statistics of income will be.
(Table 4.11)
Table 4. 11 Crop statistic for one family (LB+CU+PU)
Crops
Area in hect Prod in kg Expend in USD Gross Income USD Net Income USD
long bean
0.12
480
42
264
222
cucumber
0.12
820
38
225.5
187.5
pumpkin
0.12
924
25
207.9
182.9
Total
0.36
105
697.4
592.4

Statistic for 4 families:
Area Total: 0.36 x 4 = 1.48 hect
Water consumption for each family: 12.85 m3/d, for 4 family =12.85 x 4= 52.83 m3/d
Available total water: 140.6 m3/d, hence reaming water after consumption is 87.76 m3/d
Net farm income 1 family = Total 592.4 $/yr, for 4 family = 2369.6/ yr
Option 2: practicing vegetables in dry season with treated water, the vegetable crops can be
long bean (0.12 ha), morning glory (0.12) and cucumber (0.12). The income statistics will be
(table 4.12)
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Table 4. 12 Crop statistic for one family (MG + LB +CU)
Crops
Area in hect Prod in kg Expend in USD Gross Income USD Net Income USD
Morning glory
0.12
6000
25
600
575
long bean
0.12
480
42
264
222
Cucumber
0.12
820
38
225.5
187.5
Total
0.36
105
1089.5
984.5

Statistic for 4 families:
Area Total: 0.36 x 4 = 1.48 hect (morning glory : 0.36, other vegetables :0.96 )
Water consumption for each family: Morning Glory: 10.05 m3/d, Other vegetables: 8.6
m3/d
For 4 families: Morning glory = 30.16 m3/d, other vegetables =34.3 m3/d
Total water consumption = 64.4 m3/d
Available total water: 140.6 m3/d, hence reaming water after consumption is 76.2 m3/d
Net farm income 1 family = Total 984.5 $/yr, for 4 family = 3938/ yr
Option 3: practicing dry season paddy (0.24 ha) and long beans (0.12 ha) (table 4.13)
Table 4. 13 Crop statistic for one family (paddy + LB)
Crop
Area in hect Prod in kg Expend in USD Gross Income USD Net Income USD
Paddy Dry
0.24
1008
70
196.56
126.56
long been
0.12
480
42
264
222
Total
0.36
112
460.56
348.56

Statistic for 4 families:
Area Total: 0.36 x 4 = 1.48 hect (dry season paddy : 0.96, long bean : 0.36)
Water consumption for each family: Dry paddy: 35.04 m3/d, Long bean: 4.28 m3/d
For 4 families: Dry season Paddy = 140.16 m3/d, Long bean =17.13 m3/d
Total water consumption = 157.29 m3/d
Available total water: 140.6 m3/d, hence there is a water deficit 16.69 m3/d
Net farm income 1 family = Total 348.5 $/yr, for 4 family = 1394/ yr
The statistic presented above clearly states that option 1 and 2 are best, in terms of utilization
of water and net farm income. The remaining water can be used by other farmers for similar
type of practice, or may be used in other income generating activities.
4.11

Use for car or Moto washing

Sample study of car and Moto washing service

Mr. Muy
Mr. Muy is resident of the Smau khnai village. He owns a car and moto washing unit, this
unit consists of 3 people for washing and cleaning.
The daily operating data is presented below.
On an average daily washing 10 Moto and 4 cars. In total 14/d
Water available whole of the year: 675 m³/yr (having a pond, dimension- 15x15x3,
actually the depth is 5 ft, but on an average 3ft water is always available.)
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In a year on an average the total no. of washing is 5040 (both car and moto)
Water requirement for one washing 675000/5040 = 133 liters approx
If a new unit has to be setup, assuming to utilize the treated wastewater
Then we have
Actual available treated water: 140000 liters, which can wash 1052 moto/car/day, that
means 70 units can be set up
On an average the unit needs to wash 14 cars or motos/day. Hence available treated water
can set up 70 unit which can run solely on treated water.
Priorities for Future
Priority 1

Dry season vegetables (short demand)

Priority 2 For car and Moto service unit
Priority 3 Small area for Paddy cultivation (dry season)
4.12 Feasibility appraisal of some possible valorisation models
To assess the feasibility of the valorisation of the wastewater in agriculture, we have mainly
two options
Paddy cultivation in the dry season
Vegetable cultivation in dry season.
To make a feasibility study for the valorisation of water, we have to think different
combination of crops (paddy and vegetable), which can be grown in that area according to the
zones. The big factor is that the combination of crops should be such that, it should not
exceed the crop water demand more than 140.6 m3/d. the assumption is also that the cropping
period will not exceed more than 3 months duration each.
Model 1: 100% of the water is used for vegetables. The main crops that can be grown are
cucumber +long bean + pumpkin + morning Glory. The water has to be of high quality, as
some of the vegetables like morning glory and long beans are used in salads and eaten raw.
The statistics are presented below. (Figure: 19)
If we consider farmers only going for vegetable crops in dry season, then as per the water
requirement 35.7 m3/d/ha is needed. Assuming that all the three crops (Cucumber, pumpkin,
long bean) having more or less same growth period of 60-75 days and in total they all need at
least 12 irrigation of 5 days interval. Table presents the statistic of these crops with their net
farm income. The Net farm income depicts that farmer has to choose the best combination of
these three crops. But they can go for very less area for morning glory. The profit is also
good, combination of this four crop will be more efficient in terms of constant income. (Detail
in Annexure 7)
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Model 1

Only Vegetables
LB +CUC+PUM+MG

AREA
LB +CUC +PUM =3 ha
MG= 0.4 ha
Water use
LB +CUC +PUM =107.1
m3/d
MG = 33.5 m3/d
Total = 140.6 m3/d
Income
Expd =589.26 $
Gross =10868 $
NFI = 10279 $

Sustainable for
O&M charges for
250 $/month

1/5th Income for O&M
Contribution = 2055 $

Figure 19: Model 1 (only vegetables)

Model 2: 100% of the water is used for dry season paddy (water can be of a lower quality.)
with three cycles of paddy: one between January and end of March, one between early April
and end of June, followed by one normal season rice. The statistics are presented below.
(Figure: 20)

Model 2

Only Dry season
Paddy
( 2 cycles)

Not Sustainable for
O&M charges for
250 $/month

AREA
Jan-Mar Cy 1 =0.95 ha
Apr-Jun Cy 2= 0.95 ha

Water use
Total = 140.6 m3/d per
cycle

Income in USD
Expd =252 +252 = 504
Gross= 820 + 820=1641
NFI = 568 + 568 =1137

1/5th Income for O&M
Contribution = 227 $

Figure 20: Model 2 Only dry season Paddy
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If we consider farmers only going for dry season paddy, then as per the water requirement
140.6 m3/d/ha is needed. In this model, farmers will grow a short duration variety which will
be taken in three months growth period. Hence there is a possibility of three cycles of paddy:
one between January and end of March, one between early April and end of June, followed by
one normal season rice. This is not the present practise in TS, but it is technically feasible, the
total area being limited by the irrigation needs in January-February, when they are the highest.
The Net farm income is more when combined with two cycles of irrigated rice, and as usual
the normal season paddy will be grown. (Detail in Annexure 7)
Model 3 : A combination of all (vegetables + paddy + car/moto wash). Here the combination
of these three can be tried. The statistic is presented below (Figure 21)

Model 3

Paddy + vegetables
+ car/moto washing

AREA in hect
LG + Pum + Cuc = 1.80
Paddy dry = 0.50
Total = 2.30
Water use m3/d
Paddy = 73
LG + Pum + Cuc = 64.26
Car/moto = 3.34
Total = 140.6 cycle
Income in USD
Expd crops =463
Gross crops = 5725
NFI crops = 5261

Sustainable for
O&M charges for
250 $/month

1/5th Income for O&M
Contribution = 1700 $

Income from Car/ moto
25 per day @ 1.50 $
1 month = 1080 $
3 months = 3240 $

Total = 8501 $

Figure 21: Model 3 combination of all (paddy + vegetables +car/moto washing)

If we consider the model 3 farmers can have a combination of both the crops (paddy and
vegetables) as mentioned in the above statistic, the combination gives you the opportunity of
cultivating all the crops but in small areas. The cropping period will be of three months. The
combinations are like dry season paddy only in 0.50 hect, and rest others on 0.60 hect each.
The total water consumption will be also proportional, for paddy it is 73 m3/d and for
vegetables (long bean + pumpkin +cucumber) combines to 64.26 m3/d. there is an option for
car and moto washing unit too, as some amount of water is still unused (3.34 m3/d), that gives
an option to open two small units of car/moto washing unit. They can wash on an average 12
car/moto a day. The net farm income from the crops is also promising and high. The income
from moto washing is quite good, on an average in a day they can earn 36 USD, which can
sum to 1080 USD/month, and for 3 months it sums to 3240 USD. (detail in Annexure 7)
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If we make a comparative analysis of the Net farm income from the three models, the highest
income can be obtained from Model 1 (10279 USD) followed by Model 3 (8501 USD).
Model 2 is solely based on dry season irrigated paddy, but having at least two cycles, as in
worst case if farmers cannot grow vegetable, then they can choose this model.
To analyze further all the three models are quite good, as said in Model 1 and 3 we are
growing vegetables, hence it is very important to know the quality of water. The big question
for the use of treated water in vegetables crops is that how safe is the water to use, what are
the standards which are followed. For ex water requirement for crops like cucumber and long
beans water should be treated well (WHO /EU standards) and should be free from pathogens.
But for crops like pumpkin and paddy the water doesn t need to be treated in such a strict
condition. For other purposes like car and moto washing it doesn t need any strict norms of
cleaning. It is very important that farmers should not compromise in quality, and they should
treat water as per the WHO/EU standards.
The main purpose of this feasibility of valorization of some models was to see if the income
generation from the combination can generate enough money to supplement the operation and
maintenance cost of 250 USD/month for running the treatment plant. All the cropping
combination are assumed for a growth period of 3 months. So in total 750 USD is needed for
three months O& M. Some studies in other part of Cambodia show (Pillot, 2008) that in a
realistic sense farmers can agree to pay one fifth of the gross margin. If we take the net
income generated from each model, then 1/5 of gross margin of Model 1 will be 2055USD,
Model 2 will be 227 USD and Model 3 1700 USD. To sum up, through model 1and 3 the
operation and maintenance cost can be paid, as the calculation was done for the three months
cropping period for the model 1 and 3. But the cost of maintenance will be for whole year ,
which accounts to 3000 USD. In that case also model 1 and 3 are capable of covering the total
cost for the whole year. The income generated from the model 2 will not be enough to pay for
the whole year.
4.13 Limiting factors
Assume that all the farmers are interested to go for vegetables at the same time and there is
not sufficient water to supply each of them as per the need, hence some of the limiting factors
to accomplish the water demand will be supplying water at a time, therefore there is a need to
consider issues like
Construction of storage tanks for storing the treated water, especially in wet season
(Around 100 m3/d).
Construction of field channels or water carrying transport service need to be
developed (for quarrying and other such type of needs)
This is always advisable to fulfill the short demand on daily basis. There is a need to discuss
the issue like the water supply system. For agricultural needs, supply in cubic meters will be
very costly for farmers to use. There should be a common agreement between suppliers and
users to sell the water on volumetric basic or per crop wise and the tariffs should be according
to that.
In future another big question will raised by farmers regarding the role and responsibilities of
other consumers connected to the sewage network. What are their responsibilities and
contribution towards operation and maintenance cost of treatment plant?
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Chapter 5
Conclusion
This part serves as an inductive conclusion of the research thesis: From waste water use to
water reclamation: management and challenge
A study on the use of wastewater in
agriculture in Takeo province, Cambodia. It seeks to justify the need of building a wastewater
treatment plant for the commune and to assess the potential of reuse of wastewater in
agriculture.
The present research is an assessment study, which tried to find the need of building a
wastewater treatment plant, concerning the demand by the commune and the persisting
problem of the area for proper sewage water disposal. The solution for this problem was
proposed by GRET, presenting three options to the commune of TS. The options 1 suggest
proper collection and evacuation of total domestic waste water from the households and rain
water and then treating it before releasing. Options 2 suggest evacuation of total domestic
waste water from the households and partial rain water and treating it before releasing.
Options 3 suggest evacuation of total domestic waste water only and treating it before release.
Treating wastewater can be undertaken through low- or high-tech facilities. One of the most
common treatment options is multistage lagooning, which has shown to reduce the bacterial
and helminth load substantially; this technology has the additional advantages of being
relatively easy to operate and offers the best cost/effectiveness ratio. It is also highly
appropriate, if the availability of land is not a problem. The project needs 6000m2 of land to
build the treatment plant, which was agreed by the village community to provide that. In
return GRET was going to invest money in infrastructure and construction of the treatment
plant.
In early this year it was ascertain that commune cannot provide the said land, as the cost of
the land had increased to twice the initial cost. At this moment GRET is trying to replace the
technology of lagoon to a DEWAT system, which is also a very effective in terms of reducing
bacterial and helminth growth, while more costly. This system uses the same principal, but in
terms of natural way of treating it treats water with a baffled reactor. Both the system was
following the environmental standards prescribed by Cambodian law. The initial cost of the
project is bit costly, but it requires less land. The cost of DEWAT system is exceeding the
proposed estimation. Hence project needs more funds from district and commune. At the
present stage, nothing is fixed whether to implement the projector not.
Water reuse experiences in neighboring countries like Thailand and Vietnam are quite
promising. In Thailand they have lot of projects on waste water management, but Thai laws
are not that strict in terms of release of water in terms of following norms, and reuse of waste
water in agriculture. If we look into the Vietnam, they have less flexible environmental laws,
which are far or difficult to respect. They are lacking of enough funds and treatment
technologies. But the wastewater reuse in agriculture and fishery is quite promising and many
livelihoods depend on this source.
The Cambodian law is at par to all this countries law, there is no clear cut outline or sub
degree stating the reuse of wastewater in agriculture. But the country is in intending to reform
73

this law to be stricter. So in this light, there is another big question comes that what norms
should the TS sewage scheme follow. Is it EU/WHO or Cambodian standards? In the present
conditions, the project is thinking to follow Cambodian law, but in future it may have to face
a big challenge to upgrade its standard.
The major concern of this study was also to study the participation of all stakeholders in
deciding the best option for their problem, and also to look how best it can be managed. This
has been inscribed in Cambodia s decentralized policy (SEILA programme). The study found
that the role of commune council was very important in deciding the implementation of this
project. Commune council is a powerful body, representing the interest of people. In this
particular case, this has been dominated by political party; hence all the decisions are mainly
taken by the commune chief and village chiefs. There is big communication gap between
community people and village chiefs; hence it lacks people s participation.
When we analyze the participation in terms of financial contribution, the highest share is been
given by GRET followed by the community people themselves. If we analyze the total
benefit, then the whole of the community will get benefits in terms of clean environment and
proper disposal of sewage water.
The study also tried to present an overview of present agricultural practice in that region. This
has been done through sample survey, collecting the socio-economic data of farmers and
community people. The Agricultural statistics were presented to get an idea of cropping
patterns, farm inputs and production figures. The study found that people in the area practice
low land rainfed rice, and upland rainfed rice in wet season as their major crop. The statistic
confirms that, wet season rice is not so much profitable, but it is good to secure the food for
self consumption for a year. Very few farmers are willing for dry season paddy which is
mainly done through supplementary irrigation. The limiting factor for dry season paddy is
higher input cost, including more labour mandays and the uncertainty of supplementary
irrigation. Sometimes if condition favors, then some spells of rain helps but generally there is
no guarantee of getting water in months of January or February. The other form of farming is
cultivating vegetables in home gardens, crops like cucumber, pumpkin; long bean and
morning glory are practiced. The result of vegetable crops shows that, farmers practicing
morning glory has highest income followed by long beans and pumpkin.
With the help of socio-economic survey and discussion with community people it was found
that vegetables farmers could be the main actors for purchasing the water, besides that
commercial shop like car and moto service unit will be more interested. After a detail
analysis, the results show that, the available water is sufficient enough to support 70 units of
car or moto servicing unit.. The big question again comes over here is do all this uses need a
clean and safe water? some of the crops which are like salad crops needs water to be very
clean and free from pathogens, but other uses doesn t need water to be too clean. So the study
raises the question of which standards the project is going to follow for its treatment purpose.
If they want to sell water solely unrestricted irrigation then they have to follow strict norms of
EU/WHO.
The study also tried to look into the aspect of valorizing the treated wastewater. As mentioned
previously that who are the potential buyers, and for what purpose they can use this water. It
was assumed that the main buyers will be farmers going for dry season paddy and chamcar
crops, the other buyers will be car/moto washing units. To support this assumption , three
models were suggested, based on different combination of crops and other uses. Model 1
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solely suggests to go for vegetable crops in combination of 4 crops like cucumber + long bean
+ Pumpkin and morning Glory. All these crops are arranged in such a manner that the crop
water requirement will not exceed 140.6 m3/d. Model 2 suggest solely to go for dry season
irrigated paddy, but in two cycles, each cycle of 3 months duration, staring with Januarymarch and then April-june. Model 3 suggest combination of all, some portion will be
cultivated with dry season paddy, then combination of vegetables crop and 2 units of car/moto
wash. It was found that adopting Model 1 and 3, users can pay the O& M fee of 250
USD/month. But with Model 2, users need to add a little amount as monthly fee from other
consumers to fulfill the monthly requirement. Again the study raises question on the
mechanism of selling water for agricultural crops, is it with cubic meter or is it with
volumetric price. This aspect needs to be discussed among farmers and suppliers and a
common decision should be reached.
In final remarks this study also confirms that in peri urban regions the growth of agricultural
practices is not so much promising to farmers as the city is expanding and agricultural land
are sold for house construction. People are more interested in secondary activities like selling
goods in market etc. So in future there is a big doubt on use of treated wastewater in
agricultural activities.
Recommendation
The purpose of this section is to identify as well as to recommend further research to address
gaps as well as arising issues from the study. Research approaches are suggested according to
the issues that have been overlooked or are in need for further study.
There is no single agency with the responsibility for treated wastewater reuse (regulation and
enforcement of standards and procedures, management, etc.). A possibility for increased
coordination among different stakeholders would be the creation of an executive committee
with representatives from the civil society organizations. This commission would be tasked
with implementing the national strategy for treated wastewater use including supervision,
coordination, control and establishment of new use initiatives, education programmes etc.
In order to be able to better match demand and supply, the development of associated
infrastructure especially inter-seasonal storage facilities needs to be emphasized. Farmers or
secondary activities dependent on using more water will be willing to pay more if they can be
assured of a timely and reliable quantity and quality of water supply
For the farmers who do use treated wastewater, there is little evidence to suggest that
chemical fertilizer use has decreased, a process that is likely to result in over-fertilization and
aquifer contamination in the long term. This point to the need to strengthen agriculture and
irrigation extension services so that farmers are appropriately trained. Extension agents
themselves need to be better equipped to respond to farmers needs and concerns. Public
outreach and education programmes are also essential if greater social acceptance of treated
wastewater is to be generated.
In general there is no customer-supplier relationship between the producer of wastewater and
the operator responsible for operation and maintenance of the irrigation water distribution
system. Moreover, there is even less of a relationship between producers and users, which
would link the demand for wastewater with its qualitative and quantitative components
(modalities, level, seasonal variability, etc.) and the willingness of users to pay. The
participatory approach involving users' associations, which might facilitate the sharing of
operating and even of renewal costs, is still very little used.
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The study raised many questions for the project, the researcher tried to answer some of the
question, but still many things are not answered, this gives a chance for opening up further
investigation in future. As the project is about to start, hence many things will be clear in due
course of time. May be many of the questions will never be answered, but still then this study
needs more investigation and follow up.
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Annexure
1. Present Waste water standards In Trapeang sab
Parameters

Unit

pH
T°C
DO
BOD5
COD
NTK Total
Nitrates (N-NO3)
Nitrites (N-NO2)
Ammonium Total
(N-NH4)
Phosphorus Total
Phosphate
Ferrous
Sulphate
Plumb
Arsenic
Cadmium
Bacteria aerobics at 37 °C-24 h
Bacteria aerobics at 22 °C-72 h
Coliformes faecal
Coliformes thermotolerants

mg-N/L P
mg-PO4/L
mg/L
mg/L
mg/L
mg/L
mg/L
NPP/100mL
NPP/100mL
NPP/100mL
NPP/100mL

0.002
17.00
1.72
0.05
0.025
Incompatible
incompatible
4.0 x107
3..1 x106

Streptocoques faecal

NPP/100mL

0.0

NPP/20mL

2.2 x 105

Bacteria Anaerobic sulfitoreductrices
E. coli
Turbidity
Source: GRET, Cambodia, 2007

°C
mg O2/L
mg O2/L
mg/L O2
mg/L N
mg/L N
mg-N/L
mg-N/L

Levels (2007)

NPP/100mL
NTU

8.60
23
217.20
310.67
0.36
0.07
19.14

Recommended
standards Cambodian
law
5.6-9

80
100
nd
<7.0
nd
nd

nd

160

2. Guidelines and Standards
Following the recommendations by a WHO Scientific Group, WHO published guidelines for
wastewater use in agriculture and aquaculture (WHO 1989). These replaced the previous
guidelines (WHO 1973), which by WHO in the light of then new evidence were considered
too strict with respect to the suggested quality parameter for pathogenic bacteria. The
guideline value was relaxed from 100 colirfroms/100 ml to 1,000 faecal coliforms/100 ml
geometric mean for unrestricted irrigation, i.e. the irrigation of crops which may be consumed
uncooked. On the other hand, a nematode (roundworm) egg guideline was introduced for the
first time, particularly in view of protecting the farmer treating soils with human waste (
1nematode egg/litre).
The purpose of the guidelines was to guide design engineers and planners in the choice of
waste treatment technologies and waste management options. The guideline levels were
derived from the results of the available epidemiological studies of wastewater use, along
with a consideration of what was achievable by wastewater treatment processes. A great deal
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of evidence was available on the risk of exposure to raw wastewater and excreta, and on the
risks to farm workers and populations living nearby spray-irrigated areas of use of partiallytreated wastewater (Shuval et al. 1986). However, there was less evidence of the effect of use
of treated wastewater, particular in relation to consumption of vegetable crops. Where
epidemiological evidence was not sufficient to allow the definition of a level (microbiological
quality) at which no excess risk of infection would occur, data on pathogen removal by
wastewater treatment processes and pathogen die-off in the field, and prevailing guidelines on
fresh water quality for irrigation and bathing were taken into account.
The main features of the WHO (1989) guidelines for wastewater reuse in agriculture are
therefore as follows:
Wastewater is considered as a resource to be used, but used safely.
The aim of the guidelines is to protect against excess infection in exposed populations
(consumers, farm workers, and populations living near irrigated fields).
Faecal coliforms and intestinal nematode eggs are used as pathogen indicators.
Measures comprising good reuse management practice are proposed alongside
wastewater quality and treatment goals; restrictions on crops to be irrigated with
wastewater; selection of irrigation methods providing increased health protection, and
observation of good personal hygiene (including the use of protective clothing).
The feasibility of achieving the guidelines is considered alongside desirable standards
of health protection.
Many countries, among them also developing countries, have adopted much stricter
guidelines, based often on the standards enacted in California as early as 1963 and revised
over the years. These stipulate that wastewater used for irrigation of vegetable crops satisfy a
quality very close to drinking water standards (State of California). Where such standards
were enacted in developing countries, they were hardly ever enforced as compliance is
economically unfeasible and enforcement institutionally impossible. Hence, wastewater reuse
goes by uncontrolled, or may be entirely prohibited, as monitoring and control cannot be
implemented. A controversy arose over the WHO guidelines on wastewater reuse shortly after
their introduction in 1989. The critique raised was that they were too lenient and would not
sufficiently protect health, especially in developed countries.
3. Water Quality Parameters
Parameter

Unpolluted Water

Polluted Water

Dissolved Oxygen

The higher the amount of oxygen the better the
quality. Trout- 10 ppm, for most aquatic
organisms Bass- about 7/8 ppm 0-3 Creatures Less than 5 ppm is considered Unacceptable.
flee; 4-5 Creatures can survive; Greater than 5
Creatures thrive

pH (Hydrogen ion
present)

Water with pH range from 6.5-8.6 will have
little effect on life processes support little
aquatic life

Water with pH less than 5 or greater than 9
will

Total Hardness

Soft water - 0-60 ppm

Values below 250.ppm are acceptable for
drinking Over 500 ppm is hazardous

Hard water 120-180 ppm
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Caused by erosion, materials from industries,
Clean water has low amounts of D.S, Clear
etc. Over 500 ppm for any monthly average is
Dissolved Solids runoff, water is water less than 50 ppm. 50 ppm to 150
unacceptable single test should not be over 750
ppm is not bad
ppm

Alkalinity

Good streams have between 100and 200 ppm
Poor streams have lower alkalinity levels, < 50
are able to buffer the water from acidity levels
ppm. could be effected by acid rain or acid
between 20 and 200 ppm are typically found in
mine drainage
fresh water

Nitrates and/or
Phosphates

Nitrates are necessary for organisms
in small quantities Clean water- less than
0.1 ppm

Higher reading indicates fertilizer,
industrial waste, sewage and/or other
nutrient enrichments Causes algae blooms
Greater than 10 ppm is nutrient loading the
water

S.S. causes turbidity of water
Clean water has low turbidity. Clear water
is in the 1-15 ppm range

Caused by erosion, plankton growth, or
Wastewater. Above 50 ppm is turbid

Suspended Solids
Aquatic Organisms
(Macro invertebrates)
numbers

Clean water has higher diversity of organisms Polluted water - number of organisms may be
high of but little variety Mostly Taxa III
- high different species More Taxa I & II

Biological Oxygen
Demand

The lower the B.O.D. the less organic matter
in a stream Less than 2 ppm is good

High B.O.D. indicate large amounts of organic
matters Greater than 5 ppm means Poor water
quality

Less than 200/1 00 ml is considered
acceptable, the lower the better Anything
> 200/100 ml is unhealthy for human
Consumption

Streams vary in count, but anything greater
than 5,000/100 ml is hazardous

Coliform (Fecal)

Source: Tchobanoglous and Schroeder (2003)

4. DEWATS (decentralized waste water treatment system) design
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5.

The Resource Potential of Excreta and Wastewater

Nutrients and Organic Matter
Excreta are a rich source of inorganic plant nutrients such as nitrogen, phosphorus and
potassium, and of organic matter. Each day, humans excrete in the order of 30 g of carbon (90
g of organic matter), 10-12 g of nitrogen, 2 g of phosphorus and 3 g of potassium. Most of the
organic matter is contained in the faeces, while most of the nitrogen (70-80 %) and potassium
are contained in urine. Phosphorus is equally distributed between urine and faeces. Table 2
shows that the fertilizing equivalent of excreta is nearly sufficient for a person to grow its own
food (Drangert 1998). In reality, part of this potential is lost, though, during storage and
treatment (e.g. nitrogen loss through ammonia volatilization). Hence, complementary means
of fertilization must be sought.
Excreta are not only a fertilizer. Its organic matter content, which serves as a soil conditioner
and humus replenisher an asset not shared by chemical fertilizers is of equal importance
The traditional practices of recycling faecal sludge s to agriculture or aquaculture (e.g. in
Southeast Asia) have for centuries made use of this resource. For the same reason, urban
farmers in arid or semi-arid zones or during dry seasons, in addition to procuring water for
irrigation are endeavoring to get access to wastewater, raw or treated. This allows them to
renounce or minimize the purchase of chemical fertilizer. It is now being postulated that
sanitation systems should, whenever feasible, be conceived and managed such as to enable
and maximize the recycling of organic matter and nutrients contained in human excreta. A
change in the sanitation management paradigm from flush-and-discharge to recycling of urine
and faeces is gaining ground in Europe. As a consequence, treatment strategies and
technological options for faecal sludges and wastewater will have to be developed which
allow the optimum recycling of nutrients and organic matter to peri-urban agriculture, while
being adapted to the local situation and needs.
The fertilizer Equivalent of Human Excreta (Drangert, 1998)

Nutrient
N Nitrogen
P Phosphorus
K Potassium

In urine
(500 l/year)
4.0
0.4
0.9

Nutrient in Kg
In faeces
(50 l/year)
0.5
0.2
0.3

Total
4.5
0.6
1.2

Required for 250 kg
of cereals
5.6
0.7
1.2

The combined production of human wastes (excreta), organic market wastes, and wastes from
industries such as breweries, timber factories and chicken farms, could, if made use of in a
consequent manner and upon treatment by combined composting, fully replenish the soils in
the urban perimeter and considerable portions of peri-urban farms in the 40 km perimeter of
the City.
In arid and semi-arid areas or in seasonally dry zones, irrigation requirements make up 80-90
% of the entire demand on natural water resources. The water required for urban water supply
is thus small in relative terms. Hence, recycling urban wastewater to urban agricultural soils
may bring about a saving in the national water budget of some 10-20 % at most. However,
reusing urban wastewater within the urban agricultural perimeter may very well cover a
substantial portion if not 100 % of the local water demand of urban agriculture, and thus
contribute to farm-based income generation, socio-economic equity and urban food security
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.Hence, in dry areas and seasons, wastewater reuse is being practiced all over the world
whether officially regulated or not (Scot et al., Strauss and Blumenthal 1990).
6.

The Actors or Stakeholders in Human Waste Use

It appears that only few investigations have been made to date which would have attempted to
assess who the stakeholders and actors, notably the users of human waste are, what drives
their activities, what constraints they face, and how they apply the wastes faecal sludge or
wastewater to the fields or fish ponds. Strauss and Blumenthal (1990) have addressed the
issue. Farmers cultivating empty plots within urban centres or near centre zones, in many
localities, belong to the group of smallholders not availing of tenure over the land they are
cultivating using human wastes. They themselves or members of their families may pursue
other jobs and thereby contribute to the household s income. The basis of their cultivating
activities is insecure. They are little organized and therefore barely have a political voice. The
land the make use of is prone to be used for urban expansion eventually. In contrast to this,
agricultural land bordering cities and being farmed by the legal owners of the land provides a
much more stable basis of living. The size of holdings may range from small (in the order of
1,000 m2 or less) to large land areas (> 1 ha). In some places, farmers have set up farmers
organizations; e.g., those sharing water delivered through a common irrigation canal system
(Strauss and Blumenthal 1990). On larger land holdings, notably so in Latin America, which
are irrigated by untreated or treated urban wastewater, the land is owned by landlords and
cultivated by employed agricultural workers. Many of these live in rather poor conditions and
may not have access to health services. In the Calcutta Wetlands, part of the fishponds are
owned by pond lords living in the city and managed by fishing families who may have been
living in the Wetland area for many generations already. Other ponds are owned and operated
by fishing co-operatives, which have developed their own social infrastructure such as
schools and health facilities (Strauss and Blumenthal 1990).
Other important actors on the human waste use scene are the deliverers , i.e. those in charge
of faecal sludge or wastewater collection, treatment where existing, and disposal.
Responsibility for waste collection and delivery usually rests with the municipal or provincial
authorities in charge of sanitation services (technical and/or health departments). In some
cities or countries (e.g. Mexico, Tunisia), regional agricultural or irrigation authorities are in
charge of wastewater distribution and of enforcing the regulations restricting crops to be
irrigated by wastewater (Strauss and Blumenthal 1990). Usually, in such situations, the
wastewater distributed through canals or pressure lines has to be requested and paid for by the
farmers.
While, notably in larger cities, municipal authorities are responsible for faecal sludge
collection and disposal, the actual business of farm side delivery might, in most cases be
dealt with directly by the sludge collectors (usually suction truck drivers) and the farmers. In
many Asian cities, faecal sludge s are collected by small entrepreneurs and sold to farmers at
the urban fringe without the involvement of public authorities. Where faecal sludge s are
treated prior to use, intermediary, private entrepreneurs may play a role in selling treated
products to farmers. There are, moreover, examples of smaller towns where microentrepreneurs do the house-to-house collection of septic tank or latrine sludge s and sell these
to peri-urban farmers (Montangero and Strauss 1999). In still other places, farmers may
themselves have arrangements with urban households for collecting faecal sludge from their
private pit latrine or septic tank.
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7. Feasibility Model for valorizing water:

Model 1, only vegetables
gross income Expenditures Net farm Income
Crops
Area (ha) in USD
in USD
in USD
B/C ratio
Cucumber
1
1937.65
295.11
1642.54
6.57
Pumpkin
1
1743.75
136.85
1606.9
12.74
long bean
1
5187.5
132.3
5055.2
39.21
Morning glory
0.4
2000
25
1975
80
Total
3.4
10868.9
589.26
10279.6

Water Consumption : Vegetable crops (Cucumber + pumpkin +long bean, 3 hect) = 107.1
m3/d
Morning glory (0.40 hect) = 33.5 m3/d
Model 2, only dry season Paddy
Crop
gross income Expenditures Net farm Income
Season Area (ha) in USD
in USD
in USD
B/C ratio
Jan-Mar
0.95
820.95
252.17
568.78
3.26
Apr-Jun
0.95
820.95
252.17
568.78
3.26
Total
1.90
1641.9
504.34
1137.56

Water Consumption : Dry season paddy for two cycles = 140.6 m3/d each
Model 3, combination of all (paddy + vegetables +car/moto washing)
gross income Expenditures Net farm Income
Crops
Area (ha) in USD
in USD
in USD
B/C ratio
Paddy
0.5
410.47
126.08
284.39
3.26
Long bean
0.6
3108
79.2
3028.8
39.24
Pumpkin
0.6
1045
81.6
963.4
12.81
Cucumber
0.6
1162
177
985
6.56
Total
2.3
5725.47
463.88
5261.59

Water consumption: Paddy (0.50 hect) =73 m3/d, vegetable (long bean (0.60 hect)
+pumpkin (0.60 hect) +cucumber (0.60 hect) = 64.26 m3/d
Total water consumption = 73 + 64.26 = 137.26 m3/d
Total available water = 140.6 137.26 = 3.34 m3/d water is remaining
For moto/car washing = available water 3.34 m3/d. average water required for one moto
wash 133 litres, so out of 3340 litres, 25 car/moto can be washed in a day. Hence two
small units can be set up.
Net Income from Moto washing : 25 washing, per washing 1.50 USD, so total income per
day 36 USD, one month = 1080 USD, for 3 Months = 3240 USD
Total Income in option 3 = 5261.59 + 3240 = 8501.59 USD
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