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1 Ambient Air Quality in Bhutan 
The air quality in Bhutan has long been regarded as pristine, but recent rapid 
development is placing pressure on air quality in the major urban cities like 
Thimphu and Phuentsholing, and at several industrial estates with relatively 
heavy industries. 

Recent reports The air quality situation in Bhutan has been  presented and discussed in the  
Bhutan Environmental Outlook 2006,  published by NECS. ADB released a 
December 2006 “Draft for Discussion” of Country Synthesis Report on Urban 
Air Quality Management - Bhutan1 as a result of the ADB Regional Technical 
Assistance No. 6291: Rolling Out Air Quality Management in Asia. The De-
cember 2005 Final Report: South Asian Subregional Economic Cooperation 
(SASEC) Countries for Regional Air Quality Management2  (RETA 6159) is a 
consultancy report that reviews the information available on air quality, emis-
sions and management of air quality in Bhutan. 

1.1 Emissions 
The primary sources of air pollution emission in Bhutan are: 

• Exhaust emissions from diesel and petrol vehicles, and particulate matter 
from brake and tire wear and resuspended road dust. 

• Industry emissions (in industrial estates in the foothills along the border 
with India), especially cement plants, inorganic chemical & mineral proc-
essing (carbide, ferrosilicon), metallurgy,  mining and processing.  

• Smoke from wood stove (bhukaris) cooking and space heating. 

• Wind-blown dust from building construction sites, bare agricultural soil 
and road construction areas during the winter dry season, and especially in 
the windy pre-monsoon season March-April.  

• Smoke from forest fires during the dry season and agricultural burning 
primarily during the dry winter season and in the pre-planting season. 

                                                   
1 available at http://www.adb.org/Documents/Reports/Urban-Air-Quality-Management/. 
2 available at http://www.cleanairnet.org/caiasia/1412/article-70581.html 
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• Smoke from open fires at construction sites and outdoor recreation during 
the winter season, and from open burning of waste. 

• Smoke from roadside wood-fired heating of bitumen in open pans, for road 
paving, including on city streets.  

A first greenhouse gas emission inventory for Bhutan3 was prepared in 2000 for 
the data year 1994, for submission under the Framework Convention on Cli-
mate Change (UNFCCC). The published inventory does not include informa-
tion about air pollutants other than the greenhouse gases. The 2nd Greenhouse 
Gas Inventory for the year 2000 was completed in 2010 and included some 
trends in GHG emissions from transport and industrial sectors. An Emission 
Inventory for the year 2005 was prepared as part of “the Malé Declaration on 
Control and Prevention of Air Pollution & its likely Transboundary Effects for 
South Asia”  

1.2 Climatic Factors 
Seasonal climate Seasonal dryness, wind and cold are important seasonal factors influencing air 

quality in Bhutan. For Thimphu, Figure 1 shows the seasonal pattern of days 
with rain associated with the monsoon climate, and monthly heating-degree-
days (min. temperature base 5C) as an indicator of space heating requirement. 
There are less than five days of rain per month during the dry winter season, 
November to March, allowing bare soil and road shoulders to remain dry and 
dusty most of the time. There is rain on more than half the days during mon-
soon season June-September, which keeps road shoulders and exposed soil well 
moistened.  

Heating seasons The heating season, when wood is used for space heating, is also November to 
March in Thimphu. There is little need for space heating in the lowlands along 
the border with India. For example, the daily minimum temperature never falls 
below 10 C in Phuentsholing, so there are no heating-degree-days. However, 
wood is still used for cooking throughout the year in some areas. In spite of ex-
tensive use of electrical heaters in Thimphu, use of wood stoves for heating re-
mains a tradition in some homes.  

                                                   
3 First Greenhouse Gas Inventory. National Environment Commission, Royal Government 
of Bhutan, September 2000. http://unfccc.int/resource/docs/natc/bhunc1.pdf 
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Thimphu - Days with Rain, Heating Degree Days
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Figure 1 Monthly number of days with rain and number of heating-degree-days 
in Thimphu. 

Wind speed The seasonal pattern of wind speed in Thimphu and Phuentsholing is shown in 
Figure 2. Average wind speed is low during the rainy summer monsoon season 
June-September, and increasing during the winter to the maximum at the end of 
the dry season in March-April. Wind direction is primarily from the south.  
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Figure 2 Monthly average wind speed at Thimphu and Phuentsholing. 
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1.3 Ambient Air Quality Measurements 
Measurements of PM10 in Thimphu began in mid-2004. A high-volume sampler 
is used. The sampling frequency has been irregular, but with measurements 
typically four days per week beginning in 2006. Figure 3 shows the daily PM10 
concentrations since measurements began in 2004, for samples of at least eight 
hours duration. The 50 µg/m3 line corresponds to the WHO guideline for 24-
hour average PM10 concentration.  

The calendar-year statistics for PM10 in 2005 and 2006  are given in Table 1.  

Daily Particulate Matter Concentrations (PM 10) at NECS Thimphu
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Figure 3 Daily PM10 sampling at NECS in Thimphu since mid-2004.  

 



 

 

7 

. 

Table 1 PM10 calendar year statistics for 2005 and 2006 at Thimphu NECS, in 
comparison to WHO guidelines and EU limit values. Based on 24-hour 
samples. 
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Table 2 lists the 10 highest 24-hour PM10 concentrations from the available 
measurements at NECS in Thimphu. Seven out of ten are in the early spring 
months of March or April. Daily wind observations were not available to com-
pare with these extreme PM10 observations, but the seasonal distribution of 
wind speed shown in Figure 2 suggests that wind may contribute to the high 
PM levels, through wind-blown dust.  

Table 2 The 10 highest daily PM10 concentrations measured at Thimphu NECS 
from March 2004 through January 2007. Most are in March and April. 

Date PM10, µg/m3 
10-Apr-06 128 

21-Apr-05 109 

31-Mar-06 90 

6-Jun-06 83 

13-Apr-05 71 

13-Mar-06 69 

27-Jan-05 66 

14-Apr-05 61 

9-Jan-07 59 

11-Apr-05 55 
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Figure 4 shows monthly averages of PM10 for the entire measurement period. 
Note that some months have very few samples. The chart clearly shows the 
peak of concentrations in April.  

� � � � � � � � 	 �
 �� ��

�

�
�

�

�

�
�

�




�


�


�


�


�


�


�


�

�

�

�

�

�

�

�

 

Figure 4 Monthly average PM10  from 24-hour samples at NECS in Thimphu, 
from June 2004 to January 2007, µg/m3. The number of samples per 
month ranges from 1 to 14.  

 

NO2 and SO2 A small number of IVL NO2 and SO2 passive samplers have been exposed at a 
busy intersection of Norzin Lam in central Thimphu,  under the Malé Declara-
tion Transboundary Air Pollution project. The NO2 concentrations are in the 
range 11 to 17 µg/m3, which are quite moderate for a traffic location. SO2 con-
centrations range from 0.7 to 2.4 µg/m3, which is very low and far under the 
WHO annual guideline level of 20 µg/m3.  

Bhur station At the transboundary station at Bhur in Gelephu, both NO2 and SO2 
concentrations are extremely low, from below the detection limit up to 3 µg/m3. 
It is clear that there is little need to measure NO2 and SO2 in rural areas, and 
even in urban Thimphu, SO2 concentrations are very low.  
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2 Ambient Air Quality Standards 

2.1 Introduction and Objectives 
The purpose of national ambient air quality standards is to establish upper lim-
its on the concentration of air pollutants in outdoor air for the protection of hu-
man health, agricultural and natural vegetation and ecosystems, and the envi-
ronment in general. Air quality standards function as reference levels for classi-
fying the quality of the atmospheric environment in different areas of a country, 
as targets for improving air quality where levels are higher than the standards, 
and as thresholds which limit how much air quality may be allowed to deterio-
rate in areas with good air quality.  

Increased emissions of air pollutants is a common by-product of economic de-
velopment. Air quality standards can thus be viewed as constraints on eco-
nomic development, but also reflect a country’s priorities for protection of 
health and environment. Air quality standards should reflect a balance between 
the costs of limiting emissions against the costs of damage to health, the envi-
ronment and the quality of life. 

Ambient air quality standards are just one aspect of a national air quality man-
agement system. The standards would have little meaning without a mechanism 
to assess the actual levels of air pollutants--by measurements, models or other 
means of estimation.  

 

Ambient Air Quality Standards for Bhutan 

Ambient Air Quality Standards (Maximum permissible Limits in µg/m3)  
Parameter Industrial Area  Mixed Area*  Sensitive Area**
Total Suspended Particulate Matter  
24 Hour Average 
Yearly Average 

 
500 
360 

 
200 
140 

 
100 
70 

Respirable Particulate Matter (PM 10) 
24 Hour Average 
Yearly Average 

 
200 
120 

 
100 
60 

 
75 
50 

Sulfur Dioxide 
24 Hour Average 

 
120 

 
80 

 
30 
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Yearly Average 80 60 15 
Nitrogen Oxides 
24 Hour Average 
Yearly Average 

 
120 
80 

 
80 
60 

 
30 
15 

Carbon Monoxide 
8 Hour Average 
1 hour Average 

 
5000 

10,000 

 
2000 
4000 

 
1000 
2000 

  * Mixed Area means area where residential, commercial or both activities take place, 
**  Sensitive Area means area where sensitive targets are in place like hospitals, schools, 
sensitive ecosystems. 
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3 Air Quality Monitoring Programme 

3.1 Introduction and Objectives 
This chapter presents a proposed ambient air quality monitoring programme for 
Bhutan.  

The objectives of the monitoring program include: 

• Provide measured indicators of the present air quality in key locations in 
Bhutan, to inform policy makers and the public; 

• Provide information which helps to identify the causes of high levels of air 
pollution and the relative contribution of different types of emission, espe-
cially regarding particulate matter; 

• Provide a continuous and long-term record of air quality over time, to 
monitor the impact of Bhutan’s urban and industrial development on air 
quality, and to monitor the effects of any measures taken to maintain and 
improve air quality; 

• Provide data needed to estimate population exposure to air pollution and 
the effects on the health of the population; and 

• Collect data that will enable future development of air quality modelling 
techniques, to supplement the measurements for assessment of air quality 
in Bhutan, including collection of meteorological data. 

Factors which must be taken into account in design of the monitoring pro-
gramme include: 

• Limited financial resources and staffing; 

• Training of staff and development of technical and administrative capacity; 

• Cost and difficulty to maintain highly technical equipment and to obtain 
supplies with high technical requirements, such as analytical chemicals and 
reference gases with traceable standards; 

• Travel time to measurement stations; 
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The proposed monitoring programme takes these objectives and constraints into 
account through a progressive development of a simple monitoring programme 
involving only a few key pollutants and key locations. The equipment and ana-
lytical methods proposed are robust for the conditions encountered in Bhutan, 
and permit the objectives to be reached with low costs and staffing require-
ments. 

3.2 Particulate Matter 
The foremost air pollutant of concern in Bhutan is particulate matter. There are 
indications from existing measurements and observations that particulate matter 
levels in Thimphu can approach and exceed the WHO guideline levels, and the 
potential human health impacts are of concern. It is suspected that similar levels 
of particulate matter may be found in Phuentsholing and at some of the indus-
trial estates. Particulate matter has been identified internationally as one of the 
most important causes of health impacts from air pollution in urban areas. The 
monitoring programme will therefore have particulate matter as its first priority. 

Particle size The size of particles is significant for the sources of emission and the potential 
health impacts. Particulate matter was originally measured without regard to 
particle size (total suspended particulates, TSP) but particles that can be inhaled 
deep into the lungs have been shown to have the greater correlation with health 
impacts. The mass concentration of particulate matter less than 10 µm in di-
ameter (PM10) was the first size-based PM measurement, and is the parameter 
measured in Bhutan up to now. Particulate matter less than 2.5 µm in diameter 
(PM2.5), known as fine particles, has been shown to have higher correlation to 
health impact indicators than coarse particles, which are particles between 2.5 
and 10 µm in diameter. PM2.5 is increasingly being measured in other countries. 
Ultra-fine particles (< 0.1 µm) and nano-particles (< 0.05 µm) are also being 
measured in research programmes, but cannot be measured with traditional 
filter techniques. Diesel particles are actually fine, ultra-fine or nanoparticles. 
WHO has not been able to establish guidelines for ultra-fine particles because 
there is insufficient epidemiological evidence on the exposure-response 
relationship of ultra-fine particles at this time. 

PM10 vs. PM2.5 Coarse particles are primarily produced by mechanical processes such as 
construction activities, road dust re-suspension and wind-blown soil. Fine parti-
cles originate primarily from combustion sources. There would therefore be a 
significant difference between PM10 and PM2.5 measurements in Bhutan, espe-
cially for the high PM10 concentrations which appear to be associated with dry, 
windy conditions. The ability to distinguish fine particles from coarse particles 
in the measurement programme is significant for potential policy issues in air 
quality management, because the sources of PM emission are different. It is 
therefore proposed to use PM2.5 as the primary PM measurement for Bhutan, 
but to include some measurements of PM10 so that the ratio of fine to coarse 
particles can also be obtained.  

24-hour samples The epidemiological evidence shows adverse effects of PM following both 
short-term and long-term exposures. Day-to-day changes in PM levels correlate 
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with day-to-day changes in health indicators. The monitoring programme must 
therefore provide both the short-term (24-hour) and long-term (annual average) 
data for particulate matter. 

Method The monitoring method for PM2.5 and PM10 will be gravimetric filter sampling. 
Filters are weighed before and after exposure in the sampler, and the difference 
in weight gives the sample mass. Dividing the sample mass by the volume of 
air drawn through the filter gives the average PM concentration during the 
sampling period. The mass of PM is very small compared to the filter itself, 
which means the measurement is quite sensitive to the weighing technique and 
precision of the balance.  

Analytical methods The reference analytical method for PM10 measurements in the EU is EN 
12341: 1998 - Determination of the PM10 fraction of suspended particulate 
matter. Reference method and field test procedure to demonstrate reference 
equivalence of measurement methods. The reference analytical method for 
PM2.5 in the EU is prEN 14907 (draft 2005) - Reference gravimetric measure-
ment method for the determination of the PM2.5 mass fraction of suspended par-
ticulate matter in ambient air.  

 

Figure 5 Instrumatics Model 85-02 PM10/PM2.5 Sampler. 

 

Samplers The existing two high-volume PM10 samplers can continue to be used for PM10 
sampling. They require daily filter changing, which will limit the sample col-
lection to a schedule when a technician is able to visit the monitoring station.  

To facilitate the collection of a continuous sequence of 24-hour PM2.5 samples, 
a sequential sampler is proposed. The Instrumatics Model 85-02 PM10/PM2.5 
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Sampler, shown in Figure 5, consists of eight valve-controlled filter heads con-
nected to a pump and programmable controller that sequentially shifts opera-
tion from one filter head to the next every 24 hours. A technician changes the 
filters once a week.  

Battery back-up The sampler requires electrical power at the sampling site, but a backup battery 
and charger is included to enable the sampler to continue operation for up to 8-
10 hours without power. This ensures continuous operation in spite of frequent 
power outages in Bhutan, and is an important feature of this sampler. 

This model of sampler has been used successfully in the Kathmandu monitor-
ing programme for several years. It is built from fairly simple parts that are 
easy to maintain and repair if necessary.  

Alternatives Simple pump-based single-sample PM10/PM2.5 samplers are available, as well 
as portable battery-powered samplers. Single-sampler units have the disadvan-
tage that the filter must be changed at a fixed time every day. Portable samplers 
must also be serviced every day, including changing batteries, and they also 
have a very low air flow which results in a smaller PM sample which is more 
difficult to weigh accurately. There are automatic sequential samplers which 
include a mechanism to automatically change filters. There are also instruments 
which continuously measure particulate concentrations electronically, using 
attenuation of radioactive radiation (beta attenuation), resonance of a vibrating 
arm holding a filter element (TEOM), and combinations of electronic and filter 
sampling. These types of instruments are sophisticated, delicate and expensive. 
They require a datalogger and computerised data collection system, and they 
have demanding and costly maintenance requirements.  

Filters Quartz microfibre 47 mm filters, such as Whatman QM-A, are recommended 
for PM2.5 sampling. Quartz fibers have very low water absorption and enable 
fairly stable weighing when strict control of temperature and humidity is not 
possible (or too costly). QM-A filters are more expensive than standard mem-
brane filters, and some types of analyses of the collected particulate matter, 
such as PIXE, cannot be done on quartz filter samples. However, atomic ab-
sorption spectroscopy (AAS) analysis and other types of analysis involving ex-
traction by water or solvents can be done. Nonetheless, the low-moisture-
absorbency is a critical characteristic in this application.  

Standard glass microfiber filters will continue to be used for high volume PM10 
sampling. 

Analytical balance Given a PM2.5 concentration at the 24-hour WHO guideline level of 25 µg/m3 
and sampler air flow of 2.3 m3/hour, the mass of PM2.5 collected over 24 hours 
would be 1.38 mg. The mass of a 47 mm quartz fibre filter is about 100 times 
larger at 140 mg. To maintain 2-digit precision for the PM2.5 mass through the 
expected range of concentrations, the balance for filter weighing should have a 
precision of 0.01 mg with a range of up to about 500 mg (5 digit readout). This 
type of balance has an enclosed weighing chamber to prevent drafts from dis-
turbing the balance. This is a very sensitive instrument which will need a stable, 
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vibration-free surface to work on, and should not be moved around once in-
stalled.  

The PM10 filters are much larger and heavier than the 47 mm PM2.5 filters. A 
separate open-top balance with coarser 1 mg resolution is required. This bal-
ance can also serve for general laboratory weighing purposes. The present bal-
ance in use at NEC for PM10 filter weighing has been routinely transported in a 
truck for sampling field trips, which can affect the reliability of the balance. 
This balance should be thoroughly tested, preferably at a manufacturer’s ser-
vice center, before proceeding with the monitoring programme, or a new bal-
ance should be purchased. Although not as sensitive as the balance for PM2.5 
weighing, the PM10 balance should also remain in a fixed, vibration-free loca-
tion. Accessory reference weights should be purchased for both balances, for 
checking of the balance. 

Conditioning Humidity can significantly affect filter weight, due to adsorption of moisture by 
filter fibres as well as by the particulate matter itself. Very high random varia-
tions in results will occur if humidity is not taken into account. The use of 
quartz fibre filters can reduce the effect of humidity on the measurements, but it 
is still important to provide an air conditioned room (or chamber) with fairly 
stable humidity for conditioning of filters and accurate and repeatable weigh-
ing.  

Laboratory As described above, laboratory space is required for conditioning and weighing 
of filters. It is recommended to provide a small, dedicated air conditioned room 
for weighing, to provide stable conditions for filter weighing. A very sturdy 
table or workbench is needed for the balances, preferable on a concrete floor, to 
avoid vibrations. A small refrigerator is required for temporary storage of filter 
samples intended for further analysis. Cabinets for storage of supplies, parts 
and samples be needed. A basic PC should be available for data entry during 
weighing, and potentially for automatic control and registration of weighing, if 
supported by the balance.  

Equipment list A summary of facilities, equipment and supplies for PM10 and PM2.5 
measurements is given below. 

• Sequential sampler for PM2.5, Instrumatics model 85-02. 
• High volume sampler for PM10, 2 existing  Envirotech APM 460 NL. 
• Platforms and/or shelters for samplers at monitoring stations 

- power 
• Filters 

- PM10 hi-vol – Whatman GF/A, 20.3 x 25.4 cm (8x10 in.). 
- PM2.5 – Whatman QM-A quartz microfiber, 47 mm. 

• Reference flow meter for calibration of samplers 
• Desiccators for filter conditioning 
• Analytical balance for 47 mm filters (0.01 mg)(also used for NO2) 

- weighing bench 
- reference weights 
- deionizer 
- dust cover 
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• Balance for high-volume sample filters (1 mg)(also other uses) 
- reference weights 
- dust cover 

• Air conditioned room for conditioning of filters and weighing 
• Cabinets for storage 
• Refrigerator-freezer for temporary storage of filter samples (PAH) 
• Thermometer, hygrometer for weighing room 

Training Training is recommended for field technicians in operation and routine 
maintenance of the samplers, and for proper handling and exchange of filters. 
Training is also recommended for the laboratory technicians/chemists responsi-
ble for filter weighing. The training should include preparation of standard op-
erating procedure documents for both field operations and laboratory opera-
tions, establishment of basic quality control procedures, and data reporting. 
Training can also be provided for the responsible air quality specialist(s) in 
analysis, interpretation and presentation of the PM10 and PM2.5 measurements, 
including calculation of statistics for comparison to air quality standards or 
guidelines, relevant meteorological information, and information about the 
sources of emission.  

3.3 Nitrogen Dioxide 
Oxides of nitrogen (NOX), including NO and the toxic NO2, are generated dur-
ing fuel combustion. Most of NOX is emitted as NO, but NO is rapidly oxidised 
by ozone to NO2 in the atmosphere. There are health impacts of NO2 from both 
short-term and long-term exposure to NO2.  

NOX can be used as an indicator for the complex mixture of combustion-related 
pollutants, especially from road traffic. Since NO2 is affected by O3, NO2 is 
more complicated as an indicator than NOX, and NO2 has a larger spatial varia-
tion than NOX. In spite of these complications, since NO2 is relatively easy to 
measure, it is a valuable air quality indicator in a limited monitoring pro-
gramme.  

Reference method The reference method for measuring NO2 is with an electronic gas analyser 
using the chemiluminesence technique. Such gas analysers are expensive, and 
costly to maintain, calibrate and repair. A specially trained technician is re-
quired for periodic calibration, maintenance and repair. An automatic gas ana-
lyser also requires a datalogger system and computer data communication for 
collection of data. They have the advantages that hourly concentrations are re-
corded, the data is collected digitally, and the data can be made immediately 
available.  

Passive samplers Passive diffusion samplers have been developed which provide a reliable 
alternative to automatic gas monitors in applications where short-term varia-
tions and immediate data availability are not needed. Passive samplers can be 
exposed for periods from one day to one month. The number of days in the 
sampling period is typically a multiple of seven days, to maintain even weigh-
ing of any day-of-the-week variations in the averaging period. Passive samplers 
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are small and easily mounted on utility poles, sign-posts or hung from build-
ings.  

Chemical absorbent Passive diffusion samplers contain a chemically-treated surface or absorbent 
which reacts with or absorbs the pollutant of interest. Air diffuses through a 
screen or diffusive membrane around the absorbent. The total uptake of the pol-
lutant in the absorbent depends on the concentration in the air, the known diffu-
sion rate of the membrane, and the amount of time the sampler is exposed. The 
absorbent is chemically prepared in the laboratory before exposure, and then a 
chemical extraction and analysis is performed after exposure to determine the 
uptake of the pollutant. The average concentration during the period of expo-
sure is then calculated. Although passive samplers require laboratory prepara-
tion and analysis, they have the significant advantage over older wet-chemical 
techniques in that no liquid chemical solutions are needed in the field. Passive 
samplers are easy to transport, and can be easily stored prior to or after use. The 
parts are reusable, and only basic training is necessary for a field technician to 
deploy and collect the samplers.  

Sampling period The short-term WHO guideline for NO2 is a maximum hourly value. Since 
passive samplers are not intended for measurement of hourly concentration, and 
there is no guideline for 24-hour concentrations, the sampling period can be 
longer than 24-hours. A sampling period of one week will correspond to the 
frequency that filters must be exchanged on the PM2.5 sequential samplers. A 
weekly frequency will permit sufficient time resolution in the data series to see 
the effect of meteorological events and seasonal changes. If the variability of 
weekly NO2 data is seen to provide little information, the sampling period 
could be increase to 2, 3 or even 4 weeks, which would reduce the laboratory 
workload.  

Approach for NO2 The proposed passive diffusion sampler approach for NO2 monitoring involves 
obtaining parts for the passive samplers, laboratory equipment and chemicals 
for sampler preparation and chemical analysis, and training for one or more 
field technicians and laboratory technicians/chemists to carry out the work. By 
doing the laboratory work in Bhutan, the cost of the NO2 sampling is kept low. 
NO2 can thus be sampled at more locations than PM2.5.  

Spatial campaigns In addition to continuous sampling at fixed locations, sampling campaigns are 
possible where a large number of passive samplers are exposed throughout an 
area of interest at one time. This enables mapping of the spatial distribution of 
average NO2 concentrations over an area, for example throughout the entire 
Thimphu valley. Such a campaign can be very helpful to visualise the patterns 
of ambient NO2 concentration in relation to the known sources of emission. 
This can be very informative for policy makers contemplating measures to im-
prove air quality.  
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Figure 6 Radiello passive sampler 

 

Radiello samplers The proposed passive sampler type is the Radiello4 sampler, as shown in Figure 
6. It is about the size of a lipstick case. Parts are readily available for this type 
of sampler, and the chemical procedures are well known and not difficult.  

Another well-known type of passive sampler is produced by IVL5 in Sweden. 
IVL samplers are currently being used in the Malé Transboundary Air Pollution 
project. However, IVL only provides pre-prepared passive samplers, to be re-
turned to IVL for analysis. IVL normally does not sell parts or permit local 
laboratories to perform the preparation or analysis, except for partner laborato-
ries under the strict control and quality assurance of IVL.  

Method The standard method for NO2 passive sampling is described in EN 13528, 
Diffusive samplers for the determination of concentrations of gases and va-
pours. Requirements and test methods. Guide to selection, use and mainte-
nance.  

Analytical method The principle of the method is that NO2 is chemiadsorbed by triethanolamine 
(TEA) as nitrite ion on the sampler adsorbent. The TEA-NO2 complex is very 
stable. Nitrite is desorbed from the sampler with deionized water and the con-
centration of nitrite in water is analysed by means of a spectrophotometer. N-1-
naphthyl-ethylendiamine and sulphanilamide are used as reactants (Griess-
Saltzmann reaction). Reaction between nitrite and Griess-Saltzmann produces a 
pink colour with a maximum absorbance at 540 nm. Ambient air concentrations 
                                                   
4 Brochure for Radiello passive sampler system. 
http://www.teom.com/products/ambprod/brochures/brochure3310_pages.pdf 
5 IVL diffusive samplers for air monitoring 
http://www.ivl.se/en/business/monitoring/diffusive_samplers.asp 
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are calculated from the total air volume sampled by the Radiello tube during the 
sampling period. 

Laboratory Laboratory space and equipment is required for preparation and analysis of the 
NO2 passive samplers. The main laboratory equipment items includes deionized 
water supply, analytical balance, and spectrophotometer. These items can be 
shared with other environmental laboratory analyses, such as emission sam-
pling and water quality sampling. There is an existing ELCO SL 171 Mini Spec 
spectrophotometer which has been used for wet-chemical NO2 and SO2 analy-
ses. This instrument should be checked to ensure that it is in proper working 
order with appropriate accuracy and precision, and repaired or replaced if nec-
essary. 

Equipment list A summary of the required facilities, equipment and supplies for NO2 sampling 
and analysis is given below. 

• Passive sampler parts 
- diffusive body 
- mounting plate 
- adsorbent cartridge in glass storage vial 
- labels 
- protective shelters 
- basic tools for mounting shelters 

• Deionized or distilled water system 
• Analytical balance (0.01 mg) (same as for PM2.5 filters) 
• Vis/UV Spectrophotometer, 1 existing ELCO SL 171 Mini Spec 
• Glassware 

- Volumetric and pyrex flasks 
- Graduated and bulb pipettes 

• Sink 
• Chemical waste disposal containers (if required) 
• Workbench 
• Chemicals 

- N-(1-naphthyl) ethylene diamine dihydrochloride (NEDA) 
- Sulphanilamide 
- Sodium nitrite 
- Concentrated hydrochloric acid (HCl), 37% 
- Chloroform (as preservative) 

• Refrigerator 
• Safety equipment 
• PC for data recording and calculations 
• Cabinets for storage 

Training Training is recommended for field technicians responsible for installation and 
exchange of passive samplers. Training is required for the laboratory techni-
cians/chemists responsible for preparation and analysis of the passive sampler 
samples. The training should include preparation of standard operation proce-
dure documents (SOP) for both the field and laboratory procedures, establish-
ment of basic quality control procedures, and data reporting. Training can also 
be provided for the responsible air quality specialist(s) in analysis, interpreta-
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tion and presentation of the NO2 measurements, including calculation of statis-
tics for comparison to air quality standards or guidelines, relevant meteorologi-
cal information, and information about the sources of emission.  

3.4 Other Pollutants 
It is recommended to include indicative sampling of several other pollutants as 
part of the monitoring programme. These measurements are intended to provide 
information about the causes of pollution episodes and the relative contribution 
of difference source types. They also provide baseline data against which future 
measurements can be compared. 

These limited additional measurements are intended to be analysed by an inter-
national laboratory, so that additional laboratory capacity is not required. If 
these pollutants are shown to be significant, a local capacity for these labora-
tory analyses could eventually be developed. 

3.4.1 BTX (benzene, toluene, xylenes) 
The three organic pollutants benzene, toluene and xylenes are closely associ-
ated with road traffic. Benzene is a known carcinogen that is a component of 
petrol, and is also produced during combustion of fossil fuels and wood. Tolu-
ene and xylene are also suspected carcinogens, produced primarily by petrol 
vehicles. The concentrations and ratios between these pollutants can be useful 
for assessing the contribution of road traffic to pollution levels. It is assumed 
that the levels of these pollutants are below guideline levels in Thimphu and 
Phuentsholing, but a limited number of samples is recommended to confirm 
this.  

BTX is readily measured with passive samplers, for example a Radiello sam-
pler similar to the NO2 passive sampler. Pre-prepared BTX samplers would be 
purchased from an international supplier/laboratory, and returned to the interna-
tional laboratory for analysis after exposure. The analytical procedure is 
MS/GC (mass spectrometry/gas chromatography). The reference analytical 
method for benzene is EN 14622-5:2004.  

3.4.2 Levoglucosan 
Wood smoke tracer Levoglucosan is a highly stable sugar anhydride found in smoke from 

combustion of biomass, including wood burning and forest fires. Levoglucosan 
can be detected in PM2.5 and PM10 particulate matter samples collected when 
wood smoke is present. Levoglucosan is thus a valuable tracer for wood smoke 
and an indicator of the relative contribution of wood smoke to the particulate 
matter concentrations. It is an expensive analysis performed by an international 
laboratory, so only a small number of samples can be analysed.  

PM10 or PM2.5 The levoglucosan analysis is performed on ordinary PM2.5 or PM10 filter 
samples, and no advance preparation is required. This makes it possible to se-
lect samples for analysis well after the samples are collected and weighed for 
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PM2,5 or PM10 concentration. Samples can be chosen from days with high PM 
concentrations, when wood smoke is suspected to be a significant contributor to 
the PM levels, such as during a cold spell with increased wood stove use, or 
when smoke from forest fires is present. The results of the levoglucosan analy-
ses can thus help to assess the significance of wood stoves or forest fires to high 
PM concentrations, and perhaps support the implementation of measures to re-
duce emissions from wood stoves.  

Analytical method The recovery standard sedoheptulosan (2,7-anhydro-� -D-altro-
heptulopyranose) in 20 µL solvent is added onto PM2.5 samples and aged for 1 
hr before ultrasonic extraction with ethyl acetate/ triethylamine. The extract is 
reduced in volume, an internal standard is added (1,5-anhydro-D-mannitol), 
and a portion of the extract is derivatized with 10% by volume N-
trimethylsilylimidazole. The derivatized extract is analyzed by gas chromatog-
raphy/mass spectrometry (GC/MS)6. 

3.4.3 PAH (polycyclic aromatic hydrocarbons) 
PAH Polycyclic aromatic hydrocarbons (PAH) represents a wide range of volatile 

and semi-volatile organic compounds, some of which are known or suspected 
carcinogens, and are linked to other health problems. They are often attached to 
particulate matter. Atmospheric sources of PAH come primarily from incom-
plete combustion of wood, coal, oil and motor fuels. Concentrations of PAH are 
thus a direct indicator of the intensity of fuel consumption. Other sources in 
Bhutan could include asphalting of roads and manufacturing of wood products.  

B(a)P Since PAH represents a large number of compounds, the single carcinogenic 
compound benzo[a]pyrene (B(a)P) is often used as an indicator for PAH in 
general. A limit value for B(a)P in ambient air was recently established in the 
EU.  

PUF cartridge PAH samples are collected using an adsorbent filter cartridge, as shown in 
Figure 7. A flow-controlled sampling pump is used to draw a known amount of 
air through the cartridge over the sampling period, which is typically 24 hours. 
Particle bound PAHs are collected on a glass fibre filter, and more volatile 
PAHs are adsorbed to plugs of polyurethane foam (PUF) placed behind the fil-
ter.  

                                                   
6 Simpson, C.D. et al. 2004. Determination of Levoglucosan in Atmospheric Fine 
Particulate Matter. J. Air & Waste Manage. Assoc. 54:689–694. 
http://www.health.umt.edu/pharmsci/journal_club/Simpson-JAir.pdf 
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Figure 7 PUF adsorbent cartridge for sampling of PAH. Source: NILU. 

Laboratory analysis Laboratory analysis is to be done at an international lab. The filter and PUF 
plugs are soxhlet extracted with cyclohexane after sampling. The pre-
concentrated extracts are cleaned using liquid/liquid extraction and HPLC be-
fore analysis using high resolution gas chromatography combined with mass 
spectrometry (GC/MS)7. 

It is proposed to collect a limited number of PAH samples in Thimphu and 
Phuentsholing, to assess if the typical levels of PAH are of concern in these 
areas, and also as baseline data for the long-term evaluation trends in the PAH 
level. The analyses are to be performed by an international laboratory. PAH 
analyses are expensive, so only a small number of samples would be taken. The 
NO2 sampling campaign serves as a continuous indication of the complex 
mixture of combustion pollutants, including PAH. The limited number of PAH 
samples can thus be put into a more continuous perspective in comparison with 
simultaneous NO2 samples.  

3.4.4 Sulphur Dioxide (SO 2)  
SO2 was one of the first pollutants to be included in early urban air quality 
monitoring programmes, due to the high concentrations produced by combus-
tion of high-sulphur coal and oil for heating and power, from industrial process-
ing of sulphur-containing ores and minerals, and from sulphur in diesel fuel.  

                                                   
7 PAH extraction and analysis method described at 
http://www.nilu.no/projects/CCC/manual/documents/04_20-
Determination%20of%20polycyclic%20aromatic%20hydrocarbons%20in%20air.htm 
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Bhutan produces hydropower without any emissions, has strictly limited the 
sulphur content of diesel fuel, and has only a few industries using coal or sul-
phur-bearing minerals. SO2 concentrations are thus expected to be very low. A 
limited indicative sampling programme for SO2 is proposed to confirm that SO2 
concentrations are low, or perhaps to identify the limited areas where SO2 con-
centrations are significant, such as close to industries, or along the border with 
India where fuels with higher sulphur content might be used.  

Passive samplers for SO2 would be used. The analytical method is similar to 
that used for NO2 analyses. It is proposed to use an international laboratory for 
the small number of indicative samples. If it is found that SO2 concentrations in 
some locations warrant more extensive sampling, the capacity to prepare and 
analyse the SO2 passive samplers could be developed locally using the same 
equipment as is used for the NO2 passive samplers. 

3.4.5 Ozone (O 3)  
Ozone is a highly reactive secondary pollutant produced in the atmosphere 
through photochemical reactions involving NOX and volatile organic com-
pounds (VOC) as precursors. Ground level ozone is a problematic pollutant, 
distinguished from stratospheric ozone that serves a protective role high in the 
atmosphere to shield UV radiation. Ground level ozone is often associated with 
transboundary transport of pollutants from regions with high NOX and VOC 
emissions from industry and vehicles. Ozone can also come from occasional 
downward intrusions of stratospheric air into the troposphere during storms or 
frontal passages. It is not expected that O3 concentrations are significant in 
Bhutan, but there have been no measurements of ground level O3 in Bhutan or 
Nepal to confirm this hypothesis for the Himalayan region. Ozone is most re-
liably measured using electronic gas analysers, but indicative measurements 
can also be provided by passive samplers, which are not costly. 

It is proposed to include a limited number of passive samplers for O3 to provide 
indicative measurements to confirm the anticipated low levels of O3 in Bhutan. 
The O3 samples would be taken during the summer, when O3 levels would be 
expected to be their highest due to sunshine and high temperatures both locally 
and in neighbouring source regions. The O3 passive samples are to be prepared 
and analyses by an international laboratory. 

3.5 Meteorological Measurements 
Meteorological measurements are routinely collected by the Meteorological 
Section of the Department of Energy. These measurements are oriented primar-
ily for hydrological use. Wind observations are included at class-A stations, but 
the exposure and maintenance of the wind sensors appears to vary.  

Meteorological measurements are important for interpretation of air quality 
monitoring results, and will be essential for future development and use of air 
quality models. Wind instruments must be placed in a location which will give 
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wind speed and direction representative of the unobstructed flow of wind above 
rooftop level in the city.  

It is proposed to include meteorological measurements specifically needed for 
air quality assessment and modelling, at the central, roof-top urban-background 
stations in both Thimphu and Phuentsholing.  

The meteorological instruments include: 

• Wind Speed and Direction, 10 m 
• Temperature 
• Temperature difference/vertical gradient 
• Solar radiation 
• Humidity 
• 10 m mast for mounting instruments 
• Datalogger with enclosure 
• Laptop PC should be available for direct transfer of digital data from the 

datalogger. 
 
Cooperation with the Meteorology Section should be considered, for exchange 
of data and also to have meteorological technicians from the Meteorology Sec-
tion to maintain and calibrate the meteorological sensors. 

3.6 Location of Monitoring Stations 
The proposed locations for monitoring stations is summarised in Table 3. 

Table 3 Proposed locations of monitoring stations for continuous monitoring of 
PM2.5, PM10 and NO2. The expected number of sampling days or weeks 
per year is indicated for each measurement type. The numbers for NO2 
do not include duplicate samples and field blanks.  

   PM2.5 PM10 NO2 

 Location Type of station 24-hr 24-hr week 

1  Thimphu NECS urban background 365 200 52 

2  Thimphu central, rooftop urban background 365 200 52 

3  Thimphu central, roadside roadside   52 

4  Thimphu rural, south rural background 365  52 

5  Bhur, Gelephu (Malé project) transboundary    

6  Phuentsholing central, rooftop urban background 365  52 

7  Phuentsholing, central, roadside roadside   52 

8  Phuentsholing rural rural background 365  52 

9  Pasakha, Industrial Estate industrial 365  52 

10  Pasakha, rural (or use Phuent-
sholing rural) 

rural background 365  52 

11  Gomtu, Samtse industrial estate industrial 365  52 
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   PM2.5 PM10 NO2 

 Location Type of station 24-hr 24-hr week 

12  Gomtu, Samtse rural rural background 365  52 

13  Mathanga, Samdrup Jongkhar 
Industrial Estate 

industrial 365  52 

14  Mathanga, Samdrup Jongkhar 
rural 

rural background 365  52 

15  Chuwabari, Gelephu Industrial 
Estate 

industrial 365  52 

16  Chuwabari, Gelephu rural (or 
use Bhur transboundary station) 

rural background 365  52 

17  Bondeyma, Mongar Industrial 
Estate 

industrial 365  52 

18  Bondeyma, Mongar rural rural background 365  52 

19  Kanglung College, Trashigang college station    

 

3.6.1 Thimphu stations  
Four locations are proposed for monitoring stations in Thimphu. The existing 
monitoring location at the NECS office near the Dzongkhang Trashichoedzong 
(see Figure 8) is a good location because it represents the suburban air quality 
downwind from the center of the city. A new station is proposed  in the city, 
preferably along Norzin Lam.  

 

 

Figure 8 Planning map of Thimphu, with circle around the NECS building at the 
right (north) and a second circle to the left around the RICB Building. 
Map from Thimphu City Corporation.  
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Figure 9 Looking south on Norzin Lam toward the RICB Building. Photo: 
D.R.Clark 

 

 

The proposed roadside site for NO2 monitoring can be located at curbside on 
Norzin Lam in front of the RICB Building.  

A rural background station is to be located to the south of present and future 
developed areas in Thimphu, upwind of any city emission sources.  

 

North North 
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Figure 10 Planning map of Thimphu. The rural station would be located south of 
the city (at left in the figure), possibly off this map to the south. Map: 
Thimphu City Corporation. 

3.6.2 Phuentsholing stations 
A rooftop urban-background station is recommended for Phuentsholing, to-
gether with a rural location, for both PM2.5 and NO2 sampling. An additional 
roadside location should be identified for NO2 passive sampling. Recently, the 
NEC signed MoU with the College of Science and Technology, Rinchending,  
Royal University of Bhutan to conduct air quality monitoring in the region. 

 

Figure 11 Looking south over central Phuentsholing. (smoke is from bitumen heat-
ing for road surfacing.) Photo: D.R.Clark 

3.6.3 Bhur station 
Air quality monitoring has been established in Bhur, Gelephu, at the meteoro-
logical station, under the Malé transboundary air pollution project. This station 
should be integrated as part of NECS’ national air quality monitoring pro-
gramme. No additional measurements are proposed for this station, but NO2 
passive samplers can in the future be prepared and analysed as part of the pre-
viously described NO2 passive sampling capability, if and when the Malé pro-
ject ends.  

3.6.4 Kanglung College, Trashigang 
Currently, Sherubtse College in Kanglung, Trashigang is carrying out  air qual-
ity monitoring for the rural background through their campus station. PM10 is 
monitored using a high volume sampler. The station could be including in the 
national network if instruments and methods follow the standards set for the 
national network. It would be very useful for students to learn the monitoring 
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techniques, and associated laboratory analyses, and interpretation of the col-
lected data.  

Measurement of PM2.5 is recommended, because PM2.5 has been found to more 
closely related to health impacts in epidemiological studies, and PM2.5 includes 
less mechanically generated particles than PM10, making PM2.5 a better indica-
tor of man-made pollution. With student participation to make daily filter 
changes, a less expensive single filter PM2.5 sampler could be used at the col-
lege. 

The College should consider establishing laboratory capacity to prepare and 
analyse NO2 passive samplers, as well as to weigh PM filter samples. If such a 
capacity met NEC quality requirements, the laboratory could be used for air 
quality monitoring activities in eastern Bhutan.  

3.6.5 Industrial estates 
PM2.5 and NO2 sampling stations should be established at each of the industrial 
estates where industrial emissions are significant. The following list of the in-
dustrial estates is given in priority order. It is assumed that these stations will be 
installed and operated by NECS, including full quality control as for the city 
stations.  

As for Thimphu and Phuentsholing, each estate should have a primary station 
downwind from the industries, or in a residential area near the industries. A 
second rural station should be located away from and upwind of the industries. 
The rural station for Phuentsholing may also serve as the rural station for 
Pasakha.  

1 Pasakha, Phuentsholing (metallurgy, chemicals, cement, food) 

2 Gomtu, Samtse (cement) 

3 Mathanga, Samdrup Jongkhar (ferrosilicon, mineral handling) 

4 Chuwabari, Gelephu (new) 

5 Bondeyma, Mongar (new) 

Indicative monitoring The need for air quality monitoring at industrial estates can be appraised by 
indicative monitoring prior to installation of permanent monitoring equipment. 
Monitoring of PM2.5 and NO2 during a minimum of 8 weeks (15% time cover-
age) spread throughout the year, simultaneously at both the primary and rural 
locations identified for each estate, can provide a sufficient indication of the 
need for fixed, full-time monitoring stations. The minimum number of indica-
tive samples per year at each measurement location is 56 24-hour PM2.5 sam-
ples and 16 7-day NO2 passive samples (2 replicate passive samplers used per 
location per week). There would be two locations for each estate: a primary and 
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a rural location. Note that electric power is required at sites where PM2.5 moni-
toring is to be made, unless battery powered samplers are used.8 

Threshold for monitoring PM10 and NO2 concentrations measured with such indicative 
measurements should be compared with the air quality standards and WHO 
guideline values, similar to the upper assessment threshold approach mentioned 
in Section Error! Reference source not found.. If the 99th percentile of the 24-
hour PM2.5 measurements during one year is higher than 60% of the WHO 
guideline (60% x 25 µg/m3 = 15 µg/m3) then permanent continuous monitoring 
of PM2.5 should be established. If the average of the 7-day NO2 concentrations 
during a year is higher than 80% of the WHO guideline value (80% x 40 µg/m3 
= 32 µg/m3) then permanent continuous monitoring of NO2 should be 
established. The 60% and 80% values are the fractions of the limit values 
established by the EU for the upper assessment thresholds for 24-hour PM10 
and annual average NO2 respectively. If these assessment thresholds are not 
exceeded, the indicative measurements should be repeated each year in the 
industrial estates, to assure that the levels remain well below the limit values.  

Polluter pays Industries should contribute to the cost of air quality monitoring at an industrial 
estate, as part of the polluter pays principle. The monitoring programme should 
be considered an integral part of the service infrastructure of the estate. The 
cost of monitoring should include the cost of quality control, including partici-
pation in national and international interlaboratory comparisons, even if the 
monitoring is performed by a private company.  

Siting of stations The siting of the monitoring stations at the industrial estates should aim to 
record the maximum ambient concentrations of a pollutant emitted by the in-
dustries. Guidance on the monitoring of air quality around point sources is 
given by a note9 by the CAFE Working Group on Implementation.  

3.7 Quality Assurance 
Quality assurance should be established as an essential part of the monitoring 
programme from the beginning. Quality assurance includes  

• training, 

• preparation of standard operation procedure documents,  

• good laboratory practice (GLP) 

• use of replicate samples and blanks for passive samplers, 

                                                   
8  The AirMetric MiniVol portable particulate sampler is an option for indicative monitor-
ing at the industrial estates: http://www.airmetrics.com/products/minivol/index.html. Filters 
and batteries must be changed each day, but the samplers can be used almost anywhere. 
Another is the BGI PQ100 Portable Sampler, http://www.bgiusa.com/aam/portable.htm.  
9 CAFE note nr. 2003. Air Quality Assessment around Point Sources. 
http://ec.europa.eu/environment/air/cafe/pdf/working_groups/guidance3revised.pdf 
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• routine calibration and maintenance, 

• internal quality checks, such as reanalysis of samples and multiple repli-
cate samples to determine variability of results, and to identify potential 
problems, 

• participation in international quality assurance activities, such as exchange 
of samples with an international laboratory,  

• external audit of monitoring and analysis procedures (an outside person 
checks that the written procedures are actually being followed). 

Reference laboratory A reference laboratory is normally designated to carry out quality control 
activities, such as preparation and analysis of interlaboratory comparison tests, 
and quality control audits. Since there is no reference laboratory in Bhutan, nor 
in neighbouring countries, NEC should investigate the possibility of associating 
with an international reference laboratory for air quality. The NECS can use 
existing arrangement of associating with Central Pollution Control Board, Gov-
ernment of India 

3.8 Reporting and Public Information 
Quarterly data reports should be prepared for the monitoring programme, pre-
senting a brief overview of the monitoring activities during the period and list-
ing the monitoring results for each station.  

An annual monitoring report should be prepared each year to describe the 
monitoring programme and to present statistical and graphical summaries of the 
year’s observations. The annual report should also include discussions of trends 
in the data, relationships to emissions and other factors including meteorology. 
Breuer diagrams (pollution wind roses) should be prepared where possible to 
illustrate the influence of wind direction.  

Brief statistical and graphical summaries of the air quality data should be fre-
quently updated on a website for the monitoring programme, at least monthly. 

3.9 Staffing Requirements 
The initial monitoring programme in Thimphu can be managed by one field 
technician and one laboratory technician/chemist, with part-time input from an 
air quality specialist. A single person could perhaps handle both the field and 
laboratory operations initially, but an extra person will be needed when samples 
from additional stations are to be prepared and analysed. It is intended that the 
laboratory at NECS Thimphu will prepare and analyse all samples in the moni-
toring programme. This will ensure that uniform quality control is applied con-
sistently in the programme. 

An air quality specialist, with understanding of the relationships between pol-
lutant concentrations, meteorological and topographic factors and emission 
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sources, should prepare the discussion sections of the quarterly and annual re-
ports.  

An additional field technician based in Phuentsholing may be needed to main-
tain and change samples at the Phuentsholing stations and also at the industrial 
estate stations at Pasakha and Gomtu.  It could be explored with institutional 
linkages with College of Science and Technology,. 

A possibilities of using Dzongkhag Environment Officers can be explored for 
other south-eastern group of industrial estates: Mathanga, Chuwabari and 
Bondeyma. It may be possible to use the person responsible for air quality 
sampling at the Bhur transboundary station in Gelephu.   

3.10 Equipment and Operating Costs 
Estimated prices for instruments and supplies are given in Table 4. The list 
does not include furniture or installation of power, etc., nor vehicle use or travel 
expenses. Laboratory equipment and chemical prices are from on-line catalogs 
in Europe or USA. 

The exchange rates used are 1 USD =  44.05 BTN/INR. 

Table 4 Estimated prices for monitoring equipment and supplies. The prices do 
not include taxes, duties or shipping costs. 

Item Unit Price, BTN 

Instrumatic model 85-02 PM10/PM2.5 sampler, including 
24 V DC lead acid backup battery and charger. each 1,107,097  

PM2.5 filters, Whatman QM-A, 47 mm pack of 100 18,712  

PM2.5 filters, Whatman GF/A, 47 mm pack of 100 10,291  

PM10 filters, Whatman GF/A, 8x10 inch pack of 100 26,274  

Calibration equipment and accessories each 54,575  

BIOS International DryCal ML-350 Primary Gas Flow 
Calibrator (±0.75% Standardized) each  

Estimated consumables per PM2.5 sampler per year each, year 38,982  

High volume PAH PUF sampler each 436,602  

Glass container with teflon caps with PUF materials and 
SS screens, for PAH sampling each 28,379  

Glass container with PUF material and SS screens, for 
PAH sampling each 16,451  

Radiello adsorbent cartridge for NO2 or SO2 pack of 20 12,240  

Radiello adsorbent cartridge for VOC or BTX pack of 20 12,240  

Radiello passive diffusive bodies for NO2, SO2, VOC or 
BTX pack of 20 12,240  

Radiello adsorbent cartridge for O3  pack of 20 15,515  

Radiello passive diffusive bodies for O3  pack of 20 9,707  
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Item Unit Price, BTN 

Radiello shelters pack of 10 15,593  

Radiello supporting plates pack of 20 7,407  

Spectrophotometer, 540 nm, analog each 54,575  

Certified analytical balance, 0.01 mg: Mettler Toledo 
No. XP205 220 g x 0.01 mg each 453,715  

Mettler Toledo Built-in AntiStatic Kit for XP analytical 
balances, with power supply, No. 11107761 each 45,812  

Mettler Toledo LabX Direct Balance weighing software, 
No. 11120340 each 21,805  

Certified analytical balance, 1 mg, flat top. (such as 
Ohaus Adventurer Pro AV413 top pan precision external 
calibration 230V 50/60Hz 410g x0.001g  or Sartorius 
model ED153) each 76,647  

Balance table each 35,084  

Calibration Weight Kit, 100g-1mg each 35,084  

Distillation system, 240 V, 3.8 l/hr, Barnsted MegaPure 
Glass Still each 173,513  

Bottles for distilled water, 9 l case of 4 32,905  

Rubber stopper, No. 12 pack of 5 1,498  

Refridgerator-freezer each 23,389  

PAH sample, laboratory analysis each 17,932  

Levoglucosan sample, laboratory analysis each 15,593  

NO2 Radiello passive sampler including analysis (in 
group of 20) each 4,678  

SO2 Radiello passive sampler including analysis (in 
group of 20) each 6,120  

O3 Radiello passive sampler including analysis (in group 
of 20) each 7,134  

BTX Radiello passive sampler including analysis (in 
group of 20) each 8,576  

NO2 IVL passive sampler including analysis each 2,147  

SO2 IVL passive sampler including analysis each 2,147  

O3 IVL passive sampler including analysis each 2,494  

VOC(BTX) IVL passive sampler including analysis each 6,315  

Meteorological station with datalogger (see Appendix 2) each 224,655  

Air conditioner, for weighing room each 52,860  

Thermometer/hygrometer, for weighing room. Digital, 
certified, traceable each 21,585  

Basic tool kit for laboratory each 22,025  

Technician’s tool kit for field operations each 51,098  

volumetric flasks, 25 ml  pack of 6 7,004  

volumetric flasks, 250 ml  pack of 6 14,537  

volumetric flasks, 500 ml  pack of 6 12,026  
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Item Unit Price, BTN 

pyrex flasks, 1000 ml each 2,599  

graduated pipettes, 25 ml case of 12 8,810  

graduated pipettes, 10 ml case of 12 6,079  

graduated pipettes, 5 ml case of 12 4,978  

pipette bulb pack of 3 1,189  

N-(1-naphthyl) ethylene diamine dihydrochloride 
(NEDA) 25 g 6,608  

Sulphanilamide 100 g 2,819  

Sodium nitrite 500 g 5,903  

Concentrated hydrochloric acid (HCl), 37% 4 x 1 litre 8,414  

 

Summary costs for each monitoring station and for the laboratory equipment 
are given in Table 5. PM2.5 samples are assumed to be taken 365 days/year. 
PM10 hivol samples are assumed taken 200 days/year. Each NO2 passive sam-
pler station is assumed to use two replicate samplers at each station, and 10% 
field and laboratory blanks, at a weekly sampling interval. The laboratory 
equipment costs include only one-time costs. Laboratory operating costs and 
consumables are included in the per-station operating costs.  

Table 5 Summary costs. Salaries, travel, taxes, duties and shipping not included. 

Item Equipment, BTN Operating costs, 
BTN/yr 

PM2.5 sampling station, each  1,107,097  74,848 

PM10 sampling station, each    78,822 

NO2 passive sampling station, each  23,810  ?? 

Meteorological station, each  224,655  -- 

Laboratory equipment, PM2.5/PM10,   870,290  -- 

Laboratory equipment, NO2  547,849  -- 

Levoglucosan analyses, 10 samples  --  155,930 

O3 sampling and analysis, 20 samples  --  142,680 

SO2 sampling and analysis, 20 samples  --  122,400 

BTX sampling and analysis, 20 samples  --  171,520 

PAH sampling and analysis, 10 samples  436,600  179,320 

 

 

 

 

 



 

 

34 

. 

 

 

 

 

 

 

 

 

 

 

 

3.11 Implementation Plan 
The air quality monitoring programme is recommended to be implemented in 
gradual stages, as described below. 

1 Obtain approval for the monitoring station location in Thimphu central 
business district. One of the existing PM10 hi-vol samplers is installed 
there, and operated on the same schedule as the PM10 sampler at NECS. 

2 Identify and obtain approval for the Thimphu rural station, south of the 
city. 

3 Seek NECS and donor financial support for purchase of equipment and for 
technical assistance for implementation of the monitoring programme. 

4 Purchase three PM2.5 samplers and associated laboratory equipment and 
supplies, for implementation of PM2.5 sampling at NECS, Thimphu central, 
and Thimphu rural stations. Set up weighing room. Carry out routine sam-
pling and weighing, and develop quality assurance, data management and 
reporting procedures for PM2.5.  

5 Identify and obtain approval for monitoring station locations in Phuent-
sholing. Appoint local field technician to be trained, possibly from CST, 
Rinchending to operate the monitoring in the Phuentsholing region. The 
appointed Phuentsholing technician participates in training and hands-on 
operation of PM2.5 sampling in Thimphu during an apprenticeship period.  
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6 Purchase parts and supplies for NO2 passive samplers and laboratory 
analysis. Set up laboratory for preparation and analysis of NO2 passive 
samplers. Begin weekly NO2 sampling at the three Thimphu stations, plus 
the fourth roadside location in Thimphu. Develop quality assurance, data 
management and reporting procedures for NO2.  

7 When monitoring of PM2.5 is well established and in stable operation in 
Thimphu, purchase two PM2.5 samplers for the Phuentsholing central and 
rural stations.  

8 Implement NO2 sampling at the two stations in Phuentsholing, with pas-
sive samplers prepared and analysed at NECS Thimphu.  

9 Carry out selective indicative sampling for SO2, O3, BTX and PAH in 
Thimphu and Phuentsholing. Identify and send selected filter samples for 
analysis of Levoglucosan, if episodes with high suspected wood smoke oc-
cur. Note: simultaneous filter samples from both the central and rural sta-
tions in Thimphu should be analysed for Levoglucosan, on the selected day 
or days.  

10 When both NO2 and PM2.5 sampling is running smoothly in both Thimphu 
and Phuentsholing, begin implementation of PM2.5 and/or NO2 sampling at 
Pasakha and Gomtu industrial estates. NO2 sampling can be carried out 
alone, until funds are available for purchase of additional PM2.5 samplers.  

11 When the full monitoring activities in Thimphu, Phuentsholing and the 
south-west industrial estates are well established, begin implementation of 
sampling at the south-east industrial estates. A field technician, will need 
to be appointed and trained to operate these stations. In the beginning, the 
filters and samples will be prepared and analysed at NECS Thimphu. 

12 Conduct area campaigns of NO2 sampling in Thimphu and Phuentsholing, 
using about 40 passive samplers distributed throughout each city, exposed 
for 3-4 weeks (initially in winter season). Use the results to draw maps of 
the pattern of average NO2 concentrations across the city. If possible in 
Phuentsholing, arrange permission to include NO2 samplers located on the 
Indian side of the border.  

13 Conduct a detailed review of the monitoring programme and monitoring 
results, and revise the objectives, scope and methodology of monitoring if 
necessary.  

 

The design of the proposed air quality monitoring system is focused primarily 
on protection of human health in populated areas, with a development time of 
about four years. Monitoring for the protection of vegetation and ecosystems is 
not directly addressed by the proposed system due to the additional complexity, 
but will need to be addressed in coming years.  



 

 

36 

. 

Air pollution which impacts Bhutan’s vast forests and natural areas is coming 
from a much larger region than Bhutan itself, and must be addressed on a re-
gional scale. Regional initiatives are now underway, such as the Malé Declara-
tion initiatives which will gradually build up the capabilitities to monitor and 
manage air pollution at the regional scale.  
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4 Vehicle Emission Standards  
This chapter provides a brief review of the vehicle emission standards in Bhu-
tan, and the in-use vehicle emission testing programme.  

Timeline  Significant developments in Bhutan’s management of vehicle emissions 
include: 

1996 Import of used vehicles and 2-stroke two-wheelers was 
banned effective 1996; 

1999 RSTA developed Road Safety and Transport Regulations 
that included emission requirements for all vehicles regis-
tered in Bhutan; 

2001 Bhutan began import of unleaded petrol; 

1 Jan. 2002 EURO 1 type approval standards required for all new light 
duty vehicles, effective 1 January 2002; 

2003 Bhutan began import of ultra low sulphur diesel fuel 
(0.025% sulphur content); 

 Reduction of import tax on vehicle spare parts, in particular 
parts relevant to vehicle emission such as air filters, oil filters 
and fuel filters; 

 2003 Establish in-use vehicle emission standards and an emission 
testing programme; 

February 2006 Vehicle testing programme was contracted to two private 
companies, each with testing locations in Thimphu and 
Phuentsholing; 

 

2007 Vehicle emission standards is revised 

1 March 2008 Enforcement of revised vehicle emission standards  
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Revised emission standards effective 1 March 2008 

Fuel Type Vehicles regis-
tered prior to  1 
Jan 2005 

Vehicles regis-
tered after 1 Jan 
2005 

Petrol (% CO) 4.5  4  

Diesel (%HSU) 75  70  

All New vehicles imported into the country must meet euro-II type approval 

 

Fuel quality Bhutan presently imports unleaded petrol and low-sulphur diesel fuel of 
sufficient quality for EURO II and EURO III requirements. Fuel quality is 
regulated by the Department of Trade, Ministry of Economic Affairs.  

Driver awareness It is important for vehicle owners to understand the maintenance requirements 
for their vehicles. Vehicles with higher than normal emissions are not only con-
tributing to poor air quality, but are also more expensive to drive due to the re-
duced fuel economy. It needs to be made clear that tampering with engine ad-
justments and adulteration of fuel contributes to increased health risks and costs 
from air pollution. Continuing efforts for public awareness are necessary to in-
form vehicle owners of these issues and to build support and compliance with 
stricter emission standards and maintenance requirements.  

4.1 Petrol vehicles Vehicle Emission Testing 
RSTA has conducted vehicle emission testing since 2000. Vehicle emission 
testing became mandatory in 2003, with an annual test required for private ve-
hicles and bi-annual testing required for commercial vehicles. Two private 
companies (Yangki and USD) were contracted to operate vehicle emission test-
ing beginning in early 2006. Each company has permanent test locations in 
both Thimphu and Phuentsholing, and operate periodic testing in other parts of 
the country. The two companies are located side by side in Thimphu.  

Gasoline vehicles are tested for CO emission during idle using a portable ex-
haust gas analyser. Smoke tests are performed on diesel vehicles using a smoke 
meter in a free acceleration “snap” test. The instruments used by Yangki in 
Thimphu are shown in Figure 12 and Figure 13.  
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Figure 12 Kane model 5-310 exhaust gas analyser used by Yangki in Thimphu.  

 

 

Figure 13 Wager digital smoke meter model 650011 used by Yangki in Thimphu. 

 

                                                   
10 Kane Automotoive model 5-3 –  http://www.kane.co.uk/Products/Automotive 
/4_%26_5_GAS%3A_Auto_4-3_%26_5-3_Bench_Top_Analyser/ 
11 Wager model 6500 – http://www.wagerusa.com/pages/transportation/6500.html 
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Gas analyser Yangki’s Kane model 5-3 exhaust gas analyser is capable of measuring CO, 
CO2, HC, O2, lambda and air-fuel ratio (AFR), plus engine parameters such as 
RPM and oil temperature. USD has somewhat simpler gas analyser model, 
without lambda/AFR capability. Operation of the gas analyser is simple. The 
probe is inserted in the exhaust pipe while the engine is running at idle. The CO 
reading is taken when the reading is stable. It is important that the engine is 
warm before performing the test, because emissions from a cold engine are 
considerably higher than from a fully warm engine. 

Database Yangki records the test results on a PC, with data entered into a database. This 
database enables Yangki to maintain an electronic record of vehicles and test 
results, and quickly retrieve information about a vehicle and it’s owner . The 
software has been custom programmed for Yangki. Data handling by USD was 
not investigated. The use of a database will allow for the results of individual 
tests to be provided to RSTA along with information about the specific vehicle 
involved. This will be very helpful for RSTA’s monitoring of compliance with 
emission standards, and evaluation of the impact of proposals to tighten the 
standards.  

Smoke test The Wager smoke meter is used for the diesel smoke test. The basic procedure 
for the smoke test is, while in neutral gear, to first press the accelerator to blow 
loose soot out of the exhaust before putting the probe in the exhaust pipe. The 
test probe is then inserted into the exhaust pipe and the accelerator pedal is de-
pressed sharply to race the engine for several seconds, and then let go. This is 
repeated three times until three measurements are within 10% of each other. 
The result is taken as the average of the three measurements.  

SAE J1167 method The Society of Automotive Engineers (SAE) has prepared standard procedure 
J1667 “Recommended Practice Snap Acceleration Smoke Test Procedure for 
Heavy-Duty Powered Vehicles”12  The SAE J1667 method is detailed in de-
scribing the exact procedure and conditions to carry out the test, and to calcu-
late the final test result. Key points in the procedure are: 

• warm-up: the vehicle should be operated under load for at least 15 minutes 
prior to making the test; 

• vehicle preparation and safety check, including checking the speed-
limiting capability of the engine governor; 

• allow smoke meter to warm up, clean probe windows and calibrate zero 
and full-scale readings of the smoke meter; 

• before inserting the probe, carry out at least three preliminary snap accel-
eration test cycles on the vehicle, to familiarize the operator with the throt-
tle response and to blow any loose soot out of the exhaust;  

• insert the probe, and carry out at least 3 snap acceleration test cycles: press 
throttle rapidly to fully open position, allowing engine to reach maximum 

                                                   
12 SAE method J1667 – http://www.arb.ca.gov/msprog/hdvip/saej1667.pdf 
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speed, plus 1 to 4 seconds each time. Release and allow the engine to re-
turn to idle; 

• check for post-test zero shift, and that the difference between the highest 
and lowest test reading is less than 5% opacity (5 HSU);  

• The test opacity values are calculated and corrected for ambient conditions 
(barometric pressure, air temperature and humidity) and averaged together 
to give the final test value;  

• Calibration check: To assure continuous accuracy, the smoke tester should 
be checked before and after each day’s testing using a reference neutral 
density filter provided by the instrument manufacturer.  

• Maintenance: The optical sensor lenses/windows must be cleaned each day 
following manufacturers instructions, and more often in heavy use.  

If the RSTA specified procedure is not based on SAE J1667, a careful review 
should be made to evaluate if the SAE method should be followed. 

Ambient correction The SAE J1667 methodology include correction of the derived opacity values 
for actual air density, which depends on the actual air temperature, humidity 
and barometric pressure at the time of the measurement. The ambient correction 
is very significant. Without this correction, the smoke values measured in 
Thimphu would be significantly different than measured in Phuentsholing, even 
on the same vehicle.  

Data requirement The Wager 6500 smoke meter includes built in calculation of the correction for 
ambient conditions, but requires that the air temperature, humidity and pressure 
value be entered manually. That requires that each test center have reliable in-
struments to read the ambient temperature, humidity and barometric pressure, 
or another data source such as a nearby meteorological station. 

Meter limitation The range of ambient conditions which this instrument accepts is: 

• Ambient temperature: -40 to 140 F (-40 to 60 C) 
• Relative humidity: 0 to 100 % 
• Barometric pressure: 27.00 to 33.00 in/Hg (914 to 1117 mb) 

The temperature and humidity ranges are adequate, but the barometric pressure 
range will not allow actual pressure for Thimphu to be entered, which is around 
700 mb (20.7 in/Hg). Thus, the ambient correction cannot be computed within 
the Wager instrument. The correction calculation could be programmed on a 
PC, such as in a spreadsheet. It appears that the ambient correction is not being 
made at present.  

J1667 limitation It must also be pointed out that the ambient conditions in Thimphu (air density) 
are at or below the range of air densities for which the correction calculation in 
the J1667 standard method is derived. It will be necessary to investigate the 
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potential uncertainty in applying the J1667 ambient correction calculation for 
high altitude locations in Bhutan. 

Enforcement There is at present no penalty for not taking the annual or bi-annual emission 
test, nor for repeated failure of the test.  

4.2 Recommendations 

4.2.1 Vehicle emission testing 
The following are recommended for improvement of the emission testing pro-
gramme: 

• review the smoke testing procedure with respect to correction for ambient 
conditions as specified in SAE J1667, and establish a calculation proce-
dure, spreadsheet or nomogram which will enable the test results to be 
comparable for different altitudes in Bhutan; 

• compare the present actual testing procedures to the SAE J1667 standard 
method, and make adjustments in the RSTA written standard operation 
procedure document (SOP) to more closely follow the SAE standard, 
where appropriate; 

• require reporting of test results every 6 months, so results through mid-
year can be used to adjust requirements for following calendar year; 

• include standard breakdowns of test results in the 6 month report, such as 
by test (CO, HC, Smoke), fuel type, weight class, EURO class, and vehicle 
age; 

• establish a database format for exchange of digital data from the testing 
centers, and require that digital data be delivered to RSTA together with 6-
month report; 

• initiate auditing of emission test centers and test technicians by RSTA offi-
cials. Check instruments for calibration and linearity, check that the stan-
dard operation procedure is followed by testers; 

• send RSTA selected vehicles for duplicate testing at each of the test cen-
ters in both Thimphu and Phuentsholing, to document the variability in test 
results between centers and between cities (altitude);  

• arrange an annual meeting of all the persons involved in vehicle emission 
testing (managers, test operators, assistants and government officials), to 
refresh the testers’ knowledge of the regulations and standard procedures 
(including hands-on demonstrations), to exchange experience with testing 
operations and dealing with vehicle owners, and to present and discuss the 
testing results.  
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• RSTA should link the received test data to vehicle registration data, to 
identify vehicles which have not been tested;  

• Plans should be made to establish a chassis dynamometer test center in 
Thimphu, for advanced monitoring of vehicle emissions at Thimphu’s alti-
tude, and to evaluate the benefit and practicality of requiring dynamometer 
testing, especially for smoke; 

• Require that emission test certificate be examined whenever vehicle regis-
tration papers are examined, including during roadside checks by police; 

• Establish penalties for failing to get the vehicle emission test, or for re-
peated failure of the test; 

4.2.2 Vehicle maintenance and repair workshops 
It is recommended that vehicle dealers be required to provide factory authorised 
service for the vehicles they sell, including factory approved test equipment and 
factory trained service mechanics. This will place the burden on the vehicle 
manufacturers to develop appropriate vehicle service capabilities in Bhutan, 
including on newly introduced vehicle models with sophisticated emission con-
trol systems. 

It is recommended that a training workshop (Training Center) should be set up 
to improve the ability of automobile workshops in Bhutan to repair and main-
tain vehicle engines with respect to pollution control.  
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5 Industrial Emission Standards 

This chapter presents a brief status of the situation with industrial air pollution 
emission standards in Bhutan  

Industrial Emissions: Maximum Limits for Pollutants   (mg/Nm3) 
 Maximum Limits for Pollutants (mg/Nm 3) 

Industrial Type by Technology SPM SO2 NOx CO
Lime Kilns 150 100 100 50
Arc Furnace, Induction Furnace 150 100 100 50
Tapping Fume Stack 150 - - 
Coal fired, Oil fired and Wood fired Boiler 150 100 100 50
Horizontal/Rotary Kiln, Vertical Shaft Kiln 
and other Kilns 

150 
 

100 100 50

Other Technologies: for sectors that are not 
covered in the above sections 

150 
 

100 
 

100 
 

50

 
 
Workplace Emissions for 8 hour average 
Parameter Standard 
Total Suspended Particulate 10mg/m3 
Respirable Particulate Matter 5mg/m3 
Sulfur Dioxide 1mg/m3 
Nitrogen Oxides 1mg/m3 
Carbon Monoxide 5mg/m3 

 
 
Noise Level Limits 

Industrial Area Mixed Area Sensitive Area
Day* Night* Day Night Day 

75 dB(A) 65 dB(A) 65 dB(A) 55 dB(A) 55 dB(A) 
Note: All the values are maximum values 
* Day time is from 0600 hours to 2200 hours (human activities) 
** Night time is from 2200 hours to 0600 hours (no human activities) 
Maximum value allowed in workplace in any point of time is 75 dB(A).  
 

The capacity to measure industrial emissions is an essential part of the regula-
tion of emissions from industry. Like ambient monitoring, stack sampling re-
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quires specialised equipment, carefully trained technicians and an active quality 
assurance program to ensure reliable measurement results.  

Monitoring Van Bhutan has a limited industrial emission monitoring capacity. A monitoring van 
and associated laboratory equipment was procured with funds from Danida, and 
is operated by the Environment Unit of MoEA.  

There is a need to locate the measuring equipment convenient to the industries, 
and to assure that trained measurement technicians have sufficient time to make 
regular inspections and stack measurements at the industries. Following the 
polluter-pays principle, the industries should pay the full cost of required stack 
testing including the costs of quality control. 

Additional aspects and best practices for industrial monitoring are presented in 
the EU (2003) IPPC BREF document on general principles for monitoring.  

5.1 Recommendations 
Additional criteria It is recommended that the industrial emission standards be revised to specify 

essential additional criteria for application of the standards: 

• measurement methods to be used, referring either to standard operating 
procedures (SOP) established by MoEA and/or NEC, or to international 
standard methods (such as ISO, CEN or US-EPA). For stack measure-
ments this usually includes details about the positioning of instrumenta-
tion, recording of production or combustion operating conditions during 
measurements, as well as the measurement and/or analytical procedure; 

• specification of the sampling duration, intervals and averaging times 

• specification of the frequency of routine measurements (such as quarterly 
or half-year); 

• the definition of normal conditions of temperature and pressure, and 
whether measurements are to be expressed as dry gas or wet gas concentra-
tions; 

• specification of the reference oxygen content in flue gas, as one value for 
all pollutant or specific oxygen levels for each pollutant individually;  

Harmonisation It is recommended that the above criteria be harmonised with Indian regulations 
where appropriate, to facilitate use of Indian measurement companies and in-
dustrial laboratories by the industries or by NEC. For criteria not specified in 
Indian regulations, it is suggested to adopt the EU criteria.  

Monitoring lab It is recommended to establish and staff an industrial monitoring laboratory in 
Phuentsholing region. The MoEA, Environmental Unit already has some 
equipment for this lab, including the existing mobile monitoring van. Such a 
lab could also be used for ambient air quality monitoring in the Phuentsholing 
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region. Technicians could be responsible for both industrial and ambient air 
quality monitoring. There is a need for additional stack sampling equipment, 
training and a budget for maintenance of the equipment. A quality assurance 
programme should be included in the training and setup of the laboratory. 

Industry pays It is recommended that industries be required to pay the full cost of routine 
stack emission measurements, but should have the option to hire a certified 
measurement company to do the measurements as an alternative to having 
MoTI/NEC carry out the measurements. 

Other issues there are several additional aspects of industrial pollution control 
regulation which should be considered for Bhutan 

• Due to the restricted dispersion in Bhutan’s valleys, there should be much 
stricter pollution prevention and control requirements on future industries 
proposed in valley locations.  

• It is recommended to adopt very strict emission limits for industries in val-
ley locations.  

• Consider requiring BAT in valley locations. The EU BREF documents 
provide an excellent source of information about BAT for a wide range of 
sectors. 

• Promote “clean” or “zero emission” industry for valley locations;  

• Identify types of industries which should be prohibited in valley locations 
due to potentially hazardous or difficult to control emissions; 
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6 Air Quality Management 
This chapter outlines several technical capabilities that need to be developed in 
Bhutan to support the ongoing policy and management development related to 
ambient air quality.  

6.1 Emissions Inventory 
Need A national emission inventory is needed to support air quality management 

policy development. An emission inventory enables the identification of the 
relative and absolute importance of different emission sources or source catego-
ries. An emission inventory is also an essential component for air quality mod-
elling, especially at the regional level. If Bhutan continue  participating in pro-
grammes such as the Malé Declaration projects on transboundary pollution, a 
national emission inventory will be needed to fully participate. 

GHG Inventory As mentioned earlier, a first greenhouse gas emission inventory was prepared 
in 2000 for the data year 1994 and 2nd GHG Inventory was prepared for the 
base year 2000. .  

6.2 Air Quality Modelling 
Air quality modelling provides a valuable tool for environmental impact as-
sessments and air quality management. There are several types of models 
which would be very useful in Bhutan, but which require a development effort 
to implement: 

• Gaussian dispersion models, to calculate the impact of industrial point 
source emissions on surrounding ambient air quality. The US-EPA models 
ISCST (Industrial Source Complex Short Term) and the more recent 
AERMOD (AMS-EPA Regulatory Model) are official regulatory models 
in the USA, and are well-known internationally. AERMOD provides better 
support for complex terrain than the older ISCST model, but also requires 
more sophisticated inputs; 

• Puff dispersion models, which calculate dispersion of pollutants by follow-
ing descrete “puffs” of air as they are carried by the wind. Puff models are 
needed to properly model the transport of pollutants in complex topogra-
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phy such as the valleys of Bhutan, including situations where the wind is 
calm for extended periods such as in valley inversion conditions;   

• Street pollution models, to calculate pollutant concentrations along road-
ways and highways. In addition to traffic volumes and meteorological data, 
street pollution models usually require background pollution levels to be 
input either from measurements or from a larger-scale dispersion model 
which calculates the background concentrations; 

• Regional scale atmospheric transport and atmospheric chemistry models, 
which are used to calculate the transport, transformation and deposition of 
pollutants over long distances;  

• Large-scale meteorological “weather forecast” models, which calculate the 
large scale wind flows needed for input to regional air quality models, and 
can also provide data for input to local air quality models. The MM5 
model is an example of this type of model. 

A comprehensive air quality modelling programme will often involve the “nest-
ing” of several of the above types of models, to calculate air pollution concen-
trations at different spatial scales. 

Meteorological data All air quality models require meteorological data for input, as well as emission 
data. The development of meteorological datasets for air quality modelling is a 
critical component in an air quality modelling programme. The development, 
testing and application of air quality models cannot really begin until meteoro-
logical datasets are available. That means that meteorological data should begin 
to be collected well before the models need to be implemented. It is recom-
mended to begin the active compilation of meteorological datasets, to enable 
future development of air quality modelling activities. It is not necessary to be-
gin implementation of the models themselves at this time.  

A meteorological dataset normally consists of one or more years of continuous 
hourly meteorological observations from one or more representative meteoro-
logical stations. Wind speed and direction are the most critical variables in op-
eration of the models, and the representativeness, completeness and accuracy of 
these data will have profound impact on the results of model calculations.  

Station locations must be chosen carefully, and a special effort made in calibra-
tion and verification of the measurements, to ensure a high quality dataset is 
compiled for modelling. The two meteorological stations proposed as part of 
the ambient air quality monitoring programme are specifically intended to pro-
vide high quality meteorological observations that meet the needs for air quality 
modelling.  

An alternative or supplement to ground-based meteorological measurements is 
the use of large-scale weather analysis and forecast data. Grid point data can be 
extracted from numerical grids of wind speed and other parameters, corre-
sponding to hourly intervals in the model calculations. Grid points are selected 
that correspond to the territory of the country, or area of interest. Such values 



 

 

49 

. 

represent regional meteorological conditions, but may not reflect the wind 
channelling effect of local topography. World wide forecast data from Ameri-
can and European weather prediction models is readily available on the Inter-
net, but must be downloaded daily over the course of a year or more to build a 
long-term dataset. This is a common practice in meteorological and air quality 
research institutions.  

6.3 Air Quality Database and Internet Access 
It is important to establish a database system for the storage and archiving of 
“raw” air quality monitoring data, air quality statistics and indicators, emissions 
data, and meteorological data. Data can initially be collected in spreadsheets, 
but a well-defined and documented database system provides a more stable and 
robust depository for important environmental data. Such a database can be de-
veloped in MS Access or other similar database programming system.  

Commercial software systems are also available for management of air quality 
data, but these are usually oriented to the operation of a network of automated 
air quality monitoring stations. An example of a commercial air quality man-
agement software system is the AirQUIS13 system developed by NILU. Imple-
mentation and operation of the AirQUIS system requires a substantial invest-
ment and training of staff.  

The manually operated air quality monitoring programme proposed here can 
also make use of such software systems, but the lower data volume means that 
the data management functions do not need the sophistication of an automated 
data retrieval system.  

An advantage of commercial software systems such as AirQUIS is that they 
will automatically generate and update air quality web pages on the Internet, 
from data collected in the software’s database. However, simple web pages can 
be programmed and updated manually, such as on a monthly basis.  

6.4 Road Traffic and Urban Planning 
European studies have shown increased respiratory health problems in children 
who live or go to school within 100 meters of a busy roadway. The greatest 
health risks appear within the first 50 meters from the roadway.  

Studies conducted in Los Angeles show that carbon monoxide and ultrafine 
particles – the smallest portion of particulate matter emissions and potentially 
the most toxic – are extremely high on or near the freeway, dropping to about 
half that concentration 50-90 meters from the freeway. After about 300 meters 
the concentration of particulate matter reaches the “ambient” level – the normal 
level in the air without the influence of any nearby sources.  

                                                   
13 AirQUIS - http://www.nilu.no/airquis/ 



 

 

50 

. 

In 2003 the California state legislature enacted a law that new schools must be 
built at least 150 meters from very busy roadways. 

It is suggested that urban planning in Bhutan adopt the concept that busy road-
ways should be given adequate separation from areas with many pedestrians 
such as shopping areas, and separation from residential, commercial and school 
buildings. The typical situation with heavy traffic going through a central busi-
ness district with sidewalks and building facades only a few meters from the 
roadway—such as Norin Lam—should specifically be avoided. Street with 
continuous buildings along both sides of the street, known as “street canyons”, 
give rise to the highest concentrations of vehicle pollutants and the greatest pol-
lutant exposures for people. Buildings block the dispersion of the pollutants, 
which would otherwise be quickly diluted in the open air. 

6.5 Recommendations 
Meteorological data It is recommended to initiate the collection and preparation of meteorological 

datasets for present use in analysis and interpretation of air quality monitoring 
data, and for future use in air quality models. Dataset should be prepared for 
Thimphu and Phuentsholing, and also for the industrial estates. Arrangements 
should be made with the Hydrometeorological Agency to routinely receive 
complete and quality controlled digital data from selected meteorological sta-
tions. The objective will be to collect several years of continuous hourly mete-
orological data for each selected station.  

Large-scale data It is recommended to also begin routine collection of “grid point” data from 
international weather forecast centers, which are available on the Internet. Such 
data will be an important supplement to the ground-based meteorological sta-
tion data.  

Database It is recommended to develop a simple air quality database system for 
collection and archiving of air quality measurement data and associated mete-
orological and emissions data.  

Urban planning It is recommended to investigate and discuss the potential impact of road traffic 
pollution on pedestrians, residents and workers along streets and roadways with 
heavy traffic. The concept of increasing the distance separating busy roadways 
from pedestrian walkways, businesses, residences and schools should be con-
sidered as a potential policy for urban planning in Bhutan.  
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8 Appendix 1 – Meteorological Instruments 
A proposed basic meteorological station is given in the table below. Instru-
ments are mounted on a tower with a datalogger in an enclosure. Data are re-
trieved from the datalogger each week, by connecting a laptop computer to the 
datalogger. The proposed equipment includes software for programming the 
datalogger and for maintaining a database of the measurements, and producing 
graphs.  

Prices and links for the proposed equipment are from Campbell Scientific Inc. 
(CSI) (http://www.campbellsci.com).  

It is assumed that calibration of the sensors could be performed by the Meteoro-
logical Department.  

 

Figure 14 RM Young 05305 Wind Monitor-AQ. A high performance wind speed 
and direction sensor designed specifically for air quality measurements. 
It provides a lower starting threshold, faster response, and higher accu-
racy than the other wind monitors. However, to achieve the superior 
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performance, the 05305 is less ruggedly constructed. The Wind Moni-
tor-AQ meets or exceeds the requirements published by the US-EPA.  

 

Figure 15 Vaisala Model HMP45C-L Temperature and Relative Humidity Probe, 
and Gill radiation shield. 

 

 

Figure 16 Apogee CS300 silicon pyranometer, mounted on levelling base. 
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Figure 17 Example of meteorological station configuration. Note that not all in-
struments and accessories shown are included in the proposed station. 
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Table 6 List of equipment and cost estimates for meteorological stations, from 
Campbell Scientific, Inc. The costs do not include taxes, shipping, du-
ties, or installation costs. 

Quantity Item 
Price, 
USD 

 Datalogger, power supply and software  
1 CSI CR200 datalogger 472 
1 17365 CR200 12 V, 7 AHr Sealed Rechargeable Battery 60 
1 15988 Wall Charger  (7 ft cable, 220 V AC, with Euro or UK plug?) 24 

 Sensors  
1 RM Young Model 05305-L24 Wind Monitor AQ, (24 ft lead) 1323 
1 Vaisala Model HMP45C-L12 Temperature and Relative Humidity Probe 634 
1 CS300-L12 Apogee PYR-P Pyranometer 287 

 Tower, Enclosure, mounting hardware  
1 UT20 Universal 20 ft (6 m) Tower and Adjustable Mast 719 
1 RFM18 Universal Tower Flat roof Mounting Base 127 
1 ENC10/12-DC-TM Enclosure for CR200, with tower mounting bracket 288 
1 CM220 Right Angle Mounting Bracket (for wind monitor) 24 
1 CM202 2-foot Crossarm with Bracket (for wind monitor) 24 
1 41003-5 10-Plate Gill Radiation Shield (for HMP45C temp & humid.) 219 
1 CM225 Pyranometer Mounting Stand 36 
1 18356 Leveling Base for Apogee pyranometer 44 
1 CM202 2-foot Crossarm with Bracket (for pyranometer) 24 
1 UTGUY Tower Guy Kit (requires either the UTEYE or UTDUK) 253 
1 UTEYE Eyebolt Anchors for UTGUY 49 
1 Contingency for cables, hardware, spare parts 500 

 TOTAL COST PER STATION, excl. taxes, duties, shippi ng, installation  5105 
   
 Equipment & Software for base station center (NECS)   

1 Configuration, Pre-programming by Campbell Scientific  
1 CSI LoggerNet Datalogger Support Software 650 
1 Vista Data Vision data for data storage and analysis, base version 995 

 TOTAL COST FOR NETWORK CENTER 1645 
    

 COST for 2 MET. STATIONS + Base Station Software 11856 
 Shipping and customs allowance, 25% 2964 

 ESTIMATED TOTAL COST 14819 
 

8.0 Technical Assistance 
A technical assistance (TA) project to provide training for establishment of the 
monitoring programme is recommended covering the area of air quality moni-
toring and senior chemist. The TA will need two specialists: 1) an air quality 
monitoring expert and team leader, and 2) a senior chemist and quality control 
consultant. Suggested scopes of work for these two consultants are provided 
below. 
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8.0.1 TA for implementation of monitoring programme  
The objective of the consultancy will be to enable NECS to implement, operate, 
maintain and sustain a permanent ambient air monitoring system in Bhutan. 
This scope of work is for a senior air quality monitoring specialist and team 
leader.  

1 A detailed training programme is prepared. 

2 Training of NECS air quality specialist(s) and staff in NEC regarding: 
- Implementation of methods for quality control. 
- Collection of data, databases and assessment of data . 
- Reporting of data. 
- Dissemination of data. 

3 Training of the laboratory chemist and field technicians in: 
- Operation of sampling equipment. 
- Performance of gravimetrical analysis. 
- GLP (good laboratory practice) and quality control procedures. 
- Elaboration of Standard Operating Procedures (SOPs), including all 

stages of operations, in written form. 
- Implementation of quality control procedures. 

4 Conduct training of NECS staff in: 
- SOPs for the air quality monitoring methods involved. 
- Calibration procedures. 
- Interlaboratory exercises. 

5 Assistance in the interpretation of results and in air quality management 
given to the air quality specialist(s). 

6 Conduct training of NECS staff in the use and interpretation of air quality 
data in relation to meteorological data monitored in the programme. 

7 Assistance in the practical performance of interlaboratory exercises per-
formed, and in the evaluation of results from the exercises.  

8 Initiate a public awareness program including: 
- Create an air pollution index for dissemination of results to the public. 
- Assist NECS staff to develop an information campaign. 

8.0.2 TA for laboratory analysis of NO 2 passive samplers 
This scope of work is for a senior chemist and quality control specialist, under 
direction of the team leader. The objective of the TA will be train NECS staff 
to carry out the laboratory procedures for NO2 sampling. The TA will include: 

1 Elaboration of detailed training programme. 
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2 Conduct training of two (or more) NECS chemists on procedures for ex-
traction and analysis of  NO2 sampled by Radiello diffusive samplers, and 
on related Good Laboratory Practices (GLP). 

3 Prepare written Standard Operating Procedures (SOPs), including all 
stages of the extraction, analysis, calibration and quality control. 

4 Instruct NECS chemists on interlaboratory quality control procedures. 

5 Prepare a final report on the degree of knowledge transfer provide by the 
training programme.  

 


