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APls Application Program Interfaces (iRHSIARA jﬁ )

AQI Air Quality Index (£ fjAANMNSINT )

AQIP Air Quality Improvement Project ( BI{NRITDARY IAANMNZIAT)
Department of Air Quality, Noise and Vibration Management (S LUﬁtj] SL’ﬁﬁLﬁﬁ
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DMS Data Management System (LUﬁgLﬁﬁLﬁh§§§lﬁ)
Acid Deposition Monitoring Network in East Asia (UM N{EANS§MIvAH AR
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EPA United States Environmental Protection Agency ( §MAMIMINIUTAN S autniginivin )

GGGl Global Green Growth Institute (?Qﬁ N SHﬁf%jé?Uﬁﬁ fIREY)

AT Intake Air Temperature (fﬁ‘ﬁﬂtﬁﬁ"lﬂejm[ﬁjﬁﬁum)

MOE Ministry of Environment (LﬁmuhU?Q\ﬂS)

MOs Metal Oxides Sensors ( {3SaSIOU2AISHISThAIANTN:)

OPC Optical Particle Counter ( 2URIANNUNMIIMAHUSE)

PSC Project Steering Committee (AIW1:AHN mifiAs) Al

QA Quality Assurance (MIMSIAANMAN)

QC Quality Control (MI{RHANSHIANNAN)

SOP Standard Operating Procedure ( §ﬁ?§LUﬁU§ fgh )

TWG Technical Working Group ([ﬁUmimiUtgﬁIGﬁj)

UsD United States Dollar (RJUWR QNIGNIRHIYIA )

VOC Volatile Organic Compounds ( Uﬂ%ﬂ Y UMAMIN RN WURTING)

WHO World Health Organization (Hgmtﬁqzmnﬁﬁmmm
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1. Background

1.1 Introduction

Air pollution is a global environmental challenge with far-reaching consequences for public health, ecosystems
and climate dynamics. As our interconnected world grapples with the ramifications of industrialization and
urbanization, understanding and addressing air pollution has become imperative for sustainable development.
Cambodia, amidst its own developmental journey, faces unique challenges in managing air quality — which is a
crucial aspect of ensuring the well-being of its populace.

“Air pollution is a global environmental challenge with far-reaching consequences for public

health, ecosystems and climate dynamics.”

In the global context, the impact of air pollution transcends national boundaries and affects communities
worldwide. Rapid industrial growth, increased vehicular emissions, and the combustion of fossil fuels collectively
contribute to elevated concentrations of pollutants in the atmosphere. These pollutants not only pose health
risks but also contribute to climate change. It makes the need for effective air quality monitoring and mitigation
strategies all the more urgent on an international scale.

Within the borders of Cambodia, the consequences of air pollution are tangible and require careful scrutiny.
According to the 2021 Clean Air Plan of Cambodia report," Phnom Penh, the capital city, experienced
a concentration of PM2.5 at 13.59 pg/m3 in 2017. This rose to 19.26 pg/m3 in 2018. Notably, elevated
pollution levels are often observed from January to March during the dry season. Residential activities and
waste contribute significantly - accounting for 43% and 27% of PM2.5 sources, respectively. Meanwhile, the
transportation sector emerges as a major contributor to nitrogen dioxide emissions and is responsible for a
staggering 71.23% of the total concentration of PM2.5.

As we delve into the assessment of air monitoring stations in Cambodia, it is crucial to understand the sources
and dynamics of air pollution that impact the nation. This assessment aims to scrutinize the existing air quality
monitoring infrastructure, evaluate its effectiveness, and propose measures for enhancement. Anintegral part
of this evaluation involves exploring the tools employed to measure air pollution accurately. These tools not
only serve as instruments for data collection. They are essential for formulating evidence-based policies and
strategies to combat the pervasive issue of air pollution in Cambodia and contribute to the global effort for a
cleaner and healthier environment.

1.2 Purpose

The purpose of the assessment report is to play a pivotal role in advancing the effectiveness of air monitoring
stations in Cambodia. It aims to achieve the following key objectives:

e Tocomprehensively document a range of diverse perspectives and encapsulate various views on the
current state of air monitoring stations in Cambodia. The documentation captured is expected to serve
as a crucial foundation for informed decision-making - providing stakeholders with a holistic understanding
of the strengths and challenges faced by the existing monitoring infrastructure.

e To establish a foundational plan for the future - outlining strategic measures to enhance the efficiency

1 Clean Air Plan of Cambodia, 2021
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and functionality of air monitoring stations across the country. By identifying areas for improvement
and proposing actionable recommendations, the report is expected to contribute to the development of a
robust and forward-thinking plan for the nation’s air quality management.

e Tocritically assess the entire process of data assurance. This will involve scrutinizing the protocols and
methodologies in place to guarantee the accuracy and reliability of data that has been collected. In doing
so, the assessment will evaluate the technical aspects of data assurance and ensure that the information
derived from air monitoring stations aligns with international standards.

e To serve as a crucial source of information - offering valuable insights to government bodies,
environmental agencies and the public. By fostering transparency and disseminating knowledge about
the state of air quality monitoring in Cambodia, the report is intended to facilitate a shared understanding
of the challenges and opportunities in the realm of environmental stewardship.

e To support the development of a manual on air quality monitoring procedures. The results of the
assessment are also expected to serve as valuable inputs for the development of a manual on quality
assurance and quality control (QA & QC) procedures. The manual is intended to be institutionalized within
the Ministry of Environment’s Department of Air Quality, Noise and Vibration Management.

1.3 Scope and limitation of the study

Air monitoring sensors and stations are installed throughout the country. Due to budgetary constraints and
time limitations, the assessment was conducted in only three targeted cities. The cities were selected as pilot
samples and are intended to be representative of other cities across the country. The cities selected for the
assessment were Siem Reap, Phnom Penh and Sihanoukville.

Technically, a digital flow meter is necessary to measure the flow rate of the equipment, and the pump’s
capacity typically changes over the equipment’s lifespan. As a digital flow meter was unavailable, the collocation
method? was applied for this study. This method allowed for the bypassing of pump capacity considerations as
it concentrated on the data rather than on the sensor or pump itself.

1.4 Structure of the report

The report is composed of four chapters:

Chapter 1: Background - The first chapter provides an introduction to the report - outlining the purpose of
the report, its scope and the limitations of the study. It also outlines the arrangement.

Chapter 2: Data Collection - The second chapter details the methodologies and procedures employed in the
collection of air quality data. It also explores the tools and technologies that were involved in the process.

Chapter 3: Assessment Report - The third chapter presents a thorough assessment of the current state of
air monitoring stations in Siem Reap, sensors and reference stations placed in the Institute of Technology of
Cambodia (ITC) in Phnom Penh, and Sihanoukville. It analyzes key components of the air monitoring stations -
such as infrastructure, technical capacity, data management and overall operational efficiency.

Chapter 4: Recommendations - The fourth chapter offers actionable recommendations which have been
derived from the assessment. These include proposed strategic interventions and improvements which are
aimed at enhancing effectiveness.

2 Collocation is a form of data analysis calibration in which sensors are operated side-by-side with reference
stations to compare data and ensure comparability.
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2.1 Air quality monitoring station

There are typically two types of air quality monitoring stations in the country - reference stations and low-cost
sensors. As each type has its own advantages and disadvantages, both are used to complement each other and
optimize cost-effectiveness.

Reference station

A reference air monitoring station is a specialized facility designed to systematically and accurately measure
key air pollutants in the ambient atmosphere. Positioned strategically in locations representative of broader
air quality patterns, these stations serve as benchmarks for assessing environmental conditions and ensuring
the reliability of air quality data.

Equippedwithstate-of-the-artinstrumentation, reference air monitoring stations feature advanced technology
to measure pollutants such as PM2.5, PM10, NO2,SO2, CO, O3 and meteorological parameters. The facilities
adhere to stringent calibration and maintenance procedures - providing standardized and precise data crucial
for regulatory compliance and scientific research.

Reference station
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(There are several advantages of utilizing reference stations, such as: A

e Data Accuracy: Reference stations ensure air quality data is highly accurate and reliable. This
establishes a baseline for consistent measurements.

e Regulatory Compliance: Reference stations contribute to regulatory decision-making which is
essential for formulating and evaluating air quality standards and regulations..

e Scientific Research: Researchers use data from reference stations to conduct in-depth studies on the
impacts of air pollution. This contributes to a deeper understanding of environmental dynamics.

e Public Health Protection: By providing real-time data on air quality, reference stations enable timely
interventions to protect public health from potential hazards associated with elevated pollutant levels.

e International Comparisons: Reference air monitoring stations facilitate global collaboration by
providing standardized data. This allows for there to be comparisons between countries and aids in
\_ addressing transboundary air pollution. )

In essence, reference air monitoring stations are vital components of air quality management. They ensure precision,
reliability and comprehensive data collection, essential for safeguarding public health and environmental policies.

In this assessment, it is assumed that the reference stations undergo regular and proper maintenance and
calibration - with Chinese experts conducting monthly check-ups and calibrations since they were initially
installed. Subsequently, three major activities are carried out at reference stations:

e Aninspection of recorded calibration data - to understand the behavior of the equipment.
e Aninvestigation of air quality data - in the event that abnormal data is recorded; a cleaning process is necessary.

e The utilization of data from the reference station as a baseline and the attachment of a low-cost sensor for
the collocation process.

A low-cost sensor for air monitoring refers to an affordable and portable device designed to measure various air
quality parameters. These sensors are cost-effective alternatives to traditional monitoring instruments - allowing
for widespread deployment in diverse environments. While they may have limitations in precision compared to
reference-grade instruments, low-cost sensors play a crucial role in expanding the spatial coverage of air quality
monitoring networks.

These sensors are typically compact, lightweight and easy to deploy. It makes them suitable for distributed
monitoring across both urban and rural areas. Equipped with sensors for particulate matter (PM2.5 and
PM10), gases (CO,NO2,502, O3) and other relevant parameters, low-cost sensor facilities often include solar
or electric power sources for sustained operation. While they may lack the complexity of reference stations,
their versatility and affordability make them valuable tools for capturing localized air quality variations.

“While low-cost sensor may have limitations in precision compared to reference-grade

instruments, low-cost sensors play a crucial role in expanding the spatial coverage of air
quality monitoring networks.”

Two types of low-cost sensors - GRI-IAT® and Oceanus - were deployed across the country. GRI-IAT is compact
and lightweight, facilitating easy mobility. Meanwhile, Oceanus is slightly heavier. Oceanus has transitioned

3 Thesensor brand is GRI and IAT stands for Intake Air Temperature.
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from having a solar power source to an electricity power source due to solar panel-related power shortages. Both
sensors, originating from China, incorporate PM sensors, electrochemical sensors (CO, NO?, SO?, and O°) and
additional sensors - such as humidity, temperature and volatile organic compounds (VOC). Presently, only the
PM sensors are operational due to the expiration of electrochemical sensors.

low-cost sensors are low-cost sensors are low-cost sensors are

compact lightweight easily mobility

Figure 2. Low-cost sensor (Oceanus and GRI-IAT)

~¢ Geartambadia
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There are several advantages of using a low-cost sensor, such as: A

e Increased Spatial Coverage: Low-cost sensors enable the creation of dense monitoring networks -
providing a more granular understanding of air quality variations across different locations.

e Community Engagement: The affordability and simplicity of the sensors facilitate community-based monitoring
initiatives. This empowers citizens to actively participate in assessing and addressing local air quality concerns.

e Rapid Deployment: The sensors’ ease of deployment allows for a quick response to emerging environmental
challenges. This enables timely data collection during events like wildfires, industrial incidents or
sudden changes in pollution sources.

e Supplementing Reference Stations: While not replacing reference stations, low-cost sensors complement
traditional monitoring infrastructure by offering additional data points. This is particularly the case
in areas with limited access to reference-grade instruments.

e Research and Awareness: Low-cost sensors contribute to research efforts and raise awareness about
air quality issues. They serve as educational tools and can be instrumental in highlighting pollution
\_ sources and trends within communities. )
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In essence, low-cost sensors for air monitoring bridge the gap between sparse reference station coverage and
the need for localized, real-time data. Their affordability and versatility make them valuable assets in creating
a more comprehensive understanding of air quality dynamics. This empowers communities and contributes to
broader environmental research efforts.

In this study, the low-cost sensor is placed close to the reference station for the collocation process. Once the
collocation process is completed, the low-cost sensor is removed from the reference station and reinstalled
back at its original location.

2.2 Maintenance and calibration procedures

The sensor of an air monitoring system requires maintenance and calibration to ensure reliable data.
Maintenance involves checking up on the components to ensure they are working properly - including
cleaning. Calibration, on the other hand, is the process of correcting or adjusting the sensor measurements by
comparing them with known or concentrations of air pollutants recorded by reference stations . This process
aims to enhance sensor accuracy through multiple tests conducted in both laboratory settings and the actual
installation location. Calibration serves as an essential component of quality control for sensors by helping to
identify and eliminate data drifts - thereby maintaining the accuracy and consistency of the collected data. A
maintenance and calibration manual has been developed as part of this project.

Maintenance and calibration processes are key steps in ensuring that equipment remains in the right condition
and that data quality is assured. However, these processes introduce an additional task into the routine
operations conducted by technical officials. This extra responsibility can be more complicated and time-
consuming - requiring a detailed and lengthy procedure. The following section outlines the strengths and
weaknesses associated with adhering to the maintenance and calibration protocol.

~

e Maintenance Process: This encompasses work identification, planning, scheduling and execution. The
maintenance process results in sensor effectiveness (in a well-functioning status) and is cost-effective.

o Calibration Protocol: Ensures reliable data production and error avoidance. When data is integrated from
multiple sensors, the protocol ensures uniformity and consistency across all sensors.

o Data Analysis/Validation: This process involves analyzing and verifying the data and results. It represents
the final step before seeking approval and is crucial for maintaining data quality.

Y4

-

J
~

e Significant effort and patience: These are required to achieve high-quality data and avoid errors. Some
drawbacks and challenges include:

e Time Consumption and Effort: The maintenance process often involves following a detailed manual, step
by step. Planning and scheduling also add to the workload - making it a time-consuming task.

e Budget Constraints: Proper maintenance scheduling requires a budget for repairing or replacing spare
parts. It also requires transportation to travel to the location of the air monitoring system. While budget
constraints are often viewed as a weakness, they should be considered a strength due to the cost-
effectiveness of maintenance.

e Complications: Each process comprises of multiple steps - from the initial checklist to the verification
upon completion. Following these steps meticulously is crucial to avoid overlooking tasks — however, it can
be time-consuming and requires patience. )
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2.3 Target investigated location

A total of 50 air monitoring stations exist in Cambodia. This comprises of both reference stations and low-cost
sensors. Notably, 10 reference stations were installed in 2020 through a donation from the People’s Republic
of China. In addition, low-cost sensors were deployed between 2018 and 2019, with typically two sensors
allocated to each province or city.

Distribution of air monitoring in Cambodia (Clean Air Plan of Cambodia)
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Reference stations are strategically placed in major cities and specific provinces. They are equipped with
comprehensive ambient air monitoring capabilities that can record CO, SO?, NO/NO?/NOx, O3, PM2.5, PM10
and meteorological data (humidity, wind speed, wind direction and pressure). These stations undergo regular
maintenance and calibration and are supported by a development partner. Maintenance records, including
calibration details, are meticulously documented in log books at each station.

The sensor investigation covered three key locations in Cambodia: the cities of Phnom Penh, Siem Reap and
Sihanoukville. At each location, three stations were examined. This included a reference station and two low-
cost sensors (GRI-IAT and Oceanus). The investigation primarily focused on assessing the physical condition,
functionality and data output of the sensors.

2.4 Data management

The data management of the air monitoring network is characterized by a well-structured and collaborative
system. The 10reference stations areequippedwith comprehensive monitoring capabilities. The datagenerated
by the reference stations is systematically stored at a data center located at the Institute of Technology of
Cambodia. Throughout the project’s duration, the data center is being efficiently managed by a server from
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China - ensuring a robust and reliable storage infrastructure. Importantly, Ministry of Environment (MoE)
officials benefit from unrestricted access to the data center which promotes transparency and accessibility.
Post-project, a significant transition is anticipated. This is because the ownership of the data center is set to be
transferred to the Ministry - ensuring continuity in data management responsibilities.

In addition to the reference stations, a separate server is being administered by the MokE. It also plays a pivotal
role in the data management ecosystem. This server efficiently receives and analyzes data from all low-cost
sensors deployed across the country. The streamlined process enables officials to promptly proceed with
result analysis and verification for approval - contributing to effective decision-making. Furthermore, the MoE
demonstrates a commitment to transparency by preparing to display real-time data from the air monitoring
network across the country through a dedicated website - https://airquality.moe.gov.kh/home. This public-
facing platform serves to enhance awareness and understanding of air quality conditions - fostering a culture
of informed environmental stewardship.

2.5 Technical capacity

Technical officials and middle management were engaged with as part of the study. Discussions were centered
on existing policies, data management and technical implementation. This involved focusing on three critical
aspects to ensure data quality:

o Data Collection Activity: Ensuring proper sensor functionality and accurate data recording.

e Data Analysis Activity: Understanding data trends, outlining the analysis process, and implementing
verification measures.

e Diagnostic Procedure: Addressing issues encompassing sensors, electricity, electronics (occasionally) and
the required digital and information technology skills for effective problem-solving.

By addressing these components, the report aims to establish a robust foundation for the ongoing air
monitoring initiative in Cambodia.
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3.1 Regulation

The regulation on air quality is primarily based on public health concerns. Worldwide, air quality regulations
often adhere to guidelines set by the Environmental Protection Agency (EPA) in the USA or the World Health
Organization (WHOQO). However, compliance with these regulations can be challenging - particularly for
developing countries. As a result, each country establishes its own set of regulations tailored to its specific
circumstances and needs.

At present, there are policies and strategies in place to improve air quality in Cambodia. Below is a list and
summary of these policy documents:

Regulation in Cambodia related with air monitoring

No. Typeof Document Year Matter of air quality
Air pollution and noise disturbance. It is very broad for CO, NO2,
1 | Sub-decree 4?2 2000 50203, Pb, and TSP.
2 | Circular 01 2020 | Measures on pollution source control - targeting fossil fuel.
3 | Air quality strategy | 2021 | Clean air plan of Cambodia.
4 | Prokas 038 2020 | Implementation of AQI index for monitoring air quality in Cambodia.
5 | Circular Strategy 2023 | Circular Strategy on Environment 2023-2028.

Based on the documents above, only Sub-decree 42 (established in 2000) mentions the regulation of pollutant
levels permitted in Cambodia - such as CO, NO2, SO2, O3, Pb and TSP. However, the regulation is very broad
and may have fit the context of Cambodia at the time. In the last 20 years, Cambodia has undergone significant
changes including developments in infrastructure, buildings and an increase in the number of vehicles.
Therefore, a revision of the regulation is required.

Currently, the low-cost sensors of all stations only measure PM2.5 and PM10. This is because it has been
roughly five years since installation. This means the electrochemical sensors are outdated and unable to
measure gas emissions. Although we measure PM10 and PM2.5, the current regulation in effect does not
state the limits.

Itis also necessary to have electrochemical sensors attached to the low-cost sensors due to the limited number
of reference stations. Reference stations are not available for some provinces. Therefore, air quality is based
solely on the readings from the low-cost sensors.
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Table 2 shows the air quality standards:

National ambient air quality standard vs. WHO Guideline

Air Pollutants

Average Time

Sub-decree 42* (mg/m3)

WHO Guideline® (ug/m3)

8-hr 20 -

1-hr 0.3 -
NO2 24-hr 0.1 50

1-yr - 30

1-hr 0.5 -
SO2 24-hr 0.3 50

1-yr 0.1 -

1-hr 0.2 -

03
8-hr - 120
24-hr 0.005 -
Pb

1-yr - -

24-hr 0.33 -
TSP

1-yr 0.1 -

24-hr - 100

PM10
1-yr - 50
24-hr - 50
PM2.5
1-yr - 25

3.2 Assessment of low-cost sensors

The assessment of low-cost sensors is carried out through both physical and data inspections. The physical inspection
involves checking the cleanliness of the sensor, measuring the flow rate, and assessing the repeatability of the
data it provides. Unfortunately, a digital flow meter was not available for this study - leading to the exclusion of flow rate
measurements. In addition, data inspection was conducted by comparing the data from the low-cost sensor
with that from the reference station. Both of these devices had been installed in close proximity (usually less
than 10 meters) and measured simultaneously.

Based on physical inspections, both the data detection and pump of the sensors were functioning well. Even
though the flow meter was not available, the flow rate of the Oceanus sensor was specified as 1.3 L/min+0.15
- based on the instruction manual. However, the flow rate for the GRI-IAT was not indicated. Additionally, the
sensor was observed to be clean and it consistently provided data to the servers in a timely manner.

Since the calibrator tool was not available, the calibration process was conducted by applying collocation with
areference station. Fortunately, we had a reference station for every target city - including Phnom Penh, Siem
Reap and Sihanoukville. Due to the monthly check up and calibration conducted by a Chinese expert, it was
assumed that the reference station was well-calibrated and in good functioning status. A sensor was installed
as close as possible to the reference station. Then, both sets of data were compared to identify any differences.
Below is the data comparison between the low-cost sensor and the reference station.

4 Sub-decree 42 on Air pollution and noise disturbance, 2000
5 WHO Guideline 2021 @ Interim Target 2
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Comparison of reference station and sensor in Siem Reap, Sihanouk Ville and Phnom Penh
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Based on the comparison data, the slope and intercepts are estimated.

One hour averaged PM2.5 Correlation - SR Station
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Eq.2 will be applied with the data of the sensor - it is so-called calibrated data. The step-by-step procedure can
be found in the Annex.

Figure 5illustrates the one-hour averaged PM2.5 concentrations in Siem Reap, Sihanoukville and Phnom Penh,
respectively. The blue dots represent the raw data provided by sensors. The orange dots indicate the adjusted
concentration. Subsequently, the adjusted concentration is reported as calibration data. It is important to note
that the difference between raw and adjusted concentration is approximately 5-10 pg/m3. While the absolute
value may not be high, the percentage difference is quite significant. Generally, the adjusted value is deemed
acceptable within +20%.

Comparison raw data and calibrated data
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One hour averaged PM2.5 concentration - ITC Station
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Next, the calibrated sensor can be used to install another low-cost sensor nearby for the next collocation. This
isin case the reference station is not available in the area. Figure 7 below shows the comparison between low-
cost sensors - specifically the GRI-IAT which is calibrated with the reference station compared to the Oceanus.

Using calibrated sensor to calibrate another sensor

One hour averaged PM2.5 Correlation - Cultural Village
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One hour averaged PM2.5 correlation - DoE
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Some important features and specifications of the installed low-cost sensors are listed in the table below.
However, some important specifications could not be found out in the manual - such as sampling flow rate
and sensor life. Sampling flow rate is necessary once the measurement of flow rate is conducted, but it is not
required for this study.

Summary main features of existing low-cost sensors

Parameter Oceanus® GRI-IAT Remark
Range PM2.5 0-1000mg/m3 0-1000mg/m3
Range PM10 0-1000mg/m3 0-2000mg/m3
Principle Light scattering Laser
Sampling flow 1.3 L/min£0.15 N/A
rate
Gas 03, NO? S0O? CO,VOCs, H?S | CO, SO?, 0%, NO?, Temperature, humidity | Not
working
Sensor life N/A 2 years

3.3 Status of reference stations

The reference stations undergo regular maintenance and calibration. This is supported by partner for a period
of two years. Monthly calibration records are diligently documented in the log book for future reference. These
records serve as a valuable resource - allowing us to observe and track the performance of the sensors over
time.

6 Operation manual of Henanoceanus: AQM-09
7 Product manual of Huana Guorui Instrument (GRI): GRI-IAT Air monitoring
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Calibration record of reference stations
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Calibration Record - Reference station ITC
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Span drift is a proportional increasing or decreasing shift of the measured value away from the calibrated
values. Based on the recorded data, it is evident that sensors exhibiting a high span drift (typically exceeding
20%) are at risk of potential failure in the near future. The span drift differences (as illustrated in Figure 8
above) indicate values of less than 20% for the ITC station in Phnom Penh; more than 30% for the Siem Reap
station; and over 40% for the Sihanoukville station. Notably, this suggests that the SO? sensor in the Siem
Reap station and the CO and NOx sensors in the Sihanoukville station may be in a critical condition. During
the site visit, it was confirmed that the CO sensor in the Sihanoukville station is currently undergoing repairs.
While certainty in predicting failures is not always guaranteed, proactive planning for the replacement of
spare parts is deemed advisable.

3.4 Operating expenses for references station and sensors

Reference stations are very important for the country. Due to regular maintenance and calibration, the data
provided by reference stations will be the baseline that the low-cost sensor can follow/adapt. However, the
running cost for maintenance and calibration is expensive. The table below shows the major consumables
required for the operation of a reference station including the total cost required for its operation and
maintenance:
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Table 4. Cost estimation for major consumables of a reference station

Model Consumable unit  Quantity Priceperunit Amountper Lifetime Amount per

(UsD) lifetime (USD)  (year) year (USD)

PM10/PM2.5 Glass

1 ) ) pcs 120 120 14,400 1 14,400
Fiber Filter

PTFE Filter Membrand
2 pcs 40 50 2,000 1 2,000
CO, 03,502, NO

CO Standard Gas

3 ) tank 10 2930 29,300 2 14,650
Cylinder
NO Standard Gas
4 ) tank 10 2930 29,300 2 14,650
Cylinder
SO? Standard Gas
5 ) tank 10 2930 29,300 2 14,650
Cylinder

AQM-200 Calibrator

6 pcs 10 660 6,600 2 3,300
Sensor Board

nut 1/4 316 stainless

7 pcs 30 32 960 1 960
steel filter

Total 111,860 111,860 64,610

Table 4 above excludes import tax and transportation. In terms of safety, the gas tank should be packaged
separately and kept under well controlled conditions ready for transportation. This may prove costly. In
addition to the cost estimation in the table above, it is necessary to factor in the costs associated with small
consumables, spare parts, electricity, internet, operation cost, etc. Therefore, to fully operate reference
stations it is necessary to reserve 100 000 USD per year per individual station.

There are a total of 10 reference stations in Cambodia - two in Phnom Penh and eight in different provinces.
Itis also necessary to include an estimated USD 6,960 for travel to the provinces for maintenance. This makes
the total operations and maintenance cost for all 10 reference stations an estimated USD 1,055,680 per year.

With respect to the sensors, there are a total of 40 sensors in 24 provinces across Cambodia. The total
operation and maintenance expense for the sensors is estimated at USD 39,840 annually. This includes 30%
of the total for accessories required for the sensor. The remaining amount is for the transport costs required
for experts from Phnom Penh to travel annually to the different provinces.

3.5 Low-cost sensor selection

In 2019, Federico et al. undertook a study® in Italy to evaluate the performances of 112 low-cost sensors for
air quality monitoring. The study was conducted by comparing the qualitative data of low-cost sensors with
reference measurement. The study concluded by shortlisting sensors that showed agreement with reference
measurement.

8 Karagulian, F., Barbiere, M., Kotsev, A., Spinelle, L., Gerboles, M., Lagler, F., Redon, N., Crunaire, S., &
Borowiak, A. (2019). Review of the Performance of Low-Cost Sensors for Air Quality Monitoring. Atmosphere,
10(9), 506.
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Relationship between R2 and Slope for evaluating the performance of sensor
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The blue background represents the best selection region for a sensor. The best sensor should be the one that
reaches the point with coordinates R2 = 1 and slope = 1. Within the blue background the selected sensors are
summarized in the Table below:

Recommended low-cost sensors based on performance

Model Pollutant Type Open/close Living Price
2B Tech. (POM) (OF uv Black box Y 4500
PA-11 PM1, PM2.5, PM10 OPC Black box Y 200
AirSensEUR (v.1) NO, NO? O° Electrochemical Black box Y 1600
PA-I PM1, PM2.5, PM10 OPC Black box N 150
S-500 NO2, O® MOs Black box Y 500
SNAQ NO?, CO,NO Electrochemical Black box Y
Vaisala AQT410v.1.15 CO, NO?, Electrochemical Black box Y 3700
MetOne (MN) PM2.5 OPC Black box Y 1900
AirNut PM2.5 nephelometer Black box Y 150
Eggv.2 (PM) PM2.5, PM10 nephelometer Black box Y 280
AQY v0.5 PM2.5 NO? O° Electochemical, MOs Black box Updated 3000
CairClip O¥/NO? 03, NO? Electrochemical Black box Y 600
AQMeshv3.0 CO,NO Electrochemical Black box N 10,000
AQT410v.1.11 (OF Electrochemical Black box Y 3700
AirVeraCity CO,NO? O° Electrochemical, MOs Black box Y 10,000

Note: Price is in Euro @2019, OPC: Optical Particle Counter, MOs: Metal Oxides Sensors
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In terms of cost-effectiveness, the number of reference stations should be limited and the number of low-cost
sensors should be increased. It is highly recommended that reference stations are installed in the main cities
of Cambodia - such as Phnom Penh, Siem Reap and Sihanoukville. In addition, the number of low-cost sensors
should be increased all over the country. Low-cost sensors are cost-effective as they have low installation fees
and running costs. They also have a two-year lifetime in respect to electrochemical measurements. By using
low-cost sensors, calibration will be necessary to maintain the quality of data.

It is recommended that additional sensors are installed in Siem Reap, Sihanoukville and Phnom Penh in the
near future to cover critical areas of the cities. Table 6 details the recommended number of sensors in each of
the cities and their estimated cost.

Recommended number of sensors in three cities and associated cost

Location No. Sensor Price/Unit Total [USD]*
Phnom Penh 3 289 867
Siem Reap 3 289 867
Sihanouk Ville 2 289 578
Total 2312

* Additional fee for transportation and installation is not included here.

The type of sensor recommended to be installed in the three cities is:
Model: Purple Air Flex Air Quality Monitor

Brand: Purple Air

Product of USA

Measurement: PM0.3,0.5, 1, 2.5, 10

Type: OPC

Price USD 289/unit - web: https://www?2.purpleair.com/products/list
\ J

3.6 Status of technical capacity within Cambodia

Technical staff have demonstrated excellent performance in routine tasks - including sensor reallocation
and cleaning. Some staff members have received thorough training from Chinese experts in maintaining and
calibrating reference stations.

The operational flow (from sensor installation to data reception) involves several stages where errors may
occur - such as pump malfunctions; sensors working without producing data; data being too low or too high;
datatransmission issues; and server problems. In most cases, technical officials have demonstrated their ability
to address such errors.

For data analysis, technical officials have experience using Excel templates and have transitioned to using
server templates - which is both efficient and time-saving. While they can partially read and understand the
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data, additional training on data evaluation is essential for assessing data before processing. This will help them
to make adjustments when necessary.

Challenges have been identified in the technical capacity assessment. Firstly, the operational structure
involves technical officials from the Mok handling the operation of all sensors or stations across the country.
However, the limited number of technical officials at the Ministry level, coupled with other responsibilities,
poses a challenge.

Maintenance of sensors or stations is conducted reactively and only when a sensor stops working. It also lacks
a proper checking and procedural framework. This inconsistency in maintenance practices can vary from one
official to another.

Two staff members are responsible for data processing and they can replace each other when one is unavailable.
However, the data processing workflow should involve separate individuals for analysis and checking (cross-
checking) to ensure quality control. This should occur before analyses are submitted to management for
approval. Due to staff limitations, they often collaborate and interchange roles. However, clearer role
assignments are necessary to ensure a designated focal person.

3.7 Assessment of sensor locations

Technically, sensor installation locations are determined based on population density and pollution sources.
Ambient air quality significantly impacts public health directly and economic growth indirectly. This makes
the most crowded areas ideal for monitoring stations. There is no defined regulation or theory specifying the
distance limit for sensor installation. However, a study on the number of people vs. distance from monitoring
stations exists.

One such study conducted in Malaysia by the Centre for Research on Energy and Clean Air (CREA) along and
Greenpeace’ shows that Malaysia has well-performing monitoring stations, with the majority of the population
living within 50 km of these stations. The report indicates that 15% of the population lives within 5km of the
stations, 24% live between 5 and10km, 50% live between 10 and 50km, and only 11% of the population lives
beyond 50km from the stations.

9 CREA.2022. The health & economic impacts of ambient air quality in Malaysia
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Map showing location of existing stations and new possible location to be installed at Siem Reap
and Sihanouk Ville
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The locations selected by the MoE align with the requirements for installation of air quality monitoring stations. The
objectives of this assessment included updating existing locations based on necessary changes and proposing
new locations to increase the number of monitoring stations if opportunities arise. Figure 9 illustrates the
existing locations of sensors and recommends locations for additional sensors in Siem Reap and Sihanoukville.

In Siem Reap, it is advised to retain locations a and b on the map. It is also recommended that location ¢
(Cultural Village) is relocated to location 5 (Angkor Wat Entrance). The Cultural Village area has become quiet
and shaded which means it is unsuitable for solar. The proposed relocation (Angkor Wat Entrance) is bustling
during the day due to visitors. Considering the population distribution, it is recommended to choose either
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location 1 or 2 and location 3 or 4 for the other two stations in Siem Reap.

For Sihanoukville, all three existing locations are suitable for retention. Additionally, if it is possible, it is
recommended that two more stations be added. It is suggested that these be at location 1 in the industrial
zone and either location 2, 3, or 4 depending on population distribution. Installing a station in the industrial
zone will provide valuable insights into the air pollution dynamics in that area.

In addition to the criteria mentioned above, the selection of alocation also depends oninfrastructure and safety
considerations. The chosen site is required to be free from obstacles, with a necessary and reliable power
supply to operate the tool. Safety concerns (especially in specific contexts) play a crucial role in determining the
suitability of a location. Despite efforts to align the location with the established objectives, challenges may arise
in identifying an appropriate installation site. This is often due to privacy constraints imposed by the owner.

The existing and potential locations for air monitoring sensors in Siem Reap and Sihanoukville can be found in
the table below:

Table 7. Summary of existing and potential location for air monitoring

Province Location on Map Coordinates Remark

Administrative Center of Siem | 13.372749896939256, | Reference station
Reap Provincial Departments | 103.8956196594363
Royal Independence Gardens | 13.362494386430457, | Low-cost sensor

Existing b
103.86008107865122
Cambodian Cultural Village 13.376851978975266, | Low-cost sensor
C
103.8317706837885
1 Angkor University 13.350539690701853, | One of two
Siem R 103.89241593413591
iem Rea
P Tapich Primary School 13.34893212368018,
Potential |2
103.88233140820559
locations
‘ 3 Sangkat Svay Dangkum 13.364916045275725, | One of two
or
i, 103.83527172776093
additional

Kouk Chork Primary School 13.391826419985364,
103.84702030741819
Angkor Wat Entrance 13.410837970156344,
103.85706933451688

Sensors 4
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Province

Sihanouk Ville

Location on Map

Coordinates

Remark

A Hun Sen Sihanoukville 10.635894868596505, | Reference station
Primary School 103.50969927286302
Existing 5 Steung Hav district hall 10.735620773893839, | Low-cost sensor
103.62694985371712
Kampenh Thmei Primary 10.754013229240051, | Low-cost sensor
¢ School 103.61841059572775
. Sihanoukville Special 10.6281477981255005,

Economic Zone

103.63713127599823

Potential
locations |2

Klang Leu Primary and
Secondary School

10.635096408712814,

103.54114114570726

for
. Hun Sen Mitapheap Primary | 10.615233650052575,
additional | 3
School 103.54076783206004
Sensors
Department of Health of 10.612781997170538,

Preah Sihanouk Province

103.52824804628774

One of three

24 | Standard Operating Procedure for Quality Assurance and Quality Control of Air Monitoring




The following recommendations have been articulated as a result of the assessment:

1.

A national regulation framework should be established. The existing Sub-decree 42 regulation should be
revised to address the current situation in Cambodia. In addition, there should be an established strategy to
support management and operations of air quality monitoring stations. An agenda for maintaining existing
stations and expanding new air monitoring stations also should be formulated. Currently, the Ministry of
Environment (MoE) has completed the draft revision of Sub-decree 42 and it is undergoing a legal review.
It is anticipated that this revised regulation will be approved and implemented within the current year -
bolstering the country’s efforts in air quality management.

Reference stations should be maintained and kept in good condition. This requires a well-planned
maintenance and calibration strategy. It must also include strong support from top management. Budget
planning (as discussed in section 3.4) should guide the process. In case of budget shortages, it is crucial to
define and prioritize maintenance for a number of reference stations. Relying solely on low-cost sensors
nationwide is not feasible. The MoE must take responsibility for ensuring that funds are allocated for
maintaining reference stations and that they are kept in optimal condition. The primary funding source
for this should be derived from the national budget (which is allocated by the Ministry of Economics and
Finance). Strategic financial planning is also essential to uphold the accuracy and reliability of air quality
monitoring data across the country.

A manual on air quality monitoring procedures should be developed and implemented to ensure the
quality of data. Vigilant attention is needed for the maintenance and calibration of all currently outdated
low-cost sensors. This should occur nationwide. It will ensure the quality of data and provide scientific
proof about data reliability. This is inexpensive and will instill public confidence. The manual will be
developed as part of this project and it should be endorsed by Mok for nationwide implementation. While
the maintenance and calibration protocol will soon be available, effective and immediate implementation
is paramount.

Low-cost sensors should be installed throughout the country. The use of low-cost sensors is highly
suitable for Cambodia’s context. They offer broad coverage of air monitoring for a low installment
and maintenance fee. While there are numerous low-cost sensors available, section 3.5 provides
recommendationsonthe mostreliable options andtheir associated costs. At present, the MoE does not have
plans to expand the deployment of low-cost sensors due to budget constraints. However, it is noteworthy
that the Department of Air Quality, Noise and Vibration Management (DAQNVM) has indicated that they
have plans to establish three additional reference stations within 2024. These stations are planned to be
set up in Phnom Penh, Siem Reap and Battambang. This will be undertaken with support from Korea. The
initiative reflects a strategic step towards enhancing air monitoring capabilities in key areas which aligns
with the broader goals of environmental management and public health improvement.

Airmonitoringstations should be expanded to accommodate the growth of cities and the management
structure of the air monitoring network should be decentralized to provincial departments and
support provided for capacity building. It is imperative that air monitoring stations adapt to the
growth of cities. The team responsible for maintenance and calibration should be reorganized, with
authority delegated to provincial or city departments. It is also crucial that department officials receive
capacity-building training to enhance their knowledge and skills. Delegating authority to provincial or city
departments supports the future development of Cambodia because regulations can vary between cities.
Mok officials remain essential for the overall support and management of monitoring stations. While there
is currently no concrete plan in place to delegate authority to provincial departments, discussions during
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capacity-building workshops have been positively received. Provincial departments also show willingness
to accept such proposals - especially with the assurance of essential support from higher authorities - such
as the MokE. This collaborative approach is essential for sustainable air quality management and future
development initiatives in Cambodia.

In moving forward, Cambodia must ensure that existing reference stations are kept in good condition and are
well-maintained. Simultaneously, the country should increase the use of low-cost sensors in areas that are not
currently covered by reference stations. With this, well-maintained and calibrated air quality data in Cambodia

will be reliable.

26 | Standard Operating Procedure for Quality Assurance and Quality Control of Air Monitoring






r4GGG|

The Global Green Growth Institute

19F Jeongdong Building, 21-15, Jeongdong-gil,
Jung-gu, Seoul, Korea 04518

Follow our activities on Facebook, X, LinkedIn and YouTube.

flx]injo

www.GGGl.org

[m] % % [=]
i

Z




