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Abstract

The ambient air quality data for particulate matter as well as criteria of gaseous pollutants were collected during December 2006 to
December 2008 at the Continuous Air Quality Monitoring Station (CAMS) located at TV center, Pahartoli, Chittagong. It was observed that
during April- October, 24 hour average concentration of PM;j,and PM, 5 were within the National Ambient Air Quality Standard (NAAQS)
level but it increased occasionally by more than two and a half times during the whole non-monsoon period (November-March). The high-

est values found of PM, 5 were 327 ug/m3 and 254.9 ug/m3 24 hour average concentration in January 2007 and December 2008 respective-

ly. Whether, the highest alarming concentration of PM;( was reported as 545 ;ytg/m3 in January 2007. The other gaseous pollutants such as

SO,, NO,, O3, CO and hydrocarbons remain well within the permissible limit except dry winter.
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Introduction

Chittagong is a port city situated in the southern region of
Bangladesh. The city is surrounded by hills to the east and
the Bay of Bengal in the southwest. One of the beautiful
rivers in Bangladesh, the Karnaphuli River flows into the
Bay of Bengal through the city. The city has complete tropi-
cal monsoon climate with hot, wet summer and dry, cool
winter seasons. The maximum temperature are between
29 °C and 35 °C in monsoon and minimum temperature are
between 12 °C and 17 °C in winter. The total annual rainfall
throughout the city varies between 2159 mm (85 inches) and
3048 mm (120 inches) rising sometimes to 3810 mm (150
inches). On average approximately 80% of the rainfall
occurs during the May to September monsoon. During sum-
mer season, winds are generally from the southeast. Easterly
and northeasterly winds prevail during the winter periods.

The 2001 National census determined that the Chittagong
statistical metropolitan area had a population of approxi-
mately 3.56 million in approximately 430,000 households.

It is one of the most densely populated cities in the country
and facing a high level of air pollution. High influx of peo-
ple from rural areas, emissions from various kinds of diesel
vehicles and badly maintained automobiles, biomass/coal

burning for cooking and in the brick kilns, huge number of
construction works, re-suspended road dust etc. is making
Chittagong as one of the most polluted cities in the country.
Not much research has been done on air quality of
Chittagong, but the air quality of the city is comparable to
capital city Dhaka, where according to a recent World Bank
Report, it has been estimated that every year around 10,800
premature deaths along with several million cases of illness
are being caused by the air pollution. The economic cost of
this sickness and deaths is estimated to be $132 - $583 mil-
lion per year for Dhaka (Brandon, 1997). Similar scenario is
also present for the second largest city of Bangladesh.
Impact of banning of two-stroke engine of airborne particu-
late matter concentrations in Dhaka has been studied
(Begum et al., 2006).

Atmospheric pollution in urban areas is a major issue in
many developing countries around the world. Sulfur dioxide
(SO,) and nitrogen dioxide (NO,) are important primary pol-
lutants in the ambient air because of their adverse effects on
human health and vegetation, their contributions to the acid-
ification of the environment (Legge and Krupa, 1990) and
the role of oxides of nitrogen (NO,) in the formation of pho-
tochemical oxidants. NO, contributes to the buildup of tro-
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pospheric ozone (O3) and to the lifetime of greenhouse gases
(Houghton et al., 1990) and thus be also a key species for
global warming. Particulate air pollution can be generated by
natural and anthropogenic activities. Anthropogenic sources
can be stationary and mobile. It has been estimated in many
countries that, traffic-related emissions constitute more than
50% of the total particulate air pollution (Protection, 1996).
Diesel engines power land and sea transports, provides elec-
trical power, and are used for many farming, construction,
and industrial activities. However, diesel engines pollute the
environment, and concern is growing over how much diesel
pollution affects human health and well-being. Chittagong
(latitude 22.22N, longitude 91.47E) has the largest port in
Bangladesh, and is heavily trafficked, especially the central
city area covering about 10 km?. The main road network in
the city goes toward the port area and northward toward the
industrial areas. These roads are also heavily trafficked, with
persistent traffic jams most of the day. Trucks transporting
goods between the port and the industrial areas constitute a
significant part of the traffic, and the combination of the hilly
nature of the area, the stop and start mode of the congested
traffic, and the age and heavy loading of most of the trucks
causes large emissions of black diesel smoke. Brick kilns are
important source of building materials and pollution. Prior
work in Dhaka has suggested a major role for brick kilns in
producing air pollution there (Begum ez al., 2004).
Vehicular emissions, as well as biomass/coal burning for
cooking and in the brick kilns around the city, are the main
contributor to these emissions (Chaloulakou et al., 1999;
Kassomenos et al., 1995).

Impact on human health of both the particulate matter (PM, s
and PM,) has been studied (Dockery et al., 1993, Dockery
et al., 1989). The monitoring activities and results of these
harmful particulate matter along with other gaseous pollu-
tant should be disseminate to the general public as well as
policy makers to identify the areas where the ambient air
quality standards are being violated and plans are needed to
reduce pollutant concentration levels to be in attainment with
the standards. Motorized transports are suspected to be the
single largest contributor of air pollution in Chittagong City.
Smoke opacity of different type of diesel vehicle in Dhaka
City has been studied (Rouf et al, 2008). Diesel engine
emissions are now the major source of air pollution and
therefore significant improvements in air quality will only be
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realized through diesel engine emission control. Trend of
particulate matter PM, 5 and PM,, in Dhaka City has been
studied (Rouf et al., 2011). Assessment of particulate air pol-
Iution at Kalbagan and Shisumela area along the Mirpur
Road has been done (Begum et al., 2011). Investigation of
sources of atmospheric aerosol at urban and semi-urban
areas in Bangladesh has been studied (Begum et al., 2004).
A high concentration of air pollutants such as black carbon
in Dhaka City has been reported (Salam et al., 2003).
Sources identification for air pollution has been done by
(Begum et al., 2009).
studied on Ground level concentration of ozone in ambient

Begum et al., 2012 has also been
air of Chittagong City for the period of December 2006 to

December 2007. Ambient air quality standard for
Bangladesh is shown in Table I.

Table I: Ambient air quality standards for Bangladesh

Pollutant Objective Averaging
(Bangladesh Standard), pg/m’ Time
CcO 10 000, (9 ppm) ¢ 8 hour
40 000, (35 ppm) “ 1 hour
Lead 0.5 Annual
NO, 100, (0.053 ppm) Annual
PM,, 50 Annual ?
150 24 hour ¢
PM, 5 15 Annual
65 24 hour
(o8 235, (0.12 ppm) 1 hour ¢
157, (0.08 ppm) 8 hour
SO, 80, (0.03 ppm) Annual
365, (0.14 ppm) 24 hour ¢
SPM 200 8 hour

2 Not to be exceeded more than once per year.

® The objective is attained when the annual arithmetic
mean is less than or equal to 50 pg/m?.

¢ The objective is attained when the expected number of
days per calendar year with a 24 hour average of 150
ng /m? is qual to or less than one.

4 The objective is attained when the expected number of
days per calendar year with the maximum hourly aver-
age of 0.12 ppm is equal to or less than one.

The following are the objectives of this research work:

To find out seasonal variation of concentration of gaseous
pollutants in Chittagong City in order to understand its
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health impact.

To identify main air pollutant in order to develop Air Quality
Index (AQI).

Methodology

A continuous air monitoring station (CAMS) was operated in
Chittagong to measure criteria pollutants. The location of the
CAMS is in the Chittagong Television Station Camps at
Khulshi, which is on the hilltop about 2.5 km northwest of
the downtown and about 100 meters above the surrounding
area. Because of the topography of the city (hilly area) and
no significant source of air pollution close to this site, this
location is relatively unaffected by nearby air pollution
sources. It is representative of the air pollution concentra-
tions at that height in the area, within a radius of some 500
meters. This will be radius of the station to avoid nearby pol-
lution of the monitoring station.

Multiple gaseous / PM analyzers as shown in Figure 1 are
used for Continuous gaseous monitoring. Gaseous PM ana-
lyzers were made by Environment S.A., France. UV
Fluorescence was used as SO, analyzer; chemiluminescence
was used as NO, analyzer, while NDIR principle was
employed to analyze CO. CH4 and non CH4 were measured
by Flame Ionization Detector. Particulate matter was ana-
lyzed by Beta Gauge analyzer and O; was measured by UV
Fluorescence. All instruments were certified by USEPA.

Fig. 1: Multiple Gas analyzers inside of CAMS

The on line air monitoring has been designed by
Environment S. A., French for monitoring SO,, NO,, CO, O4

and Hydrocarbon & Non-methane hydrocarbon. Air sam-
pling was done continuously and the data were recorded in
Data logger as 15 minute average. Different data reporting
system were carried out by CAMS personnel.

Results and Discussion

Based on 24 hour average data for gaseous pollutants, it has
been found that the trend of the levels increased during the
time 6 PM to 10 AM time in the Chittagong City. Normally,
in the range of 10 AM to 6 PM concentration of gaseous pol-
lutants were remained below the level. In the day time, the
level of concentration remains below at certain time. This
phenomenon was happened mainly for SO, and NO,
gaseous pollutants. But the levels of concentration of these
pollutants were not alarming against their standard. Other
gaseous pollutants did not show this type of order. This situ-
ation was happened for the falling of temperature at night
time and for the increasing of flying of diesel vehicles. It has
clearly been shown in the daily report (Table II). It may be
noted that normally gaseous pollutants level concentration
are related to temperature, vehicle emission and seasonal
variation. At night time concentration level become higher
because gaseous pollutants come down the ground level with
the decreasing of temperature and mainly gross polluting
diesel vehicles were increasingly run in city area. At that
time those gross polluting vehicles emit SO, and NO,. So, at
night time gaseous pollutants concentration were increased
significantly. At morning, it becomes again decrease due to
less vehicle flow and temperature variation. In other words
pollution concentration was affected by seasonal variation.
Pollution concentration was found to be decreased, during
monsoon period mainly April to October due to rain, moder-
ate wind speed and highest temperature. In non-monsoon
period mainly November to March (dry weather) pollution
concentration was higher due to less wind speed, tempera-
ture falling as well as less rainfall.

It was found using trend analysis of gaseous pollutants (SO,,
NO,, CO, 03, CHy;, NMHC, THC) since January 2007 to
December 2008 that the concentrations of pollutants were
fluctuated during non-monsoon period (November to
March) and monsoon period (April to October). All
Pollutants level were maintained below against its respective
average standard (Table I) during monsoon (April to
October) and non-monsoon period (November to March).



47(3) 2012

Trend of ambient air quality in Chittagong City

290

Aqefreay 10N B1R(I VN4

LiLe TLIT L3C1 LZTE e¥¥C YODOTOFO0 BT°LL BTLL 6L0T €97 650 98T'C #3°€l 9ZFT ¥B'LS €61 168 E6FF ars
8¢6 001 3%6 001 8¢ OO0 00T 001 001 001 001 001 00T OOT 00T OO 00T OO 2<6 % EIR(]
€C ¥ €C ¥ &€ ¥ ¥ ¥ ¥ ¥Z ¥ ¥ ¥ ¥vw v& ¥ W ¥ €& wnN
€966 TCLKI 188 LZ0T TVLL TLT 6L°0 L'SIT TT16 %66t ZTCC  1IL0 8F% BOOI WWE 8C o666 T8 ¢€6¢ DAY
00%Z 00TI 009 0091 0090 O06GDO0LT O0'ST 00TZ 00T O0TZ O00TZ O0TZ O0LI 00°1Z OOZZ 000T 00TZ 0030 WL
L6666 TFTLY TL61 WST €966 TL'T 98T LOWT ¥BL6C TTF 6801 1£¢ I¥F8 OFCE68'C 907 T96L EI 9Ll ZTCFI N
00F%1 00FZ 00TL 00°L0 0091 OO'LIOOFZ 00C0 OOLT O0LT O009T 0091 O09T 0070 00ST 009 0091 0091 O00'ST WL
97686 ST~ £6'1 9991 TE6L IL'T TI0 S06C LTR ITLT 9TZT 600 91 0O 90 6 {328 0 0 N
L6666 TST- ¥6'1 TOLT €98 TLT TI0 9% FIT T'S6l  €006€ TL9 €60 6C €80 39¢ TIT TE9F €L€9 65T 0042
L¥e66 TET- £6'1 TCBT LO6LL TL'T LTO STSKFI #9'1LZ 6IC6E ¥6C  TLO ¥or 10T 9Tt 9L STTIF L¥E L3'T 00€C
o6 TF1- €6'1 LT3T 8T93 ILT 9T0 660FI ¥2L6Z 91Kk LIOT 9371 I¥F8 €LO 9T'SC 90T €F69 €I 9Ll LET 00TT
ST666 TCT- €61 SEBT 2098 TLT LTO 8991 TOOOZ €£OIE 6EOI 1€T LER ¥LT 68°C 061 61L €LIT 627 0012
8¢866 €T- €61 LTeT LOOB TL'T BIO ¥PEFIT 69T9 8TB6 LIB E1C 09 98T L¥¥ L61 T96L ¥VI'LIT €1°C 00:0T
¥8966 ZET- ¢£6'1 OT'TZ 6109 TIL'T 190 STBI OST'TZ 90TZ 8B9E 1I€0 LTE SELTO6CT 6  LOST LVE 760 0061
61466 L¥F6E £6'1 e €Sk IL'T S9T 36761 966 ¥10Z T8 £TO 3¢°C BOCE L60 O1 €01 0 0 00-31
LT066 1E0C £6'1 EECT €TTE TLT 981 LOSOT LTB LT e¥Z  ¥10 83TCT O¥CEB80 OI #2010 0 00-L1
9¢0636 303 £6'1 WSZ TE6C TL'T €€0 VLVYT L OT WL 97T 600 91T SZT¥EBBO 6 38 0 0 0091
8€066 £C°€ES €6'1 WS FOE TLT S60 LOWTZEET LBOF 62T 710 LTC BREE990 €1 60TI 9T0 O 001
97686 SS1E9 £6'1 ST TLSK ILT FPITT 6T°L6l IS61 €969 €T [AR! 6T SVIETT 11 L66 LOO E€I'T 0041 fﬂ:
VNA <71Z€ VNA SO¥Z VNA Z4T1 ¥'T B08S 8€9E 9786 €T 910 e W ITL 11 SLOT STO  VNAO0ET ﬂOw
98066 TFTL9 £6'1 OF€ TL9 LT €T 70C9 €19 6E0¢T 687 €720 CO7T MBI Z9C TZ ZCLI 69T o6I'F 0021 P
LBT66 6L°LTF £6'1 LO'TE eVEL TL'T €90 L¥eEr QB¥L LTI Loy L0 LEE TZ9 B88¢€ ¥  60¢F 83002 S¥I 0011 3
¥ L66 S6S0C £6'1 6l 80683 TLT €L0 1CLF SO1 SFIST LSE EF0 FI'E 699 9C¢ €€ ZTE9T SLB  9E°L 0001
ELL66 T86S LBLI BTBT €166 TLT BBO TL9C 9L60T 9CC9T Z€F €0 0¥ O1IT €IF 68  6L0t SBLT LB'L 0060
£9866 8C08 TL 61 LFLT €966 TL'T W' LOTE €976 66TET 8BS L8O t6F SC0 LUV LS TEOE V9T IS 00-80

3666 OI'TI ZiL6l 99°9T 966 LT T60 9CFE OSLTOT S69€T €8F LSO 9F WO €€t 68 &I ¥EOST 333 00-L0
99666 LTT- TL61 VOLT €966 TL'T 830 61LE 9¢B €8ET 19L T90 L W0 oFe 8¢ L¥ST €T T6'TI00°90
L¥e66 €ET- TL61 6CLT 6866 TL'T SLO WO¥E SF¥E  B6BIT 99L 690 0L 0 CE€E LE  6ETT 9TST 67 0050
666 BT~ TL61 93°LT ¥966 TL'T €80 ¥OF 6ECL 68901 SEB  ¥#L0 9L 0 we ¥ 9TT ¥ETT 99T 00730
86866 SCT- TL6l 66'LT €966 TL'T €80 99€E O9LFC 6898 68 LBO 08 £00 €€ €€ BT ¥6 T 000
76366 ¥I'T- TL61 IZ8T 966 1ILT €90 S06Z SL¥L 1166 IBL LLO SOL 0 e wv WL Lo 1 00-20
94366 TF1- TL61 3T €986 IL'T Lk0 SECET LBIT  €E0FT BTL  LBO 9¢€9 TIT TFE 'S 9F61 T1L0 00-T0
(VD) (uys) (OfHvm) (Osaq) (%)  (5m) (o) (saq) (wysr)) (wysr) (wdd) (wdd) (wdd) (qdd) (wdd) S.EV (qdd) (qdd) (qdd)

dd uS ey LV HI SMASM M *‘Wid “"Wd OHL OHWN 'HO 0 0D *ON “ON ON ‘0§ awif arQq

(moy T :esegq omn], ey 2dA 1, poday ‘DI SWVD uone)s) syuemjjod snoases JUIJIP Jo Jeuriof Jrodar Areq 1 dqelL



Rouf, Nasiruddin, Hossain and Islam

291

- Maximum  —=— Average - Minimum
S0 4
E Ta
H &0
™ so
5 ow .\\
E a0 .\"
85 o=
E 10 T - -
04
o N _ _ _ _ I I - _ ~ _ _ N
# - £. 85 B E B T ¥z % e £ %, FTm T, €% T8 B %
§ R 828 f 7 % % 2R %y P8 55 TR 28 G5 28 7% 1
- ¥ £ £ 3 A R = i a
Mlsmih
For 2: 24 bawr average S5{); at CAMS, Chittaraayr (meathly averare,
marmses and s
= [Maximum —m— Ayerage = Minimum |
140 +
130
120
110
-E 100 Annual average standard 53
%0 FRE
30
& -
5 70
g B0 T
i 0 =
g 2] 1 o
P —— S
x e e e e
6 a t t t t t t t t t 1 1 1 t t t t |
-r P k1
4 5 B 5 5 b 5 B B 5 5 b 8 B8 =B B &
=] el el el O o o o O o o o o o O o o
CLONE, B TR S T S A S T . W S S S A T |
= T~ = = - H L L = £ = = =
i E E F L E E 5 3 § 8 8 =& E g ﬁ E £
E 2 g = = D g © E g = £
- = O = = s O - o = -
a 5 = 8 0 35 = a
o - = z o
w
Diamilhs

Fig. 3: 24 hour average NO, at CAMS, Chittagong (monthly average, maximum and minimum)

However, average concentration level of NO, was higher in
the month of January 2007. But none were able to exceed the
standard against 1 hour average and also 24 hour average. In
January 2007 and December 2008, the highest monthly aver-
age (24 hour and 1 hour) concentration was found for most
of the pollutants (SO,, NO,, CO and O3) except CH, (Figure
2-6).

The highest and lowest 24 hour monthly average concentra-
tion of SO, was 43.64 ppb and 0.01 ppb in January and
November 2007 respectively. It was unfortunate that we

could not able to get 24 hour average concentration of SO,
and NO, from June to November 2008 due to non-function-
ing of SO, and NO, analyzer. In February 2008 and August
2007 highest and lowest 24 hour monthly average concentra-
tion of NO, was found to be 32.98 ppb and 2.7 ppb respec-
tively. The highest 1hour monthly average concentration of
CO was found to be 3.13 ppm in January 2007 and lowest 1
hour average concentration 0.92 ppb was found in June
2007. These values were below than that of the 1 hour CO
standard. 1 hour monthly average concentration O; was
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Fig. 5: 1 hour average O; at CAMS, Chittagong (monthly average, maximum and minimum)

found to be 28.15 ppb, in February 2008. Although in
December 2007 the maximum value of O3 was 105 ppb. This
was the highest monthly 1 hour concentration of O; since
CAMS instillation. However the lowest concentration 2.53
ppb was found in July 2008.

The highest 15 minute average monitoring results of CHy
was found 5.83 ppb in September 2008 and lowest average
concentration 0.09 ppb was in March 2008. Unfortunately,
continuous two years monitoring could not be accomplished
due to equipment disruption. Last nineteen months sampling
results revealed that CH, were not much concerning pollu-

tants in terms of air pollution. However, lots of CNG vehi-
cles were running into the city area. It was envisaged from
the present number of CNG vehicles that the concentration
of CH,; may be raised in near future. O and NO, have been
denoted much concerning pollutant among the gaseous pol-
lutants at Chittagong CAMS. Although monthly average
value of Oj is remained always lower than its 1 hour average
value. So far, monthly 24 hour average CAMS data indicates
that all gaseous pollutants were remained within the permis-

sible limit except dry winter.
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PM,; 5

The National Ambient Air Quality Standard for PM, s is
65ug/m> for 24 hour on average (Table I) and for annual
arithmetic mean the standard is 15 pg/m?>. Figure 7 present-
ed the individual PM, s data measured at CAMS in 2007-
2008. It revealed clearly the seasonal variation of PM, 5 con-
centration in monsoon (April to October) and non-monsoon
(November to March) period against the 24 hour average

standard since December 2006. Moreover, from November
to March PM, 5 exceeds 24 hour average standard. The con-
centration starts to decrease from February and it continues
till July and again it starts to increase from August and con-
tinues till January. In the period of April to October, the con-
centration of PM, 5 remains below the 24 hours standard. In
fact, 24 hour average PM, 5 concentration starts to increase in
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October. The maximum concentration of PM, s has been
observed in January. It has behaved like other gaseous pollu-
tants. The maximum and minimum value of PM, 5, 24 hour
average concentration was found to be 327ug/m? in January
2007 and 9ug/m’ in July-October 2007 respectively.
However, the maximum average concentration was existing
187.79 in the month of January 2007.

But the highest concentration was found 254.9 pg/m® and
lowest concentration was 07 pg/m’ in December and July
2008 respectively. During this time the average concentra-
tion remained 144.68 pg/m’. It is noted that lowest rainfall
was recorded in the month of January 2008 resulting PM, s
concentration found less than that of 2007. In addition, CNG
vehicles increased significantly than that of previous year.
Most cases, monthly percentage of PM, 5 were exceeded by
almost 42%.

PM;,

The National Ambient Air Quality Standard for PM;, is
150pg/m® for 24 hour average and for annual arithmetic
mean the standard is 50 pg/m? (Table I). Fig. 8 presents the
individual PM,, data measured at CAMS in 2007-2008. 24
hour average monthly concentration of PM,, has been found
distinctly differed from that of monsoon (April to October)
and non-monsoon (November to March) period against the
24 hour average standard. It has also indicated that January
was the worst polluted month in terms of PM;,. The highest
values found of PM, 5 were 327 pg/m® and 254.9 pg/m® 24
hour average concentration in January 2007 and December
2008 respectively. Whether, the highest alarming concentra-
tion of PM,, was reported as 545ug/m?> in January 2007. So,
it is clear that the highest as well as the average 24 hour con-
centration superseded its standard in 2007 and 2008. Almost
all pollutants have been shown its highest concentration in
January. It is noted that the decreasing and increasing trend
of pollution for PM,, followed almost like PM, s.
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However, percentages of PM;, were exceeded by almost
17% against the 24 hour monthly average that was much
below than PM, 5. In the monitoring period of December
2006-December 2008 (Fig. 8) indicated that the highest and
lowest 24 hour average monthly value was observed 312.57
pg/m3 and 23.36 pg/m? in January and July 2007 respective-
ly. In January 2008, little rainfall was occurred declining
concentration of PM in comparison to January 2007. During
January to March, average 24 hour concentration of PM;,
value was reported higher than same period of previous year.
The level of concentration found in 2008 was lesser than that
of 2007. Moreover, CNG vehicles gradually increasing in
the city area since 2007 might be responsible for the improv-
ing situation.

Conclusion

Chittagong City is affected with severe air pollution where
particulate matter is being identified as the main pollutant of
concern. Data from the monitoring station reveals that the
pollution from particulate matters greatly varies with climat-
ic conditions. While the level comes down the limit value in
the monsoon period (April-October), it goes beyond the limit
during non-monsoon time and sometimes even crosses two
and a half times during the non-monsoon period (November-
March). The extent of pollution level during non monsoon
period was found to be much higher than the standard level
indicating alarming threat to the human heath. The highest
values of 24 hour average concentration of PM, 5 are 327
pg/m?> and 254.9 pg/m? in January 2007 and December 2008
respectively, while other gaseous pollutants remain within
the permissible limit except dry winter. Emission from vehi-
cles, domestic cooking, brick fields, industries, and building
construction material and road dust are the main sources of
pollution. It is also necessary to remove all old vehicles from
the city for improving the air quality. Government should
take proper initiative to control air pollution in order to
improve health quality of the people of the city.
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