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I.

Summary

With the launching of its Industrial Development Policy (IDP) in 2015, Cambodia has clearly
expressed its intent to boost the country’s industrial development. While industrial
development is expected to facilitate high economic growth and alleviate poverty, it may also
add further pressure on the availability and quality of the Cambodia’s natural resources and
ecosystem services, and challenge environmental protection and pollution control authorities.
For Cambodia to be able to respond efficiently and effectively with industrial pollution
regulations and law enforcement, it needs to be able to identify problematic manufacturing
sectors and facilities, and tailor appropriate interventions. This is particularly important in a
situation where agencies with authority to control industrial pollution in Cambodia face
significant constraints in staff, budget and technology. Plant monitoring of air, water, and toxic
emissions is at best done in a sporadic fashion, monitoring protocols and methods may not
be applied consistently, monitoring equipment is often obsolete, data management and
archiving procedures may not be strictly followed, and there is a lack of trained and
empowered staff to actually perform site inspections and undertake data analysis for setting
priority actions.
Such a situation is arguably not unique to Cambodia. It is generally recognized that
environmental regulators in developing countries often lack vital information on where the main
pollution hotspots are found, and which manufacturing sectors and specific enterprises are
the main emitters in order to set priorities, strategies, and action plans for controlling industrial
pollution. As a result, strategic level planning has very little relevant information on pollution
that can inform and support priority setting for industrial pollution control, development of
strategies, and improvement of policies and law enforcement.
As a response to this insufficiency of information, the former Infrastructure and Environment
team of the Development Research Group of the World Bank has developed an Excel-based
tool known as the Industrial Pollution Projection System (IPPS). This tool exploits the fact that
industrial pollution is heavily affected by the scale of industrial activity and its sectoral
composition. IPPS operates through sector estimates of pollution intensity (usually defined as
pollution per unit of output or pollution per unit of employment).1 Results from IPPS have been
used in various countries where insufficient data on industrial pollution proved to be an
impediment to setting up pollution control strategies and prioritization of activities.2
Section 1 presents a rapid overview of the setup for controlling industrial pollution in
Cambodia. In Section 2, we briefly describe IPPS and discuss the challenges and limitations
with the use of IPPS in Cambodia. With these limitations in mind, we present the
characterization of industrial pollution in Cambodia using IPPS in Section 3. It is shown that a
large percentage of industrial pollution is generated by a limited number of industrial sectors
and by a limited number of industrial facilities within those sectors. It is also shown that a large
share of industrial pollution originates from a very limited number of provinces. These results
suggest that large overall reductions in the discharges of industrial pollution in Cambodia could
be achieved by focusing resources to a relatively small number of industrial facilities and
areas. Finally, Section 4 provides brief recommendations and concluding remarks.

1

See Hettige et al. (1994) for details.
For example, IPPS has been used to estimate industrial pollution in Brazil and Mexico (Dasgupta et al. 2000),
Latvia (Laplante and Smits 1998), Nigeria (Etim 2012, and Odesanya 2012), Thailand (Laplante and Meisner 2001),
and Viet Nam (Dore et al. 2008).
2
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1.

Industrial Development in Cambodia

Background
Cambodia’s industrial sector has experienced significant growth in recent decades. Since
1993, the sector’s share of gross domestic product (GDP) increased from approximately
12.5% to 24.1% in 2013. It experienced an average annual growth rate of approximately
12.4% over the period 1998–2013. Over the same period, the agriculture and service sectors
grew at an average annual rate of 4.7% and 8.5%, respectively.
The industrial sector also represents an increasing share of employment in Cambodia: its
share of the total labor force was approximately 5% in 1993. This share increased to 8.6% in
2008, to 19.9% in 2013, and to an estimated 24.3% in 2014 (Government of Cambodia 2015a).
Such increases have been observed throughout the country and not only in major urban areas
(Table 1).3

Table 1: Employed Population by Industrial Sector (%)
Cambodia

Phnom Penh

Agriculture
Industry
Services

57.6
15.9
26.5

1.9
21.2
76.9

Agriculture
Industry
Services

45.3
24.3
36.4

25.0
28.2
69.3

Other Urban

Other Rural

24.0
17.8
58.3

68.0
15.0
17.0

17.0
25.4
57.6

56.9
23.5
19.6

2009

2014

Source: Government of Cambodia (2015a)

Despite this significant growth, the Cambodian industrial sector is generally considered weak
with a narrow base (mostly concentrated in garment and food processing subsectors), limited
value added, and low level of technology. Furthermore, it is generally recognized that a
significant share of enterprises is not only small but also remains informal and lacks formal
registration.
In March 2015, Cambodia’s Council of Ministers adopted Cambodia’s Industrial Development
Policy (IDP) 2015–2025 (Government of Cambodia 2015b) to transform and modernise
Cambodia’s industrial structure from a labour-intensive industry to a skill-driven industry by
2025. For this purpose, Cambodia has set three targets: (1) to increase the industrial sector’s
share of GDP from an estimated 24.1% in 2013 to 30% in 2025, and that of the manufacturing
sector from 15.5% to 20% in the same period; (2) to encourage a greater diversity of exports
by promoting exports from sectors other than textile; and (3) to encourage the formal
registration of most enterprises in the country.
While Cambodia possesses a rich environment resource, it simultaneously faces a number of
critical issues including the (mostly) untreated discharge of domestic and industrial wastewater
into surface water and increasing air pollution in urban areas. As noted by the Euronet
Consortium, most manufacturing plants in Phnom Penh are located along the embankment of
the Tonle Sap River and only a limited number of facilities have the capacity to treat industrial
effluents before discharging in receiving sources (Euronet Consortium 2012). In a recent
survey of pollution hot spots, the United Nations Industrial Development Organization

3

All tables, figures and boxes are presented at the end of this report in the sequence of their presentation in text.
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estimated that only 7% of surveyed industrial and manufacturing facilities had installed
wastewater treatment facilities (Government of Cambodia and UNIDO 2012).
If rapid industrialization with similar characteristics were to be achieved in coming years,
Cambodia’s environment resource could be significantly and adversely impacted. It is in this
context that a better understanding of industrial pollution in the country is necessary to provide
pollution control authorities with information on how to better target their limited resources.

Pollution Control Mandate
Cambodia’s Constitution provides the basic policy for the protection of the environment:
The State shall protect the environment and the balance of natural resources and establish a
precise plan for the management of land, water, airspace, wind, geology, ecological systems,
mines, oil and gas, rocks and sand, gems, forests and forestry products, wildlife, fish and aquatic
resources (Article 59).

Cambodia’s Ministry of Environment (MoE), established in 1993, has the main mandate for
environmental protection in the country. It acts as a ‘competent agency in the protection,
prevention and control (of) all activities which potentially affect the quality of the environment.’
The Ministry comprises five general departments, including a General Department of
Environmental Protection, which itself comprises eight departments including the Department
of Water Quality Management. This department has six offices, two of which are the Office of
Water Quality Monitoring and the Office of Industrial Wastewater Management (Figure 1).
Figure 1: Organization of the General Department of Environmental Protection
General Department of Environmental Protection
Department of Administration, Planning and Finance
Office of Administration
Department of Water Quality Management
Office of Water Quality Monitoring
Department of Solid Waste Management
Office of Industrial Wastewater Management
Department of Hazardous Substances Management
Office of Urban Sewage Management
Department of EIAa Review
Office of Marine Pollution Management
Department of Air and Noise Quality Management
Department of Inspection

a Environmental

Impact Assessment

Department of Laboratory

With respect to environmental quality and industrial pollution control, MoE has the following
functions:


collecting relevant data and information about water quality at public water areas as well
as pollution sources;



preparing specific legislation for environmental protection;



implementing the environmental legal instruments throughout the country; and
9



issuing licenses or giving certificates of treated wastewater discharge to factories that
complied with the national effluent water quality standard set by the ministry.

Following the establishment of MoE, the Law on Environmental Protection and Natural
Resources Management was adopted in 1996. Said law requires MoE to establish an
inventory list that will indicate (Article 12):


the sources, types, and quantities of pollutants and wastes that are imported, generated,
transported, recycled, treated, stored, disposed, or released into the airspace, water, land
or on land surface; and



the sources, types, and quantities of all toxic and hazardous substances that are imported,
produced, transported, stored, used, generated, treated, recycled, disposed, or released
into the airspace, water, land or on land surface.

Article 14 of the law further specifies that:
The MoE shall collaborate with concerned ministries to require the owners or those
responsible of the factories, pollution sources, industrial zones or those zones that have
natural resources development activities to:


install or use monitoring equipment;



provide samples; and



prepare and keep files, and submit records and reports for examination.

As mandated in Article 13 of the Law, subsequent subdecrees were adopted in various years
to govern environmental impact assessment (1999), solid waste management (1999), water
pollution control (1999), and air and noise pollution (2000).
The Subdecree on Water Pollution Control defines standards for effluent discharge for any
sources of pollution (Article 4) and specifies that the discharge for wastewater which is not
consistent with the standards for effluence discharge is ‘strictly prohibited’ (Article 6). This
Subdecree explicitly requires that the discharge of wastewater from any source of pollution
listed in Annex 3 of the subdecree is subject to the granting of a discharge permit from MoE.
Finally, Article 18 of the subdecree clearly specifies that the monitoring of the discharge of
effluent from any source of pollution is the responsibility of MoE while the owner or person
responsible for the pollution source ‘holds the responsibility for installing an equipment of
measurement of flow, concentration and amount of pollutant contained in his/her effluent and
also keep the result for record keeping’ (Article 23c). The Subdecree on Air Pollution Control
and Noise Disturbance provides a similar approach for air pollution.
While the pollution control regulatory framework appears in place, it is generally—and
openly—admitted that its effective implementation has been lacking and has suffered from
limited national budget, inadequate human resources, and limited technological capacity.
Shoka (2008) notes the irregular follow-up of the wastewater treatment process and its
maintenance, and points out that a few cases of factories being fined despite a generally
believed widespread compliance with regulatory standards.

10

2.

The Industrial Pollution Projection System

Overview
The Industrial Pollution Projection System (IPPS) combines data from industrial activities,
such as production and employment, with data on pollution emissions to calculate pollution
intensity factors, thus representing the level of pollution emissions per unit of industrial
activity. 4 As illustrated in Figure 2, pollution intensities have been calculated with data
available from the United States Manufacturing Census and the United States Environmental
Protection Agency (USEPA). The Manufacturing Census maintains the Longitudinal Research
Database (LRD) that contains information from the Census of Manufactures (CM) and the
Annual Survey of Manufactures (ASM). While the CM contains information on all
manufacturing establishments in the United States, the ASM has detailed information on a
subset of companies. Once an establishment has been selected to be part of the ASM,
information is collected from the chosen company annually for a period of five years. The LRD
contains detailed information on approximately 200,000 plants.

Figure 2: The Industrial Pollution Projection System

The USEPA maintains a number of databases on pollution emissions. These include the
Toxics Release Inventory (TRI), the Aerometric Information Retrieval System (AIRS), the
National Pollutant Discharge Elimination System (NPDES), and the Human Health and
Ecotoxicity Database (HHED). The datasets are used in the calculation of pollution intensities.5
After combining the LRD and EPA databases, it was possible to calculate pollution intensity
factors for approximately 20,000 plants.

4

See Hettige et al. (1994) for details.
The TRI contains information on annual emissions of more than 300 chemicals that are toxic to the environment.
Manufacturing establishments that (i) employ 10 fulltime employees or more, and (ii) produce, import or process
25,000 pounds or more of any listed chemical must report the nature and quantity of the chemical produced,
imported, or processed. In 1987, approximately 20,000 enterprises reported their release of such chemicals. The
AIRS is the US national database for ambient air quality, air emissions and compliance data with the US Clean Air
Act. The NPDES contains self-reported data from plants facing standards for water emissions. Finally, the HHED
contains various indices of toxicological potency.
5
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Box 1: The International Standard Industrial Classification
The International Standard Industrial Classification of All Economic Activities (ISIC) is a United
Nations system for classifying economic data and is the international reference classification
of productive activities. Its main purpose is to provide a set of activity categories that can be
utilized for the collection and reporting of statistics according to such activities. It provides a
comprehensive framework within which economic data can be collected and reported in a
format that is designed for purposes of economic analysis, decisiontaking and policymaking.
The classification structure represents a standard format to organize detailed information
about the state of an economy according to economic principles and perceptions. These
economic activities are subdivided in a hierarchical, four-level structure of mutually exclusive
categories, facilitating data collection, presentation, and analysis at detailed levels of the
economy in an internationally comparable and standardized way.
ISIC was first adopted in 1948 and has been subjected to four significant revisions, the latest
(Revision 4) is dated 2008.
The ISIC is subdivided in a hierarchical, four-level structure. The categories at the highest
level are called sections. The two-digit of the code identify the division, the third digit identifies
the group, and the fourth digit identifies the class.
Section
Division
Group
Class

C
13
139
1393

Manufacturing
Manufacture of Textiles
Manufacture of Other Textiles
Manufacturer of Carpets and Rugs

Details on ISIC are provided at this site:
http://unstats.un.org/unsd/cr/registry/regcst.asp?Cl=27

The USEPA contains emission information for a number of pollutants and chemical
substances known to be harmful to both humans and the environment. IPPS coefficients are
available for selected air pollutants—sulfur dioxide (SO2), nitrogen dioxide (NO2), volatile
organic compounds (VOC), total suspended particulates (TSP), and particulate matter of size
less than 10 microns (PM10)—and selected water pollutants including biological oxygen
demand (BOD) and total suspended solids (TSS). IPPS also includes pollution intensities for
over 240 priority chemicals and metals generally known to be toxic to humans and metals
known to be bio-accumulative.
For each of the air and water pollutants and the 240 toxic chemicals and metals, IPPS provides
a lower bound, interquartile, and upper bound mean value for their pollution intensity factors.
In this study, estimates of pollution load are based on the lower bound value, but more
important are the ranking of industrial sectors in terms of pollution discharges and ranking of
geographical areas. These rankings remain the same whether lower bound, interquartile or
upper bound values are used.
Pollution intensity factors are calculated as the total amount of pollution discharge for a given
pollutant divided by the manufacturing indicator (output value, value-added or employment).

12

In the case of an employment-based indicator, the factor is the number of kilograms of
pollutant per unit of employment.
A difficulty in the calculation of pollution intensity factors is the variable used to capture the
extent of manufacturing activity. While physical volume of output would be the ideal unit of
measurement, industries and even establishments within an industry often use different units
to report their volume of production. This limits comparison across industries. However, the
values of output and plant-level employment do offer such common units of measurement—
the ranking of industrial sectors is almost identical whether the value of output or employment
is used.6 In the United States, the choice of unit of measurement does not appear to impact
the ranking of industrial sectors by pollution load. For the purpose of policymaking, it is this
ranking that is most relevant.
The income elasticity of pollution per unit of output and the income elasticity of labor per unit
of output are both negative and not significantly different from one another. This suggests that
while developing economies generate more pollution per unit of output than developed
economies, they employ more labor per unit of output in the same proportion. Therefore, this
study uses pollution discharge per unit of labor as the pollution intensity factor.
Challenges in Implementing IPPS in Cambodia
IPPS relies on matching an industrial facility to a specific industrial sector for which pollution
intensity factors are available. The standard approach of classifying economic activities is
known as the International Standard Industrial Classification or ISIC (refer to Box 1). While
most countries use ISIC codes to classify economic activities, it is common to observe in
developing countries the use of hybrid systems combining ISIC with a national system of
classification.
The implementation of IPPS in Cambodia experienced three challenges.
First, as pointed out in Cambodia’s IDP, a large number of industrial and manufacturing
facilities in Cambodia are operating in the informal sector, and lack licenses and permits from
appropriate authorities, including that from the MoE and the Ministry of Industry and Handicraft
(MIH). IDP notes ‘the number of informal enterprises is extremely excessive.’ The lack of
registration allows enterprises to avoid rules and regulations, including the duty of paying
taxes. In a recent survey of 373 enterprises conducted from February 2016 to June 2016,
about 28% of interviewees have indicated the ‘practices of the informal sector’ as the biggest
obstacle to the conduct of their (registered) business (World Bank 2016).
It is indeed a key target of IDP to encourage the formal registration of most small and medium
enterprises in the country. For the purpose of applying the IPPS, enterprises lacking
registration were not included in the enterprise datasets provided to the research team. Hence,
while an objective of the current effort is to provide a more comprehensive understanding of
industrial pollution in Cambodia, it must be noted that this understanding is limited to formally
registered enterprises.
Second, while in the process of identifying appropriate enterprises datasets, it was found that
multiple datasets of enterprises are maintained by various ministries, departments, and
offices. These include, among others, the following organizations:


General Department of Industry of MIH;

6

Hettige et al (1994). For the US study, the rank correlation coefficient between intensity factors using the value
of output and employment is 0.98, thus indicating an almost identical ranking.
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Department of Industrial Technique of MIH;
National Institute of Statistics of the Ministry of Planning;
Department of Environmental Impact Assessment of MoE;
National Social Security Fund (NSSF); and
Cambodia Chamber of Commerce.

The multiplicity of datasets with various degrees of comprehensiveness (none of them are fully
comprehensive) and with various formats created a significant challenge to the study team. It
was finally determined that the 2015 dataset provided by the NSSF was the most
comprehensive set available for purposes of using the IPPS. A total of 1,744 small, medium
and large manufacturing enterprises are included in the analysis.
It is relatively difficult to assess the comprehensiveness of the NSSF dataset.
In 2009, the National Institute of Statistics conducted the first nationwide survey (basically a
listing) of establishments in Cambodia (Government of Cambodia 2009). The survey identified
376,761 enterprises across the country. The bulk of these enterprises (70%) are identified as
micro-enterprises with one or two employees. The number of establishments with five or more
persons engaged was 46,000 accounting for 12.3% while that with 10 or more persons
engaged was 13,000 (3.5%); that with 100 or more persons engaged was 692 (0.2%); and
that with 1,000 or more persons engaged was only 106.
The survey further identified that of the total number of enterprises, 22.5% (approximately
85,000 enterprises) belong to the manufacturing sector. If the same distribution according to
size of firms noted above were to apply to these 85,000 enterprises, then there would
approximately be 2,975 manufacturing enterprises with 10 to 100 employees, 170
manufacturing enterprises with more than 100 employees, and approximately 25
manufacturing enterprises with more than 1,000 employees. If the NSSF 2015 dataset mostly
comprised enterprises with five employees or more, then the final dataset used for this
research would include approximately 55% of manufacturing enterprises with more than five
employees.
Alternatively, Table 2 reports the number of manufacturing enterprises recorded in the
enterprise survey of 2011. The total number of enterprises with more than 11 employees is
estimated to be 7,000 (representing 2.7% of all enterprises in the 2011 survey; 97.3% having
10 employees or less). If the NSSF 2015 were to include only larger enterprises, then the final
dataset used for this report would represent approximately 25% of the reported number of
manufacturing enterprises with 11 or more employees in 2011.
Table 2: Number of Enterprises in Cambodia (Enterprise Survey 2011)a

Number of enterprises
Share (%)
a Source:

Micro
(1-10
employees)
69,851
97.3

Government of Cambodia (2015b)
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Small
(11-50
employees)
5,861
1.9

Medium
(51-100
employees)
530
0.2

Large
(100+
employees)
609
0.6

Hence, without a high degree of certainty, it may be asserted that the 1,744 enterprises
included in the dataset for analysis represent a significant share of the reported number of
manufacturing enterprises. In fact, there is reason to believe that the enterprises included in
this dataset represent a significant share of medium and large enterprises, which could also
explain why there are many communes with a sizeable population but no enterprise records
(Map 1). First, the average number of employees in our dataset is 468 and the median is 130
(50% of the enterprises in the dataset have more than 130 employees). Second, as noted in
Table 3, the recorded number of enterprises with 51 employees or more is 1,139 in the 2011
enterprise survey, while our dataset reports 1,141 enterprises with 51 or more employees.
Map 1: Distribution of Samples (Villages in Commune with Enterprise Data)

Table 3: Number of Enterprises in Cambodia: Enterprise Survey 2011 vis-à-vis this
Report’s Dataset
Enterprise survey
This report’s dataset

Micro
(1-10 empl)
69,851
208

Small
(11-50 empl)
5,861
392

Medium
(51-100 empl)
530
186

Large
(100+empl)
609
955

Finally, employee data provided in the database may not be accurate. The reporting of
employee numbers by industrial activity may have been difficult in case of seasonal
manufacturing. A number of employee data entries were either zero or left blank. It becomes
impossible to validate the number of employees reported in the database hence these facilities
were not included in the analysis.
As a result of these constraints and IPPS’s own limitations, it is important to indicate that the
estimates of industrial pollution presented in Section 3 should be used solely as a ranking
device—of industrial sectors discharging air, water, or toxic pollutants (from more to less
important), and of provinces by industrial discharge of air, water, and toxic pollutants.
15

The results presented in Section 3 should not be used to assess compliance by specific
industrial facilities with national industrial regulations and standards. Similarly, if a system of
industrial pollution fees is established in Cambodia in the future, the results presented in
Section 3 should not be used to assess fees to be paid by individual enterprise. However, the
results can and should be used to guide and focus the monitoring of industrial pollution in the
Cambodia.

3.

Results

Industrial Activity and Distribution
The wearing apparel sector represents 35.8% of enterprises in our dataset and 61.2% of
816,000 employees. The spinning, weaving, and finishing textile sector, and the footwear
sector are the next two most important sectors both in terms of number of enterprises and
number of employees (refer to Table 7 in the Appendix). These three sectors together
represent 57.7% and 85.5% of enterprises and of employees in our dataset. From the point of
view of industrial pollution, the most important feature is the distribution of employment across
industrial sectors.
Similarly, the distribution of enterprises is examined geographically (refer to Table 8 in the
Appendix). Approximately 75.9% of enterprises are located in three provinces: Phnom Penh,
Kandal, and Kampong Speu. Phnom Penh alone accounts for 61.2% of enterprises in the
dataset. These three provinces represent 78.3% of employment in the manufacturing sector.
Phnom Penh’s share of industrial employment is estimated to be 54.9%, slightly lower than its
share of enterprises. It is interesting to note that while Kampong Chang represents only 1.5%
of industrial enterprises, it represents 4.0% of industrial employment.
The geographical distribution of industrial activities can be examined in more detail as it may
provide clues to the sources of pollution (Map 2).

16

Map 2: Number of Enterprises in the Commune

Phnom Penh accounts for the largest share of enterprises for most industrial sectors with the
provinces of Kandal (for wearing apparel, spinning, weaving, and finishing textiles, and printing
and publishing), Kampong Speu (for footwear), Kampong Cham (for malt liquors and malt),
and Kampong Thom (for food products) trailing behind (Figure 3).

17

Figure 3: Distribution of Industrial Sectors by Most Significant Provinces

As shown in Figure 4, wearing apparel represents slightly more than 50% of industrial
enterprises in many provinces, except for Preah Sihanouk where it represents only 26% of
manufacturing enterprises. In many provinces, the spinning, weaving, and finishing textiles
sector represents approximately 20% of enterprises. However, this sector represents
approximately 50% of enterprises in Takeo.
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Figure 4: Share of Industrial Sectors in Selected Provinces

Industrial Pollution by Sector
Across all air pollutant emissions, the cement, lime, and plaster sector is the largest emitter
(refer to Table 9 in the Appendix). It is also the largest emitter of SO2, NO2, PM10, and TSP.
This sector represents approximately 0.2% of enterprises in the dataset and 0.1% of industrial
employment, but contributes a majority of industrial air emissions in the country. The spinning,
weaving and finishing textiles sector, and the synthetic resins, plastic materials, and manmade
fibers sectors are the next largest emitters of air pollutants (Figure 5). Together, these three
sectors account for 16.5% of enterprises (289 out of 1,744 establishments in the dataset) and
10.6% of employment (86,674 employees),in the dataset and approximately 72% of air
pollution from the manufacturing sector. The cement, lime, and plaster sector accounts for
approximately 88% of all PM10 emissions. The iron and steel sector is a significant emitter of
19

carbon monoxide (CO) and of PM10 while the motorcycles and bicycles sector is a large
source of VOC.
Figure 5: Share of Air Pollutant Emissions by Sector

A key to prioritizing the control of air pollution in Cambodia is that a relatively small number of
sectors and enterprises account for most of the air pollution in the country. Across all air
pollutants, 16–18% of enterprises (or approximately 300 enterprises) in the dataset produce
more than 70% of any given air pollutant (Table 4).
Table 4: Largest Industrial Sectors Emitting Air Pollutants
Top 3 sectors
Cement, lime, plaster
Spinning, weaving
Synthetic resins
Iron and steel
Spinning, weaving
Synthetic resins
Motorcycles and bicycles
Spinning, weaving
Synthetic resins
Cement, lime, plaster
Spinning, weaving
Iron and steel
Cement, lime, plaster
Spinning, weaving
Nonmetallic mineral products

% of
enterprises
16.5

% of air pollutants emitted by top three sectors
Total SO2
NO2
CO VOC PM10 TSP
71.8 72.5
80.6

18.6

70.5

16.9

76.9

18.0

95.5

17.6

75.3

With regard to conventional water pollution, a similar scenario is repeated. The iron and steel
sector comprises only 40 enterprises in the dataset (2.3% of all enterprises) but discharges
71.6% of total suspended solids and 68.8% of water pollutants (Figure 6). Looking at the three
sectors discharging the most water pollutants—the iron and steel, sporting and athletic goods,
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and drugs and medicines sectors, which account for 2.9% of enterprises in the dataset—
account for approximately 85% of industrial discharges of TSS (Table 5). The spinning,
weaving, and finishing textiles, footwear, and sugar factories and refineries—which account
for 21.9% of enterprises—discharge 64.9% of BOD wastes.
Figure 6: Share of Water Pollutant Discharges by Sector

Table 5: Largest Industrial Sectors Discharging Water Pollutants
Top three sectors
Iron and steel
Sporting and athletic goods
Drugs and medicines
Spinning, weaving
Footwear
Sugar factories and refineries

% of
enterprises
2.9

21.9

Total

BOD

81.8

TSS
85.2

64.9

Refer to Appendix Table 10 for the distribution of toxic metal discharges by industrial sector.
Except for toxic metal discharges in water—for which 3.7% of enterprises or 65 enterprises
from iron and steel, synthetic resins and plastic materials, and motorcycles and bicycles
account for 75.3% of discharges—the discharges of toxic metal would appear slightly less
concentrated as seen in Table 6: 18.6% of enterprises discharges or approximately 65% of
toxic metal discharges.
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Table 6: Largest Industrial Sectors Discharging Toxic Metal Pollutants
Top three sectors
Iron and steel
Spinning, weaving
Synthetic resins
Iron and steel
Spinning, weaving
Electrical industrial machinery
Iron and steel
Synthetic resins
Motorcycles and bicycles

% of toxic metal pollutants of top three
sectors
Total
Air
Land
Water

% of
enterprises
18.6

65.4

17.9

65.2

73.3

3.7

75.4

Approximately 396 enterprises (22.7% of enterprises from synthetic resins and plastic
materials, spinning, weaving and finishing textiles, and footwear sectors) account for
approximately 62.8% of toxic discharges (refer to Appendix Table 11). With respect to toxic
discharges to water, 16.9% of enterprises account for more than 90% of discharges. The
spinning, weaving, and finishing textiles sector alone account for 69% of toxic discharges to
water (Figure 7)
Figure 7: Share of Toxic Discharges to Water by Sector

The results clearly indicate that the industrial discharges of air, water, and toxic pollutants in
Cambodia originate from a limited number of industrial sectors representing approximately
less than 20% of enterprises in the dataset.
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Industrial Pollution by Geography
It has been shown (Appendix Table 8) that industrial employment in Cambodia is concentrated
in Phnom Penh (54.9% of industrial employment in the dataset), Kandal (15.1%), and
Kampong Speu (8.3%) in this order. These three provinces account for more than 78% of
industrial employment. If pollution intensities (as measured by per unit of labor) were similar
across industrial sectors, one would estimate a similar distribution of pollution discharges.
However, this does not reflect the outcome of the estimates below.
Examining air pollution first, it is found that Phnom Penh accounts for 37.5% of total air
pollutant emissions (Appendix Table 12). It also accounts for only 12.9% of PM10 emissions
and for 28.0% of TSP emissions. On the other hand, the province of Kampot, which accounts
for only 0.3% of industrial employment, represents 29.8% of total air pollutant emissions,
51.3% of TSP emissions, and 82.6% of PM10 emissions. These two provinces account for the
bulk of air pollutant emissions in the country (Figure 8). Kampot’s ranking as a significant
source of TSP and PM10 is the outcome of types of enterprises located in the province, namely
cement enterprises.
Figure 8: Provincial Shares of Industrial Air Pollutants

The geographical distribution of industrial water pollutants is significantly different with Phnom
Penh accounting for 59.2% of total discharges of water pollutants, 44.7% of BOD discharges,
and 59.8% of TSS discharges (Appendix Table 13). Following Phnom Penh are Preah
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Sihanouk, Takeo, and Kandal provinces with the largest amount of water pollutants accounting
for approximately 85% of total discharges of water pollutants (Figure 9).
Figure 9: Provincial Shares of Industrial Water Pollutants

It is interesting to examine in greater detail the results from selected provinces beginning with
Phnom Penh. Dataset includes 1,068 industrial establishments in Phnom Penh, considered a
large number of enterprises to target. In order to prioritize pollution control effort, authorities
may need to examine the distribution of water pollutant discharges by sector and by individual
enterprises in Phnom Penh itself.
Out of 1,068 industrial enterprises in Phnom Penh, the largest 25 dischargers of TSS account
for approximately 92% of total discharges in Phnom Penh. In fact, the three largest dischargers
of TSS in Phnom Penh account for approximately 55% of TSS discharges in the province. As
shown in Figure 10, the distribution of TSS discharges is heavily skewed toward a very limited
number of enterprises. Of the 25 enterprises with the largest TSS discharges, 20 enterprises
come from the iron and steel sector, four from the drugs and medicines sector, and one from
the jewelry sector. The single largest enterprise discharging TSS in Phnom Penh accounts for
42.4% of TSS discharges in the province.
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Figure 10: The 25 Largest Enterprises Discharging TSS in Phnom Penh

A relatively similar situation arises with respect to the discharge of toxic metal pollution with
Phnom Penh accounting for approximately 53.2% of these discharges. The next largest
provinces discharging toxic metal pollution are Preah Sihanouk, Takeo, Svay Rieng, Tboung
Khmum, and Kandal (Figure 11). These six provinces account for 86.0% of all industrial toxic
metal discharges in the country (Appendix Table 14).
Figure 11: Provincial Shares of Industrial Toxic Metal Pollutants
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Given the prominence of Phnom Penh, it is interesting to examine the results in greater detail
from this province. The three largest enterprises discharging toxic metal pollution account for
32.8% of total discharges in Phnom Penh. The 10 and 25 largest enterprises account for
50.0% and 66.2% of these discharges, respectively. Of the 25 largest enterprises discharging
toxic metal in the province, 10 come fro the iron and steel sector (Figure 12). In fact, the single
largest enterprise discharging toxic metal is an iron and steel enterprise which accounts for
24.4% of total discharges in Phnom Penh.
Figure 12: The 25 Largest Enterprises Discharging Toxic Metal Pollutants in Phnom
Penh

Finally, we examine the discharges of toxic pollutants. While Phnom Penh accounts for the
largest share with 38.9% of discharges at the national level, the significance is less prominent
when compared with toxic metal, air, and water pollutants. Tboung Khmum, Kampong Thom,
Preah Sihanouk, Kandal, and Svay Rieng also significant add to the discharge of toxic
pollutants in the country (Appendix Table 15, Figure 13).
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Figure 13: Provincial Shares of Industrial Toxic Pollutants

The results are surprising given that Tboung Khmum has only 28 enterprises in the dataset.
As shown in Figure 14, one enterprise alone in the synthetic resins, plastic materials, and
manmade fibers sector explains this result. This enterprise accounts for 86.0% of the total
toxic pollutants in the province.
A similar result applies to the province of Kampong Thom. Of the 25 enterprises in the
province, two enterprises from the same synthetic resins, plastic materials, and manmade
fibers sector represent 93.2% of total discharges of toxic pollutants (Figure 15).
While it is in principle possible to display the results of the IPPS from the commune level to
further break down the data above, the pilot study decided against it in light of the challenges
and limitations encountered with the enterprise database (no enterprise address or other
village level geolocation included, no enterprise records in many densely populated
communes, and uncertainties about the accuracy of the enterprise databases available to the
pilot study).
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Figure 14: Enterprises in Tboung Khmum Discharging Toxic Pollutants

Figure 15: Enterprises in Kampong Thom Discharging Toxic Pollutants
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4.

Conclusions and Recommendations

Environmental regulators in numerous developing economies, including Cambodia, have
insufficient capacity, staffing, and resources to adequately address industrial pollution. In
particular, the lack of monitoring resources—staff, budget, and technology—often prevents
the accounting of plant-specific industrial discharges. This presents an obstacle to the
enforcement of national pollution control regulations and standards.
The application of IPPS in Cambodia describes the country’s manufacturing sector and an
estimation of associated industrial pollution. It has been shown that a high percentage of
industrial pollution is generated by a limited number of industrial sectors. The cement, lime
and plaster sector alone accounts for approximately 31.8% of total industrial air pollution
emissions in the country and 88.4% of PM10 emissions. The iron and steel basic industries
sector accounts for approximately 68.7% of total industrial water pollution discharges. When
combined with sporting and athletic goods, and drugs and medicines sectors, these three
sectors account for approximately 82.0% of total industrial water pollution discharges. Yet,
these three sectors comprise only 51 of the 1,744 enterprises in our dataset.
Furthermore, within the sectors identified as largest dischargers of pollution, a
disproportionate share of industrial pollution is accounted for by a limited number of industrial
facilities.
It has also been shown that a majority of industrial pollution originates from a limited number
of provinces in Cambodia. While the ranking of provinces changes across pollutants, only
Phnom Penh, Kampot, Thoung Khmum, Kandal, Preah Sihanouk, Svay Rieng, Kampong
Thom and Takeo rank as the largest provincial emitters. These results are encouraging as
they suggest that large overall reductions in industrial pollution discharge could be achieved
by focusing attention and resources on a limited number of industrial facilities located in a few
geographical areas.
This information should be used as a basis to review and revise present resource allocation
for industrial pollution control at the national and provincial levels. Plotting available resources
and their current use against the results of the IPPS should help authorities identify gaps and
shift resources to better align to those areas and sectors where industrial pollution is
concentrated.
These results should also support the design and implementation of industrial pollution audits
of facilities identified as the largest producers of air, water and toxic pollutants in Cambodia.
Such audits should identify not only the quantity of pollution emissions and discharges, but
also the facilities’ production technologies and pollution control and abatement processes.
These audits can then be used to identify where pollution may be reduced at least cost and
also where opportunities may exist so as to decrease overall production costs, increasing the
enterprises’ profitability and competitiveness.
Beyond the immediate use of IPPS to optimize the use of pollution control resources, these
results may be used by planners in those sectors or areas that are adversely affected by
industrial pollution—such as urban planners and health authorities—to advocate for stronger
and more empowered pollution control authorities.
In this context it is important to recognize some limitations of the exercise described in this
report and the need for improvements. More importantly, as pointed out at the outset of the
report and as recognized in Cambodia’s IDP, a large number of enterprises in Cambodia
operate in the informal sector. By definition, these were not included in the analyses.
Furthermore, multiple agencies in Cambodia maintain distinctive datasets of industrial and
manufacturing enterprises in the country. None of these appear to be completely
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comprehensive and there remain inconsistencies in the nature of the information contained
across datasets.
Given the limited resources available to pollution control activities, it is important for the
industrial pollution control authorities to recognize that an adequate and reliable national
industrial activity database is the key to a speedy achievement of greater efficiency and
effectiveness by authorities. In this respect, there may be an opportunity for interministerial
collaboration that would benefit both industrial promotion and pollution control authorities.
Second, it must be recognized that the estimates presented in this report should not be used
to assess compliance with national regulatory standards or to assess pollution discharge fees,
if there were to be such policies. These results simply point to specific industrial sectors and,
within these sectors, to specific firms in well-defined areas where pollution may reach high
levels. While the results presented in this paper may serve to better focus limited monitoring
and enforcement resources, they should not be used in lieu of actual monitoring data for the
enforcement of pollution control regulations.
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Appendices
Table 7: Distribution of Enterprises and Industrial Employment by Industrial Sector

Note: (Red: 3 most important; yellow: 3 next most important)
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Table 8: Distribution of Enterprises and Industrial Employment by Province

(Red: 3 most important; Yellow: 3 next most important)
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Table 9: Air Pollution Emissions by Industrial Sector

(Red: 3 most important; Yellow: 3 next most important)
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Table 10: Toxic Metal Discharges by Industrial Sector

(Red: 3 most important; Yellow: 3 next most important)
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Table 11: Toxic Discharges by Industrial Sector

(Red: 3 most important; Yellow: 3 next most important)
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Table 12: Air Pollutants Discharged per Province

(Red: 3 most important; Yellow: 3 next most important)

Table 13: Water Pollutants Discharged per Province

(Red: 3 most important; Yellow: 3 next most important)
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Table 14: Toxic Metal Pollutants Discharged per Province

(Red: 3 most important; Yellow: 3 next most important)

Table 15: Toxic Pollutants Discharged per Province

(Red: 3 most important; Yellow: 3 next most important)
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