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Abstract: 
Green house gas (GHGs) and particulate emissions are considered as one of the major issues in recent years 

from municipal solid waste dumping sites. Open burning is also very common, which emits plenty of volatile 

organic compounds and pose serious threat to the associated environment. Hence, characterization of air born 

pollutants from such dumping environment is necessary at this juncture to develop stringent regulatory rules in 

developing countries. Therefore, the study objective considered to characterize the ambient air samples from 

two municipal solid waste dumpsites viz., Kodungaiyur and Perungudi in Chennai during two different seasons. 

The characterization study showed that dust, black carbon, ammonia, sulphate and nitrate were the major 

species of PM10 and PM2.5. Major metal ions like Al, B, Ba, Cd, Cu, Fe, Ca, K, Mg, Ni, Pb, Sr and Zn were also 

identified in the particulates. Concentrations of particulates were observed to be high during the summer as 

compared to that of monsoon period in both the dumpsites. The respirable particulate matter in air samples 

varied widely between 211 µg/m
3 

and 900 µg/m
3
, and exceeding the upper limits of 150 µg/m

3
 standards 

prescribed by Central Pollution Control Board (CPCB), as well as United States Environmental Protection Agency 

(US-EPA).  The concentrations NOx is much higher than SOx in Kodungaiyur samples. The ambient air samples 

were also contained hazardous organic compounds such as diethyl phthalate, decane, dodecane, octane, 

nonane, methenamine, cyclobutane, carbon disulfide and acetone diperoxide.  
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1. Introduction: 
India, a developing country in Asia produces 52,000 

tonnes of Municipal Solid Waste (MSW) per day with 

a per capita generation ranging between 0.1 and 0.6 

kg/day (Inance et al., 2004). Open dumping, which is 

still the most popular way for MSW disposal in 

developing countries, takes up lots of land and leads 

to serious pollution of its surrounding (Ding et al., 

2001; and Mor et al., 2006). They cause bad odors 

and environmental risks due to the emissions of 

green house gas (GHGs) and hazardous organic 

compounds (Tchobanoglous et al., 1993; and Cooper 

et al., 1992). Due to the contribution to greenhouse 

effect and the toxicological relevance, the Landfill 

Gas (LFG) monitoring has becoming the growing 

environmental concern to mitigate the effects. The 

composition and flow rate of LFG depends on social 

factors such as waste composition and generation 

rate, recycling/ reuse practices, physicochemical and 

microbiological conditions such as moisture, 

temperature, pH, nutrient content, microbial  

 

populations and site management factors such as 

type of disposal site, waste processing, leachate 

recycling, and age of refuse (McBean et al., 1995).  
 

Typically, landfill gas consists of 50–60 % of methane 

and 30–40 % of carbon dioxide, and trace amounts 

of numerous chemical compounds and heavy metals 

(Khalil, 1999). Further, it also contains small amounts 

of N2, O2, NH3, H2, CO, H2S and traces of toxic 

substances, including saturated and unsaturated 

hydrocarbons, acidic hydrocarbons and organic 

alcohols, aromatic hydrocarbons (many of them 

Volatile Organic Compounds), halogenated 

compounds, sulfur compounds (such as carbon 

disulfide and mercaptans), and inorganic compounds 

such as mercury (Allen et al., 1997; ATSDR, 2001; 

Taleghani and Shabani-Kia, 2005).  
 

Among them, metal ions and volatile organic 

compounds (VOCs) are considered as very risky 

(apart from NOx and SOx) contaminants due to their 
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acute toxicities, carcinogenicities and non-

biodegradability. Gupta et al. (2007) provided the 

insight of metal ion distribution and their fate in 

different environments. Also, they have compiled 

the toxicity value for various metal ion species based 

on LD50 calculations. Esakku et al., (2003) highlighted 

that the heavy metal causes blood and bone 

disorders, kidney damage and decreases mental 

capacity associated neurological damages in exposed 

human beings. Generally, the two possible sources, 

through which the metal ions are getting into 

aerosols; (i) emission of particulates matters like 

PM2.5 and PM10 contained with metal ions of 

different oxidation states; (ii) open burning/self 

ignition due to methane production from waste 

degradation. Therefore, understanding/ 

characterization of metal ion in particulate matter 

thus important to assess the impact coupled with 

the emissions and to correlate with the bio-

transformation effects.  
 

Similarly, the emissions of some of the trace VOCs 

being originally present in the waste or being formed 

during the biological degradation of the waste is of 

great concern (Brosseau and Heitz. 1994). The level 

of VOC emitted from landfill sites has elicited 

concern due to the toxicological implications for 

workers and neighbouring residents (Deloraine and 

Zmirou. 1995). There are only few published data on 

the VOCs level in ambient air in or adjacent to open 

dump sites (Kgonig et al. 1987; Hodgson et al. 1992; 

Wilkins. 1994) and very less studies were reported 

from developing regions. James and Stack (1997) 

investigated the ambient VOCs at a landfill site with 

and without leachate pool. Thirty-three VOCs were 

identified with 11 of the most hazardous compounds 

quantified Srivastava et al., (2003) also presented 

the screening results of VOCs from indoor and 

outdoor environments (including open dump sites). 

Among them, thirteen VOCs from outdoor 

environments found to be listed as hazardous air 

pollution under “Title III” of the United States 

Environmental Protection Agency (US-EPA) Clean Air 

Act Amendments of 1990. Continuous exposure to 

atmospheric air contained VOCs are harmful to 

health. Moreover, the photochemical activity of 

these compounds constitutes adverse effect to the 

ecosystem (Krol et al., 2010).  
 

Therefore, the present study intended to evaluate 

the extent of the air pollution due to open dumping 

activities, by measuring a number of polluting 

compounds such as Particulate Matters (PM), oxides 

of sulfur and nitrogen (SOx and NOx), heavy metals 

as well as screening of some VOCs using GC-MS. 
 

2. Materials and Methods: 

2.1. Sampling Sites: 
Studies were carried out at two major MSW 

dumpsites in Chennai, one of the metropolitan cities 

in India. The city is located at latitude 13
o
07’ N and 

longitude 80
o
16’E E, with an area of 174 Sq.km. The 

present generation of MSW is about 3,900 t/day and 

the wastes are disposed in either Kodungaiyur or 

Perungudi dumping grounds since 1986 (Figure 1). 

The Perungudi dumping ground (PDG) is low lying 

area and closes to the sea level. It is poorly drained 

and consists of an extensive area of marshy land 

permanently wet and seasonally inundated. The 

current dumping rate is about 2 000 t/day. The total 

area of this site is about 800 acres of which about 

400 acres have been used so far for dumping. PDG 

lies at 12°57’13.5” North and 80°14’5.8” East.  
 

The Kodungaiyur dumping ground (KDG) lies in the 

marshy lands adjacent to the alluvial low lands of 

Korattalaiyar River. The current dumping rate is 

about 1 800 t/day. The total area of this site is about 

350 acres in which about 300 acres are used from 

1987 to till date for dumping. It is located 2.5 km 

east of the Kodungaiyur village. KDG lies at 

13°07’37.6” North and 80°16’48” East. Background 

sample, i.e., samples from non contaminated site, 

was collected from the Indian Institute of 

Technology, Madras (IITM) campus for comparison 

purpose. 
 

2.2. Sample Collection: 
Figure 2, depicts the sampling approaches in 

contaminated dumpsites. Two sets of air samples 

were collected from KDG respectively during 

summer (April) and monsoon (July) periods. 

Whereas, the samples were collected only during 

summer (March) at PDG. Stacked Filter Unit (SFU) 

(Hopke et al. 1997), was used to collect the 

particulate matter in two size fractions (between < 

2.5 µm and < 10 µm). The particulate matter was 

collected on 47 mm diameter cellulose nitrate filter 

paper mounted on aerosol filter holder having inlet 

dispersion chamber to produce optimum particle 

distribution on the surface of the filter. The air was 

sucked through the filter paper at a flow rate of 0.9 

m
3
/h over a period of 8 h/day. The flow rate was 

monitored regularly to check flow reduction due to 

clogging of filter paper. Total running time was 

multiplied with average flow rate to calculate the 



 

Universal Journal of Environmental Research and Technology  

142 
1
Obuli P. Karthikeyan et al. 

volume of air passed through the filter paper. 

Repairable Suspended Particulate Matters (RSPM), 

SOx and NOX were also monitored in KDG using air 

samplers. For VOC analysis, samples were collected 

only from KDG in a gas bladder using portable air 

sampler (Make: Technovation ES-2 air sampler) at 

four different locations viz., ambient air (KDG AS-1), 

leachate pool area (KDG AS-2), area near to the open 

burning (KDG AS-3) and area near to the mining 

activity (KDG AS-4).  
 
 

2.3. Analytical Techniques: 

2.3.1. Particulate Matters: 
Initial and final weights of the filter paper were 

taken and PM (2.5 and 10) was calculated 

individually. Dust and black carbon content were 

calculated from the PM. Particulates absorbed in 

filter paper were extracted using distilled water by 

simple agitation and their chemical analysis such as 

ammonia, sulfate, and nitrate were done as per the 

standard methods (APHA. 1998). In brief, Ammonia-

N was collected using distillation method and fixed 

in a boric acid solution for titration with the 0.02N 

sulfuric acid.  Nitrate ion concentrations were 

measured (at 540 nm) by colorimetric method 

following reduction of nitrate to nitrite using a 

cadmium column. Sulfate was measured (at 420 nm) 

using colorimetric method after precipitation with 

barium chloride.   
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Fig. 1: Location Map of the Sampling Sites (KDG and PDG) in Chennai  
 

 

  
 

Fig. 2: Air Sampling approaches in Open Dumpsites for Vocs and Particulate Matter Characterization 
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2.3.2. Metal Ions: 
Around 0.5g of filter paper with the particulate 

matters were weighed individually in a sterile conical 

flask and acid digested using aqua regia (1:3 HNO3 

and HCl) for total metal ion extractions from PM2.5 

and PM10. Metal ions viz., Ag, Al, As, B, Ba, Be, Ca, 

Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Ni, Pb, Rb, Sb, 

Si, Sr, V, and Zn distribution in the digested, filtered 

and diluted samples were measured using 

inductively coupled plasma with mass spectrometer 

(ICP-MS, Make: Thermoelectron, 10x series).  

 

2.3.3. VOCs: 
Air samples collected in a bladder were immediately 

transferred to the laboratory for the analysis of VOCs 

using gas chromatograph with mass spectrometer 

(GC-MS, Make: Shimadzu, QP-2010) equipped with 

DB 624 capillary column of 30 m length 0.32 mm 

internal diameter and 1.8 microfilm in a split mode. 

Helium gas at the flow rate of 1.5 mL/min was used 

as carrier gas with the split ratio of 1:25. The initial 

column temperature was maintained around 35
o
C 

with the hold time of 3 min. Maximum temperature 

of 240
o
C was programmed after 3 min for retention 

time of 30 minutes. Each peak of chromatogram was 

identified using library and first three mass 

abundance was matched to identify the peaks.  

 

2.3.4. SO2 and NO2: 
A known quantity of air was passed for 8 hours 

through the impinger containing known quantity of 

absorbing solution (Sodium Tetrachloro Mercurate). 

The absorbed solution forms a stable colour complex 

of dichlorosulphito mercurate with p-rosaniline 

hydrochloride. The intensity of color developed was 

measured using colorimeter at 560 nm (West-Gaeke, 

1956). For NO2, a known quantity of air is bubbled 

for 8 hours through impinger containing NaOH 

solution, forming a stable solution of sodium nitrate. 

The nitrate ion produced during sampling is 

determined colorimetrically at 540 nm using 

sulphanilamide and NEDA (Jacob and Hochheiser, 

1958). 

 

3. Results and Discussion: 

3.1. Particulate Matters (PM2.5 and PM10): 
Distribution of particulates in ambient air samples 

collected from KDG and PDG are presented in Table 

1. The study results portrait that the dust, black 

carbon, ammonia, sulphate and nitrate are the 

major species of PM10 (inhalable particles) and PM2.5 

(fine particles) in both the dumping grounds and 

were observed as high compare to that of 

background concentrations. The particulates play a 

major role in environmental problems such as 

climate change and visibility impairment in near by 

areas of both the dumping grounds. In KDG samples, 

the concentration of dust in PM10 is high (297.66 

µg/m
3
) and other radicals such as black carbon, 

ammonia, nitrate and sulphate concentration are 

also high compared to that of PDG samples. It is 

mainly due to the open burning, vehicular 

movement in and around the dumping ground, near 

by industrial activities, and wind speed, directions 

could be the possible reasons.  

 

Concentrations of particulates are observed to be 

high during the summer compare to that of 

monsoon period in KDG. The RSPM level in KDG 

samples are around 211 µg/m
3 

and 900 µg/m
3
 

recorded during summer and monsoon periods, 

respectively and exceeding the limits of standards 

prescribed by Central Pollution Control Board (CPCB. 

2000), India, for both residential and industrial 

activity (i.e., 100 µg/m
3
 for residential and 150 

µg/m
3
 for industrial area), as well as US-EPA (1999 – 

2004) regulatory limits (max – 150 µg/m
3
).  Exposed 

peoples may be at risk and may face serious chronic 

health hazard problems since it has been well 

proven by researchers that there was direct 

correlation between air pollutants and morbidity 

and mortality rate (Bobak and Feachem. 1995; 

Anderson et al., 1998; Hong et al., 1999 and 

Schwartz et al., 2001). For example, a case report 

from North America found increased incidence of 

cancers of the liver, kidney, pancreas (Goldberg, 

1999). In contrast, there was no link found between 

the birth rates or health defects and nearby landfill 

activities was reported by various authors (Redfearn 

and Roberts, 2002,  Dummer et al., 2003, Morris et 

al., 2003, Palmer et al., 2005).  

 

The cumulative pollution load (i.e. sum of all metal 

ions and radicals viz., dust, black carbon, ammonia, 

sulfate, nitrate etc.) in PM10 of KDG samples were 

calculated around 457 µg/m
3
 and 538 µg/m

3
 

respectively for summer and monsoon periods. For 

PM2.5 the calculated pollution loads are 210 µg/m
3
 

and 148 µg/m
3
, respectively for summer and 

monsoon periods. The inhalable particulates 

exhibiting less pollution load during summer, and 

fine particles exhibiting during monsoon in KDG. In 

PDG, the cumulative pollution load of 209 µg/m
3
 and 
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104 µg/m
3
 was calculated for PM10 and PM2.5, 

respectively. Compare to that of KDG samples PDG 

air samples having lesser pollution load. The adverse 

health effects of the various air pollutants on human 

health have been widely reported in literature 

(Moldan and Schnoor. 1992; Boubel et al., 1994; 

Bobak and Feachem. 1995; Jelinkova and Branis. 

2001; Benedetti et al., 2001 and Brauer et al., 2001). 

The better-known health effects due to particulate 

matters like respiratory diseases and reduces 

visibility was reported (Ponka et al. 1993). Other 

health problems investigated includes, irritation of 

the skin, nose and eyes, gastrointestinal problems, 

fatigue, headaches, psychological problems and 

allergies (compiled in Rushton, 2003). But, most of 

the published epidemiological studies related to 

landfill exposure were based only on distance but 

not on factors like, site-specific operations, 

dispersion of pollutants, characteristics of pollutants 

and climatic conditions (Dolk, 2002 and Foster et al., 

2006). 

 

3.1.1. Distribution of Metal ions:  
Distribution of metal contents in PM10 and PM2.5 of 

KDG and PDG samples are presented in Figure 3. Air 

samples collected from both the dumping grounds 

viz., KDG and PDG, had metal ions like Al, B, Ba, Cd, 

Cu, Fe, Ca, K, Mg, Ni, Pb, Sr and Zn and similar study 

results were reported elsewhere (Ahmed et al., 

2011). Among the other metal ions Ca is the most 

predominant ion in both PM10 and PM2.5 from KDG 

and PDG samples. Heavy metals such as Pb and Zn 

concentrations in PM10 of PDG sample are high 

compared to that of other metal ions. Except Pb and 

Zn, other ions are recorded as high concentrations in 

KDG samples. Mixing of household hazardous 

wastes, electronic waste, biomedical waste, and 

automobile waste are expected to be the major 

sources for heavy metal content in any dumpsites 

from developing countries. From our previous study 

results, it was clear that the fresh MSW contained 

lesser metal contents than that of partially 

decomposed waste in both the dumping grounds 

(Esakku et al., 2008). It can be discuss with the total 

mass reduction in terms of waste stabilization 

without any change in the amount of inorganic 

contents especially heavy metal ions. Therefore, 

these dumpsites were act like a reserve for the 

heavy metal ions and later create a great 

environmental burden when emitted into air, soil 

and water environments. Also, as stated earlier, 

burning of MSW is becoming an important 

atmospheric source of metals like Zn, Fe, Pb, As, Cd, 

Cu, Mg, Ni and Ag in both the dumping grounds and 

supported by Ahmed et al. (2011). In additions, 

vehicular movements, mining activities and other 

additional activities in dump sites may contribute to 

the particulate emissions with metal ions to the 

atmospheric environment.  

 

 

Table 1: Distribution of Particulates in Ambient air of Dumpsites 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All values are in µg/m
3
; *Average values (n = 6 for KDG; n= 3 for PDG) based on 24 hour sampling 

Particular

s 

PDG* KDG* 

Background 

(IITM 

campus) 

CPCB (2010) 

PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 
For industrial,  

residential and rural areas 

Dust 
88.39 

(±2.0) 

35.86 

(±1.5) 

297.66 

(±4) 

44.69 

(±2.0) 

46 

(±0.5) 

15 

(±0.2) 

- 

Black  

Carbon 

11.18 

(±0.5) 

5.44 

(±0.2) 

21.88 

(±0.8) 

10.72 

(±0.5) 

6.0 

(±0.1) 

4.0 

(±0.1) 

- 

Ammonia  
5.99 

(±0.3) 

2.58 

(±0.2) 

11.48 

(±0.3) 

4.42 

(±0.1) 

1.0 

(±0.1) 

0.9 

(±0.05) 

400 

Nitrate 
21.91 

(±0.5) 

13.70 

(±0.3) 

51.71 

(±0.8) 

35.14 

(±0.5) 

4.0 

(±0.2) 

1.1 

(±0.1) 

- 

Sulphate 
48.09 

(±0.6) 

30.02 

(±0.4) 

73.82 

(±1.5) 

54.83 

(±0.9) 

3.0 

(±0.1) 

0.5 

(±0.02) 

- 
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Figure 3: Distribution of Metal Ions in PM10 and PM2.5 of Dumpsite Samples 

 

The higher concentrations of metals viz., Na, K, Ca, 

Mg and toxic elements like Pb and Zn should be 

taken into consideration. As per the world health 

organization (WHO) air quality guidelines, the 

potential pollutants which are of concern for public 

health were Ni and Pb with the maximum 

permissible limit of 0.5 – 1.0 g/m
3
 (WHO. 1987). The 

Pb concentration is lesser than the prescribed limits 

in KDG and PDG, but still it may pose health risks to 

the nearby living habitats when they continuously 

exposed and bio-accumulated. Major symptoms 

associated with Pb pollution are that it damages 

central nervous system; disrupt the pathway of 

heame synthesis in exposed workers (Harrison and 

Laxen, 1981). Elements such as Cl, Cr, Ni, As and Br 

are also known to be toxic (Arowolo, 2004; and 

Aposhian. 1989), however, at present no permissible 

limits defined for these elements in atmospheric 

environment.  

 

Metal exposure occurs from many exposure routes 

(inhalation, ingestion, skin transfer, transplacental, 

parenteral), and health effects in humans have been 

reported for almost all the heavy metals. Several 

review articles have emphasized the exposure of 

general population to toxic metals such as Ni, As, Cr 

and Cd (Bencko. 1983 and Faroon et al., 1994). But 

the toxicity level depends on the age and sex of the 

human beings for different metal ion species. Gupta 

et al. (2007) highlighted that the metal ions released 

into the atmosphere were mainly spread over a large 

area depending on the temperature, humidity, wind 

speed, etc. To support with that, the study results 

from dumpsites Abis and El-Montaza, Egypt showed 

highest metal concentrations near to the sites and 

diluted in 500 m distance (Ahmed et al., 

2011).Therefore, it is very clear that the living 

habitats in and around the dumping grounds may 

get expose to higher concentrations than the 

background levels of these hazardous metals and air 

pollutants. Also, there were possibilities for other 

people to get expose to the air pollutants due to 

carrying capacity of wind and particulates mainly 

governed by the climatic factors.  

 

The information about metal exposure to general 

population in developing countries appears to be 

inadequate, and the environmental levels of toxic 

metals were expected to rise in similar cases. These 

uncertainties may be reduced by incorporating 

detailed site-specific data acquisition i.e., waste 

characteristics, decomposition rate, metal contents, 

site specific operation details along with the local 

climatic factors (wind speed, temperature, etc), for 

using it in dispersion modeling (Pierce and Stege, 

2001, Morcet et al., 2003, USEPA, 2004) and 

calibrating it to calculate the overall exposure rate 

(Foster et al., 2006).  

 

3.2. Volatile Organic Compounds (VOCs): 
Total numbers of 9 different VOCs were identified in 

samples collected from KDG samples by primary 
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screening with GC-MS (Table 2). Diethyl phthalate is 

the major organic compound commonly detected in 

four different locations of KDG air samples. Other 

trace organic compounds viz., decane, dodecane, 

octane and nonane were also detected. The main 

emission sources for VOCs in dumpsites may be 

contributed from plastics, pain solvents, oil, cleaning 

and degreasing agents, dry cleaning fluids, etc. A 

study report from the different disposal sites at UK 

measured more than 140 VOCs. Among them 90 

VOCs were almost common in all the seven sites 

(Allen et al., 1997).  
 

Samples collected near to the mining activity at KDG 

detected VOCs like methenamine, cyclobutane, 

carbon disulfide, acetone diperoxide and diethyl 

phthalate. It was reported that this group of VOCs 

were produced predominantly from the direct 

volatilization of these compounds contained in the 

waste, and are less likely to be produced from 

biological degradation process. Mining the waste 

dumps posing risk to the workers due to emitting of 

these VOCs to the atmosphere and also nearby living 

habitats. But, the sampling of landfill gas considered 

as one of the major factor one should consider to get 

a realistic data to make an any conclusions 

(supported by Hamideh, 2002).  
 

3.3. Distribution of SO2 and NO2: 
Very common that the SOx and NOx emissions are 

largely depends on combustion process and most 

important components in particulate matters of 

ambient. In dumpsites, open burning of the MSW, 

which contains sulfur and nitrogen (Watanabe et al., 

2003 and Gohlke et al., 2010), is most common and 

expected to emit SOx and NOx. From the present 

study, the concentrations of SO2 varied between 10-

15 µg/m
3
, where as the NO2 was much higher, 40–50 

µg/m
3
 in KDG samples (Figure 4). The high 

concentrations of SO2 and NO2 emissions during 

monsoon seasons were mainly due to the enhanced 

waste degradation within the fills due to rainwater 

percolation. But, the SO2 and NO2 levels were well 

within the limits of CPCB (80 µg/m
3 

–residential, 

rural and other areas; 120 µg/m
3 

for industrial area – 

same for both SO2 and NO2) and US-EPA for ambient 

air quality standards. The WHO (1987) guidelines for 

SO2 suggest that for the atmosphere the average 

value on a yearly basis should be 40-60 µg/m
3
, with 

an upper limit of 100-150 µg/m
3
 on a 24-h basis, 

while the OSHA suggest 2 ppm (5.3mg/m
3
). For NO2, 

the WHO (1987) guidelines suggest that 

concentrations should range from 190 to 320 µg/m
3
, 

while OSHA suggests 4.5 ppm (8.46 mg/m
 3

) as a 

limiting value. Even though, the concentrations were 

lesser in KDG and PDG, it may go up with the 

increased waste dumping and burning rate in near 

future. 
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Fig.4: NO2 and SO2 Emission from Dumpsite 

 

The major health effects associated with SO2 

pollutions are irritation of eyes, respiratory diseases, 

increased mucus production, cough and shortness of 

breath reported (Wahi et al., 1992 and Howel et al., 

2001). Irritation of pulmonary tract affecting 

functioning of lungs is the major symptom 

associated with NOx pollution (Wahi et al. 1992; 

Mauzerall et al., 2005). 

 

 

Table 2: Volatile Organic Compounds in Ambient air Samples of Dumpsite 
 

Sr.No. Sample Code Locations VOCs 

1. KDG AS-1 Ambient air at dumpsite 
Diethyl phthalate, decane, 

dodecane, octane and nonane 
2. KDG AS-2 Leachate pool area 

3. KDG AS-3 Open burning area 

4. KDG AS-4 Area near to the mining activity Diethyl phthalate, methenamine, 

cyclobutane, carbon disulfide, 

acetone diperoxide 
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4. Conclusions: 
The study results showed that dust, black carbon, 

ammonia, sulphate and nitrate were the major 

species of PM10 and PM2.5 in both the open dumps 

and were observed as high compare to that of 

background concentrations. The major activities like 

open burning, vehicular movements and other 

mining activities in KDG and PDG were contributing 

to the emission of hazardous pollutants into the 

atmospheric environment were clearly evident. 

Concentration of dust in PM10 of KDG was high 

(297.66 µg/m
3
) and other radicals such as black 

carbon, ammonia, nitrate and sulphate 

concentration in both PM10 and PM2.5 were also high 

in this open dump. The high concentrations of SO2 

(10 - 15 µg/m
3
)

 
and NO2 (40 – 50 µg/m

3
) emissions 

observed during monsoon period in the dumpsites. 

Both the dumps had metal ions like Al, B, Ba, Cd, Cu, 

Fe, Ca, K, Mg, Ni, Pb, Sr and Zn in particulate 

matters. Among the other metal ions Ca is the most 

predominant in both PM10 and PM2.5 in open dumps. 

The Pb concentration is lesser than the disposal 

limits in dumpsite samples, but it may pose health 

risks to the near by living habitats. The open burning 

of MSW in dumpsites was considered as an 

important atmospheric source of metal emissions in 

both the dumping grounds. The qualitative analysis 

of ambient air samples from dumpsite samples 

showed diethyl phthalate is the major VOC among 

the others. Mining activity in dumpsites may emit 

other VOCs like, methenamine, cyclobutane, carbon 

disulfide and acetone diperoxide posing health risks 

to the workers.  

 

Therefore, municipal authorities and government 

agencies should be given more consideration in 

controlling the air pollutant emission from open 

dumpsites either by controlling the open burning 

activities or providing the soil covers on the top of 

the waste with every dumping. Controlled vehicular 

movements and mining activities in dumpsite with 

proper planning should be considered by the local 

authorities to reduce with the associated particulate 

and VOCs emissions. Further, the waste contained 

heavy metals, like electronic waste, house hold 

hazardous waste can be collected and treated 

separately for precious metal recovery before final 

disposal into open dumps. Similarly, the biomedical 

waste should be completely incinerated on-site and 

the ash contents can be further reutilized.  

 

 

5. Future directions: 

Following study points should be considered in near 

future,  

1. The speciation distribution of metal ions in 

particulate matters during different seasons 

along with the SOx, NOx and VOC data can be 

studied. 

2. Photochemical effects and VOCs distribution 

pattern during different seasons can be 

considered. 

3. The risk characterization can be assessed in 

terms of short and long term exposure basis by 

realistic data acquisition. This step combines 

information on exposure and toxicity levels, so 

that can get a chance to understand the adverse 

effects.  

4. New model development for calculating the 

magnitude of effects individually associated 

with the living and non-living things and 

comparing with the realistic data set. 

Geographic information systems (GIS) offer 

promise of enhancing exposure characterization 

in epidemiological studies and can be 

considered. 

5. Development of policy regulations in particular 

with the dumpsite air quality monitoring and 

emissions control aspects.  
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