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ExecutiveSummary

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 thélean Air and Sustainability Project (CASE) at Erepartmert

of Environment (DoE) irBangladesh The screening study work fell under Task 1
(Emissions Inventory) of the BAPMAN project.

The screening studyvas performedin Dhakafrom 31 January, 15 February 2011. The
main objective of the stdy was to gain awverview ofthe background concentrations
and the spatial distribution of the air pollution in the Dhatity area. Thorough ambient
air quality data has not been collected in the city for some years.

The screening study contained the following thpeets:

1. Passive &mpling Passive samplers for N@nd SQ@ were located at 48 sites
throughout the Dhaka City Corporation city limits, where 20 of these sitesrhad
addition passive samplers for;O Exposure period for the samplers was-149
days.

2. Active Sampling Short-term active PM grab samples (RNPM. s, and PMo) were
collected at 23 sites in selected areas of the city and various microenvironments.
PM samples were taken for 3@iinutes.

3. Traffic Counting Traffic counting was performed at 13 sites get a general
picture of average traffic flows and vehicle distributions on different road types.
Traffic counting was calculated a$haur averages.

In addition, the study examined satellite mapping data to get a general regional picture of
NGO, and PM concentrations.

The sreeningstudy was performed during the winter season because this is the dry
period whereair pollutantconcentrationswill be at their peak. The winter season is also
the time of the year in which the brick kilns are beoperated,of which are suspected to

be the single greatedbcalcontribution to AQ problems in Dhaka. Othmyssiblesources

of air pollution inclale re-suspension of road dust from traffiopen burning residential
cooking, and industrial sources such as cement manufacturing and metal smelting.
Regional haze from India atiokir burning of dirty coais also a significant contribution to
local PM values on the regional scale.

Regilts from the study show that S@oncentratons arerelatively high on averag€86.9
pg/m® ranging from 38.0 pg/m3 to 199.3 pgimand NQ concentrations are also
relatively high on average (83i&/m®) ranging from 35.6 pg/m3 to 161.3 pug’m $me
sites most likely exceed local Bangladestandardsfor SQ and NQ, and most sites
sampled exceedVHO guidelines. @ concentrationswere moderateon average (47
ug/md), ranging from 18 pg/mto 62 pg/nt. Distribution of the concentrations of these
pollutants isrelatively varied throughout the city area, aelelsoccur highest in micro
environments(site classificationsyith sources for the particular gas.

PMy, concentrations ranged from 258 ugfmto 2039 pg/nf, with an average
concentration of 613 pg/rhfor all sites, and PM; concentrations ranged from 216 pgfm
to 1131 pg/m, with an average concentration of 439 ug/mThese results show that a
large majority of PM was of the fine fraction. T¢wncentration distribution was algo a
certain degreedependent on the type of micrenvironmentin the city, but PM appears
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also to a large extent impacted tgpecialregional factors and regional meteorology
during the winter period. Satellite mappingan preliminarilyconfirm this situation
showing diféring levels of aerosol optical depth (AOD) at the regional level which roughly
correspond to ground level PM measurements for DhaKaaffic 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 tekeeervolume of human exposure to these
ambient pollutants is staggeringlt is encouraging that th&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 apart of the Bangladesh Air Pollution Management (BAPMAN) project, a
screening study was performed by the project partners Norwegian Institute for Air
Research (NILU) and th€lean Air and Sustainability Project (CASE) at the
Department of Environment (D9En Bangladesh.The screening study work fell
under Task 1 (Emissions Inventory) of the BAPMAN project.

A screeningstudy of air pollution in Dhakevas performedfrom 31 Januaryg 15
February 2011The main objectivef the studywas to gain an overview ovéne
background concentrations arttie spatial distribution othe air pollutionin the
Dhakaarea So far, such ahbroughambient air qualityscreening studyas not
beenconductedin the city.

Passive samplers for N@nd SQ were located at 48 sitethroughout the Dhaka
City Corporation citylimits, where 20 of these sitemlsohad passive samplgfor
Os. Samplers weregplacedin an equalspatial distribution throughout the city
within various microenvironmentsking inconsideration the prevailing winds and
brick kiln cluster fieldsbelieved to be a major pollutant contributor to ambient
air. The passive sampling campaign was performeBebruaryduring the winter
season(no precipitation),and the samplers were expaseto ambient air for
approximatelyl10-14 days.

Parallel and in addition to the passive samplaagnpaign, shorterm active PM
grab samplesvere collectedat 23 sitesin selected areas of the cignd various
microenvironments Also paralleland in additon 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 typ&s.analysis

of satellite mapping data was also performed to a get a spatna temporal
picture of the general regional N@nd PM concentrations.

1.1 Background

Dhakacan beconsidered the megaity with the g 2 NIXwBr€ é@rban 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 oféltitiesestimated12-15 million residents to
this alarmingly poor air qualitdemands attention including immediate research
and corresponding mitigationlt is estimated that if the annual guidelines for PM
concentration were met in 2004 that,213 prenature deaths could have been
avoided in Dhaka alonfr 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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Currentlythere isa lack of comprehensive AQ datar Dhaka (as well a®r the

rest of Bangladesh Thetwo Continuous Air Monitoring Stations (CAMS) in Dhaka
have beenpartially downsince 2006 but as of date of publication are currently
being repaired Minivol and GENBamplingfor PM in two size fractions (PM
and PMg) has been performed in recent years, with some reporting of this data
occurring in published journal articldBegum et al.2006,2010a, 2A0b). The
DoE isn the process of upgrading and exipdingthe AQM program itrough the
current CASE program, in whid¥lLU is assisting in training and knowledge
transfer during this expansion perigddrough the BAPMAN project

The lack of available data and comprehensive understanding of the greater air
quality problemsand hot spotsin Dhakagave need for the screening study and
corresponding results.

1.2 Emission Sources

During the vinter seasonthe brick kilns arethe primary local souce of AQ
problems specifically PM Figurel displays amap of 983identified brick kilns in
the greater Dhaka areaA majority of these brick kilns are structurally identical
(mainly Fixed Chimney Kilnsjhere most use@low-grade coalfrom India as their
primaryfuel source
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Figurel: Map of 983 Brik Kilns in greater Dhaka areRink rectantg signifies the modelling grid
area for the BAPMAN projectDhaka city center isnarked by the orange star.
(BackgroundmagerySource: Google Earth)

In addition to brick kilns, vehicle emissions are a large source. Howelsggea
percentage(up to approximately73%) of traffic sourcegexcluding motorcycles)
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run on CNG@Wadud, 2011%o0 the direct contributionof vehicle trafficto PM is
low, but during the dry winter season, sispension ofoad dustfrom traffic is
also a considerable locatale sourcef PM While the large volume of vehicles
running on CNG redusethe PM values, CNG combusticould also be a
considerabldocalsource of NQ

Other smaller loca¢mission sources include opeair wasteburning and industrial
sources such as cement manufacturingd metal smelting. Most industries,
including domestic power plants, use CNG as their fuel sourBesidential
cooking can also be considered one of the more important smédlesl area
sources (Randall, 2011).

Regional haze frorthe greater Bangladés area as well asdia andthe abundant

use of ddirtye coal as a primary industrial fuel souramay be a considerable
regional sourcgo DhakaFigure2 shows asatellite imagefrom 11 February 2011
displaying a large haze over India and Bangladesh which is bapkaghainst the
Himalayas The regional haze contribution to locBM levelsin Dhaka is further
discussed in Sectidn5with a presentation of varying satellite data

Figure2:  Satellite imagery showing regional haze over India Badgladesh getting blockeap
against the Himalayas. Location of Dhaka is distinguished by the orangéSsiarce:
MODIS)

1.3 Meteorology

Dhaka canbe divided into four distinctmeteorological seasongre-monsoon
(MarchcMay), monsoon (JurgSeptembe), post-monsoon (OctobeiNovember)
and winter (DecembefFebruary) (Salam et al.,, 2003). The winter season is
characterized byow north andnorth-westerly prevailing winds including minimal
rainfall and low humidity resulting in dry soil conditiond wind rose for Dhaka
based orthe 20022008 winter season data presented irFigure3 below.
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Figure3:  Wind rose for Dhakduring winter season (Source: Begum et al., 2010c).

Temperature during the screeningtigly was warm at a consistent 3D high
during the day and low of 8EC during the night. There was no precipitation
during the entire screening studyFigure4 displays dorecastedmeteogramfor a
typical2 dayperiod during the screening studyvhich includes temperature, cloud
cover, precipitation, wind speed, and wind directionAppendix Acontains
meteogramdor all daysf the screening study.

Meteogram for Dhaka (Bangladesh) Next 48 hours YRNO

4%
320

- -
262 2
26° 2
247 2

2 00 oz o4 06 o8 10 1z 14 16 12 20 Iz oD oz 04 06 08 10 12 14 16 18 20

€
k4

$3aBRYEY
PEER LR R R R

Figure4: Forecasted meteogram for Dhaka during@® February 2011(Source: yr.no)

2 Methods

The Dhaka screening study campaigsignwas based on previous screening
studies performed by NILU such as in Burgas, Bulgaria (Hak; PidikCand
Sivertsen, 201)) Dakar,Senegal (Guerreiro et aR0®); Cairo, Egyp{Sivertsen,
2001a); and Ho Chi Min City, Vietnam (Sivertsen, 2003Ylonitoring design
features were borrowed from these studies well as adding new features in
orderto create atailor-made study for DhakaThecompletedesignincluding site
selection,instrumentation, and sampling procedures will be presented fohezfc
the three partsof the Dhakdield study:

e PassiveSampling (N@ SQ, O)
e PM sampling (PMs, PMy)
e Traffic Countingvehicle distributions and flows)

In addition, the methods for howe examined satellite mapping of N@nd PM
(optical depth)in Dhaka will be presented.
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2.1 Passive SamplinBesign

A passive sampling design memorandum was prepared in advance of the
screening study testablish the sampling methodgppendix B The memo laid

out the components to measurajte selectionjncluding the instrumentation and
basic sampling procedures. It was decidd that 50 NQ, 50 S@ and 20 @
samplers would be placed throughout the city.

2.1.1 Passive Sampling Site Selection

It was attempted to select thegssive samplingitesbased on thdollowing three
main criteria:

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

e Selection of compounds to be measured in different microenvironments
dependingon emission sources

e Typically prevailing wind direction for the time of the year wisammpling
campaign is carried outFigure5 shows thedesired transects to locate
sampling sites upon.

| S R L 2]

Imagery Date: 3/2/2010 23149 2INI90;25:17447: 7 WEyealt 48.13km

Figureb: Targetedtransect lines (yellow lines) to locate passive sampling sitesg Pink
rectangle signifies the modelling grid area for the BAPMAN proj@ackground
Imagery Source: Google Earth)
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Most of the selected sites followed the desiredteria, but many bthe 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 taistribu
throughout the city area. Samplers notated at secure residences were located

at businesses with outdoor secure areas, also ensuringexen distribution
throughout the city area.

2.1.2 Passive Sampling Instrumentation

For sampling oNG,, SQ, and Q gases the passive sampling deviagadude an
impregnated filter insid a small plastic tubeF{gure 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 diffusidre samplers were
bought from the Swedish Environmental Research Institute (IVL) 201}, and

the NO2 and SOflters are analyed at the laboratories at NILU, while the O3
samplers were analyzed by IVL.

Figure6: llustration of passive sampler

2.1.3 Passive Samplingrocedures

All available samplers were died into three teams of two people per team
Each team was responsible for betweenIi®sampling sites, for a total of 48 sites
each containing NO2 and SO2, where 20 of these sites also contained@3.
passive samplers were place according detailed instructions Appendix (
where it was very important to document placement time/date and other
important site information for later reference. Itag also impdant to take
careful noticenot to place the samplarin near contact of any identifiable direct
local sources (such as generators, parking lots, bus stops, etc.).

2.2 PM Samplinddesign

The dasign for PM samplingwas to collect samples in different miero
environments distributed throughout the city, as well as to collect daily
measurements in the same fixed locatiah the same time each day roughly
identify temporal variations. A total of 23 unique sites wersampled for a one
time measurement for a 30 minute arage, while one site was sampled
repeatedly, and one site was additionally sampled for d4@dr period.
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2.2.1 PM Sampling Site Selection

PM site selectiondllowed the stated sampling design, with close tahtion 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 disturbanibere
possible, PM sampling sites were attempted to be placed at existing passive
samplingsites.

While an equal spatial disbursement of sites was attempted accorttinthe
stated design of different micrenvironments, a few sites were targeted for
particular reasons:

e Downwind of brick kiln fields

e Market areas with high density of people
Hotel site (15m and 150m) for temporal variations
Secure embassy site for-2dur sampling

2.2.2 PM Sampling Instrumentation

PM sampling was collected using the TRUstTrak DRXmodel 8534) which
collects PM1, PM2.5, PM4, and PM10 simultaneo(Sigure7). For most sites
datawascollected over 30 minutes at one second increments (data was prepared
with 10 second averages)The sampler was dbrated before eactsample was
takenaccording tahe manufacturers specifications.

Figure7: TSI DustTrak DRX (model 8534)

2.2.3 PM Sampling Procedures

The sampler waslaced at 1m2m height above ground and run for 30 minuias

a preprogrammed modé OO2NRAY 3 (2 GKS YI ydzFl.00 dzNB N
The sampler was left alone for the sampling period, with careful attention not to

have otheswalk 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 develogd& Excel macro to easily display

and analyze the raw data.

2.3 TrafficSampling

Traffic sampling employed a simple design of countiagicles 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 basedloale
classes and road classes quefined by theBAPMAN project (Tablg.1

Tablel:  Vehicle Classes and Road Classes used in Traffic Sampling

Vehicle Classeg| Road Classes
Car Primary

Truck Secondary

Bus Diffuse
Auto-rickshaw || Diffuse (Industrial)
Taxi

Motorcycle

2.3.1 Traffic Sampling Sit&election

Traffic sampling sites were located a PM sitefor convenienceof conducting
traffic counting while the PM sampler was collecting data. Howeveryvtrging
criteria forsite selection for PM sampling ensured a fairly good selection of roads
for traffic sampling, which weralso well distributed throughout the city.

2.3.2 Traffic Sampling Instrumentation

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

2.3.3 Traffic Sampling Procedures

Traffic was ocunted for each vehicle class fdi0 minutesfor eachdirection ofa
sampled road and estimated an imdy averageby multiplying values by 6; for
some smaller roads all vehicles classes could be counted for both direction for 10
minutes, larger volume roads had be divided between directions for each 10
minute counting period. Site information wa®ted along with the raw data
collected in the field.

2.4 Satellite Mapping

Satellite data for botiNO, and Aerosol Optical Depi{AOD were analyzed for the
purpose of mapping regional air pollution over Bangladé$B, was analyzed in
particular with respetto trends in emission since 2002. The main goal in analyzing
the AOD data was to obtain a regiorsiale 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 grouas 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 spec#lly all data of the

operational MODIS aerosol product (MODO04 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 tie). 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.

242 NGO

Tropospheric N@ 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.temhsnd consisted

of monthly gridded tropospheric NCzolumns 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
conjuncion 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 N@were obtained by extratng and averaging a 3 x 3 array of pixels
over the desired location.

3 Sampling Sites

As previously mentioned, there were 48 unique sites fop/SOG, passivesampling
(of which 20 also sampleds)) 23 unique sites for PMctive samplingand 13
uniquesites for traffic counting/sampling.

3.1 Passive Sampling

A map of the 48 passive sampling sites for N&d SQis inFigure8. A map ofthe

20 passive sampling sites fog ® in Figure9, note these are at extislg sampling
sites for NQ'SQ,. 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.
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Figure8: Location of 48 Passive Sampling SftesSQ and NQ (Background Imagery Source:
Google Earth)
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