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Executive Summary

As a part of the Bangladesh Air Pollution Management (BAPMAN) project, a screening
study of air pollution was performed by the project partners Norwegian Institute for Air
Research (NILU) and the Clean Air and Sustainability Project (CASE) at the Department
of Environment (DoE) in Bangladesh. The screening study work fell under Task 1
(Emissions Inventory) of the BAPMAN project.

The screening study was performed in Dhaka from 31 January — 15 February 2011. The
main objective of the study was to gain an overview of the background concentrations
and the spatial distribution of the air pollution in the Dhaka city area. Thorough ambient
air quality data has not been collected in the city for some years.

The screening study contained the following three parts:

1. Passive Sampling. Passive samplers for NO, and SO, were located at 48 sites
throughout the Dhaka City Corporation city limits, where 20 of these sites had in
addition passive samplers for O;. Exposure period for the samplers was 10-14
days.

2. Active Sampling. Short-term active PM grab samples (PM,, PM, s, and PM,) were
collected at 23 sites in selected areas of the city and various microenvironments.
PM samples were taken for 30-minutes.

3. Traffic Counting. Traffic counting was performed at 13 sites to get a general
picture of average traffic flows and vehicle distributions on different road types.
Traffic counting was calculated as 1-hour averages.

In addition, the study examined satellite mapping data to get a general regional picture of
NO, and PM concentrations.

The screening study was performed during the winter season because this is the dry
period where air pollutant concentrations will be at their peak. The winter season is also
the time of the year in which the brick kilns are being operated, of which are suspected to
be the single greatest local contribution to AQ problems in Dhaka. Other possible sources
of air pollution include re-suspension of road dust from traffic, open burning, residential
cooking, and industrial sources such as cement manufacturing and metal smelting.
Regional haze from India and their burning of dirty coal is also a significant contribution to
local PM values on the regional scale.

Results from the study show that SO, concentrations are relatively high on average (86.9
pg/m’) ranging from 38.0 pg/m3 to 199.3 ug/m>, and NO, concentrations are also
relatively high on average (83.6 pg/m?) ranging from 35.6 ug/m3 to 161.3 pg/m>. Some
sites most likely exceed local Bangladesh standards for SO, and NO,, and most sites
sampled exceed WHO guidelines. 0O; concentrations were moderate on average (47
ug/m3), ranging from 18 pg/m?® to 62 pg/m?>. Distribution of the concentrations of these
pollutants is relatively varied throughout the city area, and levels occur highest in micro-
environments (site classifications) with sources for the particular gas.

PM,, concentrations ranged from 258 |.lg/m3 to 2039 ug/m3, with an average
concentration of 613 pg/m? for all sites, and PM, s concentrations ranged from 216 pg/m?
to 1131 pg/m?, with an average concentration of 439 pg/m>. These results show that a
large majority of PM was of the fine fraction. The concentration distribution was also to a
certain degree dependent on the type of micro-environment in the city, but PM appears
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also to a large extent impacted by special regional factors and regional meteorology
during the winter period. Satellite mapping can preliminarily confirm this situation,
showing differing levels of aerosol optical depth (AOD) at the regional level which roughly
correspond to ground level PM measurements for Dhaka. Traffic counting results from
the study will be important for future work in that the data can be used to establish basic
traffic flows and vehicle distributions for varying road classes.

It can be certainly concluded from these screening results that Dhaka experiences severe
AQ problems in the winter season, and the sheer volume of human exposure to these
ambient pollutants is staggering. It is encouraging that the CASE project is currently
improving AQ management for the country, and that the BAPMAN project is increasing
capacity building where necessary.
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Bangladesh Air Pollution Management (BAPMAN)
Ambient Air Pollution Screening Study in Dhaka

1 Introduction

As a part of the Bangladesh Air Pollution Management (BAPMAN) project, a
screening study was performed by the project partners Norwegian Institute for Air
Research (NILU) and the Clean Air and Sustainability Project (CASE) at the
Department of Environment (DoE) in Bangladesh. The screening study work fell
under Task 1 (Emissions Inventory) of the BAPMAN project.

A screening study of air pollution in Dhaka was performed from 31 January — 15
February 2011. The main objective of the study was to gain an overview over the
background concentrations and the spatial distribution of the air pollution in the
Dhaka area. So far, such a thorough ambient air quality screening study has not
been conducted in the city.

Passive samplers for NO, and SO, were located at 48 sites throughout the Dhaka
City Corporation city limits, where 20 of these sites also had passive samplers for
0Os. Samplers were placed in an equal spatial distribution throughout the city
within various microenvironments taking in consideration the prevailing winds and
brick kiln cluster fields, believed to be a major pollutant contributor to ambient
air. The passive sampling campaign was performed in February during the winter
season (no precipitation), and the samplers were exposed to ambient air for
approximately 10-14 days.

Parallel and in addition to the passive sampling campaign, short-term active PM
grab samples were collected at 23 sites in selected areas of the city and various
microenvironments. Also parallel and in addition to the passive sampling
campaign, traffic counting was performed at 13 sites to get a general picture of
average traffic flows and vehicle distributions on different road types. An analysis
of satellite mapping data was also performed to a get a spatial and temporal
picture of the general regional NO, and PM concentrations.

1.1 Background

Dhaka can be considered the mega-city with the world’s worst urban air quality
(Gurjar et al., 2008). A combination of numerous local emissions sources in the
winter season in addition to special local and regional winter meteorological
conditions gives the city exceedingly high air pollution concentrations during this
time of the year. The exposure of the cities estimated 12-15 million residents to
this alarmingly poor air quality demands attention including immediate research
and corresponding mitigation. It is estimated that if the annual guidelines for PM
concentration were met in 2004 that 1,213 premature deaths could have been
avoided in Dhaka alone for that year (Aktar, et al., 2005); and the World Health
Organization estimates that up to 10,000 premature deaths per year in
Bangladesh are attributed to air pollution (WHO, 2009).
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Currently there is a lack of comprehensive AQ data for Dhaka (as well as for the
rest of Bangladesh). The two Continuous Air Monitoring Stations (CAMS) in Dhaka
have been partially down since 2006, but as of date of publication are currently
being repaired. Mini-vol and GENT sampling for PM in two size fractions (PM;s
and PMjg) has been performed in recent years, with some reporting of this data
occurring in published journal articles (Begum et al., 2006, 2010a, 2010b). The
DoE is in the process of upgrading and expanding the AQM program through the
current CASE program, in which NILU is assisting in training and knowledge
transfer during this expansion period through the BAPMAN project.

The lack of available data and comprehensive understanding of the greater air
quality problems and hot spots in Dhaka gave need for the screening study and
corresponding results.

1.2 Emission Sources

During the winter season the brick kilns are the primary local source of AQ
problems, specifically PM. Figure 1 displays a map of 983 identified brick kilns in
the greater Dhaka area. A majority of these brick kilns are structurally identical
(mainly Fixed Chimney Kilns), where most use “low-grade” coal from India as their
primary fuel source.
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Figure 1:  Map of 983 Brick Kilns in greater Dhaka area. Pink rectangle signifies the modelling grid
area for the BAPMAN project; Dhaka city center is marked by the orange star.
(Background Imagery Source: Google Earth).

In addition to brick kilns, vehicle emissions are a large source. However, a large
percentage (up to approximately 73%) of traffic sources (excluding motorcycles)
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run on CNG (Wadud, 2011) so the direct contribution of vehicle traffic to PM is
low, but during the dry winter season, re-suspension of road dust from traffic is
also a considerable local-scale source of PM. While the large volume of vehicles
running on CNG reduces the PM values, CNG combustion could also be a
considerable local source of NOy.

Other smaller local emission sources include open-air waste burning and industrial
sources such as cement manufacturing and metal smelting. Most industries,
including domestic power plants, use CNG as their fuel source. Residential
cooking can also be considered one of the more important smaller local area
sources (Randall, 2011).

Regional haze from the greater Bangladeshi area as well as India and the abundant
use of “dirty” coal as a primary industrial fuel source may be a considerable
regional source to Dhaka. Figure 2 shows a satellite image from 11 February 2011
displaying a large haze over India and Bangladesh which is backed-up against the
Himalayas. The regional haze contribution to local PM levels in Dhaka is further
discussed in Section 5.5 with a presentation of varying satellite data.

Figure 2:  Satellite imagery showing regional haze over India and Bangladesh getting blocked-up
against the Himalayas. Location of Dhaka is distinguished by the orange star. (Source:
MODIS).

1.3 Meteorology

Dhaka can be divided into four distinct meteorological seasons: pre-monsoon
(March—May), monsoon (June—September), post-monsoon (October—November)
and winter (December—February) (Salam et al.,, 2003). The winter season is
characterized by low north and north-westerly prevailing winds including minimal
rainfall and low humidity resulting in dry soil conditions. A wind rose for Dhaka
based on the 2002-2008 winter season data is presented in Figure 3 below.
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Figure 3:  Wind rose for Dhaka during winter season (Source: Begum et al., 2010c).

Temperature during the screening study was warm at a consistent 30°C high
during the day and low of 15°C during the night. There was no precipitation
during the entire screening study. Figure 4 displays a forecasted meteogram for a
typical 2 day period during the screening study, which includes temperature, cloud
cover, precipitation, wind speed, and wind direction. Appendix A contains
meteograms for all days of the screening study.

Meteogram for Dhaka (Bangladesh) Next 48 hours YRNO
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0" 30
262 280
26° 26°
247 24
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Figure 4:  Forecasted meteogram for Dhaka during 07-08 February 2011. (Source: yr.no)
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2 Methods

The Dhaka screening study campaign design was based on previous screening
studies performed by NILU such as in Burgas, Bulgaria (Hak, 2010; Hak and
Sivertsen, 2010); Dakar, Senegal (Guerreiro et al., 2005); Cairo, Egypt (Sivertsen,
2001a); and Ho Chi Min City, Vietnam (Sivertsen, 2003). Monitoring design
features were borrowed from these studies as well as adding new features in
order to create a tailor-made study for Dhaka. The complete design including site
selection, instrumentation, and sampling procedures will be presented for each of
the three parts of the Dhaka field study:

e Passive Sampling (NO,, SO,, O3)
e  PM sampling (PM,s, PMyp)
e Traffic Counting (vehicle distributions and flows)

In addition, the methods for how we examined satellite mapping of NO, and PM
(optical depth) in Dhaka will be presented.
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2.1 Passive Sampling Design

A passive sampling design memorandum was prepared in advance of the
screening study to establish the sampling methods (Appendix B). The memo laid
out the components to measure, site selection, including the instrumentation and
basic sampling procedures. It was decided that 50 NO,, 50 SO,, and 20 O;
samplers would be placed throughout the city.

2.1.1 Passive Sampling Site Selection

It was attempted to select the passive sampling sites based on the following three
main criteria:

e Measuring in different microenvironments (e.g. street canyon, road side,
urban background, industrial area, regional background, etc.).

e Selection of compounds to be measured in different microenvironments
depending on emission sources.

e Typically prevailing wind direction for the time of the year when sampling
campaign is carried out. Figure 5 shows the desired transects to locate
sampling sites upon.

A

.Google
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Imagery Date: 3/2/2010 90:25:17 ol WEyealt 48.13km

Figure 5:  Targeted transect lines (yellow lines) to locate passive sampling sites along. Pink
rectangle signifies the modelling grid area for the BAPMAN project. (Background
Imagery Source: Google Earth).
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Most of the selected sites followed the desired criteria, but many of the sites were
first selected for security reasons. Because it was warned that there was a high
probability for samplers to be stolen or damaged in public areas, a majority of
samplers were located at DoE/CASE staff residencies, ensuring a good distribution
throughout the city area. Samplers not located at secure residences were located
at businesses with outdoor secure areas, also ensuring an even distribution
throughout the city area.

2.1.2 Passive Sampling Instrumentation

For sampling of NO,, SO,, and O3 gases the passive sampling devices include an
impregnated filter inside a small plastic tube (Figure 6). To avoid turbulent
diffusion inside the sampler, the inlet is covered by a thin porous membrane filter.
Gases are transported and collected by molecular diffusion. The samplers were
bought from the Swedish Environmental Research Institute (IVL) (IVL, 2011), and
the NO2 and SO2 filters are analyzed at the laboratories at NILU, while the O3
samplers were analyzed by IVL.

25  Plastic tube
mm

I

Figure 6:  llustration of passive sampler.

2.1.3 Passive Sampling Procedures

All available samplers were divided into three teams of two people per team.
Each team was responsible for between 13-19 sampling sites, for a total of 48 sites
each containing NO2 and SO2, where 20 of these sites also contained 03. The
passive samplers were place according to detailed instructions (Appendix C),
where it was very important to document placement time/date and other
important site information for later reference. It was also important to take
careful notice not to place the samplers in near contact of any identifiable direct
local sources (such as generators, parking lots, bus stops, etc.).

2.2 PM Sampling Design

The design for PM sampling was to collect samples in different micro-
environments distributed throughout the city, as well as to collect daily
measurements in the same fixed location at the same time each day to roughly
identify temporal variations. A total of 23 unique sites were sampled for a one
time measurement for a 30 minute average, while one site was sampled
repeatedly, and one site was additionally sampled for a 24-hour period.
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2.2.1 PM Sampling Site Selection

PM site selection followed the stated sampling design, with close attention to
place a sampler a good distance (at least a few meters) for direct local sources
such as immediate roadside or other areas with direct dust disturbance. Where
possible, PM sampling sites were attempted to be placed at existing passive
sampling sites.

While an equal spatial disbursement of sites was attempted according to the
stated design of different micro-environments, a few sites were targeted for
particular reasons:

e  Down-wind of brick kiln fields

e Market areas with high density of people

e Hotel site (15m and 150m) for temporal variations

e Secure embassy site for 24-hour sampling

2.2.2 PM Sampling Instrumentation

PM sampling was collected using the TSI DustTrak DRX (model 8534), which
collects PM1, PM2.5, PM4, and PM10 simultaneously (Figure 7). For most sites
data was collected over 30 minutes at one second increments (data was prepared
with 10 second averages). The sampler was calibrated before each sample was
taken according to the manufacturers specifications.

Figure 7: TSI DustTrak DRX (model 8534)

2.2.3 PM Sampling Procedures

The sampler was placed at 1m-2m height above ground and run for 30 minutes in
a pre-programmed mode according to the manufacturer’s instructions (TSI, 2011).
The sampler was left alone for the sampling period, with careful attention not to
have others walk in the vicinity of the sampler. The file number of the dataset was
noted along with important site details and information. Data was downloaded
from the sampler each evening into a developed MS Excel macro to easily display
and analyze the raw data.

2.3 Traffic Sampling

Traffic sampling employed a simple design of counting vehicles on various roads
during various times and days of week to roughly estimate vehicle volumes and
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vehicle class distributions for different road types. Counting was based on vehicle
classes and road classes pre-defined by the BAPMAN project (Table 1).

Table 1:  Vehicle Classes and Road Classes used in Traffic Sampling

Vehicle Classes || Road Classes

Car Primary

Truck Secondary

Bus Diffuse
Auto-rickshaw Diffuse (Industrial)
Taxi

Motorcycle

2.3.1 Traffic Sampling Site Selection

Traffic sampling sites were located at a PM site for convenience of conducting
traffic counting while the PM sampler was collecting data. However, the varying
criteria for site selection for PM sampling ensured a fairly good selection of roads
for traffic sampling, which were also well distributed throughout the city.

2.3.2 Trdffic Sampling Instrumentation

No technical instrumentation used for traffic sampling. Data collection was reliant
upon a manual hand counter, including a compass to determine traffic flow
direction.

2.3.3 Traffic Sampling Procedures

Traffic was counted for each vehicle class for 10 minutes for each direction of a
sampled road and estimated an hourly average by multiplying values by 6; for
some smaller roads all vehicles classes could be counted for both direction for 10
minutes, larger volume roads had to be divided between directions for each 10
minute counting period. Site information was noted along with the raw data
collected in the field.

2.4 Satellite Mapping

Satellite data for both NO, and Aerosol Optical Depth (AOD) were analyzed for the
purpose of mapping regional air pollution over Bangladesh. NO, was analyzed in
particular with respect to trends in emission since 2002. The main goal in analyzing
the AOD data was to obtain a regional-scale spatial overview of PM levels in the
Bangladesh area and to investigate to what extent the AOD data can duplicate
time series measured on the ground as part of the screening study.

2.4.1 Aerosol Optical Depth

Data from the MODIS (Moderate Resolution Imaging Spectroradiometer)
instrument onboard the Terra and Aqua satellite platforms was used for mapping
AOD and particulate matter concentrations. More specifically all data of the
operational MODIS aerosol product (MOD04_L2) (Kaufman and Tanré, 1998;
Remer et al., 2005) available during the study period was acquired from the Level
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1 and Atmosphere Archive Distribution System (ladsweb.nascom.nasa.gov). Time
series of AOD were obtained by extracting and averaging a 3 x 3 array of pixels
over the desired location. Imagery from the MODIS sensor on Terra was obtained
at around 04:30 UTC (10:30 local time) and data from Aqua was acquired at 07:30
UTC (13:30 local time). When comparing against in situ data measured during the
screen study, AOD values were linearly interpolated to match the observation
time of the in situ data.

2.4.2 NO,

Tropospheric NO, columns between 2002 and 2011 were obtained from the
SCIAMACHY (SCanning Imaging Absorption spectroMeter for Atmospheric
CartograpHY) sensor onboard of Envisat (Bovensmann et al.,, 1999). More
specifically, the data product used was acquired from www.temis.nl and consisted
of monthly gridded tropospheric NO, columns at 0.25 degree spatial resolution.
The product has been derived from SCIAMACHY spectra using the Differential
Optical Absorption Spectroscopy (DOAS) (Platt and Stutz, 2008) technique in
conjunction with a combined modelling and assimilation approach developed at
the Royal Netherlands Meteorological Institute (KNMI). Details on the
methodology and retrieval algorithm can be found in Boersma et al. (2004). Time
series of NO, were obtained by extracting and averaging a 3 x 3 array of pixels
over the desired location.

3 Sampling Sites

As previously mentioned, there were 48 unique sites for NO,/SO, passive sampling
(of which 20 also sampled 03), 23 unique sites for PM active sampling, and 13
unique sites for traffic counting/sampling.

3.1 Passive Sampling

A map of the 48 passive sampling sites for NO, and SO, is in Figure 8. A map of the
20 passive sampling sites for Oz is in Figure 9, note these are at existing sampling
sites for NO,/SO,. Most passive samplers were set on 01 February or 02 February,
and collected on 13 February or 14 February, for an average exposure of 12 days.

NILU OR 28/2011



14

s AN
X §25/Gobtolil U

26/CentraliDhaka a\Aark'_e’f:'\r i X ) S Saroar_3(ro)
¥ & “i‘ EISite iR i g R foar..23(IUCN)

ol

] R '
47 Shapan; Sklder Mecii : %SMM i EICEL 4(Tech )
“:33 Saroars 25(AECD) OR23 Curzon Hall (BUET as 12,  »m
O 1 25

40 Saroar"21(Jah

uhztan Monkeys
v C 224

. 5,HealthyAidHealth Clinic 45 SL12 (SKB‘) 52 Newspaper s 10

4'Smiling! Sun Cllmc
8 Plnk Palace OISV AWD SO

Imagery Date: 3/2/2010

Figure 8:  Location of 48 Passive Sampling Sites for SO, and NO, (Background Imagery Source:
Google Earth).
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Figure 9:  Location of 20 Passive Sampling Sites for Oz (Background Imagery Source: Google
Earth).

Site classification parameters used can be seen in Table 2; these classifications
were developed in a previous passive sampling study for Burgas, Bulgaria (Hak,
2010). Basic information for all passive sampling sites, including classifications of
each site can be seen in Table 3; this table also lists corresponding PM sampling
sites and/or traffic counting sites found at each passive sampling site. Complete
individual profiles for each passive sampling site can be found in Appendix D,
which includes pictures and detailed maps for each site.

Table 2:  Site classification parameters used for passive sampling sites.

Type of zone Type of station Characterisation of zone
Urban (U) Traffic (T) Residential (R)
Suburban (S) Industrial (1) Commercial (C)
Rural (R) Background (B) Industrial (1)
Agricultural (A)
Natural (N)
Res./ Comm. (RC)
Comm. / Ind. (Cl)
Ind. / Res. (IR)
Res./ Comm. / Ind. (RCl)
Agri. / Nat. (AN)
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Table 3:  Passive Sampling site placement information and classifications.

Site# | Description Placement Height | Classification [ PM Site | Traffic Site Site# [Description Placement |Height |Classification | PM Site | Traffic Site
la |Westin hotel 23rd Balcony N. 100m |U/T/C 11A No 25 |Gobtoli Landing Onpost  [2m S/1/1 No No
1b |westin hotel 2" Balcony S. 15m |U/T/C 118 No 26 |Central Dh marked [Onroof |8m S/1/1 14 No
2 |BSMMU Guard house |3m U/T/C No No 27 |S-18(Shamim_Sis) [2" flgor [|8m U/R No No
3 |Postogola Frontdoor  [3m u/T/C No No 28 |S-16(Shamim) 2" floor [6M U/R No No
4 [Smiling Sun Clinic  |Up stairs 6m u/T/C No No 29 [S-04(Tech) 2" floor |8m U/R No No
5 |Health Aid Clinic Frontdoor  [3m u/T/C No No 30 |S-07(Faruq) 2" floor [8m U/R No No
6 |Power St. Haziabag |[Insidegate |4m S/I/1 No No 31 [S-06(paps) 1t floor |9M U/R No No
7 |Machine Workshop |Abovegate |6m U/I/1 No No 32 |S-01(Mine) 15tfloor |6M U/R No No
8 |Pink Palace Left front 5m U/B/NRC No No 33 [S-25(AECD) 1 floor |5M U/R No No
9 |Guliztan Monkies Left up 4m u/T/C No No 34 |S-26(S.Bank) 15tfloor |5M u/T No No
10 |Rainbow Heart Back camera [3m U/T/C No No 35 [S-23(IUCN) 2" floor |8M U/R No No
11 |Pearls Fair Above door  [3m u/T/C 13 No 36 |S-08(Bilkis) 15tfloor |6M U/R No No
12 |Norwegian Embassy |Lund balcony [7m U/B/R 1C 1A 37 [S-02(Uncle) 1t floor |5M U/R No No
13 |Ashraf-S.Banasree |Balcony 10m |R/B/R No No 38 |S-03(Bro) 2" floor [8m U/R No No
14 |DoE At fence 4m U/B/C 12 No 39 [S-27(Sumon) 15 floor |6M U/R No No
15 |Balaka build Airport |Behind recept [2m S/B No No 40 [S-20 (Jahur_Frn) 2" floor |8M u/T No No
16 |Tongi Bazaar Balcony 2 fl [5m U/T/C No No 41 [S-28 (Dr.Nasir) 2" floor  |8M U/R No No
17 |Sector14,Road 17 Balcony3fl [14m [S/B/R No No 42 |S_10(SKB) 15tfloor  [5m U No No
18 |Kochukhet(M3) Balcony gf 3m U/T No No 43 [S_11(SKB) 39 floor [11m |U No No
19 |Vashantek (M4) Balcony 2 fl [12m [S/B/R No No 44 [S_13(SKB) 2" floor |9M U No No
20 |Parliamentsite roof 6m U/B/C 16 6 45 [S_12(SKB) 15 floor  |5M U No No
21 |BARC, Farmgate Roof 2fl 10m |U/T/C 3 3 46 |Masuds house S/B/R No No
22 [Newspaper, Mas 10 [Roof 2fl 3m U/B No No 47 |Shapan Shirdo med No No
23 |[Karzon Hall, Mas12 [University 8m u/B No No 48 |Liton’s house No No
24 |[Katashur Mohamad [Private house |12m [S/B/R No No

3.2

PM Sampling

A map of the 23 active sampling sites for PM is in Figure 10. Passive sampling was
conducted from 03 February to 15 February for 30 minutes at each site. Site 11A
and 11B were collected many days during the same time period, and site 1C was a
24 hour sample.

Imagery Date: 3/2/2010

$1g/oidiTown
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Figure 10: Location of 23 active sampling sites for PM (Background Imagery Source:

Earth).
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Site classifications for PM sampling used the same classification scheme as use for
the passive sampling sites, see Table 2. Basic information for all PM sampling
sites, including classifications of each site can be seen in Table 4; this table also
lists corresponding passive sampling and/or traffic counting sites found at each
PM sampling site. Complete individual profiles for each PM sampling site can be
found in Appendix F which also includes a summary of the results (to be discussed
in Section 5), where site pictures and maps can be seen in Appendix F for each
associated site.

Table 4: PM sampling site placement information and classifications.

Site# |Description Road Classification | Traffic Site | Passive Site
1la |At Norwegian Embassy Road 111 U/B/R 1A No
1b |West from Norwegian Embassy |Gulshan Ave U/T/R 1B No
1c |At Norwegian Embassy Balcony |Road 111 U/B/R No 12
2 |Ishkabad Mirpur road R/T/A-l 2 No
3 [Farmgate CAMS station Airport Road uU/T/C 3 21
4 [Aftabnagar TV tower road S/B/R 4 No
5 [|Paltan DIT Extension Rd [U/T/R 5 No
6 |Parliament Primary Rd Rokeya Sarani Rd [U/T/R 6 No
7 |Sankar Satmasjid Rd U/T/R 7 No
8a |Tejgaion Tejgaion Rd U/T/I 8A No
8b [off Tejgaion Tejgaion Rd U/T/1 8B No
9a |Airport Rd North AirportRd U/T/R 9A No
9b |off of Airport Rd North Jashimuddin U/T/R 9B No
10 [AirportRd Banani AirportRd S/T/R 10 No

11a |Westin Hotel 2nd floor Gulshan Ave uU/T/C No 1A
11b [Westin Hotel 23rd floor Gulshan Ave uU/T/C No 1B
12 [DoE Office N/A U/B/C No 14
13 [DCC Market Gulshan-2 Gulshan Ave u/T/C No 11
14 |Amin Bazaar N/A S/1/ No 26
15 |Lalberg Fort N/A S/B/R No No
16 [Parliament CAMS station N/A u/B/C No 20
17a |Bangla Market - inside N/A uU/C No No
17b [Bangla Market - ouside N/A u/C No No
18 |Old Town N/A u/C No No
3.3 Traffic Counting

A map of the 13 sampling sites for traffic counting is in Figure 11. Traffic counts
were performed from 03 February through 10 February, where traffic was counted
for an average of 10 minutes per direction.
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Imagery Date: 3/2/2010

Figure 11: Location of 13 sampling sites for traffic counting (Background Imagery Source: Google
Earth).

Site classifications for traffic sampling used the road type classes shown in Table 1.
Basic information for all traffic sampling sites, including classifications of each site
can be seen in Table 5; this table also lists corresponding PM sampling sites found
at each traffic counting site. Complete individual profiles for each traffic sampling
site can be found in Appendix G, which includes pictures and detailed maps for
each site, as well as a summary of the results (to be discussed in Section 5).
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Table 5: Traffic sampling site placement information and classifications.

Site# |Description Road Road type Traffic flow | PM Site
la [At Norwegian Embassy Road 111 (both directions) diffuse very light 1a
1b |West from Norwegian Embassy |Gulshan Road (Northbound) primary very heavy 1b
1b [West from Norwegian Embassy |Gulshan Road (Southbound) primary light 1b
2 [Ishkabad Mirpur road (both directions) primary medium 2
3 [Farmgate CAMS station Airport Road (Northbound) primary light 3
3 |Farmgate CAMS station Airport Road (Southbound) primary medium 3
3 [Farmgate CAMS station Airport Road (Southbound) primary medium 3
4 |Aftabnagar TV tower road (both directions) diffuse light 4
4 |Aftabnagar TV tower road (both directions) diffuse light 4
5 [Paltan DIT Extension Rd (Southbound) primary medium 5
5 [Paltan DIT Extension Rd (Southbound) primary medium 5
5 [Paltan DIT Extension Rd (Northbound) primary medium 5
6 [Parliament Primary Rd Rokeya Sarani Rd (Northbound) primary medium 6
6 [Parliament Primary Rd Rokeya Sarani Rd (southbound) primary medium 6
7 [Sankar Satmasjid Rd (Southbound) primary medium 7
7 [Sankar Satmasjid Rd (Northbound) primary medium 7
8a |Tejgaion Tejgaion Rd (Southbound) primary medium 8a
8a |Tejgaion Tejgaion Rd (Northbound) primary medium 8a
8b |off Tejgaion Tejgaion Rd (both directions) diffuse (industrial) light 8b
9a |Airport Rd North Airport Rd (Northbound) primary light 9a
9a |Airport Rd North Airport Rd (Southbound) primary light 9a
9b |off of Airport Rd North Jashimuddin (Westbound) secondary very light 9b
9b |off of Airport Rd North Jashimuddin (Eastbound) secondary very light 9b
10 |Airport Rd Banani Airport Rd (Southbound) primary medium 10
10 [AirportRd Banani Airport Rd (Northbound) primary medium 10

4 Limit Values

National Ambient Air Quality Standards (NAAQS) were updated for Bangladesh in
2005 through the national S.R.0. No 220-Law. The standards set for PM (PMyo and
PM, ), NO,, SO,, and Oz are mostly based on the US-EPA’s ambient AQ standards,
where Bangladesh is the only country in South Asia which set a standard for PM, 5
(CAI-ASIA, 2006). These standards are not as stringent as the European Union (EU)
limit values or the World Health Organization (WHO) air quality guidelines (AQG),
although impacts to human health are a major driving force in developing NAAQS.
Adverse effects on human health (and ecosystems) occur for both short-term and
long-term exposure, so different standard values are valid for different averaging
periods (1 hour, 8 hours, 24 hours, 1 year, etc.).

4.1 SO,

Sulphur dioxide (SO,) is an air pollutant which at certain levels and durations poses
a human health risk. Elevated SO, concentrations can affect the respiratory
system, and can also be harmful to ecosystems at very high concentrations. The
primary contributor of anthropogenic SO, is the combustion of sulphur-containing
fossil-fuels (mainly coal and heavy oils used in industrial and vehicular sources).

A summary of the SO, standards for Bangladesh, limit values from the EU,
guideline values from the WHO, and standards for the US-EPA are shown in Table
6. Annual limit values for the protection of ecosystems are also given, where
these values are most relevant for more remote areas.
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Table 6: Various air quality standards, limit and guideline values for SO,.

Effect Averaging Bangladesh EU WHO US-EPA

period (standards)®  (limit (guidelines)° (standards)"
values)b

Health 10 min - - 500 pg/m’ -

Health 1 hour - 350 ug/m3(l) - 212 pg/m’

Health 24 hours 365 pug/m’ 125 pg/m>*® 20 pg/m’ 365 pg/m’

Health/Ecosystem Annual 80 ug/m’ 20 pg/m’ - 78 ug/m’

*NAAQS (CAI-Asia, 2006)

°(EU, 2008)

‘AQG (WHO, 2005)

INAAQS (US-EPA, 2010)

™ hot to be exceeded more than 24 times a calendar year
) hot to be exceeded more than 3 times a calendar year

4.2 NO,

Nitrogen Dioxide (NO,) is a highly reactive gas within the nitrogen oxide (NOy)
group that has human health effects to the respiratory system, as well as
ecosystem effects caused by deposition of nitrogen compounds. NOy emissions
are generated mainly from anthropogenic combustion sources such as vehicles
and power plants. NO, emissions interact with O3 to form NO,, and also
contribute to fine particle pollution.

A summary of the NO, standards for Bangladesh, limit values from the EU,
guideline values from the WHO, and standards for the US-EPA are shown in Table
7.

Table 7: Various air quality standards, limit and guideline values for NO,.

Effect Averaging Bangladesh EU WHO US-EPA
period (standards)®  (limit (guidelines)°  (standards)®
values)h
Health 1 hour - 200 pg/m® @ 200 ng/m’ 200 pg/m’

Health Annual 100 pg/m’ 40 pg/m’ 40 pg/m’ 100 pg/m’
(2)

®NAAQS (CAI-Asia, 2006)

®(EU, 2008)

‘AQG (WHO, 2005)

INAAQS (US-EPA, 2010)

™ ot to be exceeded more than 18 times a calendar year

@ Limit value only available for NOy, no specific limit value for NO,.
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43 O3

Ozone (03) is a toxic gas and photochemical oxidant which has effects upon the
ecosystem and is linked to health problems associated with the respiratory
system, including rise in human inflammatory responses and decreases in lung
function. Os is formed through the action of short wavelength solar radiation on
NO,, and in the presence of VOCs it produces even higher levels of ozone. In this
regard, the primary sources of Oz are the same as the NO, sources, with the
addition of sunlight to produce the gas.

A summary of the O3 standards for Bangladesh, limit values from the EU, guideline
values from the WHO, and standards for the US-EPA are shown in Table 8.

Table 8:  Various air quality standards, limit and guideline values for O;.

Effect Averaging Bangladesh EU WHO US-EPA
period (standards)®  (limit values)b (guidelines)* (standards)"|

Health 1 hour 235 pg/m’ 180 pg/m’ - 235 pg/m’

Health 8 hours 157 pg/m’ 120 pg/m® 100 pg/m’ 157 pg/m’

®NAAQS (CAI-Asia, 2006)
®(EU, 2008), (EU, 2002)
‘AQG (WHO, 2005)
INAAQS (US-EPA, 2010)

44 PM

Particulate Matter (PM) with diameters less than 10 um (PMyg) and 2.5 um (PM,s)
can penetrate deep into the lungs and have adverse effects on the respiratory and
cardiovascular systems, where the particular size of the PM can be related to
specific health effects. The most significant sources of PM are combustion sources
(residential and industrial) such as vehicles, brick kilns, power plants, outdoor
burning, etc.; while natural sources such as soil/dust re-suspension and sea spray
also play a part. Secondary PM formation of anthropogenic origin are formed in
the atmosphere from the oxidation and subsequent reactions of SO,, NO,, and
VOCs.

A summary of the PM standards for Bangladesh, limit values from the EU,
guideline values from the WHO, and standards for the US-EPA are shown in Table
9 for PMpand Table 10 for PM; .
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Table 9: Various air quality standards, limit and guideline values for PM .

Effect Averaging Bangladesh EU WHO US-EPA
period (standards)®  (limit (guidelines)°  (standards)®
values)b
Health 24 hours' 150 pg/m’ 50 pg/m’ © 50 ug/m’ 150 pg/m’
Health 1 year 50 pg/m’ 40 pg/m’ 20 pg/m’ -
*NAAQS (CAI-Asia, 2006)
®(EU, 2008)

‘AQG (WHO, 2005)
INAAQS (US-EPA, 2010)
@ hot to be exceeded more than 35 times a calendar year

Table 10: Various air quality standards, limit and guideline values for PM s.

Effect Averaging Bangladesh EU WHO US-EPA
period (standards)®  (limit (guidelines)* (standards)°|
values)b
Health 24 hours 65 pg/m’ - 25 pg/m’ 35 pg/m’
Health 1 year 15 pg/m’ 25 ug/mam 10 pg/m’ 15 pg/m’
*NAAQS (CAI-Asia, 2006)
°(EU, 2008)

‘AQG (WHO, 2005)
INAAQS (US-EPA, 2010)
W Currently a target value, the limit value will initiate in 2015 (EU, 2008)

5 Results

The detailed data analysis for the entire screening study examining the Passive
Sampling (SO,, NO,, and Os3), PM sampling (PM1p and PM; ), and Traffic Counting
(vehicle flows and distributions) results are examined in this section. In addition
these results are compared to existing limit values, as well as results found in
other screening studies of mega-cities. It should again be noted that because this
data was collected during the dry winter season, the results are most likely
representing the highest/maximum pollution concentrations found throughout
the year due to the special meteorological conditions during this period. The
database of raw data for the entire screening study can be found in Appendix G.

5.1 SO, Concentrations

Of the 49 SO, samplers placed at 48 unique sites, the average concentration
values ranged from 38.0 pg/m? (Site 13) to 199.3 pug/m? (Site 1B)?, with an average
concentration of 86.9 ug/m3 for all sites. All SO, results can be seen in Figure 12,
and information can be found for each site in Appendix D.

! Note that Site 1b was set later than all other sites (07 February), thus contains a shorter exposure
period than most sites, only 7 days.
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Figure 12: SO, concentration results, all sites (average concentrations over approximately 12 day
period).

In relation to the Bangladeshi NAAQS for SO, concentrations, it is likely that none
of the sites exceeded the standard of 365 ug/m3 SO, over a 24-hour periodz.
However, all of the sites exceed the WHO AQG of 20 ug/m3 SO, over a 24-hour
period, and at least 7 sites exceeded the EU limit value of 120 ug/m3 SO, over a
24-hour period. See Table 11 for a summary of the number of sites with average
concentration above a set limit values.

Table 11: Number of sites where 12 day average SO, concentrations exceeded the SO, daily
standards, limit values, and guidelines.3.

Effect Averaging Bangladesh EU WHO US-EPA
period (standards)®  (limit (guidelines)*  (standards)"
values)b(”
Health 24 hours 0 7 48 0

NAAQS (CAl-Asia, 2006), 365 pug/m’

®(EU, 2008), 125 pg/m’

°AQG (WHO, 2005), 20 pg/m’

NAAQS (US-EPA, 2010), 365 pg/m’

@ hot to be exceeded more than 3 times a calendar year

Geographical distribution of SO, results (Figure 13) shows that concentrations are
highest in the Western and Southern zones along the Buriganga River and
surrounding area, which is where much of the smaller industrial type operations
are located, as well as the some of the larger brick kiln fields. Concentrations in

? Since the results are averaged over a 12 day period.
® Note that the color scheme used to display results in the limit value tables for this report is

arbitrary and does not reflect the AQI color scheme for Bangladesh.
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the Northern and Central zones are on average 15-20% less than the Western and
Southern Zones, and concentrations in the Eastern Zone are approximately 30%
less.

Passive_502_ug/n
O 38-5
51-70

Figure 13: Geographical distribution of SO, results.

The SO; results are broken down into average concentrations for each general site
classification sector (Figure 14). These general station classification sectors are
derived from specific site classifications found in Table 3 and explained in Table 2.
As expected for SO,, industrial sites have higher average concentrations than the
other sectors, while residential sites have the lowest average concentrations (even
lower that background sites®).

¢ Background Site 8 had a very high concentration most likely due to small industrial activity in the
immediate area, disregarding Site 8 the average background site concentration would be 75 ug/m3.
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Figure 14: SO, concentration averages for general site classification sectors.

The typical average SO, concentrations measured in cities such as Cairo and Ho Chi
Minh City (HCMC) are on average noticeably less than those values found in
Dhaka. Annual average concentrations in the Cairo and HCMC ranged typically
between 20 and 100 ug/m3 (Sivertsen et al., 2001b, 2004, 2008).

5.2 NO, Concentrations

Of the 47 NO, samplers placed at 47 unique sites, the NO, average concentration
values ranged from 35.6 ug/m? (Site 47) to 161.3 pg/m? (Site 18), with an average
concentration of 83.6 ug/m3 for all sites. All NO; results can be seen in Figure 15,
and detailed information can be found for each site in Appendix D.
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Figure 15: NO, concentration results, all sites (average concentrations over approximately 12 day
period).

In relation to the Bangladeshi NAAQS for annual NO, concentrations, 9 of the 47
sites are likely to exceed the standard of 100 ug/m> NO, average over an annual
period’; and all of the sites (except Site 47) are likely to exceed the EU limit value
and WHO guidelines of 40 pg/m® NO, over an annual period. Table 12 shows the
number of sites where the 12 day average concentrations indicated that exceeding
of limit values may have occurred. However, it has to be stated that there is
probably a strong seasonal variation in average concentrations, so the
comparisons to annual average standard or limit values are not straight forward.

Table 12: Number of sites where the 12 day average NO, concentrations are likely to have
exceeded annual average NO, standards, limit values, and guidelines.

Effect Averaging Bangladesh EU WHO US-EPA
period (standards)® (limit values)b (guidelines)* (standards)"|
Health  Annual 9 46 46 9

NAAQS (CAl-Asia, 2006), 100 pg/m’
®(EU, 2008), 40 pg/m’

°AQG (WHO, 2005), 40 pg/m’>
INAAQS (US-EPA, 2010), 100 pg/m’

The geographical distribution of NO; results (Figure 16) shows that concentrations
are in general highest in the Northern Zone, with high concentrations also in the
Central and Southern Zone, while concentrations in the Western Zone are

> The annual standards and guidelines were the closest limits to be used for this comparison.
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approximately 30% less. Concentrations in the Eastern Zone are slightly less than
the Central/Southern zones.

N Passive_NO2_ug/
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Figure 16: Geographical distribution of NO, measured concentrations (ug/m3 ) over approximately
12 day periods.

The NO, results are broken down into average concentrations for each general site
classifications (Figure 17). These general classifications of sites are derived from
specific site classifications found in Table 3 and explained in Table 2. As expected
for NO, traffic sites have higher average concentrations than other site types,
while industrial sites have the lowest average concentrations.
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Figure 17: NO, concentration averages for general site classification areas.

The NO, concentrations measured in Dhaka were generally higher than those
measured in cities like Cairo and HCMC. NO, concentrations in the narrow urban
areas of Cairo varied between 40 pg/m3 (at night) to 100 pug/m3 (during daytime).
In HCMC the annual average NO, concentrations were between 20 and 40 pg/m3
(Sivertsen et al., 2001b, 2004, 2008).

5.3 O3z Concentrations

Of the 19 O3 samplers placed, the O3 average concentration values ranged from 18
ng/m?* (Site 3) to 62 pg/m> (Site 1A), with an average concentration of 47 ug/m>
for all sites. All O3 results can be seen in Figure 18, and detailed information can
be found for each site in Appendix D.

70

03 ug/m3

Figure 18: 03 concentration results, all sites (average concentrations over approximately 12 day
period).
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In relation to the Bangladeshi NAAQS for O3 concentrations, it cannot be
definitively ascertained if the sites exceeded the standards and guidelines due to
the strong diurnal nature of O3 formation. The 12 day integrated average ozone
concentrations cannot be used to conclude relative to limit values.

The geographical distribution of Os results (Figure 19) shows that concentrations
are sporadically distributed with no clear spatial variations, however there are
slightly higher concentrations in the more densely populated Central and Southern
zones as expected.

g Passive_03_ug/m3
O 18-22

O 3-7

Figure 19: Geographical distribution of the measured 12 day average O3 concentrtaions.

The Os results are broken down into average concentrations for each general site
classification (Figure 20). These general station classification are derived from
specific site classifications found in Table 3 and explained in Table 2. As expected
for O3, the background sites have higher average concentrations than other sites,
while the traffic sites have the lowest average concentrations.
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Figure 20: 0O; concentration averages for general classification of sites.

The average Oz concentrations measured in Dhaka during the sampling period is
similar or less than what was measured in HCMC during the dry season there
(January). The average ozone concentrations in HCMC was typically around 60
p.g/m3 in the dry season, the average daytime ozone concentration was 150
p.g/ms. We had 3% exceeding of air quality limit values for ozone in HCMC
(Sivertsen et al., 2001b, 2004, 2008).

Comparing Os results to NO, results (Figure 21), it is faintly visible that some sites
with lower NO, values had higher O3 values, while sites with higher O3 values had
lower NO, values.
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Figure 21: Comparison of sites for O3 and NO, concentrations.
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The overall geographical distribution of all passive sampling results can be seen in
Figure 22. The map on the left shows sites where Oz concentrations were
collected, the map to the right shows all sites where NO, and SO, were collected.
(Concentrations of SO, and NO, are also shown on the O3 map for comparison).
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Figure 22: Geographical distribution of all passive sampling sites; to the left the ozone sampling
sites, to the right all sampling sites. The length of bars indicate concentration levels.

5.4 PM concentrations

Of the 23 PMy, grab samples taken the average 30-minute concentration values
ranged from 258 pg/m® (Site 9a) to 2039 ug/m> (Site 18), with an average
concentration of 613 ug/m3 for all sites®. Of the 23 PM, grab samples taken the
average 30-minute concentration values ranged from 216 pg/m?’ (Site 9a) to 1131
ng/m? (Site 18), with an average concentration of 439 pg/m?® for all sites. All PM
results can be seen in Figure 23, and detailed information can be found for each

site in Appendix E.

® Al samples for the Westin Hotel sites are averaged to one value for this comparison.
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Figure 23: PM concentration results (30 minute averages) collected at 23 sites in Dhaka.

In relation to the Bangladeshi NAAQS for PM;q concentrations, all of the 23 sites
exceeded the standard of 150 ug/m3 PMyo over a 24-hour period7; and all of the
sites also are very likely to have exceeded the EU limit value and WHO guidelines
of 50 ug/m3 PMyo over a 24-hour period. In relation to the Bangladeshi NAAQS for
annual PM, s concentrations, all of the 23 sites very likely exceeded the standard
of 65 ug/m3 PM, s over a 24-hour periodS; and all of the sites also exceeded the
WHO guidelines of 25 ug/m3 PM, s over a 24-hour period. Table 13 and Table 14
presents in summary of the number of sites where the short term (30 min.
average) PM concentrations measured most likely would have exceeded the
concentrations given by the 24 h average limit values for PMi; and PM;s
respectively.

Table 13:  Number of sites (out of 23) where the short term (30 min. average) PM concentrations
measured exceeded the 24 h average PM,, standards, limit values, and guidelines.

Effect Averaging Bangladesh EU WHO US-EPA
period (standards)® (limit values)b (guidelines)* (standards)d
Health 24 hours 23 23 23 23

NAAQS (CAl-Asia, 2006), 150 pug/m’
®(EU, 2008), 50 pg/m’

°AQG (WHO, 2005), 50 pug/m’>
YNAAQS (US-EPA, 2010), 150 pg/m’

’ The 24-hour standards and guidelines were the closest limits to be used for this comparison.
® The 24 hour standards and guidelines were the closest limits to be used for this comparison.
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Table 14:  Number of sites where the 30 min. average PM concentrations measured exceeded the
values given in the 24 h average PM, s standards, limit values, and guidelines.

Effect Averaging Bangladesh EU WHO US-EPA
period (standards)®  (limitvalues)® (guidelines)®  (standards)®

Health 24 hours

NAAQS (CAl-Asia, 2006), 65 pg/m>
b(EU, 2008), no 24-hour limit value set.
°AQG (WHO, 2005), 25 pg/m’

INAAQS (US-EPA, 2010), 35 pg/m’

There are no characteristic spatial distribution associated with the geographical
distribution of PM results (Figure 24), since much of these results are strongly
dependant on the day (or time of day) the sample was taken. However, the PM
value levels were slightly dependent upon the type of micro environment (site
classification type as presented in Figure 32).
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Figure 24: Geographical distribution of PM, and PM, s results.

The PM, 5/PMyq ratio of the concentrations for the samples ranges from 0.47 (Site
17B) to 0.99 (Site 12) respectively, and the average for all sites® is 0.8. Figure 25
displays the PM ratios for all sites showing that for most sites the majority of the
PM is PM,s fraction and smaller. This indicates that during winter season PM
levels in the atmospheric air are dominated by PM, s fraction and smaller, and
combustion sources are major contributor to the particulate air pollution in Dhaka
city.

° Al samples for the Site 1A are averaged to one value for this comparison.
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