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Abstract: 

 

The transport and dispersion of air pollutants are strongly affected by climatological 
variables such as rainfall, wind speed and direction, temperature, solar radiation and thus 
by changes in climate. Air pollution is thought to be one of the major contributors to 
climate change due to the production of sulfate aerosols and methane gas. Metropolitan 
Cebu, the second largest city after Metro Manila, is one of the fast-growing metropolitan 
areas in Southeast Asia. With the present condition in the area, assessment of the 
ambient air quality is needed to sustain its economic development. The present air quality 
in Metro Cebu was assessed by monitoring the ambient air pollution levels. Ambient NO2 
and SO2 concentrations were monitored using diffusion tube sampling technique while 
nitrate and sulfate in rainwater samples were determined using atomic absorbance 
spectrophotometry and turbidimetry, respectively. Results showed that measured 
ambient NO2 concentration at the center of Cebu City recorded an average of 73 ppb and 
consistently exceeded the standard value of 80 ppb as set by the Philippine Clean Air Act 
while SO2 recorded an average of 47 ppb, a value way below the standard of 70 ppb. 
The nitrate concentration levels (14.68 – 100.16meq/L) are dominated by acid neutralizing 
capacity of some chemical species present in the atmosphere while the sulfate levels 
ranged from127meq/L to 376 meq/L. The sulfate to nitrate ratio ranged from 2.8 to 8.1 
which suggest that the dominant acidying component in rainwater samples in Metro Cebu 
is sulfate. These sulfate levels are comparable to the values measured in Ahmedabad, 
India (Rastogi & Sarin, 2005) which could potentially impact the local climate in the area. 
These results provide essential information for designing effective emission-control 
strategies to protect human health and the environment of Metro Cebu from the adverse 
effects of air pollution and climate change. 
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1. Introduction 
 

Air pollution in urban areas is a major issue in many developing countries all over the world (Azad and 
Kitada 1998). In fact, the rates of increase of pollutant concentrations in the cities of developing countries 
are higher than in developed countries (Kato et al. 1991). The current high rate of economic development 
in Asia is built upon the rapid increase in the use of fossil fuels and increase in road traffic volumes which 
lead to increased emissions of sulfur dioxide (SO2) and nitrogen oxides (NOx) (Kato et al. 1991). In the 
Philippines, the growing human and vehicle populations and increasing industrial activities are the main 
causes of worsening air quality in the urban centers like Metro Cebu and Metro Manila (The World Bank 
Group 2002).  

SO2 and NO2 are considered to be the major air pollutants because of their adverse effect on human 
health and vegetation, their contribution to the acidification of the environment as the precursors of acid 
rain (Rhode 1989; Legge and Krupa 1990; Azad and Kitada 1998; Kitada et. al. 1999) and the role of NOx 
formation of photochemical oxidants such as ozone (O3). Aside from being a precursor to the build-up of 
tropospheric O3, NOx is also responsible for the change of the concentration of hydroxyl radical (OH � ) 
which determines the lifetime of reactive greenhouse gases (Seinfeld and Pandis 1998, Azad and Kitada 
1998) and thus a key species for global warming. 



   

NOx is a collective term used to refer the two oxides of nitrogen, NO and NO2. More than 90% of NOx 
emission is initially NO which is subsequently oxidized to NO2 by O3, HO2, RO2 and other photochemical 
oxidants with different conversion rates (Seinfeld and Pandis 1998, Azad and Kitada 1998). With the 
presence of sunlight and volatile organic compounds (VOCs) in the air, NO2 is further oxidized to O3 and 
other nitrogen compounds such as HNO3, which can be carried by precipitation and makes the rain acidic 
(Seinfeld and Pandis 1998). NO2 is an important indicator of air pollution because its concentration is well 
correlated with concentration of carbon monoxide, particulate polycyclic aromatic hydrocarbons and soot 
(Glasius et al. 1995). 

SO2 is the predominant anthropogenic sulfur-containing air pollutant (Seinfeld and Pandis 1998). Under 
tropospheric conditions, SO2 reacts via both gas - and aqueous-phase processes and is also removed 
physically via dry and wet deposition (Seinfeld and Pandis 1998). In the gas-phase reaction, OH radical is 
the dominant photochemical oxidant (Stockwell and Calvert 1983) that subsequently transformed SO2 into 
SO3 which reacts with water vapor to form H2SO4 (Seinfeld and Pandis 1998). Very tiny particles act as a 
medium on which acidic sulfate species, SO4

2- is carried over long distances by trans-boundary winds in 
the troposphere and when it is washed out and deposited on surfaces, contributes to a serious 
environmental problem known as acid rain (Lutgens and Tarbuck 1995).  

In the Philippines, studies conducted by the World Bank Team show that the atmospheric environment 
in Metro Manila has worsened since the concentrations of some criteria pollutants (NO2, SO2, O3, and 
particulate matter) in ambient air have consistently exceeded the national ambient air quality standards 
and that the air quality indices of these pollutants have already reached to alarming levels (The World 
Bank Group 2002). Metro Cebu, the second largest city after Metro Manila, is one of the fast-growing 
metropolitan areas in the developing countries in Asia (Rodolfo 2008). Metro Cebu which includes the 
cities of Cebu, Mandaue, Lapu-Lapu, and Talisay, is expanding very rapidly due to high influx of people 
from rural areas and neighboring island provinces since it serves as the center of economic and business 
activities in the Visayas and Mindanao areas (Sajor 2001, Rodolfo 2008). In Metro Cebu, the surge of 
foreign investment in manufacturing in the years immediately following 1986 is reflected in the value of 
Board of Investment (BOI)-approved or registered investments that averaged a high growth of 156% 
annually from 1987 to 1992 (Sajor 2001).The local economy is supported by trade, services, and tourism. 
It is the country’s main domestic shipping hub and is home to more than 80% of the country’s inter-island 
shipping companies (The Knowledge Report 2007). Cebu is also the main hub, outside of Manila, for 
international flights into the country and is the most important center of commerce, trade, and industry in 
the Visayas and Mindanao (The Knowledge Report 2007). 

It is therefore imperative that the economic activities in the area will result to the pollution of the 
ambient air due to the emissions of air pollutants from various types of motor vehicles as well as medium-
sized and large industries. Since the number of motor vehicles is increasing (LTO 2007) and industrial 
zones are expanding (Rodolfo 2008), it is likely that the air pollution levels in Metro Cebu will also 
increase. With the present economic boom in Metro Cebu, there is a need to assess the air quality of the 
area. And to assess the present air quality, it is necessary to monitor the present ambient air pollution 
levels to evaluate compliance with standards and the need for action (The World Bank Group 2002).  

In this paper, the monitored ambient NO2 and SO2 and NO3- and SO4
2- concentrations in rainwater 

samples in Metro Cebu area are presented. In addition, the ratio of NO3- concentration to SO4
2- 

concentration in precipitation is also presented as it is useful in evaluating the relative contribution of 
H2SO4 and HNO3 to the acidity of precipitation. The analysis of spatial and temporal trends of the NO3- / 
SO4

2- ratio in precipitation is also presented which provides information on the source - receptor 
relationship of the acidifying components in the atmosphere. The results of this study provide essential 
information for designing effective emission-control strategies to protect human health and the 
environment of Metro Cebu from the adverse effects of air pollution and climate change. 

 
2. Methods and Analysis 
 
2.1  Sampling Sites (SS) 
 

The NO2 and SO2 monitoring were conducted in six urban sites in Metro Cebu as shown in Fig. 1. Site 1 
is in Lapu-lapu City – Airport (10o19’19.2’’N, 123o58’48’’E), site 2 in Mandaue City (10o20’49.2’’N, 
123o56’27.6’’E), site 3 near the port area – SM (10o18’43.2’’N, 123o55’12’’E), site 4 in Cebu City 
downtown – Jones Ave. (10o18’0’’N, 123o53’49.2’’E), site 5 in Talisay City (10o15’57.6’’N,123o50’34.8’’E), 



   

site 6 in an uptown area – UP (10o19’22.8’’N, 123o53’52.8’’E) and two remote sites, site 7 located in Brgy. 
Malubog (10o22’44.4’’N, 123o52’26.4’’E) and site 8 located in Brgy. Taptap (10o25’12N, 123o50’31.2’’E). 
NO3- and SO4

2- concentration in precipitation were also monitored by collecting rain samples at sites 2, 4, 
and 7. Sites in the urban area represent heavy traffic sites while sites located in the remote district will 
correspond to very light or no traffic areas. The urban sites are chosen so as to determine the extent of 
pollution contributed by the traffic, navigation (air and sea), and industrial sectors. The remote sites are 
chosen so as to determine the extent of pollution transported by land/sea breeze circulation.  

  

 

 

 

 

  

 

 

  

 

 

 

 
 
 
 
 
 
 

Fig. 1. Location map of the study sites in Metro Cebu, Philippines. (Base Map Source: MapPoint.net- a Microsoft Corp.) 
 

2.2 Measurements of ambient NO2 and SO2  
 

Diffusion tube samplers are used for collecting air samples from the selected study sites. The samplers 
were prepared using triethanolamine method for NO2 and lead dioxide method for SO2. Details on the 
preparation of the samplers are found elsewhere (Harrison and Perry, 1998; Azad and Kitada, 1998). 
These samplers collect SO2 and NO2 via molecular diffusion. For NO2 collection, the samplers were 
exposed in the ambient air for 24 hours every once a week for a period of six months. In the case of SO2, 
the sampling was carried out once a month for a period of nine months. The retrieved samplers were 
immediately brought to the UP Cebu College Environmental Science Laboratory for analysis. The NO2 in 
the samples were analyzed using UV spectrophotometry at the wavelength of 545 nm and by using 
turbidimetry for SO2. Details of the analytical procedure can be found elsewhere (Harrison and Perry, 
1998; Azad and Kitada, 1998).  

The samplers were calibrated using the a Differential Optical Absorption Spectroscopy (DOAS) system 
installed at the University of the San Carlos by the Environmental Management Bureau of the Department 
of Environment and Natural Resources.  

 
2.3 Measurements of NO3

- and SO4
2- in precipitation 

 

The precipitation samples were collected at 15-day intervals for period of three months using a wide-
mouthed improvised plastic cylinder-shaped bucket which was installed in the rooftop of a residential 
house in each of the three precipitation sites, away from any overhanging obstructions that might 
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intercept the rain or cause splash into the collector. The pH of the samples was measured on time of rain 
event using a pH pen and the rainwater samples were then collected and kept in a refrigerator for 
preservation until the time of chemical analysis. For nitrate analysis, the colorimetric method was used to 
determine the nitrate content of each sample using an Atomic Absorbance Spectrophotometer and for 
sulfate analysis, the turbidimetry method was used.  

 
3.  Results and Discussion 
 
 

3.1 Temporal Variation of Ambient NO2  
 

Fig. 2 shows the temporal variation of ambient NO2 concentration in eight stations during the period from 
December 15 to January 17 in Metro Cebu. This temporal variations are attributed to the fact that once 
NOx is released into the atmosphere, its compounds undergo a series of photochemical transformations 
involving volatile organic compounds (VOCs) that form a variety of oxidants such as ozone, O3, hydroxyl 
radical, OH, and hydrogen peroxide, H2O2 (Stein and Lamb, 2000). The variability of ambient NO2 
concentration in the atmosphere is governed by the strength of NOx emissions and meteorological 
conditions (Tayanc 2000, Azad and Kitada 1998). Thus, the consistently higher concentration in Jones 
which is a very busy area in terms of vehicular traffic, suggests high emissions of NOx from vehicular 
sources passing to and fro in the said road network. The results also show a consistent trend as far as 
the second week of June is concerned where the concentration is highest which could be explained by 
the fact that June 2 is the opening day of classes; this would mean high volume of traffic, which in return 
causes high emission of NO2 from vehicular sources (Tayanc 2000, Azad and Kitada 1998). However, UP 
station recorded the highest peak that occurred on March 24-25. This could be attributed to the heavy 
traffic that happened along the Gorordo Avenue in the afternoon of March 24. In addition, the NO2 in 
Jones area (SS 04) consistently exceeded the maximum acceptable level of 80 ppb in 24-h averaging 
time as set by the Clean Air Act of 1999. Statistically, the mean difference of the measured NO2 
concentration and that of the standard value differ significantly, which would further indicate that Jones 
Avenue area is possibly polluted. 
 
 

�

� �

�

���

��� ���

���

���

��� ���

���

���

��� ���

���

���

��� ���

���

�	���

�	��� �	���

�	���

�	���

�	��� �	���

�	���

�
���

�
��� �
���

�
���

�	���

�	��� �	���

�	���

D
ec

 1
5-

16

D
ec

 1
6-

17

D
ec

 2
2-

23

D
ec

 2
3-

24

D
ec

 3
0-

31

Ja
n 

6-
7

Ja
n 

13
-1

4

Ja
n 

21
-2

2

Ja
n 

28
-2

9

Fe
b 

4-
5

Fe
b 

10
-1

1

Fe
b 

17
-1

8

Fe
b 

24
-2

5

M
ar

 3
-4

M
ar

 1
0-

11

M
ar

 1
7-

18

M
ar

 2
4-

25

M
ar

 3
0-

31

A
pr

 7
-8

A
pr

 1
4-

15

A
pr

 2
1-

22

A
pr

 2
9-

30

M
ay

 5
-6

M
ay

 1
2-

13

M
ay

 1
9-

20

M
ay

 2
6-

27

Ju
n 

2-
3

Ju
n 

9-
10

Ju
n 

16
-1

7

��

�� ��

��





 





���

�

�

�

���

�

�

�

���

�

�

�

���

�

�

�

�	��������� ����� �	 "!	# �	��� $ %&��'

(	!
)+*+% ����)+,����-* ./�

01$ 23�"!
24� 5�6 .�����)+,���24,

 
Fig. 2. Temporal variation of NO2 concentration at eight sampling stations. 
 

Fig. 3 shows difference between the concentration of NO2 in remote and urban areas. The urban sites 
have relatively high NO2 levels compared to the remote areas. These results suggest that there is a 
decrease in NOX as one moves toward more remote regions (Seinfeld and Pandis 1998).  This decrease 
is attributed to the increasing chemical conversion of NOx to organic nitrates (principally PAN) and to 
inorganic nitrates (principally HNO3) with increasing distance of the site from major anthropogenic 
sources (Seinfeld and Pandis 1998). The consistently higher values in the urban sites show the fact that 



   

the possible sources of NOx are found in the urban area where most if not all, industries and motor 
vehicles are found. In the case of Malubog and Taptap areas albeit there are no NOx emissions being 
remote areas, the NO2 concentrations in these areas represent the transported secondary NO2 from the 
urban sources. It can be speculated that O3 level in these areas is high as NO2 is transformed into O3 as it 
is being transported (Chang et al. 1989, Seinfeld and Pandis 1998). 
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Fig. 3. Average NO2 concentration in urban and remote sites. 

 
Fig. 4 shows the mean concentration of NO2 in each site plotted in relation to the Philippine standard 

value of 80 ppb. The results show that Jones area consistently exceeded the maximum allowed value in 
24-h averaging time as set by the Clean Air Act of 1999. This is because the samplers in Jones station 
were installed near the intersection of the main highway, i.e., at the corner of P. del Rosario St. and 
Osmena Blvd., where it is considered the bottleneck of the traffic in the downtown area. Statistically, the 
mean difference of the measured NO2 concentration and that of the standard value differ significantly, 
which would further indicate that Jones Avenue is possibly a heavily polluted area. 
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Fig. 4. Mean NO2 concentration in each site compared to standard value. 

 



   

3.2  Spatial Distribution of NO2 
 

Fig. 5 shows the average spatial variation of NO2 concentration in relation to the wind speed. As seen in 
Fig. 5, the concentration of NO2 in Talisay could have been influenced by the transport of slow moving 
NOx from the interior part of Cebu City as the slow wind blows from Northeast (NE) direction in the 
months December-May. Again, the appreciable values at the remote sites could also be attributed to the 
pollutants being transported at low speeds (Seinfeld and Pandis 1998, Lutgens and Tarbuck 1995, 
Tayanc 2000). 
 

 
 

Fig. 5. Average spatial variation of NO2 concentration from December to May. 

 

3.3  Temporal Variation of Ambient SO2 
 
 

Fig. 6 shows the temporal variation of ambient SO2 concentration in eight stations during the period from 
December to September in Metro Cebu. Although there are gaps in the data set due to the missing 
samplers, the 24-h monthly variation of SO2 shows some trends. This temporal variation is primarily due 
to the variation of the emission of primary SO2 from vehicular and industrial sources (Azad and Kitada 
1998) and meteorological factors such as wind speed, wind direction and inversion height (Tayanc 2000). 
Also, when SO2 is emitted into the atmosphere, it could be washed out either directly in a gas form or in a 
form of acidic compound of sulfate (Seinfeld and Pandis 1998). The way SO2 respond to the present 
meteorological conditions is quite different from NO2 in the sense that the former is not highly reactive 
compared to the latter (Seinfeld and Pandis 1998, Chang et al. 1998). Thus, SO2 is found to undergo 
long-range transport (Chang et al. 1998, Kitada et al. 1993). This means that SO2 could reach to some 
areas far downwind of the emission sources in the form of secondary SO2 and sulfates (Kitada et al. 1993, 
Kitada et al. 1999). And once sulfates are washed out by precipitation, it becomes the so-called acid rain 
(Chang et al. 1998, Kitada et al. 1993, Kitada et al. 1999, Wark and Warner 1981, Lee et al. 1999, 
Seinfeld and Pandis 1998). It is also evident from the results in Fig. 14 that SO2 could be influenced by 
wind speed and when the wind speed is low, SO2 concentration is high (Tayanc 2000). 

Fig. 7 shows the comparison between the monthly 24-h SO2 concentrations with the standard value of 
70 ppb as embodied in the Philippine Clean Air Act of 1999. Using a simple one-sample t-Test at 0.05 
level of significance, result shows that the concentration of SO2 in the eight sampling stations during the 
study period did not exceed the standard set by the above guideline. Although the mean concentrations 
of SO2 in ambient air of Metro Cebu exceeded the background level they were still below the 0.07 ppm 
standard for SO2. The mean difference of the measured SO2 concentration from the eight stations and 
that of the standard significantly differ with computed p < 0.05.  This means that all the areas have 
significantly lower SO2 concentration than the one set by the Clean Air Act of 1999. In general, the results 
show that none of the sites exceeded the maximum value. Therefore, the results suggest that Metro Cebu 
is not yet heavily polluted with SO2.  
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Fig. 6. Temporal variation of SO2 concentration in Metro Cebu from December to September. 
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 Fig. 7. Mean SO2 concentration from December to September. 

 

3.4  Spatial Distribution of SO2 
 

Figs. 8 & 9 show the average spatial distribution of NO2 concentration in relation to the wind speed from 
December - May and June – September, respectively. The spatial variation of SO2 in Metro Cebu could 
be explained by the variation of primary SO2 emissions from large-point sources. Over 65% of sulfur 
dioxide released into the air comes from electric utilities, especially those that burn coal (Legge and 
Kruppa, 1990). In Metro Cebu, big coal burning facilities that are large point sources of SO2 are located in 
Naga (Salcon Coal-Fired Power Plant) and in Toledo (Toledo Coal Thermal Plant, now Global Power) 
and cement plants like Taheiyo Cement and Apo Cement Corporation. Although ndustrial plants are also 
found in Mandaue and Lapulapu City (Cement Corp and Caltex) that contribute to the level of sulfur 
dioxide in the air, their emissions are not as large as those coming from coal-fired power plants.  

As shown in Fig. 10, the prevailing wind pattern during the months of December to May came from the 
North East (NE) directions, i.e., the average wind direction blows from Mactan and Mandaue areas to 



   

Cebu City. Industrial plants found in these parts emit a total load of 5.77 tons of SO2 per day while those 
facilities in Naga and Toledo City emit around 26 tons of SO2 per day (Table 1). This suggests that the 
amount of SO2 emitted into the atmosphere by the industries in Mactan and Mandaue would be lesser 
than those contributed by the coal burning plants in Toledo. As indicated in Fig. 16, during the sampling 
months (January to April) when the prevailing wind came from the North East (NE) directions, the level of 
SO2 found in Cebu City was significantly lower than those measured during the months of June to 
September (Fig. 17) when the prevailing wind came from the West Southwest (WSW) of Cebu City (i.e., 
� Toledo� Naga� Talisay� Cebu City). In the latter’s case, SO2 emitted by the thermal plants in Naga 
and Toledo City could be transported over to Cebu City from June to September and thus may have 
caused the elevated SO2 concentration in the air during this period.  During the June-September sampling 
period, Talisay City has comparatively higher level of SO2 with the wind direction coming from WSW. This 
implies further that the ambient SO2 in Talisay could have been influenced by the transported SO2 from 
the large point sources located in Naga and Toledo areas confirming the ability of SO2 to be transported 
over long distances (Kitada et al. 1993, Kitada et al. 1999, Chang et al. 1998). 
 

 
                  
Fig. 8.  Average spatial distribution of SO2 concentration from December - May. 
 

 

 

 

Fig. 9.  Average spatial distribution of SO2 concentration from May - September. 
 



   

Table 1.  Distribution of industries and pollution load in Cebu province. 

Town/City SO2 Emission 
(ton/day) 

No. of  Industries 

Mandaue City 
Lapulapu City 
Cebu City 
Talisay City 
Naga City 
Danao City 
Consolacion 
Liloan 
Minglanilla 
Balamban 
Compostela 
Toledo City 

3.4300000 
2.3400000 
1.9800000 
0.0071200 

11.0800000 
0.3300000 
0.0005070 
0.0520000 
- 

0.0000082 
0.0480000 

14.6600000 

226 
145 
48 
20 
15 
7 
7 
7 
5 
5 
4 
3 

Source: DENR-7, Banilad, Mandaue City. 
 

The results also show that the Jones sampling site (SS 04) has higher overall concentration of SO2 
through out the entire sampling period despite the fact that the sampling station in Mandaue  closer to the 
industrial plants. This is probably because Jones Ave. is the busiest street in Cebu City since most traffic 
converges at the corner of P.del Rosario St. (along the main highway). Its vehicular density is 
considerably higher than those of Malubog (SS 07) and Taptap (SS 08) and SM (SS 03) sampling 
stations. From Figs. 5, 8, & 9, it can be seen that Cebu City is the immediate impact area of air pollutants 
from the industrialized cities of Mandaue and Lapulapu since Jones Ave. is located in the central part of 
Cebu City, and one of the areas that will be affected by the transported pollutants. Since the prevailing 
wind comes from the North East during the December – May period and West Southwest during the June 
- September sampling period, this could mean that the winds with air pollutants coming from Mandaue - 
Lapulapu and Toledo – Naga areas were blown towards Cebu City thus increasing the level of SO2 in 
Jones Ave. all throughout the sampling period, confirming the transportability of SO2 by wind (Kitada et al. 
1993, Kitada et al. 1999, Chang et al. 1998). 

Moreover, the results show that the remote sites (SS 07 & SS 08) have consistently higher levels of 
SO2 compared to the uptown station UP (SS 06).  The SO2 concentration at the remote sites could have 
been influenced by the transport of primary SO2 from the interior part of the domain or from south-west 
side of the study area where there are eminent large point sources of SO2 (such as Salcon in Naga, 
Global Power in Toledo City and cement factories) and industrial plants on the north-east side of Cebu 
City.  

 

3.5 pH and NO3
- and SO4

2- concentrations in rainwater samples  
 

Fig. 10 shows the mean pH of rainwater samples which indicates that the precipitation of the three sites in 
Metro Cebu were not acidic but rather alkaline. A possible inference for these results is the presence of 
major neutralizing chemical species in the atmosphere such as NH3 and CaCO3 (Krupa 2002). Rastogi 
and Sarin (2005) documented the dominance of Ca+ and HCO3

- (derived from dust sources) in rainwater 
samples over an urban site (Ahmedabad) located in a semi-arid region. In such scenario, HCO3

- acts as a 
dominant neutralizing species of the ambient aerosols.  
  Fig. 11 shows the mean nitrate concentration in rainwater samples in Metro Cebu. A simple t-test shows 
that the concentration during daytime differ significantly with those collected during nighttime in sites 1 
and 2. The nitrate concentrations of rainwater samples collected in site 3 do not differ significantly. This 
difference could be explained by the fact that air pollutants in the area consist of vehicular and industrial 
sources. The motor vehicles which are the major sources of NOx, are relatively higher in volume during 
day time at site 3 (being located at the heart of Mandaue City) compared to sites 1 & 2. Mandaue City 
hosted the highest number of industrial complexes (Table 1) which are potential sources of NOx for 24 
hours since most of these companies operate in 24 hours, thus accounts to a more or less the same 
nitrate concentration during daytime and nighttime. 
 



   

 

é

ê

ë

ì

í

î

ï

ð

ñ

é	ò

é ê ë

óõôGöø÷qù ú û�üýó_ú þ�ÿ��

�

��

�

�

�

� ô
	+þ�ú öýÿ

� ú ü
��þ4þ&ú öýÿ

 
 

Fig. 10.  Mean daytime and nighttime pH of rainwater samples 
 
  The relatively high nitrate concentrations of the rainwater samples collected at site 3 also suggests that 
the air pollutants could be coming from mobile, stationary, and area sources. Metro Cebu hosts at least 
70% of the industries in Region 7 and most of these are located in Mandaue City (site 3). In sites 1 and 2, 
the major source of NOx emissions are vehicles wherein their relative concentrations do not differ 
significantly. 
  Table 2 shows a comparison on pH values and nitrate concentration values of this study and other 
studies conducted in other countries, which have more or less comparable climate conditions. This 
suggests that the nitrate concentration values from this study fall within the range of the other two studies. 
 
Table 2. Range of pH and NO3

- values as compared to other countries. 
 

 This study Rastogi and Sarin 
(2005a) 

Al-Khashman (2005) 

Study Site Metro Cebu Semi-arid region in India Eshidiya area, Jordan 
pH 6.9-8.5 5.2-8.2 5.33-7.90 
NO3

- (� eq/L) 14.68-100.16 1.0-115 50.96-76.44 
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Fig. 11.  Mean daytime and nighttime concentration of nitrate. 
 



   

  Fig. 12 shows the mean concentration of sulfate in rainwater samples. It shows that daytime samples 
have higher mean sulfate concentration than nighttime values among the 3 sites. This could be due to the 
fact that there are more human activities during daytime which could affect the concentration of the 
sulfate. Table 3 shows the range of pH and sulfate concentration values in comparison to a study in India. 
The pH and sulfate concentration in this study is within the range to that of Rastogi and Sarin (2005). 
 

Table 3. Range of pH and SO4
2- values as compared to India 

 

 This study Rastogi and Sarin (2005a) 
Study Site Metro Cebu Semi-arid region in India 
pH 6.9 – 8.5 5.2 – 8.2 
SO4

2- (� eq/L) 120.55 – 376.22 4.80 – 431.00 
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Fig. 12.  Mean daytime and nighttime concentration of nitrate. 

 
Fig. 13 shows the SO4

2- / NO3
- equivalent ratio. The sulfate to nitrate equivalent ratio for the 3-month 

data ranged from 2.77 to 8.08. The results suggest that the sulfate is the dominant acidifying component 
in the rainwater samples in Metro Cebu. Hence, the acidity transported in the 3 sites is primarily in the 
form of H2SO4 rather than HNO3 (Rastogi and Sarin, 2005). Stein and Lamb (2003) stated that under the 
low NOx regime (daytime), the rate of radical production is higher the the rate of NOx emissions and NOx 
is removed by the formation of nitric acid, leaving an excess of radicals to recombine to form peroxides. 
However, these excess radicals are being used up for sulfate formation. Thereby during daytime, there is 
a low nitrate production and high sulfate formation. On the other hand, under high NOx conditions 
(nighttime), production of free radicals is not sufficient to remove all the NOx since there will be no excess 
free radicals for sulfate production. 

In site 1 and site 3, the graph shows that the sulfate to nitrate equivalent ratio during nighttime is 
relatively lower daytime. This is probably due to the fact there is high nitrate production during nighttime 
and low sulfate formation. Thus, low sulfate concentration and high nitrate concentration leads to a lower 
ratio. However, this is not the case in site 2. Despite that nitrate concentration is expected to be higher at 
night, it could also be that NOx emissions are very minimal that there are still enough OH radicals for 
sulfate formation. Thus, the equivalent ratio is higher during nighttime than daytime. The results also 
indicate that there is a possible transport of pollutants in the form of sulfate to remote areas. According to 
Kahn (1985), the prevailing winds can carry these pollutants over long distances before they fall as wet or 
dry deposition. These results suggest that sulfate is a stable chemical species and is capable of long 
range transport.  
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Fig. 13.  SO4
2- / NO3

- Equivalent Ratio. 
 

 
4. Conclusions 
 

Measured ambient NO2 concentration show temporal variations with Jones sampling site consistently has 
the highest value. The mean difference of the measured NO2 concentration and that of the standard value 
differ significantly which would indicate that Jones Avenue is NO2-polluted area. Spatial variation of NO2 
concentration show that the urban sites have relatively high NO2 levels compared to the remote areas 
which suggest that there is decrease in NOX as one moves toward more remote regions. This decrease is 
attributed to the increasing chemical conversion of NOx to organic nitrates (principally PAN) and to 
inorganic nitrates (principally HNO3) with increasing distance of the site from major anthropogenic 
sources. The consistently higher values in the urban sites also show that the possible sources of NOx are 
found in the urban area where most if not all, industries and motor vehicles are located.  

Although there are gaps in the data set due to the missing samplers, the SO2 concentration shows 
temporal variation which could be attributed to the variation of the emission of primary SO2 from vehicular 
and industrial sources as well as the influence of meteorological factors such as wind speed and wind 
direction. Results show that the mean difference of the measured SO2 concentration from the eight 
stations and that of the standard did not differ significantly which means that all the areas have 
significantly lower SO2 concentration than the one set by the Philippine Clean Air Act of 1999. The results 
also show the possible influence of the large point sources (coal-fired power plants and cement factories) 
to the ambient SO2 concentration both in the urban and rural sites. 

The pH values of rainwater samples in Metro Cebu could have been influenced by an acid neutralizing 
agent naturally present in the atmosphere such as limestone dust (a potent source of calcium carbonate) 
which can be transported by wind. Finally, the SO4

2- / NO3
- equivalent ratio ranged from 2.77 to 8.08 

which suggests that SO4
2- is the dominant acidifying component in precipitation in Metro Cebu. These 

sulfate levels are comparable to the values measured in Ahmedabad, India (Rastogi & Sarin, 2005) which 
could potentially impact the local climate in the area. 
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