1. PROJECT:

Study of Ambient Air Quality irMain Urban Cities in Sri Lanka by using Passiampling
Air Quality Monitoring Technique

2. BACKGROUND:

Urbanization and increentof traffic flow has deteriorated the quality of air in urban areas in

Sri Larka. Colombg the commercial capital of Sri Lanka is a foremost victim of the
deteriorated air quality. Mamgsearchewereconducted and several acticerg beingaken

to control air pollution in urban area Sri Lanka The first attemptvast a k e nleab gir i c
2000 actiorp | awhich is proposed several actions to manage ambient air pollution in Sri
Lanka and the action plans were renewed time to time. Since the major source of air pollution
is vehicular emissions most of the actions recommended wkted to control vehicular
emission and improv&uel quality. Reduction of suif content in diesel and introduction of
unleaded petrolverethe actionswhich wastaken in order to improve the fuel qualit@ther

than that,actions takenin order tocontol vehicular emissiorwere Vehicular Emission
Testing(VET) program, development of road surface and removing road obstructiens
introdudng cleaner fuel vehicles such as hybrid and electric vehicles to the fleet has also
contributed to control aemissions.

Presently, Vehicular Emission Testipgogram is the major egoing activity in air qality
management in Sri Lank&s one of the activity identified under the VEpFogramis Air
Quality Monitoring in urban areadhis program is usetb asses the exiting levels and
analyze air pollution trendsa n d variaterd and to evaluate the effectiveness of the
management activities related to ambient air pollution. The Air Quality Status Monitoring
Program under the VEProgramwas started in 2012t anajor citiesColombo, Gampaha,
Horana, Kaluthara, Rathnapura and Gall&inLanka by using passivampling airquality
monitoring techniquesThen after the program were expanded including other cities such as
Kandy, Kurunegala and Anuradhapura

The continuous air quality monitoring data clearly indicated that above actions have
positively contributed to impravambient air quality in urban areas especially in Colombo.
Some findings of the monitoring prograhowthat the S@level in Colombo urbanrea was

also decreased by 7% in 2001 and 15% in 2003 respectively due to the fuel quality
improvement by reducingulfur content in diesel. Also, the ambient ;Sé&hd particulate
matter (PM)levels in ambient air were decreased abodb 1®0% with theimplementation

of VET program. Significant decrease of air pollutants abo@b 3@0% in Colombo was
observedfrom 2009 to 2012 as a result of improvement of road surface, removal of road
obstructions and VEprogram Also, the resultsndicatethat, introduang of hybrid vehicles

has contributed significantly to reduce NiBvel in ambient air in urban areas. Therefore, the
actions taken to manage air pollution at urban areas in Sri Lanka has positively affected to
improvement of air quality in urban areétowever,the recent resulindicatethatincreasing

trend pattern®f air quality in most of urban areas probably to increased vehicle density in
urbanized cities anthe exposure levels in high traffic areas of each city are comparatively
higher than thadf surrounding areas.

The ambient air quality monitoring program was theretanatinuingfrom 2012 to 2016 and
amonitoring network withv8 sampling points andatabaseon ambient air quality at abov@&
selected major urban areasre developedvhile gudying pollution trends, spatial variations
and identifying factors affecting on air quality in each urban area.
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3. PROJECT OBJECTIVES OF 2017 PROGRAM

The objective of the 2017 program is to obtain continuous ambient air quality database at
above seleed major urban areas where the monitoring program has been already
implemented monitoring network while further extended with 10 more locations in Puttalam
area in 2017 while incorporating BMlparticulate sampling. The monitoring program was
therefore catinued in 2017 as well by monitoring ambient Sulfur Dioxide ASénd
Nitrogen Dioxide (NQ) levels on monthly averagend PM s levels in24-hour average. It
wasallocated abouRs. 11,528,000.00 tNational Building Research Organizati®BRO)

by VET fund to continue the above monitoring program within the year 2007 .of Rs.
11,528,000.00, about R<1,934990.00 were used to purchase PMinstruments with
accessories and the balance was used foaithguality sampling programSummary of the

total budget is given in annexure 1 gmeject outcome was presented in this report.

4. STUDY METHODOLOGY

4.1 Selection of Sampling Locations

In the year2017, air quality monitoring was continued at the same monitoring locations
selected in urban areas@blombo, Gampaha, Horana, Kaluthara, Rathnapura, Galie]y,
Kurunegala and Anuradhapuithe number of sampling locations in édaarban area is given

in table 4.1.1and details otelected sampling locatiomse presented in relevant sectiamsl
maps

Table 4.11: Number of Ambient Air Quality Monitoring Locations in each Urban Area

Colombo 19 19 19 19 19 19 3
Gampaha 11 11 11 11 11 11 2
Kalutara 5 5 5 5 5 5 1
Horana 5 5 5 5 5 5 1
Rathnepura 8 8 8 8 8 8 1
Galle 6 6 6 6 6 6 1
Kandy 10 13 13 13 3
Kurunegala 6 6 6 2
Anuradhapura 5 5 6 1
Puttalam 10 2
54 54 64 77 78 89 17




4.2 Sampling

The low cost anduserfriendly passive sampling technique was used for the collection of
monthly average exposure level of SuifDioxide (SQ) and Nitrogen Dioxide (Ng). At

each selected location, passive sampling apparatus was installed in an opeithatea
minimum distance of & from the structure and at 3 m height from the ground level. Passive
samplers were installed at selected sampling point§'imekk of every month and exposed

to the enviroment for a period of one month.

PM, s samples were colléed by Active Sampling Techniques usiid NSTRUMEXO0 PM
air sampler in according to thgarticulate matter (Plk) speciation guidance USEP#s
stipulated by the National Ambient Air Quality regulations gazette No. 156&(&fst 1%’

2008 stipulated biMinistry of Environment and Natural Resources, Sri Lanka.

4.3 Sample Analysis
Collected passive samples were analyzed after each exposure period using analytical

methodologies given in tabke3.1 The data of each location are presented under resuts
discussion session.

Table 4.3.1 Description of the analytical methods for each parameter

Parameter Sampling & Analytical Instrumentation
Method

Passive Sampling & lon DIONX ICS-90 lon Chromatograph

SO, Chromatographic (IC) NBRO developed "Ogea” type Passive
method sampler and wind shield
Passive sampling & UV/VIS Spectrophotometer

NO, Saltzman method NBRO developed "Ogawa" type Passive
(Colorimetric) sampler and wind shield

Collected PM s samples were analyzed after each sampling period usalgtiaal balance

as per the method stipulated in the National Ambient Air Quality regulations gazette No.
1562/22 August 18" 2008 stipulated by Ministry of Environment and Natural Resources, Sri
Lanka. The results are presented under results and d@tgesision.

4 4 Validation of Data

Since the automated ambient air quality monitoring uni€ettral Environment Authority
(CEA) has some technical problems and only few monitoring programs were conduct, it was
unable to carryout parallel sampling pragrs up to the September 2016. Therefore, no data
were compared with automated data. However, Em@ironment Studies and Services
Division (ESSD) laboratory is inthe process of taking ISO1702&ccreditation, all
instruments and laboratory wears were caliégd and all methodologies were updated and
standardizedAlso, the quality control char{§igure 1 & 2)and primary standards were used

to maintain the accuracy of the results. Therefore, wiidations were done through quality
control

charts
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Figure 4.4.1: Quality Control Chart for the determination on NO ; Concentration
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Figure 4.4.2: Quality Control Chart for the determination on SO, Concentration

5. REFERENCE GUIDELI NE VALUES

AccordingWorld Health Organizgon (WHO) guidelines,daily exposure of S&should be

less than 20 pg/fn Therefore, annual exposure also should not exceed above limit. But they
have already offers an interim target level 2 as 50 figfmecially for developing countries.
The annual expsure of NQ should be less than 40 pg/m

The National Ambient Air Quality regulations fad-houraveragePM, sis 0.050 mg/mas in
thegazette No. 1562/22ugust 15" 2008 stipulated by Ministry of Environment and Natural
Resources, Sri Lanka

6. AMB IENT AIR QUALITY LEV ELS

Measured Air Quality Exposure levels at each selected location in each city during the study
period are summarized in following sections.



6.1 AMBIENT AIR QUALITY IN 2017 1 AT COLOMBO URBAN AREA

Colombo, the capital city of Westeprovince as well as the commercial capital of Sri Lanka

is one of the coastal cities with deteriorated air quality. Several research studies have found
that pollution levels in Colombo air is being increased during the last few decades with the
increaseof vehicle density, industries, domestic and commercial activities in and around the
city.

ContinuousAir quality exposure levelmonitoringwith respect taNO, and SQin Colombo

Urban area was started in 2001 HBRO at 16 Location within the ColombMunicipal

Council and surrounding areas. The monitoring program was then extended to 19 locations
with the financial assistant of VET found in 2012 to measure monthly avi@gand SQ

level. The measuring results show that pollutant levels are conyadyatigh in high traffic
congested areas than in surrounding areas. The annual average pollutant levels have exceeded
the recommended WHO guideline values for,Sdd NQ within the city. Although,
monitoring data from 2012 to 2014 has showmdrap-in air pollution level, the trend
appeared toaverse and slightly increase from 2014 to 2017

Air quality exposure levels measuring activities with respedii@ and SQ in Colombo
Urban area wre continued in 201as well under this project. The sample lomas
descriiion is given in tablés.1.1and fgure 6.1.1 shows the locations map. Tkeble6.1.2
presents the overview of each lboa in the Colombo urban area

Table 6.1.1: Selected Sampling Locations in Colombo Urban area

Urban Area NO. o Location ID Location Description
Points
CL1 Meteorology Department
CL2 Colombo MC
CL3 Gangarama Temple
CL4 Fort Railway Station
CL5 Gunasinghepura
CL6 Jethawanaramaya
CL7 Maligakanda
CL8 Kelaniya
CL9 Borella Police Station
Colombo 19 CL10 Ward Place
CL11 CEA - Battaramulla
CL12 Kotte - Nagaviharaya
CL13 Kirulapana
CL14 Dehiwala Junction
CL15 Nugegoda Town
CL16 Malabe Town
CL17 Peliyagoda
cL18 Waththala
CL19 Maradana Railway Station




Sample Location at Colombo Urban Area in 2017
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Figure 6.1.1: Sampling Locations Map in Colombo Urban area
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Table 6.1.2: Overview of each location in the Colombo urban area

Location No: CL1 Location No: CL2 Location No: CL3

Location Name: MET Dept. Location Name: CMC Location Name: Gangarama

GPS Coordinates: 6.9047640N GPS Coadinates: 6.9149600N GPS Coordinates: 6.9169710
‘, ’?9.8720660[5 79.8637790E

\/

!

(,

Loc.ation No: CL4 Location No: CL5 Location No: CL6

Location NameFort Railway Location NameGunasingkepura Location Name:
Station GPS Coordinates: 6.9357150N Jethawanarama
GPS Coordinates: 6.9338590N 79.8572660E GPS Coordinates: 6.9441950

79.8504950E ~ 79.8654000E

Location No: CL7 Location No: CL8 Location No: CL9

Location Name: Maligakanda Location Name: Kelaniya Location Name: Borella Police

GPS Coordinate€.9609500N GPS Coordinates: 6.9576730N GPS Coordinates: 6.9151380
79.8647880E 79.8822730E 79.8781710E



Location No: CL10 Location No: CL11 Location No: CL12

Location Name: Ward Place Location Name: CEA Location Name: Kotte
GPS Coordinates: 6.9145140GPS Coordinates: 6.9010090N GPS Coordinates:6.8808680I
o 77//7/9.9268200E _*79.9044440E

7 X r
Vs

Location No: CL14 Location No: CL15
Location Name: Kirulapana Location Name: Dehiwala Location Name: Nugegoda
GPS Coordinates:6.8775390! GPS Coordinates: 6.8512390N, GPS Coordinates:6.8717170!

79.8766020E 79.8665100E 79.8907630E
g SN |

Lcation No: CL16 o | Location No: CL17 Location No: CL18 ]

Location Name: Malabe Location Name: Peliyagoda Location Name: Wattala
GPS Coordinates:6.9037250" GPS Coordinates: 6.9647960N, GPS Coordinates:6.9860070I
79.9542180E 79.8979760E 79.8893660E

Location No: CL19

Location Name: Maradana
GPSCoordinates: 6.9289490N,
79.8642660E




Monthly average N@and SQ exposure levels at each measuring location within Colombo
urban area for the ye@017is summarizedn table6.1.3 and6.1.4 respectivelyHowever,
some of data were missing due te tmissing of passive sampley unavoidable situations
such as personal or urban council activities, attackingastkeysor birds and some climatic
conditions such akeavyrain and floodetc. Table 6.1.5 shows that RPMconcentration of
selected samplecations in Colombo in 2017

The figure6.1.2a) and 6.1.2(b) presented the variation of N@nd SQ in each location

within the year 2017 in Colombo. It indicates that at the levels are highly subjective to the
local wind condition. At most of locatienhigh exposure levels are recorded in during North
East monsoon period (DecembierFebruary) compared to Sotitkiest monsoon period
(May-September). The pattern was changed at some locations depending on the localised
wind pattern Figure 6.1.3 shows thatariation of PM s concentrationsn selected sample
locations in Colombo in 2017

Table 6.1.3: Monthly Average Levels of NQ at each locationin Colombo Urban Area

_ NO, Concentration (ug/m°)
Location

Id

Site Name
Jan| Feb|Mar | Apr [May|Jun|Jul |Aug|Sep Oct|Nov| Dec

MET Department| CL1 39/ 35|31 |26|19 (1717|2025 |27| 21| 37

CMC CL2 50| 43| 33| 21| 28|16|17(14|19| - | 19| 46
Gangarama CL3 - 1484323 | - [29]12|15|20|35| 25| 62
Fort cL4 78| - | 73| 71|61|72|36(39|43|67| 61| 62
Gunasinghepura | CL5 40 42| - | 45|43 141\48|49|44|42| 41| 46

Jethawanaramayq CL6 53|48 | 64| 45| 39(33|34|34|36|43| 38| 36
Maligakanda CL7 26| 33| 43| 38|47 |130|32|31|33|25|24| 20

Kelaniya CL8 |41|38|53|49|38(39|45|31|39|29| 27| 33
Borella PS CL9 - |50] - |39 42| - [38|46|38]|49]| 44| 44
Borella WP CL10 [43| - | 31| 14| 16|17|13|14|15|30| 28| 38
CEABattaramullg CL11 | 42| 40| 34| 24| 15| 21| 15| 21| 21[31| 37| 35
Kotte CL12 |40| 46| 37| 23| 11 |11|14|12|15|12| 15| 20
Kirulapana CL13 |55(35|31|46| 19 |25|17|18|33|34| 28| 53
Dehiwala CL14 |47| 51| 49| 45| 42 |44|43]40|34|37]| 48] 49
Nugegoda Town | CL15 | 60| 45| 39| 30 | 45 | 26| 21| 27| 26| 35| 40| 45
Malabe CL16 |40| 58| 48| 41|29 |34|28|31|27|48| 50| 53
Peliyagoda CL17 |63|54|36|29|52|26|34|47|25|30] 41| 40
Waththala cL18 |78| 70| 53|43|39| - |31]44|47|63|57]| 57

Maradana RS CL19 |76 86 |65| 59|56 |46/63|/60| 62|76 83| 88




Table 6.1.4: Monthly Average Levels of S@at each location in Colombo Urban Area

SO, Concentration(pg/m®)

Site Name Loclztion

Jan|Feb/Mar | Apr |May [Jun| Jul | Aug |SepOct|Nov| Dec
MET Department | CL1 51(55| 52| 20| 53 |51|36| 32|24|43|40| 42
CMC CL2 68|67| 62| 47| - |48|49| 54 |51 - |52] 49
Gangarama CL3 - 41| 44 | 48 | 55|33|44| 54 |37|40(50| 50
Fort CL4 72|78| 78| 73| 67 |60|71| 54 |56|53|67| 70
Gunasinghepura | CL5 60|61 - | 40| 63 |43|33| 40|37 |54|48| 50
Jethawanaramaya| CL6 451551 55| 37| 48 |57(44| - |39|49|51| 44
Maligakanda CL7 51|53| 44 | 41| 48 |49|44| 43 |35|43| 37| 38
Kelaniya CL8 52| 52| 46 | 43 | 43 |47|40| 24 | 27|44| 43| 36
Borella PS CL9 - |47 - | 49|50 |53(57| - |56|53|50| 52
Borella WP CL10 47|53 51| 35| 32|38|33|39(32/40|49]| 49
CEA Battaramulla | CL11 - |47 52|41 |50 |45(38| 48 |29|44|50]| 41
Kotte CL12 - 13541 |54|52|40|37| 46 |33|46|56| 40
Kirulapana CL13 46|44 50 | 52| 58 | 50| 43| 38 |39|48|43| 44
Dehiwala CL14 65(59| 63| 61|57 |64| - | - |39 - |65] 53
Nugegoda Town | CL15 64| 67| 64| 54| 56 |46|48| 40 |43|49|64| 51
Malabe CL16 75/56| 53| 54| 60| - |40| 47 | 44|47|48| 50
Peliyagoda CL17 53[80| 77| 73| 83 |59|66| 50 | 58|50 | 64| 55
Waththala cL18 65|75 76| 62| 93| - | 76| 62 | 50| 53| 56| 60
Maradana RS CL19 62(91| 90| 62 | 84 |53|68| 61 |55|65|64| 69

Table 6.1.5: 24hourly Average Levels of PM s at Selected location in Colombo Urban

Area
PM /m®
. Location 25 (Hg/m’)
Site Name d

Jan|Feb/Mar | Apr |May [Jun| Jul | Aug |SepOct|Nov| Dec
Borella CL9 -] - - - - -] - - - | -152] 35
Peliyagoda CL17 - -] - - - | -1-1-1-1-/33]| 56
Maradana RS CL19 -] - - - - -] - - - | - 142 25
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Variation of NO, concentration within Colombo Urban Areain 2017

100
90
80
70
60
50

Concentration pg/m?3
[ — M~ -
[ T e T e N

Q\° & \@ @Q

3
&

Sample Location

Hjan BMFeb ®Mar MApr EMay ®jun BJul MAug HSep EOct ENov MDec

Figure 6.1.4a): Variation of NO , concentration within Colombo Urban Area in 2017
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Variation of 50, concentration within Colombo Urban Area in 2017
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Figure 6.12(b): Variation of SO, concentration within Colombo Urban Area in 207
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Variation of PM2.5 Concentrationin Colombo Urban Area
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Figure 6.13: Variation of PM , 5 concentration within Colombo Urban Area

Figure 6.1.4(a) and 6.1.4(b) represent the annual average N#dd SQ concentration levels at each
sampling location in Colombo urban area during the y2@t7 The annual average N@nd SQ
levels in year2017 within Colombo are in betweenlqug/m® - 68 ug/m® and 41 ug/m® - 69 ug/m®
respectively. The high levels earepresentechighly urbanised areas with high traffic Maradana
(CL19), Fort Railway Station (CL4), Borella (CL9), Malabe (CL16), Peliyagoda (CL17) and Wattala
(CL18) where exceedethe annual WHO guideline values for pjl@nd 24 hour WHO guideline
values br SO, Relatively low levels are at isolated areas with residential and low tiaffotte
(CL12).

Variation of NO,in Colombo, 2017
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Figure 6.14(a): Annual average NG concentration within Colombo Urban Area in 20T/
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Variation of SO, in Colomho, 2017
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Figure 6.14(b): Annual averageSO, concentration within Colombo Urban Area in 2017

The figure6.1.5 shows a comparison and trend of both &@l NQ exposure in each sample location
for six-year time period. Trend of N@xposuréhas decreased while $@©xposure has increase since
2012 in Colombo urbaarea Boxplot of NG, and SQ exposure in each location at Colombo area
from 2012 to 2017 are represents in figére.6(a) and6.1.6(b). Theannual average levelsf each
pollutant forsame periods represert in figure6.1.7(a) and 6.1.7(b) respectively. According, the
exposure level of N©was in decreasing trend from 20122015 and slightlygetincreased 2015 to
2017 whileSO, exposure hsan increasing trend from 2012 2917

These changesf pollutant levels in Colombo urban area shordgdresent thactions implemented to
manage air quality in Sri Lanka including, fuel quality improvements, vehicular emission control
through VET program, development of road surface and removing road obstructtonell as
introduang of cleaner fuel vehicles such as hybrid and electric vehicles to the fleet would also leads to
reduces pollution load. Increase of pollutant sources such as increase of védleietjlanovemenof
construction vehiclesconstruction etivities and we&nesses oVET programs couldeadto increase

the pollutant levels.

Variation of NO, & 50, Concentrations in Colombo (2012-2017)
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Figure 6.1.5: Average NO, and SG; variations from 2012-2017

14



Variation of NO2 Concentration in Colombo (2012-2017)
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Figure 6.1.6(a): Boxplot of NO,
Concentration variation in Colombo 2012
2017

Figure 6.1.6(b): Boxplot of SO, Concentration
variation in Colombo 20122017
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Figure 6.17(a): Annual average NG
variations from 20122017 in Colombo
Urban area

Annual geographical ariation of NQ and SQ levelsfrom 2013 to 2017 in Colombo urban citig
shown in figure6.1.8 and figure 6.1.9 respectively. The figures indidate critical and moderately
pollutedarea in which attention to be madédso, it indicates thahow the extend ahecritical area is

Figure 6.17(b): Annual average SQ
variations from 20122017 in Colombo Urban
area

change from year to year depending on pollution load.

15




\Variation of NO2 Concentration at Colombo Urban Area in 2013 Variation of NO2 Concentration at Colombo Urban Area in 2014
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Variation of NO2 Concentration at Colombo Urban Area in 2017
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Figure 6.1.8: Variation of NO, concentration within Colombo Urban Area from 2013 to
2017
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Variation of SO2 Concentration at Colombo Urban Area in 2015 Variation of SO2 Concentration at Colombo Urban Area in 2016
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Figure 6.1.9: Variation of SG, concentration within Colombo Urban Area from 2013 to 2017

The air pollutant levels are highly subjective to the weatloadition of the urban area. Therefore,
monsoonalclimatic variatiors of wind direction are highly affected for the dispersioof these
pollutants in the urban are@he averagéevels of $, and NQ were therefore analyzed to assess the
climatic impact orpollutant dispersion within the Colombo urban and surrounding area.
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The figures 6L.10(a) and 6.1.10b) respectivelyshows how pollutants are dispersed in the study area

in four different monsoonal patterns whiehe North-East(NE), Intermonsoon fdbwed by North
East(InNE) monsoon, SouthVest(SW) monsoon and Intemonsoon followed by SouttWest(InSW)
monsoon. According to thanalysis, both N@and SQ levels showshighestin NE monsoonal and
lowestin SW monsoonal season. Thould bedue tothe low dispersion of pollutant during NE
monsoon in which make wind shier by prevailing andweeds. It also clearly indicates that the land
extend that has critical pollution levels are also high in NE monsoon period than SW monsoon period.
The pollutantlevels during NEmonsoon exceedetie WHO interim target level 2 of SOexposure

level as well amnnual averagkevel of NG, exposure levelThe pollutant levels in INNE monsoon is
lower that the NE monsoon but higherrtihat of SW and InSW periods.

The figure 6.1.11(a) and 6.1.11(b) illustraw®nsoonal seasonal variatiof NO, and SQ levels in
2017in Colombo Urban area. These figuredicatethat the levels of botpollutantshaveincreased
in NE monsoon compared to other monsoon seasons.

Monsoonal Variation of SO, Concentration Colombo -2017
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Figure 6.1.1@a): Monsoonal Variation of NO, concentration within Colombo Urban Area
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Figure 6.1.10(b): Monsoonal Variation of SO, concentration within Colombo Urban Area
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Variation of NO2 Concentration at Colombo Urban Area Variation of NO2 Concentration at Colombo Urban Area
in North-East Monsoon Season 2017 in First Inter Monsoon Season 2017
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Figure 6.111(a)y Monsoonal Seasonal Vaation of NO,; Exposure Colombo Urban City in 2017.
From left to right it shows North East Monsoonal Season Exposure, First Inter Monsoo
Seasonal Exposure, South West Monsoonal Season Exposure and Second Inter Monsoon Se

Exposure respectively.
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Variation of SO2 Concentration at Colombo Urban Area Variation of SO2 Concentration at Colombo Urban Area
in North-East Monsoon Season 2017 in First Inter Monsoon Season 2017
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Figure 6.111(b). Monsoonal Seasonal Variation 0ofSO, Exposure Colombo Urban City in 2017.
From left to right it shows North East Monsoonal Season Exposure, First Inter Monsool
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Exposure respectively.
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6.2 AMBIENT AIR QUALITY IN 2017 i AT GAMPAHA URBAN AREA

Gampahas a major city inGampaha DistrictWestern ProvinceSri Lanka. It is situated to the north

east of the capit&folombo. It is the sixth largest han area iWestern Province
afterColombo,Negombo Kalutara,PanadurandAvissawella.Gampaha is also the second largest
urban centre in Gampabha district, allBsgombo. According to the facts of central index prepared by
urban development authority (W), Gampaha develops around 95% although the population is less
than in NegomboGampaha has a land area of 25.8 hectares and is home to the offices of 75
government institutions.

Air quality exposure levels with respect to Nand SQ in Gampaha Urban ea was started in 2012

at 11 Locations within the Gampaha Municipal Council and surrounding areas with the financial
assistant of VET found. The monitoring program was continued in 2017 to measure monthly average
NO, and SQ level. The monthly average N@nd SQ exposure levels at each measuring location
within Gampaha urban area in 2017 is summarised in Gab2and6.2.3 respectively.

Air quality exposure levels measuring activities with respe®@ and SQ in Gampaha Urban area
were continued ir2017 as well under this project. The sample locations description is given in table
6.2 and Figureb.2 shows the locations map. The Tabl@ 1 presents the overview of each location in
the Gampaha urban area.

Table 6.21: Selected Sampling Locations in @nmpaha Urban area

Urban Area No of Points Sampllng Location Description
Location
GM1 Kirindiwita
GM2 Pahalagama
GM3 Asgiriya
GM4 Oruthota Road
GM5 Oruthota

Gampaha 11 GM6 Gampaha Railway
GM7 Gampaha Police Station
GMS8 Vilabada Road
GM9 Gampaha Hospital
GM10 Aluthgama
GM11 Miriswaththa
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Sample Locations at Gampaha Urban Area
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Figure 6.21: Sampling Locations Map in Gampaha Urban area
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Table 6.2.2: Overview of eac

M)

o 5w
/.

Location No: GM1

Location Name: Kirindiwita

GPS Coadinates: 7.0902160N,
79.9687110E

Location No: GM4
Location Name: Oruthota Rd
GPSCoordinates: 7.0896450N,

Location No: GM7

Location Name: Gampaha P.S

GPS Coordinates: 7.0956810N,
79.9967340E

h location

e
i

in the Gampaha urban area

S,
2

Location No: GM3
Location Name: Asgiriya

Location No: GM2
Location Name: Pahalagama

GPS Coordinates: 7.0930380N, GPS Coordinates: 7.1055420
79.9883480E

79.9913920E

Location No: GM5 Location No: GM6
Location Name: Oruthota Location Name: Gampaha R.S
GPS Coordinates: 7.0778570N, GPS Coordinate$..09354260N
79.9901070E  79.9937630E

m

—r—

Location No: GM8 Location No: GM9
Location Name: Vilabada Rd Location Name: Gampaha HP
GPS Coordinates: 7.0908370N, GPS Coordinates: 7.0919530N,
79.9998310E 79.9949050E
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Location No: GM10 Location No: GM11
Location Name: Migwatta Location Name: Aluthgama
GPS Coordinates: 7.0729160N, 80.0159380E GPS Coordinates: 7.1012450N, 80.0162410E

Monthly averageNO, and SQexposure levels at each measuring location within Gampaha urban area
for the year 2017 is sumarised in table.23 and6.24 respectively. However, some of data were
missing due to the missing of passive sampler due to unavoidable situations such as personal or urb:e
council activities, attacking of animals or birds and some climatic conditiars asirain and flood
etc.Table 6.2.5 shows that RMconcentration of selected sample locations in Gampaha in 2017

Table 6.23: Monthly Average Exposure Levels of NQ at each location in Gampaha Urban Area

Urban Area | Location NO, Concentration(pg/m®)

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep| Oct | Nov | Dec
Kirindiwita GM1 34 |26 (19 |17 |14 |14 |11 |12 |13 |16 |19 |27
Pahalagama | Gm2 45 |44 |42 |38 |- 28 |29 |34 |31 |33 |38 |48
Asgiriya GM3 20 |23 |14 |17 |9 17 |16 |- 27 |12 |15 |22
Oruthota GM4 48 |49 |31 |29 |37 |33 |13 |37 |31 |39 |39 |40
Road
Oruthota GM5 40 |46 |47 |48 |27 (32 |27 |25 |20 |23 |27 |37
Gampaha | . 43 |46 |40 |40 |39 |37 |40 |37 |35 |38 |39 |46
Railway
Gampaha | -\ 41 |41 |38 |30 |34 |32 |28 |32 |28 |30 |33 |33
Police St.
Vilabada GM8 22 |27 |18 |25 |20 |18 |18 |17 |17 |23 |24 |24
Road
Gampaha | -\ g 47 |53 |42 |41 |42 |37 |32 |35 |29 |32 |37 |44
Hospital
Aluthgama | GM10 33 |23 |22 |21 |22 |22 |19 |20 |18 |19 |29 |27
Miriswaththa | Gm11 61 |69 |67 |54 |69 |57 |55 |50 |50 |59 |44 |48
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Table 6.2.4: Monthly Average Exposure Levels of S@at each location in Gampaha Urban Area

Urban Area | Location S0, Concentration(ug/m’)
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep| Oct | Nov | Dec
Kirindiwita | gm1 40 | 50 | 49 | 40 | 42 | 53| 64| 29 | 34| 36| 32| 42
Pahalagama | gm2 51| 59| 58 | 42| 36 | 38|36| 55| 36| 35| 33 | 44
Asgiriya GM3 49 | 44 | 42 | 29 | 37 | 38| 22| 31| 30| 41| 35 | 49
Oruthota
GM4 63 | 53| 51 | 45| 58 | - | 51| 58 | 35| 45 | 45 | 47
Road
Oruthota GM5 60 | 57 | 56 | 35 | 45 | 32 | 31| 46 | 29| 39 | 49 | 57
Gampaha
. GM6 62 | 67 | 68 | 66 | 66 | 64 | 54| 46 | 40 | 44 | 53 | 56
Railway
Gampaha
mp GM7 72| 67| 58 | 56 | 52 | 56 | 48| 56 | 45 | 46 | 53 | 55
Police St.
Vilabada
GMS8 49 | 57 | 45 | 40 | 47 | 33 | 49| 48 | 33 | 40 | 43 | 46
Road
Ganpaha
" GM9 58 | 62| 50 | 37 | 47 | 33| 41| 49 | 42 | 47| 52 | 53
Hospital
Aluthgama | gM10 58 | 60 | 55 | 32 | 40 | 33 (33| 47 | 36| 36| 55| 49
Miriswaththa | gm11 77 | 71| 71 | 69| 71 | 66 | 68| 75 | 62| 65| 69 | 68

Table 62.5: 24 hourly Average Levels of PMsat Selected location inGampahaUrban Area

PM /m®
Location 25 (Ug/m’)

Site Name Id

Jan|Feb/Mar | Apr |May [Jun|Jul | Aug |Sep Oct|Nov| Dec

Gmpaha Police

Station GM7 - - - - - | - 40 38

The figure6.22 (a) and6.22 (b) presented the variation of N@nd SQ in each location within the

year 2017 inGampaha urban area. When considering both & SQ concentrations it can be seen

t hat the highest poll utant concentr aFigur@mx3 ar ¢
shows that variation of Pis concentration in selected sample location&ampaha in 2017
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Variation of NO, Concentration in Gampaha, 2017
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Figure 6.2.4a): Variation of concentration of NO,within Gampaha Urban Area in 2017

Variation of Monthly SO, Concentration in Gampaha, 2017
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Figure 6.22(b): Variation of NO, concentration within Gampaha UrbanArea in 2017
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Figure 6.2.3: Variation of PM,s concentration within Gampaha Urban Area
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Figure 6.24 and 6.25 represent the annual average ;N&hd SQ concentration levels at each
sampling location inGampahaurban area during the year 2017. The annual averageahtDSQ

levels in year 2017 are in between 17pg/&7 pg/nt and 37 pg/m- 69 pg/n? respectively. The high
levels are representing areas with high traffic Miriswatta (GM11), Gampaha Railway Station (GM6),
Gampaha Police Station (GM7) and Gampaha Hospitattion (GM9) where exceeded the annual
WHO guideline values for NQand 24 hour WHO guideline values for SRelatively low levels are
recorded at locations away from the urban area such as Kiridivita (GM1) and Vilabada Road (GM8)
etc.

Variation of NQ in Gampaha2017
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Figure 6.24: Annual average NQ concentration within Gampaha Urban Area in 2017

Variation of SO, in Gampaha, 2017

Sample Location

Figure 6.25: Annual average SQ concentration within Gampaha Urban Area in 2017

Annual average levels of NCGand SQ in each location at Gampaha area fr@dl2 to 2017 are
represented in figur6.26. Box plot of each pollutant for the same period are given in figuPer &
6.28 respectivelyand spatial distributionare show in figure6.29 and 6.210 respectively.
Accordingly, the exposure levels of M@re in decreasing trend while $@vels are in increasing
trend from 2012 to 2017. This reduction of pollutant levels in Gampaha urban area should be due tc
the actions implemented to manage air quality in Sri Lanka including vehicular emission control
throughVET program, development of road surface and removing road obstructions etc. as well as
introduction of cleaner fuel vehicles such as hybrid and electric vehicles to the fleet etc.
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Variation of NO, & 50, Concentrations in Gampaha (2012-2016)
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Figure 6.27: Boxplot of NO, Concentration Figure 6.28: Boxplot of SO, Concentration
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NO2 Concentrations at Gampaha Urban Area - 2013 NO2 Concentrations at Gampaha Urban Area - 2014
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Figure 6.2.11: Variation of NO, concentration within Gampaha Urban Area from 2013 to

2017
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SO2 Concentrations at Gampaha Urban Area - 2015

SO2 Concentrations at Gampaha Urban Area - 2016
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Figure 6.2.12: Variation of SO, concentration within Gampaha Urban Area

2013 to 2017

As an island, monsoon variation is highly influence on the dispersidrniransport of the
pollutants. The average N@nd SQ levels with respective to the monsoweariations are
shown figure 6.2.13 and 6.2.1#spectively. It indicates that at the levels are highly
subjective to the local wind condition. Most of locatiomigh exposure levels are recorded in




during NorthEast monsoon period (Novembér February) compared to Sotitkest

monsoon period (Mayugust). The pattern was changed at some locations depending on the
localised wind pattern.

Monsoonal Variation of NO, Concentration Gampaha -2017
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Figure 6.213: Variation of NO2 Concentration due to monsoon seaserat Gampaha
urban area in 2017
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Figure 6.214: Variation of SO, Concentration due to monsoon seasons at Gampaha
urban areain 2017
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Variation of NO2 Concentrations in North East Monsoon Season at| | Variation of NO2 Concentrations in First Inter Monsoon Season at
Gampaha Urban Area Gampaha Urban Area

(a) (b)

Variation of NO2 Concentrations in South West Monsoon Season at | | Variation of NO2 Concentrations in Second Inter Monsoon Season at
Gampaha Urban Area Gampaha Urban Area
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Figure 6.2.15: Variation of NO, exposure levels due to monsoon seasons at Gampe
Urban City in 2107. (a)North East Monsoon (b)First Inter Monsoon (c)South West
Monsoon (d)Second Inter Monsoon.
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Varition of 502 Concentrations in North East Mensoon Season al
Gampaha Urban Area

Varistion of 502 Concenirations in First Inter Monsoon Season at
Gampaha Urban Area
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Figure 6.2.16: Variation of SQ exposure levels due to monsomseasons at Gampaha
Urban City in 2107. (a)North East Monsoon (b)First Inter Monsoon (c)South West

Monsoon (d)Second Inter Monsoon.
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6.3 AMBIENT AIR QUALITY IN 2017 T AT KALUTARA URBAN AREA

Kalutarais the largest city itKalutara District Western Provice, Sri Lanka. It is also the
administrative capital dfalutara District. It is located approximately Wt (25miles) south
of the capitalColombo.

Air quality exposure levels with respect to Nand SQ in Kalutara Urban area was started
in 2012 at 5 bcations within the Kalutara Municipal Council and surrounding areas with the
financial assistant of VET fund. The monitoring program was continued in te0heasure
monthly average N@and SQ level. The monthly average N@nd SQ exposure levels at
ead measuring location within Kalutara urban area in 2017 is summarised i6taBland

6.3.4 respectively.

Air quality exposure levels measuring activities with respedi@ and SQ in Kalutara
Urban area were continued in 2016 as well under thigegroThe sample locations
description is given in tablé.3.1 andfigure 6.3.2 shows the locations map. Theble6.3.1
presents the overview of each laoatin the Kalutara urban area.

Table 6.3.1: Selected Sampling Locations in Kalutara Urban area

Urban Area No of Points Samp_lmg Location Description
Location
KL1 Kaluthara Bodiya Car Park
KL2 Palathota Junction
Kalutara 5 KL3 Nagoda Junction
KL4 Katukurunda Junction
KL5 Kaluthara urban council
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Sample Locations at Kalutara Urban Area
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Location No: KL1

Location Name: Kalutara

BodhiyaCar Park

GPS Coordinates: 6.5899890N,
79.9595960E

Location No: KL4

Location Name: Katkurunda

Junction

GPS Coordinates:
6.5613240N,
79.9691410E

Table 6.3.2: Overview of each location in the Kalutara urban area

Location No: KL3

Location Name: Nagoda

Junction

GPS Coordinates:
6.5686880N,
79.9893720E

Location No: K2

Location Name: Palathota

Junction

GPS Coordinates:
6.5933790N,
79.9703360E

Location No:KL5

Location Name: Urban

Courcuil.

GPS Coordinates:
6.5839210N,
79.9611970E

Monthly averageNO, and SQ exposure levels at each measuring location within Kalutara
urban area for the year 2017 is summarised in &8l18 and6.3.4 respectivelyTable 63.5
shows thaPM, sconcentration of selected sample location in Kalutara in 2017.
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