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Abstract 

This article benevolence a confab on the methodical characteristics of Hydropower—reverie. 

How the hydropower energy converted into electricity. And quantity of produced of able 

energy from hydropower. What is the benefits and disadvantages of the construction of Naltar 

dams, how its impact on environment. This mini project is built on hilly valley of Gilgit-Baltistan. 

What is the aim of these projects built on Naltar River? How much electricity is generated from 

these mini projects? What is Riverine hydropower? Followed by the basic description, 

technology used to transformed hydropower into electricity. A summary of the collection of 

environmental impact on the, communities of peoples plants/animals, and financial factors 

consist in hydropower plants. The article follows by, why hydropower renewable energy source 

is more beneficial as compared with other renewable resources like solar, wind etc. and how 

conventional hydropower technologies have escalation, connected with public and ecological 

ramification. as electricity requirement is recognized as a big issue now a days in PAKISTAN, 

other factors like mechanical (e.g. dependability), financial (e.g. viability),supporting (e.g. Public 

and political issues, public and political contribution), and social (e.g. media description of 

hydropower progress, environmental and common standard) they are essential factors which is 

considerable. 

Keywords: hydropower, hydroelectricity, land use, wild life impact, Life-cycle Global 

Warming Emissions, deforestation, regional development  

1. Introduction 

This article gives careful consideration about the environmental effect of hydroelectric 

power. Hydro power does not directly pollute water and air. However hydro power facilities 

have great environmental impacts by changing the environment and effecting land use, 

homes, natural habitats and global warming. And examine the many important roles that 

play on human society [1]. For example, large  reservoir have been done a massive public 

works, they have  not only built to flood control and also for generating electricity, shipping, 
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water to irrigate the land for cropping  and provide water for  drinking, and they have a lot 

of other aids. The dams are manly constructed to control flood in that area like the 

construction of Naltar projects I, II, III the main aims of these projects is that to control the 

water which comes after the melting of glacier, and the secondary consideration of these 

projects is that to generate electricity which is provided to the local area and reduce the 

short fall of light in Gilgit-Baltistan region. The hydroelectric power plant have a significant 

water storage capacity, being therefore dispatch able [2].The energy which is produced by 

hydropower plant can be stored and used, to certain boundary. This is a very important 

advantage of hydropower plant as compared to other renewable source like wind and solar 

power plants [3].the other advantage of hydropower is that they produced less (negligible) 

amount of greenhouse gases or other noxious emissions[4].Nevertheless, it is not 

constructed only for improving quality of life and advancement. Dames are mainly 

constructed for national and ethical plans. They are considering the noticeable symbols of 

“progress “for a nation now days. The planned hydro power plant Naltar III 16 MWs 

reservoir on the Naltar River in Gilgit is this estimated to need the position of between 

0.016 to 0.018 million people from their homes and homeland. The government is keen to 

progress the region on priority basis, and has planned to construct a number of small and 

mini hydropower projects to encounter existing requirements of agriculture, industry and 

trade on sustainable basis. This region is not connected with national grid and instead, it is 

an isolated network for power distribution and transmission. It has great potential for 

manipulating hydropower, hydro power is renewable form of energy which is more 

feasible, low cost and environmental friendly as compare to other source of energy. 

Presently, there are 98 power projects in process with accumulative installed capacity of 

133 MW; most of them are called mini and minor hydropower plants. They reduced the 

shortfall of electricity up to 50 percent of the population which have access to electricity. 

 

27 hydro power projects are under construction which have total generating capacity is 

248MW [5]. The government planned to installed another 136 mini projects which have the 

total capacity of 500MW on the right bank of Naltar River. Naltar III power project will be 

constructed by heavy mechanical complex which based on advance technology and aiming 

to construct sound bases for indigenous design and engineering, manufacturing and 

technical services. 
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Apparently, the vested benefits have unfulfilled so far the government efforts to support 

the present capacity of local engineering industry to adapt related advanced technology 

[6].The political peoples and engineers which is related with mega-monument projects 

commitment to construct this mini dam. Hydropower sources have no negative impacts on 

environment. The growing deficiency of power in gilgit-Baltistan is uncontrolled due to 

rapid growing population, an amplified cognizance of these effects of dams on ecologies. 

This article tries to present hydropower development and conversation on the technical 

and environmental impacts aspects within the social and political perspective defined in this 

opening. This article has two sections of covering riverin of hydroelectricity resource of 

Gilgit-Baltistan, as whole, has as the generation capacity of hydropower around 22000 MW 

[7] 
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Figure 1.1 show the Eastern, Northern and   Southern Regions of gilgit baltistan 

  

 2. Riverin Hydropower 

Hydropower is a “renewable” energy source for the reason that of its necessity or reliance 

on the solar-driven hydrological cycle of water in a form of rainfall and evaporation. This is 

the only form of energy which is fully developed and not required too much research to 

exploit. It’s required only proper attention and political stabilities [8]. The tools or 

technology which is used to exploited the hydropower is itself-non-renewable, after some 

time period the lost their strength and steadily misplace their water storage space ability to 

settle carried from downstream to upstream. The hydropower plant is considered true 

renewable if it has the potential massive costs to restore archaic dams and consume of the 

sediments. From small power projects removal of sediments may be economically and 

technically easily achievable. Method of reservoir reddening can prevent sediment 

accreting in reservoir at a certain damaging levels. However the performance of these 

reservoirs works only in definite hydrological and geographical conditions.  

The hydrological cycle cycle is driven through sun light fluctuation—the amount of energy 

up to 750 (W/m2) dropping on the water surface. When the sunlight fall on the water 

bodies the molecules of water will evaporate & released or spread into the atmosphere. 

These water molecules make clouds.The water go back to freshwater lakes or the river or 

oceans after consumed the optional energy flows across the lands. For landscape and 

changing of weather required a potential amount of energy which is available in riverine 

hydropower. 

2.1 Technology 

Hydropower generation capacity depends upon the amount of water a head. While the top 

is frequently connected to the height of the dam, a low height dam has a high head if the 

powerhouse with its turbines and generators is situated near to downstream of the dam. 

The major’s equipment’s are reservoirs of water, intake, control gate, penstock Pipes, 

turbine, generator, transformer and outflow of water.
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 figure 2.1 show the equiments used inside a hydropower plant 

 

The “penstocks” is also known as pressure pipes which convey the water from the reservoir 

to turbine and convert the potential and kinetic energy in to mechanical energy. [9] Once 

the water has rotated a turbine it move into the “tail water” beneath the dam via a 

“tailrace” pipeline.

 

Figure 2.2 show the pipes or penstock of hydropower plants. 
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Hydropower plant operating pattern is consist of two types "storage” and “run-of-river.” 

Storage plants have reservoirs, which store rain water during rainy session during round the 

year. Plants with large reservoirs are generally used for generating a relatively higher 

energy. Long time doughtiness of reservoir is harmful because it can reduce power 

generating capacity. Hydro power plant reservoir store water during low demand of power 

and then it allow sharply begin generation during peak load time. The Water Power 

Program funds R&D to isolate test and installed new resources and building techniques to 

improve the performance and reduced the manufacturing costs of hydropower. Program-

funded research applications on resources or electroplating iron material for prevention of 

corrosion and moisture content of turbine runner, penstock, and draft tubes. Research and 

development also concentrate on recognizing and testing techniques to better generation 

capacity and reliability [10].the small reservoir have less space for the storage of water and 

cannot regulate downstream flows of water continuously. The Nalter power plant operating 

pattern is based on storage of water or riverin plants. 

2.2. Energy and Environment Interactions 

Energy is mandatory for human beings for cooking of foods, to rise up or down the 

temperature, etc. in our societies. Energy is required to run locomotive engines and transport 

goods. All mechanical equipment’s required energy to speed up the performance of work and 

run industries and increased the proficiency. [11]They construction of hydropower plants have 

negative consequences on the environment there are 

Flooding of communities, both human and plants/animals 

These dames have released water which sometime create flood in that areas or near to the 

dames. 

The construction of dams includes large amount of water to remain 

Stationary which is the idle breeding ground of routes of diseases such as Schistosomiasis, 

onchocerciasis, malaria fever etc. which are the common diseases found in the people live near 

to dam sites.  

Construction of dames disturbed ecosystem and local wild life. These dams damaged the 

ecosystem.[12] 

By disturbing the timing and volume of the flow of water, nutrients and sediments of 

downstream which are harmful for local habitants, Hydro power dams have great local and 

regional ecological impacts. These impacts result from both existence of the dam and as 

well as operation of dam. These impacts are shown in blow table. 

 

 

 

Commented [AA10]: http://energy.gov/eere/water/hydropow

er-technology-development 

Commented [AA11]: Suleiman Iguda Ladan Number 6 (2013) 
Energy – Environment Interaction: Case Study of 
Northern Nigeria 
Department of Basic and Applied Sciences, 
Hassan Usman Katsina Polytechnic, Katsina State, Nigeria 
Advance in Electronic and Electric Engineering. 
ISSN 2231-1297, Volume 3 pp. 691-700 
© Research India Publications. 

Commented [AA12]: Suleiman Iguda Ladan Number 6 (2013) 
Energy – Environment Interaction: Case Study of 
Northern Nigeria 
Department of Basic and Applied Sciences, 
Hassan Usman Katsina Polytechnic, Katsina State, Nigeria 
Advance in Electronic and Electric Engineering. 
ISSN 2231-1297, Volume 3 pp. 691-700 
© Research India Publications. 

Sample output to test PDF Combine only



Reservoir and dam impacts  Operational impacts of dam due to their 

pattern 

1. Upstream change from river valley to 

reservoir change in downstream hydrology. 

1.deviation of water flow 

2.alteration in downstream  morphology 2. Changes occur in flow when session 

changed. 

3. Seashore due to different sediment load. 3.instibility in flow 

4. Due to change in flow pattern effect on 

nutrients and river temperature, and 

concentration of heavy metals, dissolve 

gases and turbidity. 

4. Change in high and low flow rates. 

5.Diminishing of biodiversity due to 

hindering of movement of organism   

5. Reduction in river in/riparian flood plain 

habitat variety because of eradication of 

flood. 

 

2.3 Land Use 

Hydro power reservoir depends on the size of power generation capacity of project and 

land. The Hydroelectric plants which are constructed on flat areas are needed more land as 

compare to hilly and mountain areas. In valleys, where bottomless reservoirs can hold more 

water in a smaller space. 

At one extreme, the Naltar hydropower plant, which was built in a mountain area of gilgit, 

flooded 200 square kilometers. The hydro power plant of 16W generating capacity is equal 

to more than 150 acres per MW in this area there are three other mini dams are under 

construction which have required 2 acres land which is nearly equal to quarter of an acre 

per MW. 

Hydro power projects have extreme environmental impacts, it destroy forest, wildlife, 

agricultural land and barren land. It also effect entire communities have also need to 

relocate to spare land for reservoir and power plant. 

Sample output to test PDF Combine only



 

 Figure 2.3 Construct Site of Nltar Hel power project 
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2.4 Wildlife Impacts 

Dam reservoirs are used for different purposes; Dammed reservoirs are used for multiple 

purposes, such as flood control, agricultural, irrigation and recreation. The major impact of 

hydro power is on ecosystem such as killing of fish because turbine blades can be injured 

and killed this organism. Wildlife species have been vanished like wolf, markor, leopardand 

birds. Hydro powers after needs the use of dam changes ecosystem and affecting people 

and wildlife. And also population of these areas whose depend on those water. The bottom 

water of dam reservoir is too much cold and not favorable because change in temperature 

decrease supply of oxygen and effect ecosystem composition and thermal shock occur, 

fishes and other organism adapted to particular temperature range can be killed by abrupt 

change In water temperature, education in dissolve oxygen concentration of dissolve 

oxygen decrease when too much cold water. The cold water fish required about 6ppm to 

survive sudden change in temperature is harmful for life of fishes due to lack of 

oxygen[12].some time storage water of dams suddenly release which cause flood and 

create turbidity, this act upset plants. And wildlife habitats effect on supply of water [13] 

Wildlife impacts both within the demand reservoir and downstream from the 

facility.Reservior water is more stagnant than normal river water. Resultantly the reservoir 

will higher than normal amount of sediments and nutrients. Which can cultivate more algae 

and other aquatic weeds? These weeds can crowed out other river animal and plant life, 

and they must be control through manual harvesting or introducing fish that eats these 

plants. 
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 Figure 2.4 Construction site of Naltar Hyde power plant 

 

Reservoir water is more stagnant than normal river water which is more sediment and 

nutrient than normal water. Which cultivate more algae and other aquatic life, these weeds 

and aquatic life can crow out other river animal and plants life. it is very necessary to 

control through manual harvesting or manage by introducing fish that eat these harmful 

plants. Too much water store behind Reservoir River can be dried out. Thus most hydro 

power plants are required to release some water at certain times of year if does not release 

appropriate water the plants and animal will vanished.  Reservoir water is colder than 

normal water. When this water is release it give negative impacts because coldest water 

have lowest dissolved oxygen. 

2.5 Life-cycle Global Warming Emissions 

Normally global emissions are produce during installation and dismantling of hydro power 

plants. Warming emission is also produce during facility operation can also be splendid. 

These emissions greatly depend size of reservoir and land area. 
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In a cold climate the emission of CO2 from hydropower plant is 15g equivalent/kilowatt-hour. 

This is 30–60 times less than the emission of CO2 from fossil fuels plants. 

 

 

Figure 2.5 show emission of methane gas from hydropower plant. 

The capability of hydropower plant of subsidize to climate change the moderation is 

sometime is questionable, mentioning the emission of CH4 and CO2 causing from the 

degrading of biogenic carbon in hydropower plant. [14] Life-cycle emissions of CH4 and CO2 

from huge hydroelectric plants constructed in semi-arid areas are also modest: almost 

release 0.06 pounds of carbon dioxide corresponding per kilowatt-hour. But the life-cycle 

global warming emission of these gases increased when hydropower plants construed in 

hot areas or the weather of that area is much higher. When flood in occur in these areas 

they decomposes the plant and animals and they release a lot amount of methane and 

carbon dioxide. The particular amount of emission of these gases depends on specific 

characteristics of that site. The current evaluations propose that life-cycle emissions can be 

over 0.5 pounds of carbon dioxide equivalent per kilowatt-hour. 
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2.6 Water for irrigation 

The Naltar dam irrigates approximately 500 arcs, land and provides fresh water for drinking 

and irrigation to entire population of Naltar valley. This land was barren before construction 

of Naltar dam.  This dam reservoir provides drinking water for people.beside environmental 

impacts of hydero power has some great significance, they are providing water for irrigation 

for land and this water is sue for sanitary purpose. 

Effect on natural habitat  

Majority of hydro power projects has dam and reservoirs. These structures affect 

fish migration and affect on their population. During operating hydro power plant 

it change water temperature which effect fish life, fish have ability to survival 32 f 

and 6.4 ppm BODs if temperature increase from this life it effect fish. When 

temperature increase dissolved oxygen decrease which cause serious problems 

for fish and also increase toxicity and acidity. Reservoirs and dams of hydro power 

also effect homes, plants and agricultural land. And it also produces green houses 

gases and methane which are excellent heat absorber and cause global warming 

[15] 
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 Dam site  of Naltar power project before construction 

Conclusion: 

Hydropower dams badly effects on our environment because when new dams constructed 

they captured lot of area and great corrosion and deforestation occurs. Due to the 

deforestation global warming is increased and they affected many habitats and their 

survival make impossible. The Naltar hydro power dam effect local population which is big 

task to rehabilitate whole population. But hydro power is comparatively less dangerous fir 

environmental as compare to thermal power and geothermal. They importance of naltar 

power plant they provide fresh water for drinking to the local people to the valley and also 

irrigated their land for cultivation. Before the construction of the dam when they glacier 

melt they create flood in the valley and destroyed a lot of the area due they construction of 

dam the flood is control. This project produces cheap electricity and overcome existing 

crisis of energy in region. They provide electricity to 0.016 million peoples to the valley.  
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Abstract 

Cavitation is generated by high power ultra-sonication in liquids and enhance chemical process efficiency. Dyeing of 
Nanofiber is becoming useful day by day. Dyeing of Nanofibrous web using ultrasonic energy is done. The cellulose-
acetate electrospun in the form of nanofibrous web and converted into cellulose followed by deacetylation. Parameters 
for dyeing optimization were, dyeing time dyeing temperature and concentration of dye. By using ultrasonic energy 
the efficiency of dyeing was increased and successful dyeing of nanofibers took place having enhanced color yield and 
color fastness properties comparing to dyeing method used conventionally without any change in morphology. 
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1. Introduction  
Recently ultrasonic energy is being used to enhance the efficiency of many of the chemical processes. In parallel 
dyeing of nanofibers are also getting more attention because of its novelty these days and recent research in dyeing 
reactive dyeing using batchwise method[3], dyeingof nanofibrous web with dispers- dyes by pad-dry and bake method 
[4], dyeing of nanofibers using cold-pad and batch[5], dyeing of nanofibersusing dual padding process [6] 
polyurethane nanofibrous web were also dyed by pad-dry and bake method [1]. Using ultrasonic energy with batch-
wise method cellulose Nanofiberous web was dyed with a dye namely CI-reactive black 5. Parameters for dyeing 
optimization were, dyeing time dyeing temperatureand concentration of dye.A little change in fiber diameter due to 
ultrasonic energy could be observed in the nanofibers. 
 
2. Experimental 
2.1 Materials and Methods 
Main polymer used is Cellulose acetate (CA) containing acetyle percentage 39.8and having averagemolecular weight 
= 30kDa, Dye CI-Reactive black 5 bissulphato-ethyl-sulphonehaving molecular weight of  991.82 g/mol. Structure as 
shown in fig 1. CA nanofibrous web were produced by elecrospinningand converted into Cellulose using 
Deacetylation process to have pure cellulose nanofibers. 
 
 
2.2Color Measurement  
 
Data color spectrophotometer was used to identify K/S values and below given formula were used. 

……………………….. (A) 

Thus, R = decimal fraction, K = coefficient ofabsorption and S = coefficient of scattering. 
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3. Results and discussion 
 
3.1 Time and temperature influence on color yield  
Process of dyeing nanofibrous web using ultra-sonication method is a unique work that’s why it requires several 
optimizations such as dyeing temperature and time.Optimized temperature  70 °Cat constant time 60 minutes  and 2% 
of  dye used because k/s values were strong and time was optimum at 30 minbecause cavitation  of ultrasound waves 
breaks aggregates of dye and aids to enhance uptake of dye used [2]. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3Influence of  Time Effect on K/S values 
 
 
 

 
3.2Color yield properties of conventional dyeing against color yield of properties of nanofibers. 
K/S values were measured to analyse the influence of different dye concentrations on color yield .Dye concentrations 
were taken as2, 3, 4, 5 and 6%at optimized time and temperature. As the dye concentration was increased it shown 
higher color yield and linear graph determinescellulosic nanofibrous webattainsdye build-up attributes. The results 
achieved by dyeing using ultrasonic energy show higher colorbuild-up than the conservativemethod of dyeing. 

Fig.1Chemical Structures of CI-reactive black 5  

Fig. 2 Influence of Temperature on K/S values 
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Fig. 4Dye concentration effect on K/S values 
 
 
 
3.3Ultrasonic effect on morphology of dyed nanofibrous web. 
Scanning Electron Microscope (SEM) were used to compare the morphological effect on ultrasonically dyed and 
undyed samples. Undyed nanofibrous web in (Fig. 6a) determine smooth morphologywhereas nanofibersdyed 
ultrasonically shown a little increment in nanofiber diameter, surface becomes unevencomparing to undyed samples. 
Ultrasonic energy may be reason for this little morphological change because its energy can swell nanofiber diameter. 
 
 
 
 
 
 
 
 
 
 

Fig. 6Morphology of (a) Undyed Cellulosic nanofibrous web, (b) Dyed cellulosic nanofibrous web 
 
 
4. Conclusion 
Nanofibrous web were ultrasonically dyed with CI-reactive black 5 dye usingbatch-wise dyeing process .Using 
ultrasonic energy enhanced color build-up properties comparing to conventional dyeing process. nanofibers dyed 
ultrasonically shown a little increment in nanofibrous  diameter and the texture on surface becomes uneven against  
undyed samples.  
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Abstract 
 
In the field of building and structural construction, newly developed techniques are being used to develop 
more advance performance of materials. Hence when structures are exposed to adverse climatic 
conditions, they can easily sustain the environmental attack. Polyester resin material is nowadays, 
experimented by researchers worldwide in order to improve structural performance, by using it in generic 
repairs and to fight against adverse environmental actions. This manuscript aims to investigate the 
performance of polyester resin as coating agent on mortar cube specimens against wear and tear of 
natural environment. The casted specimens, were evaluated on the basis of water absorption and 
compressive strength test, while exposed to two different set of conditions i.e. 1) Exposure to ambient 
environment 2) Water. The samples were coated with 0-3 layers of resin. Results reveal that resin 
reduced the water absorption of specimens which ultimately resulted in higher compressive strength. 
Therefore, concluding resin is promising material which can be used in structural repairs, which are 
exposed to adverse environmental wears and tears i.e. rain, wind, extreme temperatures. Overall, this 
experiment will be useful for improving performance of structural material in hazardous environment. 
 
 
©2016“ZainUlAbdin, Sarmad Zaman Rajper, Prof Dr. Hans De Backer Selection and/ or peer-review under responsibility of Energy 
and Environmental Engineering Research Group(EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 

 
Keywords: Polyesterresin; mortar; coating; natural environment; water absorption; compressive strength. 
 
 
1. Introduction 
 
Due to continuous environmental change, and seasonal exposures, structures are facing rigorous 
environmental challenges. In-order to provide practical economical solutions, researchers are 
experimenting on alternative materials which could serve the purpose of sustainable structural 
preservation. These materials include liquid membrane, polyethylene sheets, bitumen coating, 
cementitious waterproofing, and sodium bentonite. But, unfortunately, it cannot be determined from 
previous research techniques, which material yields the optimal performance against environmental 
abrasion. 
 
Polyester resin material is used for its diverse adaptability and versatility in the field of applied industrial 
materials. Moreover resin, has also being experimental and used widely with concrete. Resin concrete is 
used in maintenance and rehabilitation of structures. Resin materials prove to provide water 
impermeability, setting time, handling, casting and setting time (1). Polyester resin has also being usefully 
used to improve mechanical properties of soil i.e. strength and stiffness. To be noted, here in this study 
strength is increased while adding resin (2). 
 
Due to the primary property of resin material of fast setting time, good compressive strength, it is also 
applicable in polymer concrete (PC),  making it a good alternative for cement concrete, having a wide 
application in engineering field of repairs, sanitation, motorways and bridge repair works (3). Epoxy is 
known for toughness, reduced shrinkage property, and easy application. Epoxy resin is used for 
providing high adhesion and binding agent (4). Resin was experiment in water retaining structures as a 
grouting material, and has proven itself as a sustainable material for preventing water loss (5). 
Researchers suggest resin material in the field of environment, since it has wide practical range of 
applications i.e. shrinkage, viscosity, workability, strength, resistance against wear and tear (6). A 
study experiment with supplementary cementitious material (SCM) to foresee possible effect on 
strength and water absorption. SCM has yields higher strength and lower water absorption. (7). 
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Carbonation has a good correlation with water permeability when tested with white and ordinary 
concrete (8).  
To the best knowledge of authors, sufficient research gaps had being identified which emphasis on 
using resin material to foresee its performance in adverse environmental conditions and exposure to 
water. This study aims to improve the life cycle of mortar related structural elements by using resin as 
repair material.  
 
2. Objective and Scope 
 
This manuscript aims to foresee application of resin as coating agent on mortar specimens whilst 
expose to ambient environment and water with an interval of 15 to 60 days. This study aims to 
evaluate the performance with the help of testing the strength and water absorption. Comparative 
comparison is done with specimens without any coat of resin material. Mortar was casted with a ratio 
of 1:6 (cement: sand ratio). Whilst water cement ratio of 0.05 was maintained. 
 
3. Methodology 
 
The detail methodology and experimental design is expressed in Fig. 1. 
 
3.1.1 Selection of Material 
 
The used materials are also explained in the following paragraphs. 
 

 
 
Cobalt: Used for imitating the hardening process. 
Hardener: In this experiment it was used in liquid form. 
Sand: In this experiment, the samples were made which passed through sieve #16. 
Cement: Cement available in market was used known as ordinary Portland cement. 
 
3.2. Preliminary Testing 
 
The hardener and cobalt were applied in a manner, so that a gel time of 30 minutes and solidification 
of 36 hours could be achieve 
 
4. Results and Analysis 
 
4.1. Water Absorption 
 
ThewaterabsorptiontestwasperformedinaccordancewithBS1881, Part122. Triplicate specimens were 
tested for watering after one and sixty days exposed ambient environment and immersed in water. The 
percent absorption is calculated by equation 1. 
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Wa=Percentage of water absorption 
Ww= Weight of wet specimen 
Wd =Weight of dry sample 

Fig 3 and 4, yield the output for water absorption test. During the experiment period (up to 75 days), 
temperature observed to which the specimens were exposed to ambient temperature was as high as 50°C. 
The collected samples were subjected to high temperatures, rain, dust, and wind. The results obtained 
from the experimented specimens (resin layer coating) for water absorption are significant. The results 
provide sufficient evidence a reduction in water absorption is noted with increase of number of resin 
coated layers, whilst exposure to water and environmental conditions were evident. The test performed 
after one day showed that the average water absorption varies from 2.9% (controlled) to 0.96% (three 
resin layer) for samples having exposure to environment. Apart from deterioration of resin coat, due to 
exposure to conditions, the material solidified and yielded extra-performance, water absorption was 
reduced to nearly 1% when specimens were subjected to 3 layers. 
 

 
Fig.2. Average water absorption (%) in ambient environment 

 
 

 
Fig.3. Average water absorption (%) dipped in water. 

 

 
 
4.2. Compressive Strength Test 
 
This manuscript covers the testing of compressive strength via means of Universal Testing Machine 
(UTM) as per ASTM C 109-05 (C109, 2002). Fig 6 and 7, yields the effect of exposure conditions on 
compressive strength. The compressive strength results reveal direct relation of number of layers to 
strength of mortar. The maximum and minimum compressive strength recorded for ambient environment 
were 17.41 MPa (3 resin layers) and 8.67 MPa (controlled), respectively. However in case of exposure to 
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water, 15.21 MPa (3 resin layers) and 7.10 MPa (controlled) were measured as maximum and minimum 
compressive strength, respectively. Further observing fig 6 and 7, reveals that increase in number 
oflayers for resin coats had a positive impact on compressive strength. On average compressive strength 
for resin coated samples is 69%, more than non-coated specimens, whilst having exposure to both 
environment and water. Nevertheless, this increase is observed up to 60 days exposure because 
compressive strength tends to decline when tested after 75 days. Application of resin, directly yields 
increase in initial strength gaining unlike other curing techniques i.e. wax curing where sealant is used. 
Significant increase in strength is noted, since evaporation process is restricted, ultimately specimens are 
exposed to pro-longed curing. However, continuous exposure disposed of resin layer which leads to 
reduction in compressive strength for both exposure conditions and reason could be diminishing of resin 
layers which provided additional strength to mortar. 
 

 

 
Fig4. Average Compressive strength(MPa) of mortar. 

 
5. Conclusions 

 
The water absorption is hence reduced when using resin layers in mortar. Increasing the number of layers 
of increases the compressive strength and water absorption capacity. Resin can also be used as a sealant.  
The water absorption of three layer so resin coated mortar is nearly zero when tested after exposure of 
sixty days to ambient environment incline high temperatures of 50°Candheavy rainfall. There in coating 
was diminished in case of specimens dipped in water for one day and sixty days. The compressive 
strength is also enhanced by 76% after application of three layers of resin coating when compared to 
controlled specimens keeping all other conditions similar. 
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Abstract  

Diesel engines, with their low-operating cost, have high efficiency, reliability and durability. This is 
because diesel engines are especially used for heavy-duty vehicles. The diesel motors are considered as 
the principle donor to ecological contamination these days. They are the main cause of several health 
problems. They contribute to global warming through Particulate Matter, Hydrocarbons (HC), Nitrogen 
Oxides (NOx) and Carbon Oxides (COx) emissions. Their presence causes a number of respiratory 
diseases. Various effective techniques are currently available for reducing PM, HC, COx and NOx. This 
paper reviews various types of diesel engine emissions and their control technologies. Each type of diesel 
engine emissions and control technologies is broadly studied. 

© 2016 “Ali Azam, Shoukat Ali and Adnan Iqbal” Selection and/or peer-review under responsibility of Energy and Environmental 
Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 
 
Keywords: Diesel engine, Emissions, emission control technologies; DOC, EGR, SCR, DPF. 

1. Introduction 

In a diesel motor, the chemical energy (fuel energy) is altered into heat energy through burning of fuel 
and heat leads to an expansion and rotate the crankshaft. The first stroke starts when air enters the 
combustion chamber due to the opening of intake valves. At the second stroke, air is compressed inside 
the cylinder by piston movement and intake valves are closed. The volume of the combustion chamber is 
smallest when the piston approaches the top dead centre. At this stage, fuel is injected into the highly 
compressed air and self-ignition take place for a short interval of time. Excessive supply of oxygen lead 
more burning of fuel and in this way, high combustion takes place in the combustion chamber. Thus, 
more power is produced to rotate the crankshaft [1].  

The natural greenhouse is affected by burning fossil fuels. This lead to an expansion in the climatic 
pollutions called greenhouse gases [2-4]. Climate change occurs due to the presence of these gases in the 
atmosphere. CO2 is considered as the principal reason for global warming [5]. Emissions from transport 
are the main part of environmental pollution these emissions cause changing climate [6]. Global CO2 
emissions with the range of 22% are produced by the second largest sector Transport [7]. The rapid 
increase of transport disturbed climate in urban areas [8, 9].  

This article reviews on the outflows from diesel motor and their control technologies. Four main 
discharges (CO, HC, NOx, and PM) from diesel motors are clarified individually. Different outflow 
control technologies are reviewed as DPF, DOC, SCR and EGR. 

2. Emission from diesel combustion 

The most astounding proportion of diesel outflows is because of NOx. NOx has emissions rate above 
than 50%. In diesel emissions, PM has the second highest percentage. CO and HC are produced due to 
incomplete combustion and are found in lowest concentration. Moreover, diesel emissions include a little 
amount of SO2 depending upon the details and quality of fuel. There is no after treatment technology to 
reduce SO2. These days, the vast majority of the oil wholesalers and clients like ultra-low sulphur diesel 
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(ULSD) for diesel motors to reduce the unwanted effect of SO2. Fig. 1 explains the composition of 
emissions from the diesel engine[10].  

 
Fig. 1. Diesel emissions (%) 

 
In this section, HC, CO, PM, and NOx outflows from the diesel motor are clarified. Each type of outflow 
is explored on an individual basis and accordingly the effects of each contamination on ecological and 
wellbeing issues are uncovered. 

2.1. Nitrogen oxides (NOx) 

The combination of nitrogen dioxide (NO2) and nitrogen oxide (NO) is referred as NOx. There is 85-95% 
of NO contributions in NOx. NO2 gas has a pungent smell with reddish brown colour while NO is an 
odourless and colourless gas [11, 12]. NOx for transport has 40-70% of contributing to worldwide 
pollution level. Now, diesel combustion is considered as the main contributors to NOx emissions. Diesel 
engine needs higher temperatures for combustion of diesel fuel. [13, 14]. Smog formation and acid rain 
are caused by NOx emissions [15]. Tropospheric ozone is basically originated in the atmosphere from 
NOx emissions reaction chemically with other pollutants. Both NO2 and NO are toxic; but the level of 
toxicity of NO2 is five times greater than the level of NO [16, 17]. 

2.2. Particulate matter (PM) 

Insufficient supply of oxygen in combustion chamber produce incomplete combustion of the HCs which 
produce PM. An experimental study describe that PM consists of sulphates, moisture, unburnt lubricating 
oil, carbon element, unburnt fuel and metals and others substances[18]. In the diesel engine, PM 
emissions are six to ten times greater than petrol engines. There are main three types of Diesel particle 
emissions: soot, inorganic fraction (IF) and soluble organic fraction (SOF). SOF contains heavy 
hydrocarbons (HHC) which are adsorbed on the soot. At low exhaust temperatures with light engine 
loads, the values of SOF are too high. It is the combination of lubricating oil, unburned fuel and 
compounds which are produced during combustion [19-23].  

2.3. Hydrocarbons (HC) 

The formation of HC in diesel engines is caused by incomplete combustion and insufficient temperature 
which occur due to the lake supply of oxygen in the combustion chamber. HC formation is high near to 
cylinder wall is lower than the centre of the cylinder because the temperature of the air-fuel mixture is 
high in the centre of the cylinder [24]. Thousands of species contribute to making HCs most prominent of 
these are alkenes, alkanes and aromatics [25]. HC emissions occur normally at high load [26]. The 
environment is badly affected by HCs emissions. The formation of Ground-level ozone results [27, 28]. 

2.4. Carbon mono oxide (CO) 

Carbon monoxide is an odourless and colourless gas. Incomplete combustion occurs due to incomplete 
oxidation which produces CO formation [29]. It occurs at the time of instantaneous acceleration and 
starting of the engine because of the rich mixture [26]. Human respiratory system inhales CO from the air 
and transmits it into the bloodstream. The presence of CO in the blood reduces the supply of oxygen in 
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the blood and the large concentration of CO in air leads to suffocation and death. The air having 0.3% 
volumetric concentration of CO can cause death within 30-minute of inhalation [30, 31].   

3. Emission reduction in diesel engine 

In today’s world, ecological security has progressed. Several organizations and agencies in the world are 
trying to reduce greenhouse gases and toxic discharges for diesel engines. To lower the antagonistic 
impacts of diesel outflows on human health and environment, exhaust after-treatment technologies are 
considered as best. Here some after exhaust technologies are discussed in details.   

3.1 Diesel oxidation catalyst (DOC) 

DOC converts diesel exhaust emissions into harmless gases by means of catalytic oxidation. DOC is 
specifically designed for diesel powered engines. DOC reduces carbon monoxide and HCs and. Exhaust 
gases travel along the catalyst, they are oxidized thus DOC reduces exhaust emissions. The DOC 
oxidizes CO, HCs into CO2 and H2O. DOC replace mufflers on the engine and no extra modifications 
are required. DOC’s are inexpensive, maintenance-free, and suitable for diesel engines [32].   

3.2 Diesel particulate filter (DPF) 

Thousands of tiny channels combine to make a ceramic filter (DPF). When exhaust passes through these 
channels, soot is trapped along the walls of the channel. The exhaust gases pass through the porous 
surface of the ceramic filter. The majority of the residue particles don't go through the ceramic filter and 
accumulate in it. This leads a develop heap of soot/ash in the channel builds the drop in pressure. To 
restore the original condition of DPF, filter has to be regenerated [32]. 

3.3 Selective catalytic reduction (SCR) 

In SCR, urea a liquid-reluctant agent is injected through a catalyst into the exhaust fumes of a diesel 
engine. The urea starts the chemical reaction that produces NOx into N2 and H2O, which is then ejected 
through the engine exhaust pipe. The result of the SCR, NOx release in the form of Water and N2 in the 
exhaust pipe. The chemical reactions of SCR technology are given below. 

4NH3 + 4NO + O2 → 4N2 + 6H2O     (1) 
2NO + 2NO2 + 4NH3 → 6H2O +4N2   (2) 
8NH3 + 6NO2 → 12H2O + 7N2    (3) 

3.4 Exhaust gas recirculation 

NOx is also controlled by an effective technique known as EGR. The EGR system is utilized to diminish 
the NOx discharged. Approximately more than 15% of exhaust gases is recycled into the intake manifold 
of engine and combustion chamber. At low combustion temperature, low burning happens which 
indicates a decrease in NOx developments[33]. The mixing of intake air increase and exhaust gases 
increase specific heat of intake mixture which reduces the flame temperature. The reduction in the supply 
of oxygen at inlet manifold of engine generate low combustion that produces more CO and soot and 
reduces the formation of NOx and CO2 [34]. 

4. Conclusions 

This article surveys the qualities of primary toxin outflows (PM, HC, CO and NOx) and available after 
exhaust control techniques of these poison discharges in the diesel engine. Among these contamination 
outflows, CO and HC are discharged on account of poor burning and unburned fuel while NOx 
emanations are brought about due to high ignition temperatures above 1600ᵒC. The PM emissions are 
due to the collection partially burned fuel, lube oil or sulphates, contents of ash and water. These toxin 
discharges adverse effect on the environment and human wellbeing. To control these poison discharges 
exhaust after-treatment technologies are considered best. Diesel fumes after treatment technologies 
include DPF, DOC, SCR and EGR. DOCs are utilized to lessen CO and HC outflows. DPFs are utilized 
with DOC to minimize outflows of PM from the exhaust of diesel engines. SCR systems are exceedingly 
powerful to decrease NOx outflows and NOx is also controlled by an effective technique known as EGR. 
With the after-treatment technologies, it is possible to lessen the harm of the poison outflows on air 
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contamination. These emission control technologies are most significance around the world. 
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Abstract 

The diesel engines contribute to ecological contamination and they are the fundamental driver of a few 
health issues. They add to an unnatural weather change through Hydrocarbons (HC), Particulate Matter 
(PM), Carbon Oxides (COx) and Nitrogen Oxides (NOx) discharges. Different viable strategies are at 
present accessible for decreasing PM, HC, COx and NOx but this paper illustrates a method to control 
PM and HC discharges from diesel engine fumes. Smoke from the diesel engine goes through the heat 
exchanger (shell and tube). After Heat exchanger, low-temperature smoke is coordinated to the oil bath 
cleaning unit (OBCU). The surface area of the smoke is expanded to allow most extreme contact with 
lubricating oil. The substantial particles (PM, HC) present in smoke is expelled with the assistance of the 
filter element and the clean air (except NOx and COx) is rerouted upwards to nature. This test was 
performed on diesel engine MF-260 turbo having 60 HP. Looking at the outcomes, it is examined that 
installing emission control unit (ECU) in diesel engine, pollution level (PL) diminishes up to 14.7-
29.10%, Soot Concentration (SC) level decreases 22.2-50.8 % and in filter smoke number (FSN) 
contamination lessens 12.78-26.07%. 

© 2016 “Ali Azam, Shoukat Ali, Adnan Iqbal and Abdul Bari” Selection and/or peer-review under responsibility of Energy and 
Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 
 
Keywords: Diesel engine, shell and tube heat exchanger, oil bath cleaning unit. 

1. Introduction 

The formation of HC in diesel engines is caused by incomplete combustion and insufficient temperature 
in the combustion chamber which occur due to the lake supply of oxygen for combustion in the 
combustion chamber. Near to cylinder wall, HC formation is high because the temperature of the air-fuel 
mixture is higher in the centre of the cylinder than near the wall of the cylinder [1]. Thousands of species 
contribute to making HCs most prominent of these are alkenes, alkanes and aromatics [2]. HC emissions 
occur normally at high load [3]. The environment is badly affected by HCs emissions. The formation of 
Ground-level ozone results [4, 5].  
 
Insufficient supply of oxygen in combustion chamber produce incomplete combustion of the HCs which 
produce PM.  
An experimental study describe that PM consists of sulphates, moisture, unburnt lubricating oil, carbon 
element, unburnt fuel and metals and others substances [6]. There are main three types of Diesel particle 
emissions: soot, inorganic fraction (IF) and soluble organic fraction (SOF). Black smoke (Soot) 
contribute above than 50% of the entire PM emissions. SOF contains heavy hydrocarbons (HHC) which 
are adsorbed on the soot. At low exhaust temperatures with light engine loads, the values of SOF are too 
high. It is the combination of lubricating oil, unburned fuel and compounds which are produced during 
combustion. [7-11]. Different health issues, for example, lung disease, cardiovascular issues and other are 
created by inhaling of these particles [12-14].  
 
This research work describes a technique to control HC and PM emissions from the exhaust of diesel 
engine. Fig 1 represents the schematic diagram of ECU with diesel engine exhaust and this model was 
generated in AutoCAD 2013. The emission control unit (ECU) works in such a way that exhaust fumes 
from the engine’s exhaust pass through the shell & tube heat exchanger. After passing through a heat 
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exchanger, low-temperature smoke is directed to the OBCU. The heavy particles (PM, HC) present in 
smoke are removed in OBCU because PM are solid in nature and HC are thick liquid like honey. When 
smoke passes through OBCU, the surface area of the smoke is increased to allow maximum contact with 
lubrication oil. HC and PM contaminate of lubricating oil and filter element and clean air is rerouted 
upwards to the environment. In the present study, experiments were performed on MF-260 Turbo engine 
to investigate the performance of ECU using oil bath cleaner with shell & tube heat exchanger. ECU has 
the capability to reduce the emission from PM and HC. 

 
Fig. 1. Schematic diagram of ECU 

2. Experimental setup 

2.1.  Engine specification 

In this experiment, the MF-260 turbo engine has used that consists of three cylinders (two valves per 
cylinder), turbocharger and common rail fuel injection system. The engine was coupled to an eddy 
current dynamometer to apply different loads at various RMP of an engine to investigate engine 
emissions. Other engine’s specifications are given in table 1. 

Table 1. Specification of diesel engine  
Description Column 2 
Type Diesel 
Aspiration Turbo 
Number of cylinders 
Compression ratio 
Maximum engine RPM 
Maximum power 
Type injection 
Bore 
Stroke 
Type of cooling 
Engine manufacturer 

3 
16.5:1 
2250 
60 HP 
Direct 
91.5 mm 
127 mm 
Water cooled 
Millat Tractors Ltd Lahore 

2.2. Shell and tube heat exchanger 

A shell and tube heat exchanger is a smoke-to-water heat exchanger device that uses cooling water from 
water tank of the engine to reduce exhaust gas temperatures. The exhaust gas flow in the tubes and the 
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water as a cold medium flow outside of tubes. A cross flow heat exchanger was used in this experiment 
as shown in Fig 2(a). The diffuser is used to reduce the flow velocity. Fig 2 displays the 3d model of heat 
exchanger and flows of smoke and water in it. These models were generated in AutoCAD 2013. 

(a)   

(b)  
Fig. 2. Cross flow heat exchanger (a) and 3D model of the heat exchanger with header (b). 

2.3. Oil bath cleaning unit 

AutoCAD model of OBCU represents the flow of smoke. OBCU is a device which removes heavy 
particles (PM, HC) suspended in the smoke discharge from the exhaust of the engine. Low-temperature 
smoke coming from the heat exchanger makes contact with the lubricating oil and filter element present 
in OBCU. Particles large in size contaminates lubricating oil and tiny particles are collected by the filter 
element. Fig 3(a) shows OBCU and Fig 3(b) displays the flow of smoke in OBCU.  

(a)   

(b)  
Fig. 3. OBCU (a) and flow of smoke in OBCU (b). 
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3. Results and discussion 

The testing standard used for this experiment was BS-AU-141. At the initial stage, engine MF-260 turbo 
was started and gradually increased the speed of the engine by throttle control until high idling speed 
obtained. Eddy current dynamometer was used to apply gradual load unit engine came down to its rated 
RPM. After stabilising the rated RPM of the engine, take the measurements of requiring parameters 
(FSN, SC, PL, RPM, engine load and SFC). At that point engine loads of 0 to 15% were examined for 10 
minutes at an engine speed of 1500-1600 RPM. After recording values at each 2 RPM difference, 
gradually decreased the load and speed of the engine to zero and shut down the engine. This experiment 
was performed two times (with and without ECU). Finally, the overall time of the analysis was 60 
minutes, including the 40 minutes of idling to get steady state conditions before getting values. 
This study Compares FSN, SC, PL, SFC and engine load (HP) for forty-nine observations utilizing ECU 
and without ECU. Graphs were plotted in MS Excel using observations are taken in X-axis and 
corresponding values of FNS, SC, PL, SFC and engine load (HP) in Y-axes.  

3.1 Filter smoke number 

In Fig. 4 represents that using ECU at high engine load, a considerable reduction in the value of FSN. 
The maximum value of FSN with ECU is 2.724 and the most extreme value of FSN without ECU is 
3.685. This identifies the maximum percentage reduction in FSN 26.07%. Similarly the minimum value 
of FSN with ECU 2.559. The minimum value of FSN without ECU 2.934. The difference between FSN 
values is 0.375 and minimum percentage reduction in FSN are 12.78%. 

 
Fig. 4. Variations of FSN and engine load (HP) 

3.2 Soot concentration 

The comparison of SC and engine load (HP) using ECU and without ECU can be seen in Fig. 5. At the 
initial stage, both maximum value of SC with and without ECU are 73.58 mg/m3 and 149.58 mg/m3 and 
maximum percentage reduction in SC 50.8%.  Similarly the minimum value of SC with ECU 73.58 
mg/m3. The minimum value of SC without ECU 94.61 mg/m3. The difference between SC values is 
21.03 and minimum percentage reduction in SC are 22.2%.  
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Fig. 5. Variations of SC (mg/m3) and engine load (HP)   

3.3 Pollution level 

PM indicates the total estimation of emissions in a diesel engine. Fig. 6 clearly describes the maximum 
value of PL with and without ECU is 23.72 and 33.5 respectively and maximum percentage reduction in 
PL 29.10%.  Similarly, the minimum values of PL with and without ECU are 22.05 and 25.85 
respectively and minimum percentage reduction in PL is 14.7%. Fig 6 indicates a considerable reduction 
in PL high engine load.   

 
Fig. 6. Variations of PL (%) and engine load (HP) 

3.4 Specific fuel consumption 

SFC is most important factor in engine performance. Fig. 7 represents the comparison of SFC and engine 
load (HP). It is noticed that installation of ECU on diesel engine exhaust, the value of SFC is increased. 
The maximum value of SFC with and without ECU is 264.37 g/kWh and 260.22 g/kWh and maximum 
percentage increment in SFC 1.57%. Similarly the minimum value of SFC with ECU 255.77 g/kWh. The 
minimum value of SFC without ECU 253.43 g/kWh and minimum percentage increment in SFC is 
0.91%. 
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Fig. 7. Variations of SFC (g/kWh) and engine load (HP)  

 

4. Conclusions 

The ECU in diesel engine reduces FSN, SC and PL (PM and HC). The degree of reduction in FSN, SC 
and PL at higher loads is higher but as we increase engine load, the corresponding value of SFC also 
increase. The reasons for increment in SFC is back pressure [15]. Comparing all result with MF-260 
Turbo and keeping it as a reference standard. The results show there is 14.7-29.10% reduction in 
pollution level, 22.2-50.8% reduction in soot concentration level and 12.78-26.07% reduction in filter 
smoke number and 0.91-1.57% increment in specific fuel consumption. This system control HC and PM 
emissions but the drawback of this system is back pressure [15] produce by shell and tube heat exchanger 
and OBCU (Lubricating oil and filter element). 
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Appendix A: 
Raw data obtained by experiment. 

 Millat test cell results 
 

Without Emission Control Unit With Emission Control Unit 

HP FSN 
SC 

(mg/m3) 
P L 
(%) SFC (g/kWh) HP FSN 

SC 
(mg/m3) 

P L 
(%) SFC (g/kWh) 

35.31230 3.685 149.58 33.5 253.43124 35.24201 2.724 82.39 23.72 259.41268 
35.22608 3.685 149.58 33.5 253.89481 35.32838 2.724 82.39 23.72 259.00721 
35.12410 3.685 149.58 33.5 254.16220 35.44047 2.724 82.39 23.72 258.93045 
35.21281 3.685 149.58 33.5 253.66924 35.50055 2.724 82.39 23.72 259.00699 
35.16544 3.685 149.58 33.5 254.42865 35.68108 2.724 82.39 23.72 258.14564 
35.20240 3.685 149.58 33.5 254.64878 35.74465 2.724 82.39 23.72 257.86475 
35.31420 3.685 149.58 33.5 254.11080 35.81833 2.724 82.39 23.72 257.36329 
34.90282 3.685 149.58 33.5 256.91892 35.79294 2.724 82.39 23.72 257.46681 
34.49707 3.685 149.58 33.5 259.45663 35.89879 2.724 82.39 23.72 257.12064 
34.48777 3.685 149.58 33.5 259.36559 35.95111 2.724 82.39 23.72 257.17048 
34.46723 3.685 149.58 33.5 259.43781 36.01386 2.724 82.39 23.72 257.21857 
34.42351 3.685 149.58 33.5 259.80924 36.07551 2.724 82.39 23.72 256.91537 
34.69218 3.685 149.58 33.5 257.44146 36.26713 2.724 82.39 23.72 255.91926 
34.98095 3.685 149.58 33.5 255.17896 36.35642 2.724 82.39 23.72 255.76974 
34.90576 3.685 149.58 33.5 255.73908 36.34097 2.724 82.39 23.72 256.30894 
34.87628 3.685 149.58 33.5 255.95491 36.33413 2.724 82.39 23.72 256.44694 
34.73538 3.685 149.58 33.5 256.97762 36.25314 2.724 82.39 23.72 257.00360 
34.14979 2.934 94.61 25.85 257.02765 36.02533 2.724 82.39 23.72 258.58654 
33.80333 2.934 94.61 25.85 259.38549 35.63021 2.724 82.39 23.72 261.21584 
33.69151 2.934 94.61 25.85 260.22219 35.44043 2.724 82.39 23.72 262.19442 
33.89285 2.934 94.61 25.85 258.66041 35.32827 2.724 82.39 23.72 262.20290 
34.03127 2.934 94.61 25.85 258.24086 35.22414 2.724 82.39 23.72 262.33391 
34.28969 2.934 94.61 25.85 256.81168 35.07337 2.724 82.39 23.72 262.71178 
34.78297 2.934 94.61 25.85 253.63168 34.92804 2.724 82.39 23.72 263.16974 
34.83407 2.934 94.61 25.85 253.76159 34.76129 2.724 82.39 23.72 263.47834 
34.72720 2.934 94.61 25.85 255.05614 34.54592 2.724 82.39 23.72 264.36856 
34.55960 2.934 94.61 25.85 256.80098 34.46682 2.724 82.39 23.72 264.14613 
34.62295 2.934 94.61 25.85 256.34478 35.40708 2.559 73.58 22.05 259.74413 
34.67755 2.934 94.61 25.85 255.90539 35.58408 2.559 73.58 22.05 258.57055 
34.60333 2.934 94.61 25.85 256.45340 35.61809 2.559 73.58 22.05 258.34998 
34.45690 2.934 94.61 25.85 257.51571 35.52485 2.559 73.58 22.05 259.25293 
34.53117 2.934 94.61 25.85 256.45928 35.50243 2.559 73.58 22.05 259.68314 
34.20073 2.934 94.61 25.85 258.46073 35.50290 2.559 73.58 22.05 259.63977 
34.16799 2.934 94.61 25.85 258.29336 35.40149 2.559 73.58 22.05 260.00722 
34.25967 2.934 94.61 25.85 257.57416 35.18483 2.559 73.58 22.05 260.85974 
34.38440 2.934 94.61 25.85 256.66344 34.99190 2.559 73.58 22.05 261.61071 
34.12942 2.934 94.61 25.85 258.85792 34.86961 2.559 73.58 22.05 262.01379 
34.12965 2.934 94.61 25.85 258.84583 34.77171 2.559 73.58 22.05 262.46218 
34.00315 2.934 94.61 25.85 259.83550 34.61711 2.559 73.58 22.05 263.18603 
34.02390 2.934 94.61 25.85 259.39887 34.60384 2.559 73.58 22.05 263.27920 

Sample output to test PDF Combine only



4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 

140. COD and TOC Removal Assessment in Effluent From 
Anaerobic Bioreactor and Effluent From Cyclic Ozonation-

Biotreatment in a Pulp Factory Wastewater Treatment 
 

Amir Hajiali 

Earth Science, Environmentalist & Researcher, Islamic Azad Uni., P.O.Box: 19395-1539, Tehran, Iran 
E-mail address: a.hajiali.env@gmail.com 

Abstract 

In this research, treatment of wastewater from a pulp factory was experimented in order to remove the 
value of COD and TOC in two different methods. Such wastewaters contain specific poisonous chlorinated 
phenolic combinations, which in biological reactors in a liquid phase can be absorbed much easier and with 
a higher velocity. After the treatment, the concentrations of COD and TOC were measured in the cyclic 
ozonation-biotreatment system and were compared with the same parameters` achieved measures in 
effluent from anaerobic bioreactor. The comparison revealed that the removal in both is dramatically 
different and proved the remarkable efficiency of the cyclic ozonation-biotreatment system. Because of 
high molecular weight of these poisonous combinations it is necessary to perform in a way that in a 
sequential process these combinations can be changed to smaller and dissolvable substances in the 
environment. By bio-ozone-bio treatment the value of consumed ozone is considerably increased, but 
through this way the quality of treatment and the value of dissolvable substances and returnable to the 
environment are increased. In cyclic ozonation-biotreatment reactor liquids are passed sequentially and 
according to bio-ozone-bio-treatment method, and it shows when ozone is consumed very quickly, no 
ozone can enter the reactor actually. Experiments showed that the ozone value never reaches the ozone 
value in the new comer wastewater to the system when wastewater of system is consumed again. It means 
that if new wastewater is entered, the ozone value is more than the previous one in the system.’’ 
 
© 2016 ‘’Amir Hajiali’’ Selection and/or peer-review under responsibility of Energy and Environmental Engineering Research Group 
(EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 
 
Keywords: Anaerobic Bioreactor; COD; Ozonation- Biotreatment; TOC;Wastewater 

1. Introduction 

Wastewater of pulp factories which are by-products of cellulose causes a hazardous water vapor that is 
dangerous because of containing different combinations of chlorophenol [1]. This is known as a pollutant 
factor in the environment which is even not possible to be solved by treating wastewater in traditional 
ways. What was successfully done in this research was treating such a wastewater by a sequential method 
through which ozonation was combined with the biological treatment and proved a remarkable difference 
in the treated wastewater`s characteristics. The most hazardous part substances here were monomers of 
chlorophenolic combinations which caused increasing of the two important factors in wastewater treatment 
(Chemical Oxygen Demand and Total Organic Carbon). These monomers and especially monomers with 
high molecular weights were seen in such wastewater treatment systems. All monomeric combinations of 
chlorophenolic were removed completely in both aerobic and anaerobic ways. Concentration of each one 
of these monomers among treated wastewaters was usually less than 100nm, and most of them were less 
than 50 nm. This research revealed that the production of such substances was variable, but it never reached 
to more than 30%, and with a specific focus on the COD, and TOC which were considered to be 
experimented in this research, it has been proven that there were dramatic removals in such parameters and 
that the reduction of them in effluent from anaerobic bioreactor and effluent from cyclic ozonation-
biotreatment were considerably different. 
 
Ozonated wastewater provided necessary substances for bio-treatment in both aerobic and anaerobic 
stages. For providing the essential substances for final biological treatment, sufficient solution which was 
ozonated wastewater was produced in some groups. Because of that which was high number of groups and 
the number of adding ozone, calculation of final value and real value of added ozone to the solution was 
very difficult, but it was done successfully [2]. 
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2. Materials and Method 

Two main methods of bio-ozone-bio treatment and professional biological treatment were done 
continuously. In continuous treatment at first wastewater producer source should be considered 
biologically.  

To begin the treatment process, first the wastewater entered the BFB system with a water vapor which had 
been formed by biological dissolvable substances, then it entered a gas reservoir tank which included ozone 
gas, and extra air [3]. Ozone had been dissolved by UV. The environment`s PH was kept about 7 in the 
whole reaction time. The concentration of ozone in the BFB system cycle was measured and controlled by 
an electrode called Amprometric electrode. Such a kind of system had been modeled from anaerobic 
reactors which were used in the 1990`s. The treatment process began by removing salts and other harmful 
combinations, and increasing the concentration of dissolvable substances, and it continued by extracting 
200ml of Di-ethil from the acidified sample. The standard temperature began in 700C for 2 minutes, and 
reached to 2400C, and the final temperature of 2400C continued for 3 minutes. The concentration of the 
liquid phase was also measured. The brown color of wastewater which was removed during ozonation was 
because of a medium existence [4]. Moreover the mentioned electrode was used for measurement that 
made the ozone value to be limited to about 20 mg/l. 

For the ozonation process, ozone was produced in an ozone generator. Feed gas could be either air or pure 
oxygen. A high voltage was applied to two electrodes and the high voltage caused the O2 to be converted 
into O3. Ozone is very unstable and reverts back into O2 in minutes. That is the reason ozone must be 
generated on-site and cannot be shipped to the treatment plant [5]. So it was produced on site according to 
the mentioned method. The ozonated air was blown in to the reactor that here the magnetic mixer plate 
provided effective mixing conditions for the complete solubilization of gas in the liquid phase. At the end 
of ozonation phase the remaining ozone in the liquid phase was cleaned by about 5 hour air blowing [6]. 
Separator parts of ozonation system were like a reversible cycle. The whole reactor system was filled with 
250 to 500 ml reactor`s liquid. Gas flow among the columns of the system was 140 ml min-1, and the 
rotation stream velocity of the liquid in the system was 50 to 80 ml min-1. Pure oxygen was flowing through 
an ozone generator and the concentration value of the flowing ozone in the system was regulated by an 
electrical connection, and it was being controlled. The mentioned liquid was flowing through an absorber 
column sequentially with a specific velocity, and enters the liquid reservoir container which had 1 liter 
volume. The absorber column has a height of 0.4 m and a diameter of 4×4 mm. Also the apparatus`s PH is 
calculated and regulated by a regulator. Furthermore there was an ozone demolisher in the final part of the 
reactor`s system. 

A cylinder reactor with a rising flow at the fixed temperature of 200C with an external ring for the 
wastewater flow with the help of a pump was also used. The flow caused micro-organisms and the under 
layer became mixed in the reactor`s depth and increased the ability of the process for overcoming the over 
load in comparison with the continuous flow during bio-filteration. During filling, the slope of 
concentration increased along the reactor that this slope became fixed when the flow continued again, and 
the contents were mixed. Because of the high flow (100 l/h), and the linear velocity, the increase of 
concentration`s slope was limited to the filling time and the beginning of the reactor`s phase. At the 
beginning of each cycle the certain primary volume of wastewater was pumped in to the system, and then 
it flew along the whole reactor and finally left. For removing the excess biological mass the bottom of the 
reactor had to be repeatedly cleaned by an air compressor and cleaners [7]. Parameters such as insoluble 
DO (dissolved Oxygen), temperature, and PH were successively regulated. 

3. TOC Calculations and COD Measurement 

3.1. TOC Removal 

Total organic carbon (TOC) is a non-specific test, which means TOC will not determine which particular 
compounds are present (most samples are complex mixtures which contain thousands of different organic 
carbon compounds).  Instead, TOC will inform the user of the sum of all organic carbon within those 
compounds. The reasons for measuring TOC vary across industries, but generally and also in this 
experiment fall into two categories: process control, or regulatory compulsion.   
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3.1.1. TOC Detection Methods 

Several methods exist for measuring TOC, however each method has two common objectives: 

 1) Oxidize organic carbon to carbon dioxide, and 2) measure the carbon dioxide generated.  

Common oxidation methods include chemical agents (such as persulfate), combustion (usually aided by a 
catalyst), exposure to ionizing radiation (such as ultra violet light), exposure to heat, or some combination 
of these methods. There are fewer options for detecting carbon dioxide, two common methods are 
conductivity (in this experiment) and non-dispersive infra-red (NDIR). Conductivity based detection 
methods work by sensing an increase in ion concentration which is attributed to the increased presence of 
bicarbonate and carbonate ions created from the oxidation of organic compounds. Non-dispersive Infra-
red detectors measure carbon dioxide by determining the amount of infra-red light absorbed across a known 
distance [8].  

3.1.2. Preventing Damage to the Instrument 

Two common pitfalls that can damage TOC measurement instruments or produce erroneous measurement 
results include sample overload (running a sample which far exceeds the maximum analyte specification), 
and carryover (contamination from a previous sample). Overload conditions are common when running 
unknown samples. Depending on the measurement technology used this condition can cause costly damage 
to an instrument. For example, a combustion-type instrument which uses platinum catalysts can very easily 
ruin the catalysts and require expensive replacements. Membrane-based TOC measurement instruments 
can also coat the surface of the membrane with organic carbon compounds from a high-concentration 
unknown sample. Such an event will leave the instrument out of operation while awaiting service. And 
what was done was to prevent such an event in our case. Carryover results from residual sample left from 
a previous measurement. It is most often observed when multiple replicates of a sample are measured, and 
a high concentration sample is followed by a low concentration sample. And hopefully it was not observed. 
The following equation calculates carryover as a percentage of the difference between the two sample 
concentrations:  

3.1.3. Methods of Calculating TOC 

Inorganic carbon is bound only to oxygen, as in carbon dioxide, bicarbonate, or carbonate (for example: 
limestone is calcium carbonate which is a form of inorganic carbon). Organic carbon can be bound to a 
variety of other elements such as hydrogen, nitrogen, or other carbon atoms. Other forms of carbon include 
purgeable versus non-purgeable carbon. Volatile organic compounds have a low boiling point, and can be 
purged from a solution by bubbling gas through a sample [9].The following abbreviations are commonly 
used to describe various forms of carbon when measuring TOC: 

TC: Total Carbon  
TOC: Total Organic Carbon  
TIC: Total Inorganic Carbon  
POC: Purgeable Organic Carbon (also called VOC or Volatile Organic Carbon)  
NPOC: Non-purgeable Organic Carbon  

Calculating TOC can be done by subtracting the TIC from the TC. This method is described by the 
equation:  

TC – TIC = TOC 

This method works well when there is a large difference between TC and TIC (our case); however when 
TIC values are high the difference method can produce very erratic results because the margin of error for 
both the TC measurement and the TIC measurement must be added together [10]. In many TOC 
measurement applications it is reasonable to assume that the contribution of POC to the overall TOC value 
is negligible, and therefore the following approximation is used: NPOC ≈ TOC 
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3.1. COD Removal  

COD is a measurement of the oxygen required to oxidize soluble and particulate organic matter in water. 
Chemical Oxygen Demand is an important water quality parameter because, similar to BOD, it provides 
an index to assess the effect discharged wastewater will have on the receiving environment. Higher COD 
levels mean a greater amount of oxidizable organic material in the sample, which will reduce dissolved 
oxygen (DO) levels. A reduction in DO can lead to anaerobic conditions, which is deleterious to higher 
aquatic life forms. The COD test is often used as an alternate to BOD due to shorter length of testing time. 
It is necessary to mention where the COD is measured: 

• Influent wastewater streams for process control 

• Effluent wastewater streams to sewer or environment for regulatory compliance 

3.1.1. Methods of COD Measurement 

The used method for Chemical Oxygen Demand analysis was Method 410.4. The method involved using 
a strong oxidizing chemical, potassium dichromate Cr2O7

2-, to oxidize the organic matter in solution to 
carbon dioxide and water under acidic conditions. Often, the test also involved a silver compound to 
encourage oxidation of certain organic compounds and mercury to reduce the interference from oxidation 
of chloride ions [11]. The sample was then digested for approximately 2 hours at 150°C. The amount of 
oxygen required was calculated from the quantity of chemical oxidant consumed. 

4.  Results and Discussion 

As it can be seen in table 1, COD and TOC were calculated in the original wastewater (A), in the effluent 
from anaerobic bioreactor (G), and in the effluent from cycle ozonation-biotreatment (H). This was done 
in 4 different samples in order to minimize the error percentage and reach to a reliable efficiency. The 
achieved data can be reached in two different following graphs for the measured and calculated COD and 
TOC in Fig.1. and Fig.2. 

Table 1. Measured variables during ozonation and biological treatment 

Measured Variables Samples`Origins Sample1 Sample 2 Sample 3 Sample 4 

 

COD 

A=original wastewater 504  528 1073 926 

G=effluent from anaerobic bioreactor 446 491 912 749 

H=effluent from cycle ozonation-biotreatment 348 308 421 336 

 

TOC 

A=original wastewater 212 229 388 370 

G=effluent from anaerobic bioreactor 192 192 298 287 

H=effluent from cycle ozonation-biotreatment 185 139 198 153 

What is very magnificent on the first glance at the both graphs is the reducing trend of COD and TOC, and 
specifically a remarkable reduction which is so vivid in all the four samples. 

In COD measurement, the 504 in the original wastewater in the first sample became 446 in the effluent 
from anaerobic bioreactor while this amount changed to 348 in the effluent from cycle ozonation-
biotreatment. This trend was almost similar in the other three samples that showed a 182 difference between 
the COD in effluent from anaerobic bioreactor and effluent from cycle ozonation-biotreatment in the 
second sample, 912 to 421 which was 491 reduction in the third sample as well as a 413 difference in the 
fourth sample where a reduction of 177 from the original wastewater to the effluent from anaerobic 
bioreactor changed to a 590 reduction in the effluent from cycle ozonation-biotreatment. 

This efficient outcome was more or less similar in TOC calculation where the TOC in samples 1 to 4 from 
212, 229, 388 and 370 in original wastewater changed to 192, 192, 298 and 287 in the effluent from 
anaerobic bioreactor respectively and then to 185, 139, 198 and 153 in the effluent from cycle ozonation-
biotreatment. The data showed 7, 53, 100 and 134 more effective reduction in the comparison of the two 
effluents.  
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Abstract 
 

This paper is all about the generation of electrical energy through non conventional way when people 
walks on Floor there some forces exerts these forces usually wastes during the walking. So my idea is to 
convert mechanical energy of footsteps that is exerted by person during walking into electrical energy by 
using transducers that is known as “Foot step power Generation System”. 

The power generating floor is used to interpret the kinetic energy into electrical power now a days 
demand of electrical energy is increasing and Energy crises became the root issue in all over the world 
and conventional sources are not enough for total demand of electrical energy. 

The principle goal of this research work is to face these energy disasters, despite the fact that it won’t 
meet the requirements but at least to vary and reduce the dependency on conventional electricity 
generation. as matter of fact weather we are able to design a power generating floor that may produce 
1000 watt on just 12 steps then for 120 steps it may produce 1000watt or 1 unit and weather we install 
such type of 100 floors such a system can produce 1Mega Watt of power. 

It can be implemented on substations and on several public places that can make difference in electrical 
power generation of country can make huge difference. 

© 2016 “Ali Muhammad Sumera Bibi, Asif Ali Brohi
, 

Zeeshan Anjum” Selection and/or peer-review under responsibility of 
Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, 
Pakistan. 
 

Keywords: Electrical Energy, Energy crises, Kinetic energy, Foot step power generation system, 
Mechanical energy of frovot step 

1. Introduction 

In this paper the generation of electrical energy is described by using the weight energy. Person can 
amaze simply knowing that how much energy a person has by simply walking on the floor with normal 
speed. So the people usually have thousands steps in a day. While people walks they lose huge amount of 
energy that their weight energy of foot may be used and converted into electrical energy. The actual 
electro-kinetic floor is really an approach to make electrical energy by using kinetic energy of person 
who walks on the floor. The energy that is usually produced by the floor which can make the 
environment sound without any pollution such kind of energy will cost effective indeed the power floor 
does not need any fuel or any type of energy source only by using the kinetic energy which based on the 
person weight who moves on the floor. Regarding this modern world now a days energy and power are 
the basic key factors as the energy demand is increasing day by day so ultimate solutions of renewable 
energy are implemented. In case of our project we have used a technique of Generating power through 
foot step which is the source of renewable energy that is obtained by walking on footpaths, stairs, 
platforms and such a system is installed mainly in populated areas. 

 
 
*Corresponding Author 
Email Address: alimuhammad-jakhrani@muetkhp.edu.pk 
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The basic principle of ‘Foot sep power generation’ is based on piezoelectric sensor in order to employ 
this system we will adjust wooden plates above and below the piezoelectric sensor and moving springs 
when person will walk on that mat the force will be applied in the result magnet will be fixed under the 
top wooden sheet and moves into the cavity. While this cavity is fixed at the bottom wooden sheet of 
mat. As completing the above procedure, we made ourselves to be able to design a compatible system by 
the help of which we could run the load, Home appliances by AC output voltage. And our task is to 
charge battery with the help of DC output and then using inverter to convert DC into AC for normal 
usage. 

Finally, conclusion is such type of design and techniques of Generating power are very useful to compare 
the supply and demand of energy globally. 

2. Background 

Many researchers have worked on the conversion of dynamic energy into electrical energy by human 
locomotion Jeff krupenkin and Ashley Taylor proposed a new technique which is called reverse electro 
wetting in which the motion of liquid on dielectric material coated. The conductive substrate will cause 
to create electrical energy [8], if there is any vibration on above platform due to human locomotion that 
will be cause to produce electrical energy. One of the scientists of Hull University worked on transferring 
the motion of man into electrical energy. so many experiments had performed by this person in Japan 
also to harnesses the energy from footsteps. 

They had installed flooring tiles on Tokyo in Japan at different bus stations. He observed that at the 
average weight of 60 kg 0.1 watt of power was generating in single second. On other hand with different 
mechanism for generation of electricity from foot step power generation process is given by Tom Jose V 
[7]. He had used rick and pinion gear system attached dynamo with its gear mechanisms shown in Fig. 

 

Fig.1 Generation by applying pressure © google 

In above Fig. gear is connected with fly wheel that will turn and rotate the dynamo. The power which is 
produced that can be stored in batteries in this manner we can be able to monitor and control the 
generated power above Fig. 1 clearly explains. 

When pressure force is applied it pushes the tile on the surface of ground that rotate the shaft 
approximately up to twice by single tile push. The movement of shaft turn the gear box which build up it 
15 times (1:15) then its movement will be smooth by the help of fly wheel which temporary store the 
movement that is convey with DC generator that generate 12volt ,40A at 100 rpm. 

The generated energy will be stored in the batteries then using the inverters it can be utilized.  

3. Literature Survey 
 
3.1.  Purpose 
 
There are some methods to generate electrical energy from the footsteps. Such as Gear wheel and fly 
wheel are methods to generate electrical power. This method works on the principle and in it mechanical 
parts are used because this is placed where there are so many people and the energy is produced by their 
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movements on the floor. 
 
Generation of power is done by footsteps from the crowed on floor and piezo plate scheme is used below 
the floor, then there will be sheet which cover the piezoplate and also spring will be there for vibrating 
force on piezo sensor. 
 
The piezo plate will be struck in the floor such a plates will generate power in the form of electric 
current. The power which is produced by footsteps can be used as additional features like street light or 
light which is used at the place of pedestrian’s .so the pedestrians should give credit the energy which is 
produced by their movement. 

 
3.2.  Literature Analysis 

 
To generate electrical power by using footsteps. The footsteps are more than enough to produce electrical 
energy. Following are the few method of generating power like the steps of fly and gear wheel method 
and piezo plate is also used in these steps. 

• To arrange the electrical components and equipment properly to convert the mechanical 
energy into electrical energy 

• After arranging the electrical system in proper manner that will transfer mechanical energy 
into electrical energy 

• Then spring is attached to piezo with the help of Sheet in this manner spring arrangement is 
done, spring is used to vibrate the piezo by force then power will be generated 

• After that voltage which is produced through the steps can be rectified and after betry 
charger circuit the DC voltage will be stored in the 12-volt battery of lead acid 

• Further this battery will be attached with inverter. Designing of inverter is such a way 
which convert the betry voltage that is 12volt DC into 220 AC 

• Finally, the AC voltage can be used in many appliances like charging the laptop battery as 
well as to charge the handset; it may also have used to lightening up energy saver. 

• If we need more power in this method then use more steps for more energy also the ability 
of battery and inverter should be increase, then output will be increased 
 

3.2.1.  Aspects 
 

The main features of power generation through foot step by piezo electric are that the power generated by 
transform ring mechanical energy into electrical by movement of people on the floor where piezo plate is 
placed. Piezo electric power system is safe and secures to use it is totally risk free method this system 
will not produce any problem and discomfort for people. 

 
Foot step power generation through piezoelectric process have electrical and mechanical parts but it 
hasn’t so many losses. This system has low cost if the system is damaged so no issue the cost of 
equipment is very low. This system has also ability to store the electrical power in the batteries. Foot step 
power generation system is cheap reliable and efficient method. 

 
3.2.2.  Upcomming Extent  
 
Now world is stirring to the renewable resources due to worldwide heating so this project foot step power 
generation through piezo electric has vast extent. Other renewable sources are also used such like sterling 
plant, biogas, wind turbine etc. But if we compare them with foot step power generation through piezo 
electric sensor so this will be inexpensive, useful, efficient and reliable as compare to other renewable 
resources. 
 
 
3.3.  Block Diagram 
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Fig.2. (a) Block diagram   (b) Circuit diagram 

4. Operational Description 

In this system gear is attached with flywheel shown in Fig.2. (b) which will use to rotate the shaft that 
shaft is attached with DC generator in order to generate DC current that will be stored in the batteries. 

When an individual pass, it will push the tile on the ground surface that turn the shaft beneath the tile, the 
turn is limited by clutch bearing which is underpinned by holders. The primary shaft will rotate almost 
twice by single tile push. The movement of prevailing shaft turn the gearbox shaft which buildup it 15 
times then its movement will be smoothed by the help of fly wheel that store the movement temperedly 
that will be transferred to DC generator which produce 12vvolt 40amp at 100rpms 

Generated energy is stored in the batteries and inverter circuit is also used to convert DC into AC so that 
we can run the home electrical load. Indeed, a microcontroller based home mechanization framework is 
used which control rooms with full protection. Whole frame work is put on the iron bars which are called 
channels.  

5. Application 

• Public places 
• Foot paths 
• Universities 
• In airports 
• In car parking system 
• In railway stations 
• Shopping Mall 
• In street lights 
• In bus stations 
• In lift system 

 

6. Conclusion 

Since the power generation using foot step get its energy needs from no conventional source of energy 
there is no need of power from the mains and there is less pollution in this source of energy it is very 
essential to the places, all roads and as well as all kind of foot step which is used to generate non 
conventional energy such as electricity. As a common fact 11% Non conventional energy which 
contributes our primary energy. Weather this project is employed then we can not only overcome the 
energy shortfalls issues but this will also contribute to create sound global environmental change 
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Abstract 

Environmental pollution has become a serious problem in the world since last few decades and causing 
dangerous and harmful effects in the biosphere, where human beings are living and are responsible for 
introducing pollutants in it. This paper mainly deals with the air pollution, which is the main reason of 
harm to the life of human beings. The air pollution produced from Sindh Industrial Trading Estate (SITE) 
area Kotri is one of the major problems being faced by the locality. In this project the air pollution at 
SITE area Kotri were measured by latest equipment to check the level of ambient air quality in its 
vicinity area. The results concluded that majority of industries have air pollution values above standard 
fixed by the Environmental Protection Agency (EPA), World Health Organization (WHO) and National 
Environmental Quality Standards (NEQS). It is suggested that the existing position of air pollution need 
for quick action to tackle to reduced air pollution. Also, it is compulsory to implement ambient air quality 
standards, development of continuous monitoring sites is essential. 

© 2016 “Aqeel Ahmed, M.S.Wahab, Zubair Ahmed, M.Rizwan” Selection and/or peer-review under responsibility of Energy and 
Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 
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1. Introduction  

Today, air pollution, climate change and energy security are broadly considered as three challenging 
issues. Some of the under developed countries of world has reached substantial economic development in 
last few decades, but they also considered as the world's largest producer for environmental pollution, 
source of greenhouse gas emissions (GHGs) and energy consumers, [1]. Environmental pollution and 
global climate change are very close to each other, for environmental pollution (SO2, NOX, PM, VOCs, 
etc.) while for GHGs (CO2, CH4, N2O, HFCs, etc.) are emitted from the combustion of fossil fuels [2], 
[3]. The increased requirement for energy 

is fulfilled by the combustion of fuels i.e. petroleum products & coal in the industries & power 
generation and in transport. At the same time the scientists are engaged to safeguard the world from such 
environmental pollution gases emitted from industries, refineries, and transport and power generation [4]. 
In order to design and execute any industry with all other environmental considerations are also 
modifying at the time of design to protect the human beings [5]. 

Industries, in general, 50% of CO2, 90% of SO2 and nearly all of its toxic chemicals of the world while 
consuming only 37% of the world’s energy [6]. Lately, however; the high cost of remediation and 
strictness of some of the local impacts of the industries is becoming highly sensitive and uncontrollable 
problem in Pakistan. The stationary sources of air pollution emitted from industries such as 
petrochemical plants, power generation, petroleum industries, fertilizer, cement, iron and steel industries 
are increasing with alarming condition in Pakistan. Also, these industries are expanding their work in 
industrial cities such as Karachi, Lahore, Hyderabad, Kotri and many other industrial cities of the 
Pakistan which also turns to worsen the air pollutants level [7]. Although the extra energy services 
related to economic growth can be consumed through an installation of air pollution control devices, so 
that the air pollution reduction targets may achieve over there [8]. 
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Through the literature review, the major sources of air pollution in Sindh are: Industrial pollutants (SO2, 
CO2, CO, Hydrogen Sulphide, particulate matters (PM) etc.), Automobile exhaust pollutants (carbon 
monoxide, Radiation - nitrogen oxides), Domestic Pollutants (fossil fuel burnt by humans) and other 
miscellaneous sources are from textile, pharmaceutical, ceramics and fertilizer industries [9]. 

Geologically, the Kotri city is a flat-topped, typical of arid topography. The climate of city is subtropical, 
semi-desert type; characterized by low and highly erratic rainfall, low relative humidity and high rate of 
temperature. The Industrial zone of Kotri (SITE Kotri) was chose for this study and is located on the 
right bank of the Indus River (in, Sindh Pakistan). The SITE Kotri ranks third in Sindh province and 
seventh in the national level. It lies in latitude 25º.3739´ north and longitude 68º.3013s´ east. The major 
industries in S.I.T.E Area Kotri are textile in nature, cotton, power plants, pharmaceutical, and general 
industries. There are more than 120 industries in Kotri industrial zone but most of them are the textile 
industries and major productions are cotton, cloths, medicines, piping, power production, and general 
products. There are many colonies, village’s education system in the vicinity of S.I.T.E Area Kotri such 
as: Bihar Colony, Khursheed Colony, Khuda Ki Basti, Yousaf Baloch Goth, Labor Colony, Degree 
College Kotri, Government Girls College, Government Boys & Girls High School and Taluka Hospital 
Kotri with population of around 0.2 Million. 

2. Nuisance of Air Pollution 

Exposure to air pollution cause increasing in respiratory and cardio vascular morbidity and mortality 
[10], [11] and [12], including lung cancer [13] and [14]. Such effects are also observed among children, 
both for respiratory [15] and cardiovascular morbidity [16]. Also, the adverse pregnancy and birth out 
comes has been observed due to air pollution [17], in particular birth weight [18], [19] and [20]. For 
short-term effects of air pollution on mortality, no threshold of exposure below which the effects cease to 
exist has been identified [21]. The issue of environmental justice, or socio-economic status facing air 
pollution, has become a public health main concern.  

Table 1: USA National Ambient Air Quality Standards (NAQS) 
Pollutant 
[links to historical 
tables of NAAQS 
reviews] 

Primary / 
Secondary Average Time Level Form 

Carbon Monoxide (CO) 
Primary 8 hours 9 ppm Not to be exceeded more than once per year 

1 hour 35 ppm 

Lead (Pb) 
Primary & 
Secondary 

Rolling 3 month 
period 

0.15 µg / 
m3 (1) 

Not to be exceeded 

Nitrogen Dioxide (NO2) 

Primary 1 hour 100 ppb 98th Percentile of 1- hour daily maximum 
concentration, averaged over 3 years 

Primary & 
Secondary 

1 Year 53 ppb (2) Annual Mean 

Ozone (O3) 
Primary & 
Secondary 

8 hours 0.070 ppm 
(3) 

Annual fourth heights daily maximum 8 hours 
concentration, averaged over 3 years 

 
 
 
Particle 
Pollution (PM) 

 
 
PM 
2.5 

Primary 1 Year 12.0 µg / 
m3 

Annual Mean, averaged over 3 years 

Secondary 1 Year 15.0 µg / 
m3 

Annual Mean, averaged over 3 years 

Primary & 
Secondary 

24 hours 35 µg / m3 98th Percentile, averaged over 3 years 

PM 
10 

Primary & 
Secondary 

24 hours 15.0 µg / 
m3 

Not to be exceeded more than once per year on 
average over 3 years 

 
 
Sulfur Dioxide (SO2) 

Primary 1 hour 75 ppb (4) 98th Percentile of 1- hour daily maximum 
concentration, averaged over 3 years 

Secondary 3 hours 0.5 ppm Not to be exceeded more than once per year 

Chemical reactions regarding with air pollutants can resulted acidic compounds which could destruction 
to buildings, vegetation and our atmosphere. Sometimes, when an air pollutant, such as sulfuric acid 
combined with the water droplets that produced clouds, the water droplets become acidic and forming 
acid rain. Also, these chemical reactions with air pollutant resulted a poisonous gas ozone (O3) [22], and 
affect people’s health and can damage planet and some animal life too. Air pollutants in the form of PM 
and depend on the length of exposure time, type and concentration can be very dangerous to our health. 
The adverse effects can be short-term effects (bronchitis & pneumonia, irritation to the eyes, nose and 
throat) and can worsen the medical conditions of individuals with asthma and emphysema. Long-term 
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health effects (chronic respiratory disease, lung cancer, heart disease, and even damage to the brain, 
nerves, liver, or kidneys) and continual exposure to air pollution affects the lungs of growing children 
and may complicate medical conditions in the elderly [23]. 

3. USA National Ambient Air Quality Standards (NAAQS) 

The Clean Air Act, which was last amended in 1990, requires EPA to set National Ambient Air Quality 
Standards (40 CFR part 50) for pollutants considered harmful to public health and the environment. The 
Clean Air Act identifies two types of national ambient air quality standards [24]. 

4. National Environmental Quality Standards (NEQS)  

The Pakistan Environmental Protection Agency (PEPA) drafted NEQS for ambient air. In pursuance of 
the statutory requirements under clause (e) of sub section (1) of section (6) of the Pakistan Environmental 
Protection Agency Act 1997 are as follow: [25]. 

Table 2: National Environmental Quality Standards (NEQS) 

` Time-weighted 
average 

Concentration in ambient air 
Effective from 1st January 

2009 
Effective from 1st January 

2012 
Sulfur Dioxide (SO2) Annual Average* 80 µg / m3 80 µg / m3 

24 hours** 120 µg / m3 120 µg / m3 
Oxides of Nitrogen Annual Average* 40 µg / m3 40 µg / m3 

24 hours** 80 µg / m3 80 µg / m3 
O3 1 hour 180 µg / m3 130 µg / m3 

Suspended Particle Pollution 
(SPM) 

Annual Average* 400 µg / m3 360 µg / m3 
24 hours** 550 µg / m3 500 µg / m3 

Repirable Particle Pollution 
(PM10) 

Annual Average* 200 µg / m3 120 µg / m3 
24 hours** 250 µg / m3 150 µg / m3 

Repirable Particle Pollution 
(PM2.5) 

Annual Average* 25 µg / m3 15 µg / m3 
24 hours** 40 µg / m3 35 µg / m3 

1 hour 25 µg / m3 15 µg / m3 
Lead (Pb) Annual Average* 1.5 µg / m3 1 µg / m3 

24 hours** 2 µg / m3 1.5 µg / m3 
Carbon Monoxide (CO) 8 hours** 5 µg / m3 5 µg / m3 

1 hour 10 µg / m3 10 µg / m3 
*Annual Arithmetic mean of minimum 104 measurement in a year taken twice a week 24 hourly at uniform interval  

**24 hourly / 8 hourly values should be met 98% of the in a year. 2% in a time, it may exceed but not on two consecutive days  

5. Pollution Measuring Equipment 

The Digital Sound Level Meter is used during this project. The detail features of equipment were: Large 
clear digital display, FAST / SLOW Time weightings, MAX hold function, AC / DC output, Sound level: 
30 -130 dB, Accuracy: ±1.5dB (under reference conditions), Ranges: 30 - 80dB, 50 - 100dB , 60 - 
110dB, 80 - 130dB, Display: 5-digit LCD display, Resolution: 0.1dB, Bar Graph: 50dB scale with 1dB 
steps, linearity range: 50dB, Warning: ‘OVER’ & ‘UNDER’ indicating when value is out of level range, 
Frequency Weighting: A / C, Frequency Range: 31.5 - 8.5K Hz, Time Weighting: FAST / SLOW, Power 
Life: Approx. 30 hours from alkaline batteries, Size: 265 x 75 x 35mm and Weight: 300g including 
batteries and was calibrated from the PCSIR Laboratories, the Digital Sound Level Meter is shown in 
figure 1 

        

Fig. 1: Gas Monitor for SOx & NOx 

6. Results and Discussion 
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The latest and calibrated equipment was used at different dates, timing and locations were selected for 
data collection in the Kotri SITE Area. Also different working hours were also selected for finding out 
the data for the air pollution. From Figure 2 to Figure 8 are the SOx data for different categories of 
industries at S.I.T.E Area Kotri.  

 

Fig. 2: Comparison of SOx Emission from Textile Industries of Kotri SITE with one hour Standard of EPA, NEQS & WHO 

 

Fig. 3: Comparison of SOx Emission from Cotton Industries of SITE Kotri with One Hour Standard of EPA, NEQs & 
WHO 
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Fig. 4: Comparison of SOx Emission of Flour Mills Industries of SITE Kotri with One Hour Standard of EPA, NEQs & 
WHO  

 

Fig. 5: Comparison of SOx Emission of Piping Industries of SITE Kotri with One Hour Standard of EPA, NEQs & WHO 

 

Fig. 6: Comparison of SOx Emission of Rice Mill of SITE Kotri with One Hour Standard of EPA, NEQs & WH O 
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Fig. 7: Comparison of SOx Emission of Oil Industries of SITE Kotri with One Hour Standard EPA, NEQs & WHO  

 

Fig. 8: Comparison of SOx Emission of Other Industries of SITE Kotri with One Hour Standard EPA, NEQs & WHO 

Figure 2 to Figure 8 shows the SOx (ppm) of the different types of industries of the SITE Kotri and 
compared with the standard values of EPA, WHO and NEQs. From data it was analyzed that the SOx in 
the textile, cotton and flour mills was above / high than the EPA, NEQS and WHO standards. It is due to 
any source at large scale to produce smoke/emission of the air pollutants in SITE Area and it consists of 
dust in the raw material (cotton) and during processing of the it causes dust not only the inside but also 
outside of the industry vicinity. Secondly, almost all the textile and cotton industries have their own 
power generation units running on the natural gas as a fuel which also contribute to produce SOx (ppm) 
in the atmosphere. The alarming thing to identify here that it was surprisingly observed that these values 
were too much higher in the winter season stated from month November to April of the year in the SITE 
area Kotri, this is because some such industries were in operation in this period. Usage of bad quality of 
raw material for the processing in the industry were major source to produce air pollution in the SITE 
area Kotri as this was the same case with the flour industries. The major sources of SOx were from the 
boilers, ovens and storage tanks installed in the industries. During the survey, other significant sources of 
air pollution emission sources in textile processes included dying, printing, fabric, resin finishing and 
drying operation were observed. While drying oven and mineral oils in high temperature drying / curing 
cause to produce hydrocarbons. In general, these textile operations can emit acids, softeners and volatile 
compounds and formaldehydes in the S.I.T.E area Kotri. 
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Fig. 9: Comparison of NOx Emission of Textile Industries of SITE Kotri with One Hour Standard EPA, NEQs & WHO 
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Fig. 10: Comparison of NOx Emission of Cotton Industries of SITE Kotri with One Hour Standard EPA, NEQs & WHO 

 

Fig. 11: Comparison of NOx Emission of Flour Mills Industries of SITE Kotri with One Hour Standard EPA , NEQs & 
WHO 

 

Fig. 12: Comparison of NOx Emission of Piping Industries of SITE Kotri with One Hour Standard EPA, NEQs & WHO 

 

Fig. 13: Comparison of NOx Emission of Rice Mill of SITE Kotri with One Hour Standard EPA, NEQs & WHO 
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 Fig. 14: Comparison of NOx Emission of Oil Industries of SITE Kotri with One Hour Standard EPA, NEQs & WHO 

 

Fig. 15: Comparison of NOx Emission of Other Industries of SITE Kotri with One Hour Standard EPA, NEQs & WHO 
 

It is the second major component of air pollution is the NOx and produced mainly the chemical reaction 
of nitrogen and oxygen mainly due to the combustion of fuel in the air-breathing engine and other 
thermal application machines (boilers and oven) installed in the different industries in the SITE Area 
Kotri. Figure 9 to Figure 15 shows the values of NOx (ppm) of the different industries in the SITE Area 
Kotri and compared with the standard values of the EPA, WHO and NEQs standards. As it was already 
described that most of the textile, cotton and flour mills have their own power generation units sourced 
on the natural gas and other thermal application machines used during the processing manufacturing of 
the products in these industries causes to have much more values of NOx then the standard values of the 
international standard organizations. Levels are also higher in winter in cold regions of the world than in 
other seasons because of the increased use of heating fuels. 

7. Conclusion 

Industries contributes various kinds of pollutants to the environment and produced both traditional 
pollutants such as organic substances, sulfur dioxide, particulates and nutrients etc: and newly classified 
pollutants such as dioxin and other toxic substances [26]. The rising necessity for environment-friendly 
products and eco-friendly manufacturing procedures in global and domestic markets suggests that there is 
an enormous chance for those industries that integrate the concept of pollution prevention, because its 
advantages have been confirmed to decrease costs, increase efficiency, lessen risk and condense liability 
[27]. 
Pakistan, during the past few decades, has gotten an extensive increment in population growth, 
urbanization, and industrialization, together with a great escalation in motorization and energy use. As a 
result, a considerable growth has taken place in the types and number of emission sources of various air 
pollutants [28]. However, due to the deficiency of air quality management proficiencies, the country is 
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suffering from deterioration of air quality. Indication from several governmental and international 
organizations has showed that pollutants are substantial danger to the environment, quality of life, and 
health of the population [29]. 
This study focused on the air pollution in the SITE area Kotri, the calibrated instruments from the PCSIR 
Hyderabad were used for data collection at the study area. The collected data was compared with the 
three different standard agencies at national and international level, from the collected data it may be 
concluded that all the industries producing the SOx, NOx level more than the standard values given by 
international & national agencies. All kinds of pollution, witnessed in Sindh, are also common in many 
parts of Pakistan [30]. Suggestions for remedies for this nuisance are well spread in the international 
literature. For Hyderabad and Karachi, which are polluted to various degrees of deleterious elements, are 
of particular interest in both the places, it is pertinent to keep the air clean, devoid of excessive amounts 
of Respirable particulate matter, and other harmful pollutants. On the basis of this study the authors 
concluded that whole industries in the SITE area Kotri producing the SOx and NOx pollution specially 
the textile, cotton and flour mills produced much higher values of SOx and NOx than the other in the 
vicinity area of the industries. 

The current state of air and pollution calls for immediate action to tackle the poor and air quality. The 
establishment of ambient air quality standards, an extension of the continuous monitoring sites, and the 
development of emission control strategies are essential. 

8. Recommendations / Mitigation 

1. It is recommended that in order to circumvent some of the environmental concerns, efforts must be 
made to legislate and implement regulations in this context. However, in adverse conditions, the 
latest National Standards of Pakistan Environmental Protection Agency should be followed. But, in 
the absence of specific standards in this regard, the guidelines of World Health Organization, and/or 
United States Environmental Protection Agency should be consulted for further guidance. 

2. It is recommended that industries at SITE area Kotri may installed Scrubber System (Venturi 
Scrubber, Wet scrubber and Multi-Channel Scrubber etc.) for controlling the Air Pollution 

3. It is recommended that industries must properly treat the wastes, discharges and disposals of a 
pollutants to reduce harmful effects in the vicinity of SITE area Kotri  

4. Textile based cottage industries are facing financial problems, in this affection it is suggested that 
government should funding them by providing loans so that they should switch their old technology 
into the new and advance technologies, and this help to decrease the pollution concentration but will 
also upgrade the productivity as well. 

5. It is suggested that the management of the textile industries to decrease the working shift to 08 hours 
period to condense the air pollution and save the damages due to it in the vicinity of SITE area Kotri. 

6. It is recommended that plantation of trees, bushes and gardens at the inside and outside of the 
industries at SITE area Kotri, as plants works as a pollution absorbent. 
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Abstract 

Solid waste management in urban areas like Karachi is difficult to handle not only because of its varied 
composition but also due to unavailability of proper disposal sites and it is getting severe as the 
population growth is increasing. Samples from one of the solid waste disposal site were examined on the 
basis of physical composition. Since solid waste are classified based on Municipal, Industrial, 
Agricultural, Mining and Quarrying, Energy generation and Hazardous.  

This paper elucidates that the heating value was not feasible because of huge quantity of moisture that is 
due to improper segregation and extreme scavenging action for valuable items in waste.  Therefore, 
different analytical methods are required to calculate heating value of solid waste on the basis of Ultimate 
Analysis, Proximate Analysis and Physical Composition.  

© 2016 “Danish Asrar, Shafaq Asrar, Faraz Sufyan & Ghufran Alam” Selection and/or peer-review under responsibility of Energy 
and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, 
Pakistan. 

Keywords: Waste on Energy generation; Solid Waste Management; Incineration of Waste 

1. Introduction 

Formation of any waste reduces natural resources, utilizes energy and water, exerts stress over land, 
spoils the environment and, finally, makes economic cost to manage it [1]. In 1992 as per the UN 
conference on environment & development that solid waste management which sound environmentally 
must go beyond the safe disposal of waste, pay more attention on mitigating the waste and make best use 
of reuse and recycling of waste [2]. To insure the needs of urban areas organic materials of wastage that 
contain compounds that might be chemically or biologically in nature are converted into desired products 
[3]. 

Waste management is all about input for resources & development, environmental & financial concern 
and demand supply [4]. But we are still far away to achieve our targets in sustainable waste management 
though much innovative technologies are available along with their advancements [5]. Solid waste, 
which has all negative characteristics is harmful for human body and health also danger to environment 
[6]. Due to which proper solid waste management has become essential for being protective even for 
both the environment as well as human health [7]. 

The population of world has grown from 3100 million to 7000 million from 1960 to 2010 and is expected 
to give rise of 8000 million till 2025 [8]. Municipal Solid Waste of global collections to approximately 
1300 million tons per year and is projected to escalate to approximately from 1300 to 2200 million tons 
per year till 2025 [6]. According to the European Environment Agency, increasing, recycling and energy 
recovery helps not to achieve the emission targets but to mitigate greenhouse gas emission [9]. Therefore, 
this energy which is recovered from waste can have a significant role in diminishing the impact Solid 
Waste on both the environment as well as health [8]. 

The primary objective of this research is to determine energy potential in solid waste at dump site where 
there is no proper supply of energy. This will not only fulfill resident’s demand of energy in terms of 
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thermal source of energy but will also help in reducing volume and mass of solid waste being brought 
there. The pilot incinerators will lead the direction for mass energy conversion units, if found economical 
and feasible. 

2. Background Study 

2.1. Waste 

Waste leads to the inefficient representation of mismanaged resources [1]. 

2.2. Role of Waste Management 

In urban areas it is difficult to maintain equilibrium between quality of life and protection of natural 
resources [10]. Therefore, waste management comes into reality first by making an identification of 
different wastes and their origin. After that prevention of these wastes that are generated over span of 
time [11]. 

 

Fig. 1. Basic Role of Waste Management [12] 

In Fig. 1 Basic role of waste management is described that at the time of waste creation over 
environment, Energy and raw materials are simply exposed to landfill causing detrimental effect to 
society while in contrast if waste is being processed prior dumping its lost energy can be utilized.  

Waste creation that it requires energy and raw material Waste management is not only the responsibility 
of local authorities but its efficiency depends upon the participation of both the municipal agency and 
people [13]. 

2.3. Importance of Solid Waste Management 

Enhanced resource efficiency and mitigated greenhouse gas efforts have improved solid waste 
management by utilizing ample energy resources [14]. Pakistan is maintaining 135 ranks worldwide by 
contributing 0.8 % to total greenhouse gas emission and its position is expected to rise by 2030 due to 
numerous factors discussed earlier [15]. 

2.4. Zero Waste City 

Due to the increasing number of cities more consumption and urbanization can have damaging effects on 
urban communities which in turn demands a zero waste city [16]. The society practice on their 
environments in perspective of waste and its consequences on are termed as the “sense of cleanliness” 
[17]. Solid waste management most of the times requires a substantial proportion of the total persistent 
municipal budget indeed [18]. 
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Fig. 2. Zero Waste City [16] 

Fig. 2 describes that in order to have Zero Waste City there must be new infrastructure that must be in 
conjunction with new technologies so that Zero waste research can be progressed leading towards 3R i.e. 
Reduce, Reuse & Recycle. The outcomes of Zero Waste City have tremendous effect over human health 
and environment. 

2.5. Waste to Energy Generation 

It is a process of recovering energy from waste in the form of electricity and heat. As we go in past, in 
order to inhibit dangers to human health, waste incineration was the sole technology to lessen the 
quantity. Nowadays energy recoveries go hand in hand with waste incineration. The example for energy 
recoveries are Denmark and Sweden because they have been generating energy for more than a century 
[19]. 

 

Fig. 3. Waste to Energy Generation [19] 

In Fig. 3 the hierarchy of energy generation from waste is given that either thermal energy is generated 
by direct combustion or by simply combustion followed by Solid, Liquid and Gaseous Fuel. As primary 
sources of these are many but they all are simply conversion to secondary energy carrier. 
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Therefore, a considerable percentage of municipal solid waste is being involved in usage of waste to 
energy plants because in waste incineration most toxic organic wastes are demolished [20]. 

2.6. Solid Waste of Karachi 

The Solid wastes are classified on the basis of their resource [21]: 

• Municipal Wastes 
• Industrial Wastes 
• Agricultural Wastes 
• Mining and Quarrying Wastes 
• Energy Generation Wastes 
• Hazardous Wastes 

Table 1. Solid Waste of Karachi [22] 

Waste Source Quantities (tons/day) 
Households 4500 
Large Markets 50 
Street Sweepings 
Large Hospitals 
Cantonment 
Airport 
Karachi Port Trust 
Buffaloes Yard (Landhi) 
Slaughter House 
Total 

200 
8 
500 
6 
6 
50 
10 
5330 

Table 1 shows Waste sources that are collected from different roots. Among all these sources, 
Households waste has no comparison with rest of waste sources as it contributes significant amount in 
tons/day. 

2.7. Solid Waste dumpsters in Karachi 

The solid waste from all over the city is being dumped openly, legally and illegally out of which a small 
fraction reached properly to the dumping sites. The following are major legal and illegal dumped sites in 
Karachi: 

Table 2. Dumping Sites in Karachi [22] 
Site Name Tons/day 
Jam Chakro 1200 
Gond Pass 1600 
North Karachi, Saba Cinema 
Korangi 5 
Lalabad Landhi 
Korangi 3.5 (Ibrahim Haidry Police Station) 
Korangi 1.5 near 100 quarters Total 

200 
250 
250 
250 
 
300 
4050 

Table 2 shows Dumping Sites in Karachi, these are the official dumping sites as per the source. Major 
wastage dumps in Gond Pass and Jam Chakro which almost represent 45% of the total. 
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Table 3. Population Scenario of Karachi [23] 
S.No. 

 
Towns Population Projection 

for 2005 at 5.00% 
AAGR 

(Million) 

Population Projection 
for 2010 at 4.5% 

AAGR 
(Million) 

Population Projection 
for 2015 at 4.5% 

AAGR 
(Million) 

Population Projection 
for 2020 at 3.50% 

AAGR 
(Million) 

1 Keamari 0.5836 0.7309 0.8927 1.0635 
2 SITE 0.7099 0.8891 1.0859 1.2936 
3 Baldia 0.6167 0.7723 0.9433 1.1237 
4 Orangi 1.0989 1.3761 1.6808 2.0023 
5 Lyari 0.9232 1.1561 1.4121 1.6821 
6 Saddar 0.9356 1.1716 1.4310 1.7047 
7 Jamshed 1.1142 1.3954 1.7043 2.0303 
8 Gulshan-e-

Iqbal 
0.9494 1.1889 1.4521 1.7298 

9 Shah Faisal 0.5099 0.6386 0.7800 0.9291 
11 Korangi 0.8298 1.0392 1.2693 1.5120 
12 North 

Nazimabad 
0.7534 0.9435 1.1524 1.3728 

13 North 
Karachi 

1.0389 1.3010 1.5890 1.8929 

14 Gulberg 0.6886 0.8623 1.0532 1.2547 
15 Liaquatabad 0.9856 1.2343 1.5075 1.7958 
16 Malir 0.6048 0.7574 0.9250 1.1019 
17 Bin Qasim 0.4809 0.6022 0.7355 0.8762 
18 Gadap 0.4397 0.5506 0.6725 0.8011 
19 Cantonment 0.4649 0.5822 0.7111 0.8471 
20 Defence 0.3796 0.4754 0.5806 0.6918 

Total  14.1074 17.6671 21.5786 25.7055 
      

Table 3 includes Population projection scenario of 20 towns of Karachi. It can be seen in just 15 years 
from 2005 to 2020 that there is almost 100 % rise at 3.50% AAGR 

3. Methodology 

Samples of solid wastes were collected from the dumping site Jam Chakro. Jam is Chakro is government 
designated waste dumping site which is spread over 1600 acres near Surjani. The road leading to the Jam 
Chakro waste-dumping site was found covered with Smoke blowing up from garbage dumps. 

4. Study Design 

There are different analytical methods to determine the heating values of Solid wastes on the basis of: 
Ultimate analysis, proximate analysis and physical composition. We have calculated the heating value 
based on Physical Composition. 

5. Main Body of Research Outcomes 

5.1. Composition Analysis of Solid Waste at Dumped Site 

Composition of solid wastes varies from place to place because it extremely depends on the life style and 
class of the residents of respective area. For this purpose a dumping site was selected for the 
determination of composition of solid waste rather than considering a small locality or area and to get an 
approximate true sample. Jam Chakro, one of the biggest dumping sites located at 10 km from North of 
Karachi was visited and sampling process was carried out by the scavengers of that area. The people 
revealed that they use to liter the solid wastes being dumped there in order to get any valuable remaining 
pieces of metals, glass etc; they sell these stuff to pass their lives. For this purpose they have distributed 
the dumping site among them and have their own manual weight balances. For sampling purpose a newly 
arrived dumper of Al-Khalid Agencies was selected and 10 samples each of 50 kg were taken out, 
segregated by local people and composition of samples were statistically determined on mass basis. The 
following is the statistical data for samples: 
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Abstract  
This paper submits realistic evidence from a descriptive case study in an industry at the supplier-plant, 
plant-warehouse and warehouse-customer interfaces. The lead time from the first step to the last is long 
and it comprises of many levels. Product distribution accounts for a substantial portion of the logistical 
costs of a product. Distribution activities are repetitive in nature and they influence the delivery lead time 
to consumers. A well designed fully flexible supply chain network can significantly minimize these costs 
and lead times. The current study presents a supply chain network design and decision approach for the 
distribution of products by identifying the supplier, plant and warehouse location and customer allocation. 
Grade of the product and capacity of the warehouse to satisfy the required customer demand, are solved 
for optimum solution. Solving the problem for feasible routes to deliver products to customers minimizes 
the carbon-monoxide emission from vehicles to the environment. The selection of shortest route with 
minimum hurdles increases the responsiveness, minimizes the transportation cost and CO emission to the 
environment. A case study is solved to explain the proposed heuristic. At the end, concluding remarks and 
recommendations for further research are presented. 

 

© 2016 Engr. Razaullah et al. Selection and/or peer-review under responsibility of Energy and Environmental Engineering Research 
Group (EEERG),  
Mehran University of Engineering and Technology, Jamshoro, Pakistan. 

Keywords: Network design; Traffic factor; CO emission; Green Supply Chain. 

1. Introduction 
 
Supply chain managers frequently come across location and allocation problems at the design phase of a 
supply chain that involves determining the number of suppliers, plants, warehouses and assigning of 
customers. It appears imperative to treat the location and allocation decisions simultaneously. But due to 
the complexity of the problem, a breakdown into levels (level-1, level-2 and level-3) helps to manage the 
complexity of large sized problems. The location decision involves substantial investment. Since it can’t 
be changed frequently, therefore, it has long term implications. The suppliers, plants and warehouses’ 
locations acts as prelude to the overall process of supply chain network design with far reaching effects on 
the performance of the logistics and distribution system. On the other hand, the allocation decision is more 
dynamic in nature as these assignments need to be reviewed and changed from time to time as the supply 
chain grows. This is especially true for the steel, petroleum, cement, etc. products’ distribution in Pakistan 
and other developing countries as well, where the retail outlets and customer buying stations for such 
products are expanding at an increasing rate.  

The work presented is mainly concerned with location of warehouses covering all customers and allocation 
of customers to the warehouses and minimizing the number of warehouses while satisfying customer 
demand. We have also incorporated the inter-warehouse distances, thereby further improving the product 
distribution. Another feature of our approach is to incorporate the traffic factor based on which the route 
for product delivery to the customers is decided. Some constraints must be imposed during the customer 
demand delivery associated to a warehouse. Minimizing the number of warehouses increases the load per 
unit warehouse and thus warehouses must be built with sufficient capacities. Customers are assigned to a 
warehouse based on the capacity of the warehouse. The procedure developed determines all the feasible 
routes for the delivery of products to customers from a warehouse through a shortest feasible route. The 
required grade of the product is also incorporated in this study which further improves the solution. 
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A supply chain comprises of suppliers, manufacturers, distributors, traders and consumers. A supply chain 
delivers products with quickest distribution to the customers and at most reasonable price. A supply chain 
is no longer a single chain but a network tied with many chains, called supply chain network. It is 
realistically believed that the study of supply chain network has more real-world significance than the study 
of traditional supply chain [1]. Supply chain networks are worldwide networks with suppliers, 
manufacturers, distribution centers, traders and customers. The supply chain networks perform the 
functions of locating of raw materials, conversion of those into intermediate and completed products, the 
distribution of completed products to consumers and its key objective is to fulfill the consumer 
requirements. In old-style supply chain networks, the objective is to balance the benefits among the firms 
involved, to enhance the operating efficiency throughout the services, to maximize the profitability of the 
procedures and to generate value for the consumers [2]. Supply chain network management is a 
progressively applied policy for companies. Supply chain network management is an integration of main 
business procedures from suppliers to end customers. Hence, a supply chain network management system 
can only be effective if it supports all the main business procedures [3]. Having an effective and efficient 
supply chain network offers a marketing zone for enterprises in the worldwide business atmosphere. 
Determining locations, quantity of product flow and reducing transportation costs are handled as a network 
design problem in supply chain management. Items that include the supply chain are highlighted to provide 
customer satisfaction and to get competitive advantage in process between raw material suppliers and end 
customers [4]. A global economy and a growth in consumer expectations concerning costs and services 
have forced manufacturers to increase their business practices particularly within their supply chains. A 
supply chain is a network of business entities mutually responsible for moving a product from supplier to 
consumer. It contains such interconnected activities as the supply of raw materials for manufacturing, 
customer order, management of inventory, production scheduling and transporting goods to consumers. 
Supply chain management covers the management of these activities in a smooth way [5]. The processes 
in product supply chain and logistics are part of today's greatest important economic activities. The ever-
growing size of transportation of products has its own concerns, particularly those relating to the 
environment. Transportation activities are significant causes of air pollution having harmful effects on 
human health and also responsible for global warming. These matters have raised concerns on reducing 
the volume of emissions worldwide. In this respect, many countries have set strict targets on minimizing 
their carbon emissions in the near future [6].  

The problem studied in this paper is related to the determination of all the required warehouses in order to 
satisfy a set of customers’ demand. Various industrial constraints are involved and studied in the planning 
and operating processes. The procedure developed leads to considerable improvement in terms of 
minimizing the number of warehouses and selecting the feasible routes. The solution procedure is based 
on linear programming model which is solved by the Network Simplex algorithm. LP_Solve_5.5.2.0_IDE 
and MATLAB R2009a predefined functions and formulae are used to achieve the required final integer 
optimal solution. 

2. Literature Review 

A. Gill presented a supply chain network design method for the delivery of petroleum products by 
recognizing the locations of warehouses and allocations of gas stations. Supply chain supervisors often 
come across location of warehouse and allocation of gas station problems at the design stage of a supply 
chain that includes determining the number of warehouses and assigning of consumers to warehouses [7]. 
Supply chain networks offer the structure for the manufacturing, storage, and delivery of products like 
pharmaceuticals, steel, vehicles, cements, computers, furniture, and clothing, throughout the world. A. 
Nagurney developed a modeling and analytical framework for the design of sustainable supply chain 
networks. A network optimization modeling framework and a procedure are presented, which is then 
applied to calculate results to a variety of numerical sustainable supply chain design cases in order to 
exemplify the method [8]. In the competitive trade world, today, industrialists face the continuing task to 
frequently calculate and design their production and delivery systems and policies to offer the desired 
consumer service at the lowermost possible cost. Long-range existence for manufacturing companies will 
be very tough without highly optimized strategic systems. Savings in the range of 5–10% can be attained 
by using strategic and calculated logistics models and it can significantly affect the profitability of the firm 
[9].  

J.F. Campbell presented the problems of location of discrete hubs. Hubs serve as transshipment and 
switching points for traffic between identified origins and destinations. A non-negative flow is linked with 
every origin-destination pair and an attribute such as distance or cost is associated with each movement. 
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The word cost is used throughout the study which represents the element of interest [10]. Supply chain 
network design deals with a variety of decisions i.e. determining number of products, capacity and location 
of facilities and may include decisions such as product distribution and transportation to customers. It may 
also include operational decisions e.g. satisfying customers demand [11]. The management of supply chain 
has been considered as the most significant activity in several organizations. In supply chain management, 
the goal has been to send required products from one level to another, in order to fulfill customer demands 
such that sum of the costs is minimized [12]. In integrated supply chain design, the decision makers need 
to consider inventory and distribution costs when the number and localities of the facilities (warehouses) 
are determined. The goal is to minimize the overall cost that comprises location and inventory costs at the 
distribution centers, and supply costs in the supply chain [13].  

Ting W and Kaike Z presented a computational study for common network design in multi-commodity 
supply chains. Their aim was to minimize the cost including location, transportation, and inventory costs 
[14]. Seval E and Nursel O presented a mathematical model for multi stage and multi period reverse supply 
chain network, which maximized overall revenue of the network. The suggested model defines warehouse 
locations and material movements between phases in each period [15]. Tsao YC and Jye-Chye presented 
a supply chain network design considering transportation cost discounts and developed an algorithm to 
solve SCM problems using nonlinear optimization techniques [16]. In recent years, the study on supply 
chain networks has become a main focus. Components and product movement through suppliers, product 
manufacturers, product distributors, and consumers, is termed as supply chain network. These networks 
have many applications in manufacturing and distribution, e.g., automobile and electronic industries [17]. 
Striving for optimal conditions is essential because the current competitive conditions motivate 
manufacturers to produce faster and inexpensive products with a better quality. Unsuitable process 
parameter settings may result several manufacturing problems as product defects, longer lead times and 
higher prices [18]. In the periodic event scheduling problem (PESP), events have to be arranged repetitively 
over a certain period. It is a complex and well-known problem with many real-world applications [19]. 
Various methods have been applied for solving linear and nonlinear network flow problems with the aim 
of examining, improving and understanding the computational efficiency of suggested solutions for lowest 
cost problems. C.M.S. Machado et al. suggested a network flow linear program model to explain the 
problem of reducing costs of production and delivering of products to customers [20]. C. A. Colberg et al. 
[21] presented that the emissions of single road vehicles depend on many factors such as type of engine 
(two- or four-stroke, gasoline or diesel) and its size, driving conditions (acceleration and speed), road 
gradient, type of exhaust technology, type of fuel and maintenance. Emission Factors of single vehicles 
can be measured by dynamometer tests. Imenez-Palacios et al. [22] presented that Vehicle emissions can 
of course vary with the engine load and with vehicle characteristics. The vehicle specific power (VSP) is 
a measure for engine load and useful for comparison between different measurement conditions. 

3. The Inter-Warehouse Distances 

The inter-warehouse distances are incorporated in this study. Table 1 shows the inter-warehouse distances. 
If warehouse W1 has sufficient capacity to fulfill the customer demand, then there is no need of installing 
any other warehouse. If a single warehouse does not have sufficient capacity, then the customer will load 
some of the required demand from one warehouse and will then go to another nearest warehouse to 
complete the demand on a shortest possible route. While going to the nearest warehouse, the route will be 
decided based on the shortest distance, maximum traffic factor value, capacity of warehouse and 
availability of grade of the required product. Fig. 2 shows a general fully flexible supply chain network. 

 

Table 1. Inter-warehouse distances 

Here, Di,j is the distance between ith and jth warehouses for .ji ≠  
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Fig. 1. A general supply chain network 

 
4. Heuristic Solution Approach 

The approach is two folds. First, the warehouse locations are chosen from the available sets of warehouses 
which can cover the customers based on a pre-assigned maximum threshold distance. Then, the customers 
are allocated to the selected warehouses. The steps of the procedure are as follows: 

4.1 Location of warehouses 

The location of warehouses involves two steps. First, to construct a binary coefficient matrix so as to 
identify the potential locations, then selecting the actual locations using a mathematical programming 
model. 

4.1.1 Construction of the binary coefficient matrix for maximum threshold distance 

Based on the maximum permissible distance, dmax, a binary coefficient matrix [αij] is prepared, which is to 
be used as an input to the mathematical model. The relation used to construct the binary matrix is: 

αij = 1, if dij ≤ dmax , otherwise 0. 

Note that:  

ij

ij
ij T

D
d =

                                      

)1(  

Whereas, dij is the revised distance, Dij is the actual distance and Tij is the traffic factor value.

 

4.1.2 Construction of the binary coefficient matrix for the capacity of warehouses 

Based on the capacity Cj of the set of warehouses Xj, a binary coefficient matrix [βij] is prepared, which is 
to be used as an input to the mathematical model. The relation used to construct the binary matrix is: 

βij  = 1, if sum of capacities of all the warehouses is greater or equal to the sum of total customer demand, 
otherwise 0. 

4.1.3 Construction of the binary coefficient matrix for grade of the required product  

Based on the grade of the products, a binary coefficient matrix [γij] is prepared, which is to be used as an 
input to the mathematical model. The relation used to construct the binary matrix is: 

γij  = 1, if a set of warehouses Xj has grade of the products demanded by customer i, otherwise 0. 

4.1.4 Route existence 
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A route between the two nodes will exist if: 

1=ijijij γβα                                              )2(  

and a route between the two nodes will not exist if:  

0=ijijij γβα                           )3(  

mi ,...,2,1=  and nj ,...,2,1=  

Whereas, m is the number of customers, n is the number of sets of warehouses. 

4.1.5 Network simplex method mathematical model 

Network simplex method is composed of nodes and arcs. The locations of warehouses and customers are 
represented by nodes and the distances between them are represented by arcs (routes). 

Minimize:      

pq
pq

pq YdZ ∑=                            )4(  

Subject to: 

    ppqqrp RYA ≥,                                    )5(  

            )6(  

 

Whereas, A is a matrix indexed by the set of nodes and is incidence matrix of a network. And p is the 
number of nodes, dpq is the distance from node p to node q, Ypq is the required amount of products to ship 
from node p to node q through distance dpq. Negative value of Rp means capacity of warehouse (source), 
and positive value of Rp means customer demand (destination).

 

A customer may be facilitated directly from a single warehouse. However, when a single warehouse has 
not sufficient products as demanded by the customer, then two or more than two warehouses jointly can 
satisfy a customer. Fig. 3 shows all the feasible routes to approach a customer. A customer C may be 
directly facilitated from warehouse 1 or may be facilitated from two warehouses i.e. starting from 
warehouse 1 (origin) and passing through warehouse 2 and then reaching customer C. Similarly, a customer 
C may be facilitated from three warehouses i.e. starting from warehouse 1 (origin), passing through 
warehouses 2 and 3 and then reaching customer C and so on.   

 
Fig. 2. Warehouse-customer feasible routes 

5. Case Study 
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The production plants produce unlimited products and then store the products in the warehouses. Table 2 
shows the capacity of each warehouse. A single warehouse may or may not have sufficient capacity to 
fulfill the total customer demand. If a single warehouse cannot satisfy customer demand, then two or more 
than two warehouses (set of warehouses) jointly satisfy the customer demand. It is preferred that a 
warehouse be constructed with sufficient capacity. The customer demands are shown in Table 3. 

Table 2.  Warehouse capacity 
Warehouse Capacity 

1 500 
2 700 
3 400 

Table 3.  Customer demand 
Customer Demand 

C1 390 
C2 350 
C3 250 
C4 380 

The example solved explains the proposed procedure. Table 4 shows the inter-warehouse distances. The 
distance between warehouse 1 and warehouse 2 is 60 km. The distance between warehouse 1 and 
warehouse 3 is 70 km and similarly the distance between warehouse 2 and warehouse 3 is 45km. 

Table 4. Inter-warehouse distances 

 

The warehouse-customer distances are shown in Table 5. The distance between warehouse 1 and customer 
1 is 110km and the distance between warehouse 2 and customer 1 is 60km and so on. 

Table 5. Warehouse-customer distances 

 

X1, X2,…, X15 are the maximum feasible number of sets of warehouses fulfilling the customer demand. 
Table 6 shows the maximum number of feasible sets of warehouses for satisfying the customer demand. 

Table 6. Sets of warehouses 

 

Table 7 (Appendix A) shows the warehouse-customer distances. In the set X1 of warehouses, the direct 
distance from warehouse W1 to customer C1 is 110km. In the set X4 of warehouses, the total distance, 
starting from warehouse W1 (origin), passing through W2 and reaching customer C1 (destination) is 120km. 
Similarly, in the set X10 of warehouses, the total distance starting from warehouse W1 (origin), passing 
through W2 and W3 and reaching customer C1 (destination) is 150km and so on. 
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The traffic factor values for the designed routes are given in Table 8. For the set of warehouses X4, the 
distance between W1 and W3 is 70km and traffic factor value is 1. The distance between W3 and C3 is 95km 
and traffic factor value is 0.9. The total distance of the route starting from W1 passing through W3 and 
reaching C3 is 165km. So, the overall traffic factor value for this route will be 0.94. Mathematically: 

[ ]
*94.0

9.0

95

1

70
9570 =








+








+
                            

)7(
                                                     

The route starting from W2 passing through W1 and reaching C1, has a traffic factor value 1 between W2 
and W1 and has a traffic factor value 0 between W1 and C1. This route will be discarded because there is no 
overall traffic flow possible from warehouse W2 to customer C1. Hence, the overall traffic factor value is 
0+ (zero) for this designed route. 

The actual distances divided by the traffic factor value gives us revised distance d. When the traffic factor 
value is zero, then either there is no route from the warehouse to customer or the route is closed. Table 9 
shows the revised distances from the sets warehouses to the customers. 

∞ means that either the distance is too large or there is no access possible from origin to destination. Based 
on the maximum permissible distance, dmax, a binary coefficient matrix [αij] is prepared. In Table 10, the 
binary coefficient matrix is shown. The following relation can be used to construct the binary matrix. 

αij = 1, if dij ≤ dmax, otherwise 0. 

dmax = 100km (In this case) 

Based on the capacities of the sets of warehouses, a binary coefficient matrix [βij] is prepared. The 
following relation is used to make the binary matrix for the capacities of the sets of warehouses. βij  =1, if 
sum of capacities of all the warehouses is greater or equal to the sum of total customer demand, and 0 
otherwise. Table 11 shows that each set of warehouses has sufficient capacity. 

Based on the grade of the products, a binary coefficient matrix [γij] is prepared. The following relation is 
used to construct the binary matrix. γij  = 1, if a set of warehouses Xj has products of the required grade 
demanded by customer i, and 0 otherwise. Table 12 shows the binary coefficient matrix [γij] for the grade 
of the required products. 

Multiplying the corresponding binary coefficients αij, βij  and γij evaluated in Table 10, 11 and Table 12 
respectively. Using Eqs. 2 and 3, the corresponding values are shown in Table 13. 

The network flow diagram for this example is shown in Fig. 4. There are three warehouses and four 
customers. The total nodes are 7. Negative value inside the node shows source (warehouse) and positive 
value inside the node shows destination (customer demand). Y15 is the units of product required to shift 
from warehouse 1 (node1) to customer 2 (node 5) and d15 is the corresponding actual distance (70 km). 
Using Eq. 6, binary coefficients of Yij are shown in Table 14. 

 
Fig. 3. Network flow diagram 

dij = [d15 d16 d23 d24 d25 d27 d31 d32 d34]                        )8(  
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From Eq. 8, the distance matrix is: 

dij = [70 25 45 60 95 40 70 45 45]                      )9(  

 

 

 

 

From Eq. 4, the objective is: 

Minimize: Z = 70Y15 +25Y16 +45Y23 +60Y24 +95Y25 +40Y27 +70Y31 +45Y32 +45Y34 

And from Eq. 5, the constraints are: 

 

The problem is solved with the data provided in the tables. The model comprises of 7 constraints and 9 
variables with an objective to minimize the total cost and minimizing the CO emission. All instances were 
solved using lp_solve version 5.5.2.0 for 32 bit OS, with 64 bit REAL variables, 2.00 GB of RAM and 
Intel® Core™ i3 CPU 2.53 GHz processor. Time to load data was 0.001 seconds; presolve used 0.006 
seconds, 0.020 seconds in simplex solver, in total 0.027 seconds. 

 

The optimum solution is: Z = 77950 

The sub-network of Fig. 4 is given in Fig. 5. 
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Fig. 4. Product supply to demand locations 

In this case study, the total demand is equal to total capacity of the three warehouses. If we increase the 
capacities of the warehouses as shown in Fig. 6, then less number of warehouses will fulfill the required 
demand from customers. For example, if we increase the capacities if warehouse 1, 2 and 3 to 800, 900 
and 700 respectively then only two warehouses (warehouse 1 and 2) will be enough to fulfill the total 
customer demand. There will be no need of warehouse 3. 

 
Fig. 5. Final network flow diagram 

6. Conclusion 

The present paper evaluates product distribution strategy of a company with a view to improve its 
distribution network for better area coverage and to identify its major warehouse locations and allocation 
of customers to the selected warehouses. The capacity issue is important as the company has a practice of 
frequently reviewing its supply chain decisions. The required grade of product is included in the current 
analysis and the inter-warehouse distances further optimized the solution. Traffic factor is incorporated in 
the mathematical modeling and has an important impact in the route selection for the supply of products. 
The problem is solved for feasible routes to deliver products to the end customers, which minimized the 
carbon-monoxide emission from vehicles to the environment. 

It is envisioned that the scope of the analysis could further include issues such as criteria for sequencing 
and scheduling, precedence relations, preemption and Gantt charts. The sequencing and scheduling criteria 
issue was omitted from current analysis based on the assumption that customers have sufficient waiting 
time for loading of the required products. Secondly, for the existing four customers, sequencing and 
scheduling, precedence relation and preemption had never been a problem. 
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Appendix A 

 

Table 7. Warehouse-customer distances 

 

Table 8. Traffic factor values for the designed routes 

 

Table 9. Revised warehouse-customer distances 

 

Table 10. Binary coefficient matrix [αij] 

 

Table 11. Binary coefficient matrix [βij] 

 

Table 12. Binary coefficient matrix [γij] 
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Table 13. Existence of routes 

 

Table 14. Coefficients of Yij
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Abstract 

The present study is based on; accidental release of hazardous gases and their consequence along with 
solutions to deal with the gravity of the situation. When an accident occurs regarding the leakage of toxic 
gasses, the residents present in the vicinity having major health issues. ALOHA (Areal locations of 
hazardous atmospheres) software is used to study the effects of accidental leaks and to defuse the 
situation which is the most suitable proactive approach. This study was carried out on two chemical 
manufacturing plants that using three toxic gas phosgene, chlorine and ammonia in their processes. 
Public Exposure Guidelines (PEGs), ERPG-2 (Public exposure planning guideline) and IDLH 
(Immediately dangerous to life & health) were used to compare the result obtained from the study. Indoor 
concentrations of toxic gasses were calculated, but the major focus of interest on outdoor concentrations. 
The result obtained from Gaussian dispersion model was much lower than the corresponding result of the 
heavy gas model. This study provides a gateway regarding the consequence evaluation and contingency 
planning in case of leakage of toxic gases. 
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1. Introduction 

Industries present in the country and their production show the economy of the country. Chemicals 
production and their use have environmental effects on human beings and the environment. A massive 
quantity of toxic substances used in various industries and these require careful handling of process 
chemicals. Leakage of hazardous chemicals could result in the dispersion of toxins into the adjoining 
environment that can lead to severe environmental problems and casualties[1, 2]. 

 Like other countries, Industry in Pakistan is growing by leaps and bounds. There is an ever increasing 
concern regarding the safety of the chemicals used in industry. Hazards are associated with chemicals 
used at workplace.  However, safety data sheets of chemicals are helpful to give information about the 
hazards associated with that particular chemical. Data given in material safety data sheet (MSDS) are 
widely used in simulation and accidental release of chemicals[3]. Proactive approach of risk assessment, 
analysis and risk management is used to find the probability of risk and rectify it before it affects the 
production process. HAZOP (Hazard and Operability Study) and FMEA (Failure modes and effects 
analysis) are the common techniques used to identify the existing hazards and risks [4]. 

The risk involved in any accidental establishment is not essential to be always severe. Risk is defined in 
three categories, acceptable, tolerable and unacceptable. For the risk to be acceptable it should be 
reasonable and kept as low as reasonably practicable i.e. the ALARP (As Low as Reasonably 
Practicable) principle. If the risk at hand comes out to be unacceptable and does not fulfil the principle of 
ALARP then there is a need of further control for reducing the risk to acceptable range. While dealing 
with a risk, individual risks and social concerns should be taken into account[5] . 
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A number of simulation software’s are available which are used for the applications of safety analysis 
like EPI code, ALOHA, Phast and Safety etc. Commonly used software’s are EPI code and ALOHA 
(Areal Locations of Hazardous Atmospheres), both estimates the rate of evaporation, evaporation rates 
from the pool of liquid chemicals spilled and then the subsequent dispersion into the atmosphere but they 
differ only the algorithm by which these software calculate the results[6-8]. The ALOHA  software 
consisting of various dispersion models like Gaussian and heavy gas dispersion models have been 
applied for various pollutants i.e. gaseous pollutants [9-11]. This study was carried on three production 
plants located in a chemical complex in Pakistan with operations involving toxic chemicals without 
mentioning their names. Software is used to simulate the measure of threat zones and dispersion when 
chlorine, ammonia and phosgene (these are chosen because of their relatively massive use of these plants 
and higher concentrations present in the plant environment) are released from their storage tanks. 

2. Materials and methods 

In present study dispersion of hazardous gases was observed by using ALOHA software, with built-In 
Gaussian dispersion and heavy gas dispersion models[12]. The research work was carried out by using 
latest version of ALOHA 5.4.4 [13]. This simulation software was developed by the joint venture of the 
Emergency Response Division (ERD) of National Oceanic and Atmospheric Administration (NOAA) 
and Environmental Protection Agency (EPA). Its basic application lies during emergency cases 
especially during the accidental release of hazardous chemicals to provide emergency response and 
ultimately give the rough estimate of the danger to locality and Level of Concern (LOC). ALOHA deals 
with the human health related hazards e.g. effects on respiration system of humans by the exposure of 
toxic chemical gases and vapors and pressure waves from vapor cloud explosion [14].  

Hazardous gases that are selected for this study with their corresponding boiling points and level of 
toxicity are depicted in table 1. Level of Concern (LOC) can be fully understood if we incorporate the 
Public Exposure Guidelines. Table 1 shows the public exposure guidelines (PEGs) namely (ERPG-2) 
Emergency Response Planning Guidelines and (IDLH) immediately dangerous to life and health [15, 16]. 
These two PEGs were selected because they are widely used by analysts now a day due to the easy 
availability of their data in the literature. The downwind distance was selected constant and the maximum 
outdoor and indoor concentrations are calculated at the selected downwind distance.  

The data were collected from the industry-I, which produces urea fertilizer and Industry-II, which 
manufactures refrigeration cooling gases. Industry-I contains the storage tanks for ammonia and chlorine 
gases which are used in the upstream processes for urea production, whereas Industry-II contains the 
storage tank for phosgene gas. The concentration and diagrams of storage tanks are given in the Table 2. 
The accidental release from the storage tanks of the hazardous gases take place through a hole and these 
gases are in liquid form. It is also important to consider that ammonia should be in anhydrous form in its 
storage tank.  

Overhead space of 10% is allocated to liquid gases for any expansion due to temperature effects. The 
boiling points (Tb) of these gases are lower than the ambient temperature (Tamb) i.e. Tb < Tamb. The hole is 
assumed to be taken in the bottom, hence the liquefied gas will flow into the liquid state under the force 
of gravity with maximum flow rate.   

To calculate the effects of the chosen toxic gases in the atmosphere, one parameter is varied and other 
parameters remained constant. Maximum outdoor and indoor concentrations (ppm) are found by 
changing various parameters across a fixed downwind distance (D) with the assumption that there is just 
only the downwind that affects and crosswind effects are taken as zero. The parameters which were 
investigated and the following major assumptions were taken during the study 

• Hole diameter was varied by keeping other parameters constant like wind speed, temperature, 
humidity and cloud amount or degree of cloud cover. The hole diameter was changed from 
0.5cm to 5 cm in the case of ammonia whereas of chlorine and phosgene, it was changed from 
0.25cm to 2.5cm. 

• The wind speed is changed by keeping the rest of the parameter constant. It was also ensured 
that the wind speed selected remains constant with the Pasqual Stability Class. It was same for 
all the gases under study, i.e. from 2 m/s to 12m/s.  
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• The temperature was changed while the values of other parameters were kept fixed and the 
effects were observed on the maximum outdoor and indoor concentrations. Temperature values 
taken were 5 to 50 o C.  

The investigation of parameters was done by using both calculation models present in ALOHA i.e. 
Gaussian dispersion method and heavy gas dispersion method so that we can compare the results 
obtained from both the models. The parameters which remained constant throughout the study are given 
in the Table 3.  

3. Results and discussion 

This study was based on hazardous gases, equally harmful for both human beings and the environment. 
Three types of analysis were made at each gas separately and the corresponding results are tabulated in 
each case. The concentration of these hazardous gases was taken after the release time of 60 minutes. The 
gases used in this research form only toxic cloud with no fire. Chlorine and phosgene are responsible for 
greenhouse effect whereas ammonia is not involved in any ozone depletion in stratosphere or any 
climatic change[17]. 

The research was focused on two public exposure guidelines, ERPG-2 and IDLH. ERPG-2 is that 
maximum airborne concentration of the chemical below which all individuals can be exposed to the 
chemical released for up to one hour and it will not cause or develop any permanent or serious health 
issue or any symptom that take away an individual’s ability to Figurant against the dangerous situation. 
The calculation of the impact areas has been made for each substance with reference to the toxic levels of 
gases in Table. 4. The results of parameters like air temperature, hole diameter and wind speed were 
analyzed by ALOHA software that can provide help to decision makers to adopt a proactive approach 
and prevent the number of people living in the vicinity. 

3.1 Ammonia 

Ammonia flashes into vapours readily and goes to the atmosphere when its temperature is above -33oC 
which is its boiling point and it can cover distance of several Km in gaseous phase. Some specified 
models are present in literature to deal with such conditions as commonly used equations and methods 
are not consistent with the scenario given [18]. 

The parts of the environment which are mostly affected by the accidental release of ammonia are air, soil 
and water bodies (Table 4).  

3.1.1 Effects of Hole Diameter  

With the increase in hole diameter there is always an increase in the maximum outdoor and indoor 
concentration as shown in Table 5. In this study the hole is located in the bottom of the storage tank so 
the force of gravity is acting its maximum value. The discharge rate is directly proportional to the hole 
diameter. In the Gaussian dispersion model, the maximum outdoor concentration crosses the ERPG-2 
when the hole diameter is 5 cm but it cannot approach the IDLH value. On the other hand, in heavy gas 
model, the maximum outdoor concentration approaches ERPG-2. When the hole diameter is merely 
1.5cm and crosses the IDLH value when hole diameter is 2.5 cm.       

The maximum outdoor and indoor concentrations are taken against the hole diameter by using two 
models, i.e. Gaussian dispersion and heavy gas model. The values are taken from the graphs obtained 
from the simulation done in ALOHA and results are shown in Table 5. In Gaussian dispersion model the 
outdoor concentration starts from 1.8 ppm that further increases by an increase in hole diameter and 
reaches at 175 ppm (5 cm hole diameter).Whereas in case of heavy gas model outdoor concentrations 
were in the range of 17.5 –1400 ppm with hole diameter 0.5-5 cm.  

3.1.2 Effects of Wind Speed 

By changing the wind speed the Pasqual stability classes changes to a suitable value accordingly.  When 
the wind speed is 2 m/s then the Pasqual stability class is “B” which changes to “C” when the wind speed 
changes to 3 m/s. From a wind speed of 4 m/s to onward the Pasqual stability class remains “D”. The 
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concentration values increase up to the wind speed of 4 m/s and after that its value start decreasing. In 
Gaussian dispersion model neither ERPG-2 nor IDLH values are reached (Table 6) whereas in the heavy 
gas model the maximum outdoor and indoor concentrations passes through both ERPG- 2 and IDLH 
values at 8m/s and 4 m/s respectively. 

3.1.3 Effects of Temperature 

The effect of an increase in temperature with the change in concentration is not complex, i.e. the 
maximum outdoor and indoor concentration increases with the rise in temperature (Table 7). Minor 
increase in concentration is observed in case of Gaussian dispersion model as compared to the heavy gas 
model. By using a Gaussian dispersion model, initially there is an abrupt change in concentration, then 
after the increase in concentration continues with a slower pace. In Gaussian dispersion model the 
concentration never approaches ERPG-2 and IDLH values, whereas in the heavy gas model the 
concentration is above ERPG-2 during the initial stage and it crosses the IDLH value at the temperature 
of 30 o C. 

3.2 Chlorine 

The major effected parts in an environment in the case of chlorine release are air and water as given in 
Table 4. When chlorine is exposed to soil, it might react with the components of soil to form chlorides.  

3.2.1 Effects of Hole Diameter 

The effect of hole diameter is same as discussed in the case of ammonia. The maximum outdoor and 
indoor concentration increases with the increase of hole diameter (Table 8). The maximum outdoor 
concentration crosses ERPG-2 on the diameter value of 1.25cm and IDLH on 2.25 respectively. On the 
other hand, in the heavy gas model, the ERPG-2 and IDLH values are crossed at the hole diameter value 
of 0.5 cm and 0.75 cm respectively.  

3.1.2 Effects of Wind Speed 

The effect of wind speed does not remain similar. Initially, it increases up to a certain level then it 
decreases progressively. It is clear from the table 9 that initially in Gaussian dispersion model the 
maximum outdoor concentration is above the ERPG-2 value and at the wind speed of 3 m/s it crosses the 
IDLH value. The concentration value increases up to wind speed of 4 m/s and then it start decreasing as 
shown in Table 9. Maximum outdoor concentration in the heavy gas model is initially far greater than the 
ERPG-2 and IDLH values. 

A similar trend was observed just like the Gaussian dispersion model as after 4 m/s the value of 
concentration start decreasing, but the ultimate value of concentration obtained at a wind speed of 12 m/s 
was still much greater than IDLH value shown in Table 9.   

3.1.3 Effects of Temperature 

The maximum outdoor concentration increases with the increase in temperature as shown in Table 10. In 
Gaussian dispersion model, the concentration value reaches the ERPG-2 value of the temperature of 15oC 
but never reaches its IDLH value even at 50oC.  On the other hand, the trend remains similar to the heavy 
gas model, but the initial value of concentration is too higher than the IDLH value.  

3.3 Phosgene  

Phosgene gas has wide industrial applications. It is used to make plastics, pesticides and as a refrigeration 
gas. The major parts of environment affected by accidental release of this gas are air and water bodies. 
There are minor effects on soil if the accidental release of phosgene gas takes place, but if the soil is wet, 
then there are chances that soil might get polluted (Table 4).  

3.3.1 Effects of Hole Diameter 

As usual, maximum outdoor concentration increases with increase in diameter. In Gaussian dispersion 
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model, ERPG-2 and IDLH values were obtained at the hole diameter of 1 cm and 1.75 cm respectively. 
In the heavy gas model, the maximum outdoor concentration crosses its ERPG-2 and IDLH values at the 
diameter of 0.5 cm and 0.75 cm respectively. The concentration approaches 38 ppm when the hole 
diameter reaches its ultimate value, i.e. 2.5 cm (Table 11). 

3.3.2 Effects of Wind Speed 

With the increase in wind speed the initial concentration increases up to the wind speed of 4 m/s and then 
it falls down. In the Gaussian dispersion model (Table 12) the initial concentration at 2m/s is above the 
ERPG-2 and IDLH values i.e. 2.7 ppm as. On the other hand, in the heavy gas model, the initial 
concentration at the wind speed of 2 m/s is much above the ERPG-2 and IDLH value i.e. 25 ppm as 
shown in table 12.  

3.3.3 Effects of Temperature 

The increase in temperature results in increase of maximum outdoor concentration (Table 13). In 
Gaussian dispersion model, the concentration is higher than the ERPG-2 at the temperature of 5oC i.e. 
1.12 ppm, which then crosses the IDLH value at the temperature of 15oC and reaches the concentration 
value of 2.1 ppm. On the other hand, in the heavy gas model, the initial concentration value is above the 
both ERPG-2 and IDLH value at the temperature of 5oC i.e. 11 ppm. The concentrations at other values 
of temperature are shown in Table 13. 

4. Conclusions 

The results obtained from the heavy gas model were much higher than the corresponding Gaussian 
dispersion model results. This study emphasizes on the requirement of a thorough contingency plan in 
case of leakage:  

• Emergency alarm specifically for accidental release should be activated. It must be taken into 
account that the people in the workplace and in the close proximity should be aware of the 
specific alarm.  

• People should start evacuation the affected area immediately after the leakage is observed.  

• When the concentration reaches ERPG-2 value people should be removed from the workplace at 
least. 

• The rescue team should evacuate the entire area which is under the threat of hazardous gas and 
the specialist team dealing with such kind of disaster should be sent to mitigate the effects of the 
release.   

• Finally, the industries which are dealing with dangerous gases should incorporate ALOHA in 
their safety program with the necessary safety precautions to be taken during the situation of 
accidental release.  

Table 1: Selected hazardous gases with their respective boiling point and toxicity 

Chemicals Selected Tb (oC ) Molecular Mass (Kg/Kgmol ) ERPG- 2 (ppm) IDLH 
(ppm) 

Ammonia -33 17.03 150 300 
Chlorine -34 68.91 3 10 
Phosgene 8.3 98.92 0.5 2 

Table 2: Configuration of storage tanks and their specifications 

Hazardous Gases Shape of Storage Tanks Diameter (m) Length 
(m) 

Actual Volume (m3) Volume Used (m3) 

Ammonia Spherical 8 - 268 241 
Chlorine Cylindrical 4 9 113 102 
Phosgene Cylindrical 4 9 113 102 
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Table 3: Parameters with values remained constant throughout Study 

Parameters Value 
Wind Direction ESE 
Ground Roughness Urban or Forest 
Cloud Cover Partial 
Inversion Height No 
Humidity Medium 
Liquefied Gas Volume 90% of Tank Volume 
Leakage Position Bottom of the Tank 
Downwind Distance (D) 1000 m 
Crosswind Distance (W) 0 m 

 

 

 

 

Table 5: Effects of hole diameter on maximum 
outdoor and Indoor concentrations (ppm) 

 Gaussian Dispersion Model Results Heavy Gas Model Results 
Hole Diameter 
(cm) 

Max. Outdoor Conc. 
(ppm) 

Max.  Indoor Conc. 
(ppm) 

Max. Outdoor Conc. 
(ppm) 

Max.  Indoor Conc. 
(ppm) 

0.5 1.8 1.4 17.5 13 
1 7 5.5 65 53 
1.5 16 13 150 120 
2 29 21 280 225 
2.5 42 32 420 340 
3 63 50 600 490 
3.5 86 70 800 640 
4 120 80 1000 770 
4.5 145 100 1200 900 
5 175 140 1400 1000 

Table 6: Effects of wind speed on the maximum outdoor and indoor concentrations (ppm) 

 Gaussian Dispersion Model Results Heavy Gas Model Results 
Wind Speed 
(m/s) 

Max. Outdoor Conc. 
(ppm) 

Max.  Indoor Conc. 
(ppm) 

Max. Outdoor Conc. 
(ppm) 

Max.  Indoor Conc. 
(ppm) 

2 28 23 270 205 
3 45 38 280 210 
4 76 62 300 225 
5 62 52 240 185 
6 51 43 205 175 
7 45 37 180 155 
8 40 32 160 130 
9 34 27 147 110 
10 32 26 130 100 
11 28 24 120 90 
12 26 22 110 80 

Table 7: Effects of temperature on the maximum outdoor and indoor concentrations (ppm) 
 Gaussian Dispersion Model Results Heavy Gas Model Results 
Temperature 
(oC) 

Max. Outdoor Conc. 
(ppm) 

Max.  Indoor Conc. 
(ppm) 

Max. Outdoor Conc. 
(ppm) 

Max.  Indoor Conc. 
(ppm) 

5 18 14 180 150 
10 22 17 200 165 
15 24 18 220 190 
20 26 20 250 205 
25 29 23 280 220 
30 31 25 300 250 
35 34 27 320 280 
40 38 29 345 300 
45 41 31 380 310 
50 44 33 410 330 

 

 
Table 4: Environmental compartments affected by evaluated substances

Dangerous Substances 
Environmental Compartments 
 

  Air Water Soil 
Ammonia  + + - 
Chlorine       + + - 
Phosgene     + + - 
LPG       + - - 
Gasoline        + + + 
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Table 8: Effects of hole diameter on the maximum outdoor and indoor concentrations (ppm) 
 Gaussian Dispersion Model Results Heavy Gas Model Results 
Hole Diameter 
(cm) 

Max. Outdoor Conc. 
(ppm) 

Max.  Indoor Conc. 
(ppm) 

Max. Outdoor Conc. 
(ppm) 

Max.  Indoor Conc. 
(ppm) 

0.25 0.15 0.12 1.3 1.1 
0.5 0.6 0.42 4.2 4.2 
0.75 1.35 1.1 10 10 
1 2.3 1.8 17 17 
1.25 3.8 3 26 26 
1.5 5.3 4.2 35 35 
1.75 7.2 5.8 48 48 
2 9.5 7.8 65 65 
2.25 13 10 80 80 
2.5 15 12 95 95 

Table 9: Effects of wind speed on the maximum outdoor and indoor concentrations 
 Gaussian Dispersion Model Results Heavy Gas Model Results 
Wind Speed 
(m/s) 

Max. Outdoor Conc. 
(ppm) 

Max.  Indoor Conc. 
(ppm) 

Max. Outdoor Conc. 
(ppm) 

Max.  Indoor Conc. 
(ppm) 

2 9.5 7.3 85 65 
3 16 13 90 67 
4 25 21 95 70 
5 21 18 80 60 
6 17.5 14 68 55 
7 15 12 6o 48 
8 13 11 55 40 
9 12 10 48 39 
10 11 9 43 37 
11 9 7.8 41 33 
12 8.5 7 37 3o 

Table 10: Effects of Temperature on the maximum outdoor and indoor concentrations (ppm) 
 Gaussian Dispersion Model Results Heavy Gas Model Results 
Temperature 
(oC) 

Max. Outdoor Conc. 
(ppm) 

Max.  Indoor Conc. 
(ppm) 

Max. Outdoor Conc. 
(ppm) 

Max.  Indoor Conc. 
(ppm) 

5 2.5 1.8 24 17 
10 2.8 2.1 26 19 
15 3 2.3 28 21 
20 3.3 2.8 31 23 
25 3.5 3 34 26 
30 3.9 3.2 36 27 
35 4.1 3.3 39 28 
40 4.5 3.5 41 31 
45 4.9 3.7 44 34 
50 5.2 4.2 48 37 

Table 11: Effects of hole diameter on the maximum outdoor and indoor concentrations (ppm) 
 Gaussian Dispersion Model Results Heavy Gas Model Results 
Hole Diameter 
(cm) 

Max. Outdoor Conc. 
(ppm) 

Max.  Indoor Conc. 
(ppm) 

Max. Outdoor Conc. 
(ppm) 

Max.  Indoor Conc. 
(ppm) 

0.25 0.042 0.032 0.4 0.3 
0.5 0.18 0.13 1.6 1.3 
0.75 0.39 0.31 3.5 2.7 
1 0.68 0.57 6.1 4.2 
1.25 1.1 0.8 10 7.7 
1.5 1.51 1.3 17 12 
1.75 2.1 1.8 18.5 14 
2 2.8 2.2 25 17 
2.25 3.4 2.8 31 25 
2.5 4.2 3.7 38 29 
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Abstract 

Electricity is the basic need of this era and power demand is rising over the worldwide day by day. There are many 
factors impacting the energy market, so the energy system is becoming more and more complex. Four core challenges 
are needed to be addressed whenever to install a power plant; reliable power supply, economic efficiency, resources 
efficiency and environment protection. The research focuses on a conceptual 100 MW solar-coal hybrid power plant 
design that can be possibly through integration of both resources (Solar + Coal). Pakistan lies in a belt where the both 
resources are easily available. The theme of work is to provide solar energy directly to the feed-water heating system 
by using Parabolic Trough Collector (PTC) due to of its high efficiency that increases the enthalpy rate of the steam, 
so the fuel consumption requirements can be possibly reduced through it. The rate of feed-water heating depends upon 
the DNI, (W/m2) level that is highest in the month of June in Pakistan and the designing of the plant will be considered 
accordingly. The reduction in fuel (coal) consumption, associated penalties in terms of, Carbon Dioxide, CO2, 
emission as well as, attaining Clean Development Mechanism (CDM) also be achieved in this process. 

© 2016“N. H. Khan, R. Jamal, W. Q. Awan, and M. A. Z. Raja “Selection and/or peer-review under responsibility of Energy and Environmental 
Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 
 
Keywords:“Direct Normal Irradiation”, “Parabolic Trough Collector”, “Clean Development Mechanism”, “ Photo-
voltaic”, “Heat Transfer Fluid”,”Solar Collector Assembly”,”Megawatt Thermal”, “Carbon Dioxide” 

1. Introduction 

Pakistan has coal reserves more than 185 billion tones. It is expected that Pakistan’s coal assets might generate 
more than 100,000 MW of electricity for next 30 years [1]. Coal is the reliable source to generate the electricity 
from it. Pakistan has also lies in the area of great solar radiation capacity. On the typical average 5 to 8 
kWh/m2/day of Insolation exists in the state more than 95% of its area with resolution factor of over 85% [2, 3, 4]. 
The mostly cities of the country receives 250 sunshine hours in a month [5]. Most part of the state where the 
average sun shines hours is about 8 to 8.5 hours a day [6]. In Pakistan, both resources are easily available which 
can be used for electrical power generation to keep our country out from the running energy power crisis. The 
research focuses the phenomena of integrate of both resources to make a system reliable and efficient. 

A Hybrid energy system usually consists of two or more energy generating resources together that can increase 
system efficiency as well as greater balance in energy supply [7]. According to Green Peace International report 
(GPIR), Pakistan deserts areas are the most suitable for generation of electricity through solar thermal power in 
the world [8].Solar energy can be converted from solar energy in to two ways, PVs and Solar Thermal collector. 
In the research, the phenomena of integration by exchanging heat in feed-water heating system of coal-fired 
power plant through solar is used and as for this, solar power taken from solar thermal collectors. Normally, three 
types of solar thermal collectors are used; parabolic trough collectors, Solar Tower and Dish type’s collectors. The 
research has remained emphasis on Parabolic Trough Collectors which is one of the finest trust-able technologies 
for solar power use to produce electricity. In the world, many power plants are running on solar thermal. The total 
capacity of the production is about 1750 MW in which 96% of the generation taking from parabolic trough 
technology [9, 10].Different intent technologies have been established but presently are below expansion for 
numerous applications. The Parabolic Trough Solar Collectors scheme will undoubtedly deliver within 
subsequent decade a major involvement to efficient, cost-effective, maintainable renewable and clean energy 
supply to emerging countries with positive influence on environment. The collector materials used on basis of 
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conversion proficiency, abundance of the material, low cost arrangements, affluence of application, estimated 
lifetime, and the accessibility of space at the collection site. 

A parabolic trough solar collector is planned to deliberate sun rays through parabolic curved solar reflectors onto 
a heat absorber component – a “receiver” – situated in the optical focal line of the collector. The arrays of the 
collector are possibly 100 meters long. The single-axis stalking System used the position of both solar collectors 
and receivers in the direction of the sun [11]. The receiver comprises of an especially coated absorber tube, which 
is fixed in an evacuated glass envelope. The absorbed solar radiation warm up the HTF flowing over the absorber 
tube to nearly 400°C. This is presented beside a heat exchanger in which steam is created, which then produces 
power in the turbines. Tracking is mainly significant in solar energy collection systems that work beneath intense 
light. The parabolic concentrators continuously need the alignment near the sun. By tracking the sun-commencing 
sunrise to sunset, the parabolic collectors concentrate the sun’s radiation with their parabolic mirror aspects on the 
absorber tubes beside their focal line to assemble the heat. The reflected troughs expression the sky and straight 
sunlight to a large metal and glass receiver in the internal of trough that embraces circulating oil. The thermal 
competence of a parabolic trough solar collector is influenced on the precision with which the collector tracks sun. 
There are different Heat Transfer Fluid (HTF) used inside Dewar tube to absorb the concentrated ratio of solar 
energy. It is be possible to achieve 400oC by increasing the temperature of the fluid. The common fluids that are 
synthetic oil, pressurized seam and molten salt. It has thermal efficiency between 
60-80% and mostly used in generation of electricity by solar energy. 

2. Literature Review 

In this section, two different generation resources will be discussed that how it works and what kind of problems 
seems to be observe while generation from those.  

2.1 Coal fired Power Plant  

In these plants the generation of steam can be achieved to heat the water in the boiler and given it to the next 
stages of turbine that is extract further H.P and L.P stage to provide the mechanical movement force and run the 
generator to generate the electricity. The outlet temperature and pressure of a turbine would be low as compare to 
Inlet of turbine because of extraction of steam in the turbine. The enthalpy of the steam depends on the 
temperature and pressure rate which is also low at the out let of the turbine. The extract steam from turbine is then 
given to the condenser for cooling purpose and some part of extraction steam provided to the feed-water heating 
system to increase the steam temperature and its enthalpy before providing inlet of the boiler is called bleeding 
steam. The main advantage of this concept, the less fuel will be required in steam generation process. The fuel 
(Coal) is using in coal-fired power plant is large in quantity, so the little handsome consumption of fuel can be 
save from feed-water heating concept which also gives benefit in reduction of Carbon Dioxide emission and its 
associated penalties. 

2.2 Solar Thermal Power Plant 

The basic principle of solar thermal power plants is the usage of concentrating parabolic dish arrangements in 
large-scale solar fields that focus the solar emission against receiver. All arrangements are essential track the sun 
in demand to be capable to concentrate the direct radiation. This emission is initial transformed in a distinct 
absorber scheme (receiver) hooked on thermal energy on temperatures in the range of around 200 to above  
1,000 °C (depending on the system). These systems have benefit that they have nor environmental polluted but 
the main disadvantage is that they are totally depended upon solar energy. The sun energy is not available all the 
time so they have must require a backup source of energy like batteries but the cost of the plant would be more in 
this respect. So, the stand alone solar power plant can only give the better efficiency at the day time hours when 
the sun energy is easily available. 

3. Methodology 

 In the coal fired power plant, the coal is used in large quantity for the generation of electricity because they are 
totally depended upon coal source. As the coal consumption rate increases, the carbon emission rate has also been 
increased which cause environmental damages such as global warming while solar thermal power plant totally 
depends upon solar intensity, so the both system has their own demerits. The 100 MW solar-coal hybrid power 
plant is proposed in the research. There is using the concept of integration to combine both resource and generate 
the electricity. The contribution of solar energy in the existing or new coal fired power plant can be possibly and 

Sample output to test PDF Combine only



4th	International	Conference	on		
Energy,	Environment	and	Sustainable	Development	2016	(EESD	2016)	 	

 
for this purpose solar collectors will be used for the same. Parabolic trough collectors are the high efficient and 
mostly used all over the world, so this type of collector has been selected for the hybrid system. The calculation is 
based on the DNI, (W/m2) rate that is available in Pakistan discussed in [12, 13]. 

Table 1. DNI, W/m2 Availability in Pakistan Different Month Year 

Month Average Rate of DNI (W/m2), 
Different Months of the Year 

January 293 
February 356 
March 430 
April 455 
May 468 
June 559 
July 527 
August 500 
September 388 
October 433 
November 317 
December 235 
  

In the designing procedure of Solar Field, there are some terms to explain and calculate. Primarily, we will get the 
whole design of solar field as per our requirement. Then find the solar field area calculations which are given in 
m2 and the land requirement according to the solar field, calculate the overall efficiency of the solar collector 
which is according to the DNI (W/m2), calculating the SCA that how much it has to be used and lastly the loops 
requirements. The whole calculations for the solar design will be discussed in this section. In the same scenario, 
the DNI, (W/m2) data is considering for Pakistan at their availability at different months of the year. The highest 
value of DNI, (W/m2) average rate is observed i.e. 559 W/m2in the month of June thatin the month of June. So, in 
the designing procedure, the highest DNI, (W/m2) rate will be considered. For this purpose, parabolic trough 
collectors are using which receives solar energy and transfer energy to the H.P and L.P feed-water system and 
improves the thermal efficiency of the system in term of saving fuel like; coal.  

 

  

 

 

 

 

   

 

 

     

 

 
 

Fig. 1. Flow Chart for the Proposed Project 
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The contributions of solar energy through these phenomena’s and interact with coal fired power plant, gives 
handsome amount of saving coal and decreasing the fuel cost rate. If the coal usage low then the impact on the 
environment is in decreasing penalties of global warming. The overall methodology of the project is defined given 
in the Chart.1. For the designing procedure of solar collector system assembly the available DNI data is been 
considered. For a 100 MW system, it is define how much the Megawatt Thermal (MWth) energy will be required 
for feed-water heating system.  The rate of MWth is directly proportional to the value of DNI, W/m2, so the system 
will be design according to it. 

It has considered that the availability of solar energy is about 14 hours a day, so it still feeding the thermal energy 
through solar system in the same hours. So, in the remaining 10 hours, the Megawatt thermal requirement will be 
achieved from giving the bleeding steam process. We can save the most of fuel consumption at the day time hours 
by the contribution of solar energy in coal-fired power plant. The overall capacity of the plant is taken 100 MW 
and in the night hours the total energy will be provided from coal source. 

4. System Designing of Solar-Coal Hybrid Power Plant 

As we discussed the both phenomena’s of stand-alone coal-fired and solar power plants have their own merits and 
demerits. The concept discuss in the research work is to integrate both phenomena’s together and achieve the 
better response as well. For the same purpose, at the feed water heating system the external energy would be 
provided from the solar energy, where no more bleeding steams require heating the feed-water heating at the those 
hours where the solar energy is available easily. The rate of exchanging heat in the feed water heating system is 
depending upon DNI, (W/m2) rate. As the level of DNI, (W/m2) increases, the contribution of heating from the 
sun is also increases. The basic Rankine cycle efficiency date for a 100 MW Power Plant [14] is given in Table. 2: 

Table 2. Basic Rankine Cycle Efficiency Data for 100 MW Power Plant   
Operating characteristics of Rankine 
Cycle for (100 MW) Values 

Boiler inlet 150oC, 80 bars 
High pressure turbine inlet (Temp) 480 oC 
H.P heater inlet 
High pressure turbine inlet (Pressure) 
Low pressure turbine inlet (Temp) 
Low pressure turbine inlet (Pressure) 
Open feed-water heater inlet 
Low pressure turbine outlet 
Condenser outlet 
L.P heater outlet 
Steam flow rate 
Power output 
Boiler efficiency 
Generator efficiency 

20bars 
80bars 
440 oC 
70 bars 
3 bars 
0.08 bars 
Saturated, 0.08 bars 
Saturated, 3 bars 
280,000 kg/hr,77.78 Ton/sec 
100 MW 
90% 
90% 

  

In the calculation procedure, the coal consumption on the given value of boiler inlet 150oC, 80 bars, is about  
50.1 ton/hr. The temperature of boiler inlet can be increase by providing solar energy to feed-water heating 
systems (H.P and L.P) through parabolic trough collectors. The maximum temperature of the boiler inlet is raises 
through solar contribution from 150 0C to 330 0C keeping in view of the limitations of flue gas temperature and 
other technical and technological aspects. The outlet temperature and pressure of the boiler remained constant 
however the inlet temperature of the boiler varies according to temperature rises of the feed-water heating 
scheme. The structure of the whole plant is similar to a coal fired power plant, however the addition in this 
technique is to provide solar contribution at feed-water heating scheme. The designing of solar-coal hybrid power 
plant is given in Fig. 2: 
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 Fig. 2. 100 MW Solar-Coal Hybrid Power Plant. 

4.1. Coal Consumption for 100 MW Power Plant 
The coal consumption of the power plant calculated to compare the solar field contribution and to establish the 
feed-water temperature relationship with fuel utilization in the boiler. To find out the coal requirement the 
following relationship is used.  

  B= (Qt× 100)/ (Q1 × ηnet), kg/sec                                                          (1) 
 
Where, B is fuel quantity (coal consumption) in kg/sec, Qt is the total amount of heat given to the boiler in kW, 
Q1 is available heat in kJ/kg and ηnet is the net efficiency of the boiler. 
The amount of accessible heat (enthalpy) is considered in terms of kJ/kg. The overall efficiency of the boiler is 
considering in calculation is 90 %. The value of Qt is given in “Eq. (1)” that can be determined from “Eq. (2)”. 

 
Qt =   m (hsteam – hfeedwater) + Dbb (hboilingwater – hfeedwater), kW                                      (2) 

 
Where, m is steam consumption in kg/sec, h is the enthalpy of saturated steam in kJ/kg, hfeed-water is the enthalpy of 
feedwater in kJ/kg, hboilingwater is enthalpy of boiling water in kJ/kg and Dbb is the quantity of boiler blow down is 
kg/sec. 
 
Steam consumption rate which is considered here as 77.78 kg/sec and the enthalpy of saturated steam is calculated 
at 480 oC, 8 MPa (80 bar) pressure level. The enthalpy of feed-water and boiling water are in kJ/kg. To find out 
the quantity of Dbb (boiler blow down) in Eq-1.2 can be calculated as; 

Dbb = p. D / 100                                                                                (3) 
 
Where, p is the value of continuous blow down given in kg/sec that value taken around (2 – 5 % of D), where D is 
the flow rate of steam, kg/sec. The available heat energy in kJ/kg can be determined as: 

Q1 = Qcoal + Qair, kJ/kg                                                                         (4) 
 
Where, Qcoal is the net calorific value of the coal in kJ/kg and Qairis the heat energy of the hot air entering in the 
boiler in kJ/kg.The coal is selected for the proposed solution, so the calorific value of the coal is taken  
16300 kJ/kg. The heat energy is also being considered in the case of boiler, the hot air entering in the boiler which 
is given in term of kJ/kg. To find out Qcoal, the equation is given below;  

Qcoal   = β (Hhotair- Hcoolair)                                                                     (5) 
Where, Hhotair is the enthalpy of hot air,  Hcoolair is the  enthalpy of cool air and β is the hot air coefficient and can 
be determined as:- 

β= α”T – Δα’T - Δαie- Δαae                                                                                                         (6) 
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Where,  α”T,  Δα’T,  Δαie,  Δαae are the coefficients of excess air at the exit of the furnace, suction air in the 
furnace, suction air in the dust system and air flows from air in the gas path of air heater respectively. Different 
variation of temperature across feed-water heaters is analysed and the coal consumption ton/hr is calculated. As 
per calculation, the rate at which the boiler temperature and pressure available, the consumption of fuel (Coal) 
required is around 50.1 ton/hr for a 100 MW power plant given in Table 3. 

Table 3. Calculation of Coal Consumption at different Temperature 
Temp 0C Enthalpy Feed-water (kJ/kg) Coal Consumption (Ton/hr) 
150 636.87 50.1 
180 766.75 47.6 
210 899.94 45.1 
240 1038.21 42.5 
270 1184.57 39.7 
285 1262.93 38.3 
300 2776.14 9.8 
315 2851.46 8.4 
330 2913.57 7.3 

The coal consumption decreases from 50.1 ton/hr to 7.27 ton/hr as the temperature surges. As the coal 
consumption lessened considerably, the Greenhouse gases (GHG) discharge has also correspondently decreased 
which specifies the economic feasibility of solar related coal fired power plants. It has also shown that upon  
feed-water heating the coal consumption reduced as the enthalpy of the feed-water is improved. 

4.2. Solar Contribution in Coal-fired Power Plant 

The mathematical equations derived for calculation of solar contribution Qs, focused on feed-water heating. The 
solar contribution is in the form of heat energy delivered to the feed-water of the boiler, resulting in rise of the 
enthalpy of the feed-water and reduction in the ton/hr of coal consumptions for thermal power plant. As a result 
economical and environment pleasant energy could be produced  as a solar associated coal fired power plant the 
CO2, NOx and SOx discharges are minimum. Solar contribution in feed-water heating has examined at L.P and 
H.P heaters beside with its effects on coal consumption ton/hr in the boiler. The mathematically solar contribution 
has been calculated as under:- 

Qs = m [h (H.P heater) + h (L.P heater)]                                                           (7) 

Where, m is the water quantity entering into the feed-water heaters, ton/hr, h(H.P heater) is the enthalpy change due to 
solar feed-water heating across H.P heater, kJ/kg and h(L.P heater) is the enthalpy change due to solar feed-water 
heating across L.P heater, kJ/kg. At the temperature of 150 oC the plant generally works on coal and the rate of 
coal consumption is 100% but as the sharing of the feed-water temperature through solar contribution the coal 
involvement will be less even at 330 oC the value of sharing of coal is reached to 15 % while the contribution of 
solar is 85%. It means that as we are sharing the solar contribution, the coal saving rate will also be increases.  

 

 

 

 

    Fig. 3. Effect of Feed-water temperature on solar coal contribution % 

As the coal consumption will be decreases the associated penalties of Carbon emission will also reduce that is in 
the manner of economic benefits. The CDM (clean development mechanism) benefits can be achieved if the 
reduction of carbon dioxide emission is achieved. 

4.3. Thermal Input Requirement, Solar Collector Design and Land Requirements 

 The thermal input is calculated in this section, it is the total energy required to power plant in the sense of solar 
contribution. The thermal energy is calculated in terms of MWth. After calculating the value of QSF requirement 
for 100 MW power plant that is given below; 
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QSF = 327 MWth 

From the output result solar field must provide sufficient thermal power in MWth for 100 MW power plant. So, 
the design procedure of solar thermal field depends according to it which is given in the Table. 1.4: The values of 
MWth are calculated at different rate of DNI, (W/m2) with respect to different month average rating of the year. 
According to the calculated data, it has also been calculated the solar collector assemblies and number of loops 
requirements for the same thermal output. 

In the month of January, the solar field area requirement is much higher as compare to other months which is 
1506655 m2 and the MWth share in the term of solar sharing is 52% and 48% of more thermal energy required for 
stabling the output demand. So, the left amount of thermal energy will be provided from coal power system. The 
calculation of solar collector assembly (SCA) will be taken at different months of the year. As per calculated 
results, the number of loops requirement will decrease as the rate of Direct Normal Irradiation, W/m2 increases. 
The calculation of solar collector assembly has been considered which is install 6 in numbers per loop. So, in the 
January the number of loops required for the same output is 307 and that will be further less if we assume it to in 
June or July month. For the current calculation data, it reveals that solar field area given in m2 required less in the 
month of June because of high DNI, (W/m2) level. 

      Table 4. MWth, Assembles, Loops and Land requirement for Proposed Project according to changing in DNI, different months of Year 

Month DNI 
W/m2 SCA loops Land 

(acres) 
Area 
in Km2 

Solar 
Field 
Area (m2) 

(MWth) 
required 
 

Solar 
Sharing 
% 

MW solar 
input in 
100 MW 

Jan 293 1844 307 372 1.50 1506655 171.39 52 44.55 

Feb 356 1518 253 306 1.24 1240028 208.25 64 54.13 

Mar 430 1257 209 253 1.03 1026628 251.53 77 65.38 

Apr 455 1188 198 239 0.97 970220 266.16 81 69.18 

May 468 1155 192 233 0.94 943269 273.76 84 71.16 

Jun 559 967 161 195 0.79 789714 327 100 85 

Jul 527 1025 171 206 0.84 837666 308.28 94 80.13 

Aug 500 1081 180 218 0.88 882900 292.48 89 76.02 

Sep 388 1393 232 281 1.14 1137758 226.96 69 58.99 

Oct 433 1248 208 251 1.02 1019515 253.29 77 65.84 

Nov 317 1705 284 344 1.39 1392587 185.43 57 48.20 

Dec 235 1808 301 284 1.25 1250567 206.49 42 35.73 

The area of solar field has been calculated by keeping in view desired temperature of the feed-water i.e. 330 0C. 
From the results of the solar field area calculations, it is evaluated that for 100 MW solar associated thermal 
power plant requires average 195 acres land to install. As per mentioned information at NREL site; generally a 
parabolic power plant required 5 to 10 acres land per megawatt of electric capacity that depends on whether or not 
the solar field has been oversized to take advantage of thermal energy storage [15].  If the storage capacity is 
installed with the plant, the field requirement for installation of solar thermal power plant will be increases. The 
result of solar filed area has been calculated by taking different values of DNI, W/m2, in different months as solar 
data and is placed in Table. 4: 

The Land area required at different DNI, (W/m2) average related to different months of the year is given. The 
calculations shows, as the quantity of DNI, (W/m2) increases, the required solar field area with land requirements 
(acres) will be decreased. In the month of June, the solar radiation intensity is high, so the solar field area with 
land requirement is much less as compare to other months which is approximately 195 acres. In the research the 
assumption is preferable and taken at the month of June. 
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5. Results 

In this section, solar collector efficiency, generation cost, fuel saving ratio of solar-coal hybrid power plant, 
reduction in carbon dioxide emissions and along with getting CDM benefits will be discussed.  

5.1. Solar Collector Efficiency Calculations 

As the rate of DNI, (W/m2) increases, the efficiency of the collector will also increase. From calculated results, it 
is depicted that the collector efficiency will be varying from 42 % to 47%. In the month of June, the efficiency of 
the collector will be high as compared to other months. 

 

 

 

 

 

 
Fig. 4. Effect of Feed-water temperature on solar coal contribution % 

It reveals that as the DNI, (W/m2) increases the efficiency of the collector will also increases and the 
maximum efficiency is taken in the month of June. The results show the efficiency of the collector is higher 
in the months of June and July that will be approximately 47% where the DNI, (W/m2) average rate is highest 
in these months is 559 and 527 respectively. 

5.2 Fuel Saving Ratio and Carbon Dioxide Emission Calculation in 100 MW Solar-Coal Hybrid Plant 

The fuel consumption from coal-fired power plant and hybrid power plant has been calculated in the research. 
From the giving results, the ratio of fuel saving for 100 MW hybrid power plant has been calculated which is 
approximately 35.6 %. Due to solar contribution the plant will also contribute less carbon emission and  
35.6 % in cost saving ratio. The overall emission of carbon dioxide for a coal fired power plant is around 
798000 per kg for daily average because they are running continuously for 24 hours. If the values are taken in 
Tones then it will be around 798 Tons/day. In case of Hybrid power plant, the rate of carbon dioxide emission 
is getting around 588 tons approximately. The saving of carbon dioxide emission can be achieved by using a 
hybrid system is around 210 tons/day that is in percentage around 27 % of overall contribution. 

5.3 Cost of Generation 

Normally, in Pakistan a newly coal-fired power plant generation, cost of electricity is approximately 5 cents 
per kWh. The generation cost depends upon the installation cost of the power plant; equipment’s, 
maintenance, laboring etc. The calculations are taking for a 100 MW coal-fired power plant. The cost of the 
generation is found out that is approximately 0.05 $ per kWh for a pure coal-fired power plant. For the 
calculation of solar-coal hybrid system, is taken around at day and night time. The sun energy is not available 
in the evening, so the hybrid power will run on coal for 10 hours. The total cost of generating will be taken 
for a day is around 88000 $ and the production rate will be 0.036 $ / kWh. Here, it is revealed that the 
generating cost of solar-coal hybrid power generation will be less as compare to coal-fired power plant. 

5.4 Profit Margin and Payback Period of Solar-Coal Hybrid 

In the solar-coal hybrid power plant, the cost of the generation calculated is less as compare to the coal-fired 
power plant which is approximately 0.036 $/kWh. It is because of cost of fuel saving ratio and reduction 
penalties of carbon emissions also help in reduction of installation cost of the generation.  In the day time 
hours, when the solar energy is available then the plant will run for 14 hours from solar power. Normally, the 
average sale price / kWh is approximately 0.12 cents/kWh in Pakistan. In the night hours, when the solar 
contribution is not available then the plant runs on coal only, so the total duration is about 10 hours to run 
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coal-fired power plant, so the average margin calculation is around, 117600 USD ($)/day. The data can be 
calculated for a month is around 6,048,000USD ($)/month while annual 72,576,000 USD ($)/year 
respectively. The labor and O&M charges will also be included that is approximately 20% and in the net 
profit the CDM (clean development Mechanism) benefits will also be added by saving the carbon emission 
penalties, so the payback period of the plant will cover in 8 years. 

Table.5.Profit Margin and Payback Period of Solar-Coal Hybrid 

Year Out Flow 
($) In flow ($) Profit DCF(13)% PV($) NPV($) 

0 300000000 0 0 1 -300 -300 

1 14515200 72576000 58514400 0.884955752 51782654.87 -248217345 

2 14515200 72576000 58514400 0.783146683 45825358.27 -202391987 

3 14515200 72576000 58514400 0.693050162 40553414.42 -161838572 

4 14515200 72576000 58514400 0.613318728 35887977.36 -125950595 
5 14515200 72576000 58514400 0.542759936 31759272 -94191323.1 

6 14515200 72576000 58514400 0.480318527 28105550.44 -66085772.6 

7 14515200 72576000 58514400 0.425060644 24872168.53 -41213604.1 
8 14515200 72576000 58514400 0.376159862 22010768.61 -19202835.5 

9 14515200 72576000 58514400 0.332884833 19478556.29 275720.79 

10 14515200 72576000 58514400 0.294588348 17237660.44 17513381.2 
11 14515200 72576000 58514400 0.260697653 15254566.76 32767948 
12 14515200 72576000 58514400 0.230705888 13499616.6 46267564.6 

The overall installation cost of the hybrid power plant is consider here 300 million USD ($) approximately 
while the discount factor is taken around 13 % at the total investment. 

6. Conclusion 
Solar-coal power plants application is quite feasible in Pakistan to integrate with existing coal fired power 
plants or with new power plant. The power generated through the integration solar power gives significant 
saving of coal i.e. up to 42.8 ton/hr of coal during the solar contributions hours (i.e. 8:00 am to 18:00 pm). 
Solar contribution is maximum in the month of June i.e. 85 % sharing when DNI (Direct Normal Irradiation) 
is 559 W/m2. Solar contribution is available throughout the year to provide cost-effective and environment 
friendly energy. The designing of solar field which is based on the maximum Direct Normal Irradiance 
(W/m2) provides 100 % sharing and cost of the solar field would be optimum to avail maximum benefits out 
of it throughout the year. Although, the hybridization of the power plant is a good initiative escorted by better 
profit margin; clean way of power generation and long span merit of reduced greenhouse gases (GHGs) 
emissions. CO2 emissions of proposed power scheme has been significantly reduced i.e. 75600 ton/annum.  

The integration of solar in coal-fired power plants is a sustainable procedure of power generation. A solar-
coal hybrid power plant has got high in the initial capital cost of the solar field but the advantages of solar 
field that required limited maintenance and operational costs as paralleled to a coal-fired power plant.  The 
price of energy generated is also low i.e. 0.036 $/ kWh as compared with the 0.050 $/kWh. Project payback 
period in case of solar-coal fired power plant is less than that of coal fired power plant due to the contribution 
of CDM benefits in term of reduction in GHG emissions. Utilization of energy resources would also be 
helpful to reduce Green House Gas Emissions (GHG) such as reduction of CO2 emissions which will helpful 
to make the projects environment friendly. Renewable energy resources especially utilization of solar power 
potential could also contribute to provide the country with affordable energy, which ultimately play a key rule 
towards country economic growth. Thus make the solar-coal power plant economically viable. 
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Abstract 

In this unpredictable world, people are frequent of using new sources for living wage. Coal energy is the 
arising technique in today’s world. Coal is the natural and cheap source of energy. Many countries 
generate electricity from coal. Besides the energy supplier, coal is the source of pollution also. Mining 
activities enforce some outer charges on neighboring regions. Few of them may easily be calculated and 
some are tedious to estimate. This paper put study on the impacts during mining activities and the causes 
that degrades the natural habitats, residents, also it disturbs atmosphere that causes the global warming.  
Releasing of the waste water vapors into the atmosphere causes acid rain. Dumping of overburden in the 
soil causes the infertile land. Waste water treatment, ash disposal, and air pollution are the main 
parameters of this paper to study on. If care were not taken, condition will be worsening in mining areas 
and energy will emerge as destruction for country.  
 
© 2016 Saba Rao, Abdul Razaque Sahito, Iqra Panhwar, Selection and/or peer-review under responsibility of Energy and 
Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan 
 
Keywords: Thar coal, Mining, surface, underground, environment, sulphur dioxide, nitrogen oxide 
 
1.   Introduction 
 
Coal mining plays vital role on the growth of economic of the country though it puts big effect on 
environment and human health. Activities of mining keep great pressure on nearby ecosystem, especially 
where there mining is taking place. Ground water, sitting of land, blocking of water because of ash dump, 
ecosystem under water and the air pollution are affects by mining activities. Holistic techniques must be 
involved in mining activities which may not be effective for environment. This needs proper concern of 
overburden dumps, removal of waste drains techniques etc. In Pakistan Coal is located in Tharparkar, 
Sindh.  Coal mining carried out of two methods - surface' and underground mining. In Pakistan, coal 
energy is privatized. At present, Engro is holding the 60% shares of the Thar coal and is interested to 
produce a power plant that generates more than 23,000 MW electricity. Company claims that Thar coal 
field has total lignite coal assets of 175 Billion tons that can produce 100,000 Megawatt (MW) for over 
200 years. Final report was given on Thar coal block II [1]. Thar coal mining block 1 and block II are 
developed by SSRand SECMC and they claim that coming 10 years power projects will be set up by 
using lignite coal to produce 6000 MWs in Sindh, Pakistan.1200 MWs each with a configuration of 2 x 
600MW will be obtained in five phases claims the Engro. Electricity generates through different process. 
Ahmed, et al. (2013) put study on Thar Coal Block I [2]. Muhammad Imran and et al. (2014) investigated 
and concluded by the results that underground gasification is the best technology for health, safety and 
reducing the environmental impacts [3]. M. Makki investigated Religious variation in the development of 
coal mining in Tharparkar, Pakistan. Results gained from the study ends on various communities have 
different perceptions about the project whereas they entail a practical dimension that suggests that in the 
process of evaluation, growth and organising of coal support tools, religious and community distinctions 
must be recognized and consideration to minimize community conflict [7]. Assessment was done on six 
rural areas near the coal project by M. Makkiand et al. Investigation was done on the Thar lignite coal 
block VIII using pilot-scale combustion [8]. Coal is made up of clay stone, siltstone and layers varies 
thick in Block no. 1 tharcoal [6]. 
 
2. Source of data & methodology:    
 
The present study is an observed research reviewed by different authors who worked on Tharcoal mine 
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field. The Thar coalfield run to the earth between Latitudes 24º15'N and 25º45'N and Longitudes 69º 45'E 
and 70º 45'E in the lower region of Sindh Province. For evaluation of coal resources four blocks are 
selected through earthly observational study of Tharparkar. The methodology of this study includes the 
compilation and comparison of research matter through study and observation.  
 
Exhibit I: Location of Block II and Power Plant 
 

 
3. Advanced technology used in Coal Mine. 
 
Coal is not abandoned on surface but dummy results are seizing from core and borehole logs [5]. Thar 
coals are brownish black, greyish black, and black in colour, cleaved and solid [6]. In coal burning, 
hazardous degree of air pollution and water pollution is evident due to this mining harmfully disturbs 
environment. CFB boiler is used for analysis of gases and for collecting ash particles Stable method that 
removes dust particles by electricity is used [1]. Further, for cooling water, unconstrained turbines are 
used. All type of waste that evolving with mining activities is used for mine overburden. Geochemical 
and coal petrography methods are used in [2]. Results of Ahmed and et al. shows that Thar coal is source 
of gasification and liquefaction also it is environmental friendly if care is taken on the mining activities 
because of low ash and sulfur [2]. Underground Coal Gasification technology is used in [3]. 

Different gases releases under the mining activities that degrades the environment and the air quality 
does not match the standards of the health. Further, results manifest that this technology lowers the noise, 
water and soil pollution increase the coal content and lowers the organic elements that causes global 
warming [3]. Environment issues in Thar coal region due to coal mining activities are not very harsh in 
Pakistan as compare to other countries due to privatization of the Thar coal industries [4]. Due to proper 
action and methods applied on the mining activities, low environmental issues happen and expectation of 
production of energy is high in future. Daood and et al. has calculated different gases such as NOx, CO 
and CO2 at different fired places at numerical values 2, 2.3, and 2.6 in 4 meters long furnace.  18-20% of 
iron oxide were calculated during the test whereas 14-16% of alumina was measured [8]. 
 

4. HSE Aspects of Different Technologies 
 
4.1. Emission of toxic gases and ash disposal in mine region 
 
Coal burning discharges toxic gases like sulphur dioxide, nitrogen oxide, carbon dioxide, also 
particulates of dust. Environmental and health issues happen by ignition of natural gas, sulfur dioxide and 
nitrogen oxides releases and produces acid rain. By Underground coal gasification methods 25% less 
Greenhouse gases releases. CO2 which is release by the UCG process is then carry through pipelines. All 
toxic gas emission is within the limits by the process UCG. Further ash content is very low on surface 
and reduces the risk of pollution in environment [3]. Normal range from 19.86 to 69.51 wt.% of organic 
carbon from coal has been obtained, whereas carbonaceous claystone has 2.33 to 5.82 wt.%. Normal 
range of Sulphur changes from 0.48 to 6% with an average less than 1%. Ash produces ranges from 3.24 
to 8.46% [2]. 9.69 % of ash and >99% emission control method is used by Engro company [1]. 
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4.2. Hazardous water facility 
 
In the study reviewed no drainage lines were found in Thar region. Waste water that comes from the 
process of clean coal is used again. By the process the waste particles removed separately from water and 
water reuse into ground, this reduces the impact on the groundwater ecology [1]. Two aquifers are used 
in upper seam range 180-192ft depth of Thar coal block and one ranges 344-358 ft. So, no risk of water 
infection is found in project area [3].Minimum water is used for gasification process than surface mining 
that lowers the hazardous evaporation in air and minimize air pollution [3]. 
 
5. Conclusion 
 
In this paper, light is kept on the study on Thar coal environmental impacts. As coal is the energy source 
also releases hazardous waste that pollutes the environment. Research has been done by different 
researches and literature is given in this paper. Results of different authors shows the best techniques 
such as UCG, petrology and different instrument that are used for clean coal. In my opinion, the best 
technique used in Engro Thar coal project. Not only it minimize water and air pollution also it reduces 
soil pollution 
 
References 
 
[1]  Thar Coal Block II Power Project Environmental and Social Impact Assessment, Final Report, Volume 1 

of 2 
[2]  Abrar Ahmad, Muhammad Nawaz Chaudry, Asad Shabbir , Mohsin Ali,” Thar Coal, Sindh, Pakistan: A 

Potential Candidate for Liquefaction”, Pakistan Journal of Hydrocarbon Research Vol. 22 & 23, (June 
2012 & 2013),p.41-49. 

[3]  Muhammad Imran, Dileep Kumar, Naresh Kumar, Abdul Qayyum, Ahmed Saeed, Muhammad 
Shamim Bhatti, “Environmental concerns of underground coal gasification”, Renewable and 
Sustainable Energy Reviews, Volume 31, March 2014, Pages 600–610 

[4]  Nasir Ali Durrani,” Coal, Energy and Environmental of Pakistan”, Geo. Bull. University Peshawar, Vol. 
26, 1993, pp. 113-118  

[5]  Jaleel, A., Alam, S.G., Hasan, M.T., 2002. Coal resources of four blocks in Thar coalfield, Sindh, Pakistan. 
Geo. Surv. Pak. Recs. V-115. 114 pp.  

[6]  Khan, R.A., Khan, S.A., Khan, Z.M., Tagar, M.A., Taiq, M.A., Qureshi, M.J., Khan, M.D., Memon, A.R., 
Shah, S.A.A., 1996. Exploration and assessment of coal in SinharVikian-Varvai area (Block 1), Thar 
coalfield, Pakistan. Geological Survey Pakistan. I.R. No. 629, 37 pp 

[7]  Muhammad Makki Author Vitae, Saleem H. AliAuthor Vitae, Kitty Van Vuuren,”Religious 
identity and coal development in Pakistan’: Ecology, land rights and the politics of exclusion”, The 
Extractive Industries and Society Volume 2, Issue 2, April 2015, Pages 276–286 ‘ 

[8] S. S. Daood, M. T. Javed, A. H. Rizvi, and W. Nimmo,” Combustion of Pakistani Lignite (Thar 
Coal) in a Pilot-Scale Pulverized Fuel Down-Fired Combustion Test Facility”, Energy 
Fuels, 2014, 28 (2), pp 1541–1547 

[9]  Gregory J. Pond, Margaret E. Passmore, Frank A. Borsuk, Lou Reynolds, and Carole J. Rose, 
“Downstream effects of mountaintop coal mining: comparing biological conditions using family- and 
genus-level macroinvertebrate bioassessment tools”, Journal of the North American Benthological Society, 
Volume 3, Number 27, 2008, page :717-737.[10]  Claire L. Carlson and Domy C. Adriano,” Environmental 
Impacts of Coal Combustion Residues”, Journal of Environmental Quality Vol. 22 No. 2, p. 227-247 

[11]  D. C. Adriano, A. L. Page, A. A. Elseewi, A. C. Chang and I. Straughan,” Utilization and Disposal 
of Fly Ash and Other Coal Residues in Terrestrial Ecosystems: A Review”, Journal of Environmental 
Quality Vol. 9 No. 3, 1979, p. 333-344. 

[12]  M.K Ghose, S.R Majee,” Assessment of the impact on the air environment due to opencast coal mining 
— an Indian case study”, Atmospheric Environment, Volume 34, Issue 17, 2000, Pages 2791–2796 

[13]  Creedy, D. P., Wardell Armstrong, “Reducing the environmental impacts of abandoned coal mines in china 
Sage, P. W., Future Energy Solutions”,   

[14]  U.C Mishra,” Environmental impact of coal industry and thermal power plants in India”, Journal of 
Environmental Radioactivity”, Volume 72, Issues 1–2, 2004, Pages 35–40 

[15]  Harun-Or-Rashid, Md. Sanower Hossain, ZannatUrbi, Md. Sirajul Islam,” Environmental Impact 
of Coal Mining: A Case Study on the Barapukuria Coal Mining Industry, Dinajpur, Bangladesh”, Journal 
of Scientific Research, Volume 21, 2014, Pages :268-274. 

[16]  Paul J. A. Borm, “Particle Toxicology: from coal mining to nanotechnology”, Inhalation Toxicology: 
International Forum for Respiratory Research Volume 14, Issue 3, 2002, pages 311-324 

[17]  Stanislaw Dudka, Domy C. Adriano,” Environmental Impacts of Metal Ore Mining and Processing: A 
Review”, Journal of Environmental Quality, Vol. 26 No. 3, p. 590-602 

Sample output to test PDF Combine only



4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 
[18] Gavin Hilson,” The environmental impact of small-scale gold mining in Ghana: Identifying problems and 

possible solutions”, Geographical Journal, Volume 1, Issue 168, March 2002, pages :57 – 72 
[19]  Elisabeth Breitenlechner, Marina Hilber, J. Lutz, Klaus Dieter Oeggl, “The impact of ancient 

mining on the environment of Schwaz (Tirol) evidenced by a multi-proxy analysis”, April 2009 
 

 

Sample output to test PDF Combine only



4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 

201. Municipal Solid Waste (MSW) landfill Site Modeling 
Using Geographic Information System (GIS) and Multi-

Criteria Decision Analysis (MCDA): Case study of Sukkur 
City, Pakistan 

Imtiaz Ahmed Chandioa, Mir Aftab Husssain Talpura, Mir Ali Naqi Talpura* 
aDepartment of City and Regional Planning, Mehran UET,Jamshoro 76062, Pakistan. 

*Corresponding Author: alinaqi.talpur@admin.muet.edu.pk 

Abstract 

The rapidly growing Municipal Solid Waste (MSW) is a challenging problem around the world. The 
issue is worse in the developing countries where resources are meagre to manage the MSW. Among the 
different steps and methods involved in handling the MSW, landfill remains its final destination. Siting 
the landfill site at unsuitable locations contributes to environmental, social, and economic costs; 
therefore, suitable techniques are essential to identify the suitable landfill sites. The factors, like distances 
from roads, residential areas, water bodies, airports, and industries were decisive for suitability. Hence, 
this paper represents a methodological framework for finding municipal waste landfill sites in Sukkur 
city. The framework comprises a Multi-Criteria Decision Analysis (MCDA) approach in addition to a 
Geographical Information System (GIS). The GIS was utilized to create buffers so that unsuitable areas 
could be avoided; however, the MCDA was used to identify the potential suitable sites. Results showed 
that 15% of the study area was suitable for municipal landfill, 46% less suitable, and 39% was recorded 
as unsuitable.  
 
© 2016 Imtiaz Ahmed Chandio; Mir Aftab Hussain Talpur; Mir Ali Naqi Talpur. Selection and/or peer-review under responsibility 
of Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, 
Jamshoro, Pakistan. 
 
Keywords: Landfill; Geographic Information Systems (GIS); site selection; multi-criteria decision 
analysis. 

1. Introduction 

Huge amount of Municipal Solid Waste (MSW) is created in modern society. Its disposal creates serious 
environmental, social and economic problems. The cities rapid expansion with huge migration of 
population from undeveloped to urban centres has caused exponential increase in per capita of MSW 
generation (Awasthi et al., 2014). Today many materials such as plastics that are considered as 
degradable and toxic materials which contains as Solid waste, primarily various types of chemical waste 
produced by industry. Similarly, the amount of harmful waste generated has been undergoing intense 
change. In addition, industrial waste is very dangerous and increases their annual discharges of toxic 
chemicals directly into the environment (Takele Tadesse, 2004). 
 
The main objective of municipal solid waste management is to provide clean and healthy environment to 
the population, and to sustain environmental issues by- encouraging sustainable practices, which in turn 
would provide support to economic productivity. An appropriate solid waste (SW) disposal has been 
major problem in municipal environment. The use of landfill is the most environmentally and economical 
satisfactory method for dumping of SW all over the world (Mehdi Ahmadi, et al., 2014). 
 
 In developed countries one of the main problem is the carelessness in site selection for MSW systems, 
existing land fill sites have not the potential to find out new waste disposal sites or their needs. One of the 
most critical tasks related to the landfill site selection procedure is the numerous factors that District 
Managements (DMs) consider to avoid both public barrier and environmental degradation in the study 
area (Demesouka, 2013 and suthar and Anupma, 2014).  
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Land-use suitability analysis based on Geographical Information System (GIS) which extends the use of 
the operators and overlay traditional to the consideration of DMs’ preferences, the development of 
synergies with other multi-criteria decision analysis approaches (Demesouka, 2013and Guiqin et al., 
2009). Recently, there have been different systems reported site selection for landfill such as overlaying 
GIS digital maps, integration of fuzzy methodology and GIS, weight linear combination (WLC) method 
and spatial cluster analysis (Mahini S., and Gholamalifard, M., 2006). 
 
The combination of Multiple Criteria Decision Analysis (MCDA) methods decision model and GIS are 
occurred as Multi-Criteria Spatial Decision Support Systems (MC-SDSS) (Guiqin et al., 2009). 
Discovery of suitable land fill site is one of the most critical missions in SWM. Recently Analytical 
Hierarchy Process (AHP) and geographic Information (GIS) System methods are used for Abadan solid 
waste landfill site selection nowadays (Jaafarzadeh,  2014 and Arkoc, 2013). These methods are widely 
used in various kind of land suitability analysis for sustainable land use planning and its activities. 
Allocation of appropriate landfills also play vital role in selection of suitable areas that are satisfactory 
for waste disposal. A type of multi-criteria evaluation (MCE) method which is called as weighted linear 
combination (WLC) in environment GIS to evaluate the study suitability for landfill described in present 
work (1A. Salman Mahini, 2006). 
 
It is evident that GIS is useful for this kind of preliminary studies and many criteria must be incorporated 
into landfill siting decisions because its ability to manage spatial data large volumes from a variety of 
sources. It efficiently analyses, retrieves, stores and shows information according to user defined 
specifications (Siddiqui, 1996).   
 
Difficulties can decision-makers encounter with MCDA and also can handle huge bulk of complex 
information with MCDA. The main principle of this method is to subdivide the decision problems into 
smaller and more comprehendible parts, separately analyse every part and then parts are integrated in a 
logical manner (Malczewski, 1997). 

2. Study area 

Sukkur is a cosmopolitan city of Sindh province. Its population is increasing day by day so rate of solid 
waste generation is also increasing at the same time. There is no provision of municipal solid waste 
landfill site selection long-term statutory plan like Municipal Development Plan in Sukkur. Structure 
Plan provides clear guidelines and direction for at least next 10 to 20 years of future land sites.  

 
Fig. 1. Location map of Sukkur city 

 
There are no proper planning standards for site selection of MSW land fill map and bylaws and qualified 
planners who develop site selection plans and implement the long-range planning according to solid 
waste management system that’s why Sukkur is counted worst city in province in terms of management. 
Municipal bodies not focus in management problems which slowly destroy healthy environment. There is 
no single area of Sukkur city properly planned efficient system of landfill solid waste reaching the 
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suitable standard of environmental protection, proper sit selection for solid waste is not planned. The 
central targets of the research are to overview existing problems and issues and also determine the way of 
solution or program for analysis municipal site selection for solid waste, to clean urban environment and 
make it healthy for life. 

3. Materials and methods 

The data was collected through both the primary and secondary data sources. Secondary data was 
collected by using extensive sources i.e. literature study in published books and journals. Primary data 
comprises conducting field survey in order to be familiar with the land uses of study area. The data were 
collected from Sukkur Sindh authority and also from North Sindh Urban Services Corporation Limited 
(NSUSC).  The gathered data was applied to revise the existing one; it was digitized into the computer 
compatible set-up using ArcGIS 10.1. 
 
Weighted suitability analyse is performed on raster dataset. The raster data model is more suitable 
approach because the raster dataset is based on grid cell which can be easily interpreted to mark suitable 
sites. Raster dataset provides to the user capability to carry out a weighted overlay on numerous layers. 
Under a raster GIS environment scenario map were created which based on various scenarios. Located 
landfill site suitability for each land use was analysed. It was accomplished through Model Builder in 
ArcGIS 10.1. 

3.1 Landfill sites selection criteria 

The three major factors and fourteen minor factors were identified as decisive factors in modeling landfill 
location. The three main criteria were environmental factors, social factors, and economic factors. The 
buffer zones were created around the different land uses to mark the restricted zones for landfill sites. 
The roads buffer is depicted in Fig. 2. The image also shows various land uses in the Sukkur city. 

 
Fig. 2. Roads buffer of 200m 

4. Results  

Results showed that 15% of the study area was suitable for municipal landfill, 46% less suitable, and 
39% was recorded as unsuitable. The findings are depicted in Fig. 3. It shows the potential sites for 
landfill. It can be observed that most of the suitable land for the landfill is where there is agricultural 
land. This result from the fact that the various experts consulted with during the rating phase of the 
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research chose to assign most points to the agricultural land. Likewise, the area around the airport is 
unsuitable for the landfill site. 

 
Fig. 3. Suitable potential landfill sites 

5. Conclusion 

A number of attempts have been made to site suitability for landfills, whereas factors considered inland 
fill site selection are: vacant land, agriculture land, residential, industrial, airport, railway, ponds, river 
and play ground. This study provides an integrated GIS based decision support approach towards landfill 
site selection at Sukkur city that can be the best possible solution to such kind of land suitability 
problems.  
  
Two Simple Additive methods of MCDA are Analytic Hierarchy Process and Weighting and are used. 
GIS and MCDA are employed for the suitability analysis. To verify the results and check their accuracy 
AHP method for research study, rating method used for getting suitable site for landfill, and the 
declaration of the problem, the application of GIS during the study provides objective buffer areas on the 
basis of screening criteria and effective graphical representation.   
 
Main advantage of this research is to investigate the absence of landfill sites for municipal solid waste. 
And also identify the issues and problems according to landfill sites three main factors are basic numbers 
to identify the reasons behind it. Through factors can determines the suitable site for landfill municipal 
solid waste. The remainder is illegally dumped in drains, rivers or by road side.   
 
This automated approach will select the suitable site keeping the constraints given by the user. GIS is 
quite smart handling such data sets and solving such land suitability problems. Using this approach will 
save time and provides multiple choices to take the final decision to such land suitability problems for the 
stake holders. The level of severity of the existing landfills in terms of their land suitability can also be 
evaluated using this model by providing the coordinates of the existing landfills in the area. Remedial 
measures can be carried out to make the vulnerable landfills. This model will be a useful implementation 
tool to the practitioners and governmental officials to select the site for landfills in a robust geographical 
manner. 
  
In this landfill research, all the analyses are created input data buffers. And all the buffer data gather from 
different papers and also from NSUSC. In the end of the analyses the numbers of potential sites are 
identified during the selection of the landfill siting criteria is very important but, the political restrictions 
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are not considered and the financial/economical very important factors constraint will be considered in 
the further study Among these potential sites ‘suitable landfill’ sites are selected. These sites generally 
fulfil the requirements according to suitability of landfill sites. 
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Abstract 

Water resources of Pakistan are susceptible to the evils of urbanization, over population and climate 
change. Current resource estimation is the need of hour for sustainable water planning and management. 
It will in turn help design, implement and observe the efficiency of programs of water management, 
protection and conservation. Therefore, quantitative ground water assessment of Data Ganj Bakhsh 
Town, of metropolitan city Lahore was conducted. For this purpose, Surfer 8.0 and GIS were used to 
discover the fluctuations in ground water table for period 2004-2014.The study indicated the alarming 
depletion of the ground water as average depth of it has declined to 10m in study area. To stabilize the 
water table, measures such as artificial recharge, introduction of green belts, minimal abstraction, control 
and shifting of population, are suggested. 
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1. Introduction  

For acquiring optimization and all-out efficacy in achieving maximum utilization of water resources in 
any area, quantization of its water table is considered as one of the fundamental requisites to be 
documented. Existence of regional scarcity of the precious resource of ground water (i.e. little portion of 
unfrozen water forming the water bed under the crust of the Earth) is comparatively a recently vocalized 
problem that is causing tremendous apprehensions worldwide [1]. In the past two decades, numerous arid 
or semi-arid nations are reported to be extensively suffering from the horrible depletion of the water 
reservoirs and this trouble is gaining momentum in an alarming pace [2]. Amongst the South Asian 
countries, realms that are heavily dependent upon agriculture and industrialization for economic benefits 
such as India, China, Pakistan etc.; unsustainable exploitation of aquifers are found to be even more rapid 
owing to the extreme usage of ground water not only for agricultural means but also for drinking 
purposes. Enhanced purity and limited exposure of the underground water with climatic conditions are 
the two basic reasons that enforces it to be more reliable drinking reserve than other available sources [3]. 
Pakistan, with 240mm of average rainfall and 180 billion cubic meter reservoirs of water in terms of 
Indus Valley system, also fall under the same tab of these arid countries and have been freshly described 
to be severely affected the worst possible water scarcity issues in Indus River aquifers at Indo-Pak 
borders by various researchers [1, 4-7]. 

Keeping in mind this horrendous issue, an effort has been devised to scrutinize the fluctuations in the 
water table at one of the main city of Pakistan that is heavily influenced by the water influx from the 
River Ravi. Lahore was elected as the study area and a quantitative survey over the span of ten years i.e. 
2004-2014 was conducted. This study is highly significant as to the best of author’s information; this is 
the first descriptive study that has been performed in this city of Pakistan with the specification of elected 
town and the time span regarding the water table fluctuations. Furthermore, factors affecting the 
availability of the water and their respective impacts were also highlighted with the help of the acquired 
data. Thirdly, recommendations and future directions for answering the underlined challenges were also 
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covered in the later sections. This study would also aid in encouraging other concerned individuals to 
architect direly required changes and schemes for attaining viable, productive and sustainable system for 
limiting the arising water scarcity.  

2. Materials and methods 

2.1. Specification of Study area 

Elected city of Lahore for the exploration of the water table fluctuations is not only known as the 
provincial capital of Punjab but also is the second largest city of Pakistan. This city is extended up to the 
total area of 1,772km2 and houses the human population of 10,052,000 [8]. Mainly, this city is divided 
into nine towns named as Ravi, Wagha, Shalimar, Aziz Bhatti, Gulberg, Data Ganj Bakhsh, Samnabad, 
Iqbal and Nishtar town. Out of these towns, we confined our study to the most populated and rapidly 
urbanizing town of Data Ganj Bakhsh (GBT) and acquired the relevant data regarding water catchments 
system from there. GBT is furthermore subdivided into six smaller subdivisions of Mozang, Anarkali, 
Ravi Road, Islampura, Gulberg and Shimla Hill. Figure 1 shows the map of the specified study area 
prepared by using GIS techniques. 

 
Fig 1. GIS description of study area. 

2.2. Employed methodologies 

Ten years (2004-2014) data of ground water levels in 144 tube wells located in six subdivisions of Ganj 
Bakhsh Town (GBT) were collected from Water and Sanitation Agency (WASA) as water level in the 
tube wells directly provide a mean for measuring the ground water table positioning. For revealing 
geographical information and temporal variation, Geographical Information System (GIS) and SURFER 
8.0 were employed. The wells located in GBT were digitized through Arc GIS 10 and afterwards special 
fields such as year of installation, serving areas, status of tube wells, subdivisions with respect to area 
were also added to these digitized maps (as shown in Figure 1.2 a, b, c and d). Elevation contour maps 
for exploiting the water table existing level were engineered by using SURFER 8.0. For this purpose, 
water level elevation was plotted on the base maps and linear interpolation of data between measuring 
points was made to construct contour of equal elevation. Interpolation is applied to calculate the 
unidentified heights of points of interest by using the known heights of nearby points. 

3. Results  

Exquisite surveys to the geological site along with the data acquired from WASA cemented that the 
record of total of 144 wells was found with respect to the elected site that can be potentially exploited by 
the consumers for fulfilling their water based needs (presented in figure 2 a). After that information 
associated with the installment years was gathered and acquired data was incorporated into the digitized 
maps of the study area. It is worth mentioning that attention was focused on only newly installed tube 
wells that were introduced into the area during the years of 2004-2014. Installment year of each and 
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every well was not figured out as it doesn’t affect the scope of our study (consult figure 2 b). Status of the 
aquifers i.e. whether the wells were operational or not could be considered as the most significant factor 
of all as it is a direct indicative of population growth and urbanization. It was established that only 67 
tube wells out of 144 were operational while remaining were either already dried out or were not deep 
enough to act as water pumping site to serve the drinking and domestic needs of the living population 
there (see figure 2c). Similarly, serving areas of the wells were also figured out and was shown in 
incorporated form over the digitized map in figure 2d. 
 

(a)    (b)  
 

(c)    (d)  

Fig 2 Digitized maps of study area (a) location of tube wells (b) year of installment (c) status of tube wells (d) serving areas 

Next to GIS mapping, contour mapping was performed over the entire GBT area for each and every year 
starting from 2004 to 2014. Figure 3a to 3k covers all contouring aspects of the carried out work. From 
these contouring maps, individual depth of these 67 operational wells was evaluated for every year. After 
that fluctuation/variation in the depth of water table was studied individually for each well by plotting 
static water level recorded in meters against the yearly span. Only operational wells of GBT were 
considered for exploiting the impacts of basic predictors such as uncontrolled and unplanned explosion of 
population, temporal changes, rain fall variations particularly yearly monsoon increment, 
industrialization rate and agricultural requirements etc. that were found to be generally responsible for 
influencing the level of water table in any community [9]. Same comparison has been drawn in the next 
section in terms of GBT for studying the water table fluctuations.  

In the subdivision of Mozang (as shown in figure 4), thirteen functional tube wells were documented. 
The names of these tube wells were Shah Jamal well, Ahata Mool Chand No.1 well, Shadman drain, 
Shadman Mental Hospital drain, Jail road tube well, Masoom Road well, Waris road drain, Queen road 
well, Shadman market well, Lytton road well, Sadi park well, Baagh Gull Begham well and Ahata Mool 
Chand No. 2 tube well. It could be established from the various graphs drawn that the depth of water 
table for each water drain was increased over the span of ten years. 
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Abstract 

Haleji is one of the unique lake in Pakistan which is situated few Kilometres away from the Keenjhar 
lake in Thatta District. One of the special features of lake is that it is Heaven for the migratory birds that 
used to migrate during winters from their origin and return in summer. The lake has been devastated by 
hunting, inadequate water supply and lack of government policies to protect the sanctuary and to provide 
breeding ground to all the species. Lots of unplanned efforts were made to save the wildlife sanctuary, 
but all efforts went in vain. Instead the local tourists have created another additional fuss around the lake. 
In order to protect the lake and the ecology of the lake special efforts are required, therefore, the paper 
aims to protect the lake through eco-tourism. Extensive tourism in this kind of delicate areas without any 
planning can destabilize the decorum of natural framework and locality. The accumulation of visitors to 
these sensitive areas can intimate tremendous natural corruption which leads to the pollution of air, water 
and land and at last the harm just returns back to user. Thus, the methodology for research involved 
detailed surveys and interviews with the management, local public and few active visitors. Also detailed 
interviews with architects and experts were conducted and case studies on water related recreational 
resorts were brought forward. The implementation of eco-tourism concept in proposed recreational resort 
will be beneficial to overcome the problems that the lake is facing regarding the Sustainability of lake 
and Ecology of wildlife. 
 
2016 Umat Uz Zohra, Mushk Bughio. Selection and/or peer-review under responsibility of Energy and 
Environmental Engineering Research Group (EEERG), Mehran University of Engineering and 
Technology, Jamshoro, Pakistan. 
 
1. INTRODUCTION 
Since the day world is created it is facing many problems such as social, political, environmental, and 
cultural and many more. Resolving these issues has just nailed human life. Many international, national, 
local and private bodies are working to find the best solution as it could be. One major problem that 
shouldn’t be neglected is the multiple growth of world population with enormous changes in technology. 
Technology is a great way to stay entertained, but it is disconnecting people today; as people are more 
frustrated, confused in many fatigues and are continuously experiencing depressions day by day by 
getting loneliness. 
 
Water is considered the most important element for a living being. It has ability to deal the creatures, not 
only physically, but mentally and spiritually it can heal the worldly creatures. Animals, humans, birds all 
need water to live and relax their selves. Keeping this point of view beaches, hills lakeside parks, play a 
great role to entertain not only physically but spiritually. 
 
Pakistan with the population more than 191 million has few recreational spots (resorts) to meet with its 
continued growth. It is also that the resorts and places that are supposed to deal physically and spiritually 
are also lacking with facilities and accommodations. 
 
Sindh with the plain and hills and having hot and dry climatic regions to some of its plains and also the 
presence of lakes providing fresh drinking water is also lacking with basic facilities to be provided for the 
visitors.  
 
Makli being the ancient city of Sindh having the largest necropolises and also having the connection 
directly to the capital of Sindh Karachi has a lake namely HALEJI. It is renowned for the wildlife 
sanctuary that has been corrupted and humiliated by visitors & haunters under the mismanaged system.  
Haleji was one of the largest bird sanctuaries for the migratory birds which used to pass their winter on 
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the shore of the lake. But due to the negligence of authority and being mismanaged it has lost its identity. 
People nowadays even don’t know the name of the sanctuary, which once was, being praised and 
honored as “PARADISE FOR BIRDS LOVER “.  
 
2. Literature Review   

 
2.1. Ecotourism 
 
Eco tourism is an act that involves local communities living around the areas of tourist attraction and 
conservation of such type of areas and the surrounding natural environment. Local people come to 
acknowledge nature and preserve it for their own particular advantage. Along these lines this battles the 
issue of human, wild life struggle; minimize instances of illegal killings of wild animals and demolitions 
of the natural environment. Eco-tourism is also an efficient instrument to achieve sustainable growth.  
Ecotourism is likewise a term used to explain responsible travel to areas where natural, cultural or 
historical resources are managed and are preserved to enhance the prosperity of the neighbourhood or 
local community through accrued benefits. (TIES,1990) 
 
2.2. Ecotourism and Pakistan 
 
Pakistan with the population more than 191 million has few recreational spots (resorts) to meet with its 
continued growth. It is also that the recreational places that are supposed to deal physically and 
spiritually are also lacking with basic facilities, accommodations and security. Pakistan has incredible 
potential for ecotourism, with common assets that incorporate mountains and valleys, lakes and 
waterways, deserts, shorelines and wide differing qualities of greenery. The nation additionally has a rich 
social legacy, and the neighbourhood individuals are well disposed and inviting. Because of the delicate 
political circumstance as of late, be that as it may, global travellers are discouraged from going to 
Pakistan; with the goal that ecotourism is just growing gradually. (Ecotourism-Pakistan) 

 
2.3. Ecotourism and Architecture 
 
Architecture can be utilized as a device as a part of agreement with nature to slow down the negative 
frameworks enlivening the pace of environmental change. It can be adjusted to address our issues, 
formed around us, our traditions, and our lives. All things considered, construction modeling is made to 
safe house, ensure and solace us. Furthermore, it can oblige a program that conveys wage to ruin groups 
and help raise their way of life. It is believed that architecture can improve the environmental, social, 
economic and cultural issues that the world is facing nowadays. If the legal bodies are attached with 
architectures that it can change the direction as changes occurs, life can improve. However, eco-tourism 
is directly related to the involvement of local communities, conservation of land and natural environment 
and sustainability. When they both are coupled many major changes takes place. It is observed from the 
review that architecture in eco-tourism while designing can be observed by landscaping. A good and 
proper landscape design will lead to the eco-tourism architecture.  
 
2.4. An overview of the Haleji Lake 
 
Haleji is located near Makli (Thatta) being the ancient city of Sindh having the largest necropolises 
which is a main tourist attraction and a world’s heritage site. People gather here almost every season due 
to the presence of the tombs of saints. Even the tourist pay visits. Haleji was one of the largest bird 
sanctuaries for the migratory birds which used to pass their winter on the shore of the lake. But due to the 
negligence of authority and being mismanaged it has lost its identity. People nowadays even don’t know 
the name of the sanctuary, which once was, being praised and honored as “Paradise for Birds Lover”. 
 
Haleji lake is situated on the way from keenjhar lake that is the also a source to supply fresh drinking 
water to karachi. It is obvious that the excess of water in the keenjhar lake is the reason of  existence of 
haleji. The fresh water at the lake is the reason for inviting the migratory birds during the winter season. 
The plants and flowers that grow within the lake is the meal for variety of Siberian birds. The fresh Lake 
water is also responsible for the growth of fish and wild sea creatures that is also responsible for the 
hospitality of the migratory birds to Sindh. 

 
The Haleji Lake is quickly transformed into a pool of stagnant saline water, seriously undermining the 
environment of the area and the entire territory. The burnt trunks of a large number of surrounding trees, 
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the large portions of the lake choked with aquatic grass and weeds, the ongoing digging for a sewerage 
drain, the daytime boat fishing along with open cattle grazing in the dry sections of the lake make one 
wonder what is actually ‘protected’ at the so-called wildlife sanctuary. (newspakistan.pk) 
 
Water that is being supplied to Karachi for drinking as “fresh drinking water” is via Keenjhar Lake 
passing through Haleji. Keenjhar is the second largest river of fresh water that supplies fresh drinking 
water to Karachi. It makes route from haleji to Karachi but for past twelve years as Karachi was being 
victimize from drinking water than overall water lacking  in the city they somehow make shortcuts to 
save Karachi. As shown in fig (a).Now, as Karachi being saved from starving water the other impact 
arose. Among them the highlighted area was haleji, the lake which ones were used as means between two 
cities was being totally neglected as a result the water which was supposed to run starts collecting in the 
lake, the stagnant water was then being attacked bacterial which makes the grass which was supposed to 
grow naturally was somehow stopped, that badly results the wildlife sanctuary. The guest that visits the 
lake during winter season lost their ways. And the sanctuary, which was supposed to raise with the 
passage of time it, stops over there. The contaminated water makes the lake polluted that ultimately 
results in the detritions. As shown in fig(b)The disconnection of route is mainly due to Karachi as they 
have to feed Karachi first .now as days passed the haleji starts losing its identity or it can be said as it was 
losing its name that is “Birds Sanctuary”. The lake is not getting the required amount of water and the 
management is also not paying the attention that is required to the lake which ultimate’s results in the 
lake. Now if the water is now somehow treated in a manner that fresh water may again pass by the lake 
and do not stop at one place the lake may retain its original value. 

  

 
Figure: (a)  Figure: (b) 

 
3. METHODOLOGY 
The methodology for the paper involved detailed interviews with the officials and the local public, site 
visit and site survey. It involved three steps in constructing the methodology.  
 
Firstly, the study area is discussed. Target area is the Haleji Lake in Pakistan. The proposed site for the 
resort project is located on the bank of Haleji, facing the scenic view, and has easy access from all over 
Karachi and Thatta. The site faces the lake on the south, while the remaining three sides are surrounded 
by naturally beautiful area having easy access from three main roads. The site for proposed project 
covers an area of 10 acres. Lake itself is 4.282 km in length, 4.282 km in width and has 250m depth.  
 
Secondly, the literature was discussed considering the resort design, ecotourism, types of ecotourism, 
ecology, wildlife, sustainable development etc. With the help of this step, a proper hypothetical form was 
set for argumentation basis. 
 
Thirdly, data was collected through surveys and available literature and then the data was reviewed for 
analysis. The survey was one on one interview on site by the researcher which included the local public, 
the architects, the officials working on site, the agencies involved in Haleji improvement plan. 
 
Based on the findings of this study, some positive and practical policy implications will be suggested 
keeping in view the culture of Haleji promoting ecotourism and sustainable development. 
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4. Conclusion 
 
Architecture has great impact on social and cultural societies, so if it is coupled with eco-tourism not only 
the sustainability is improved but the tourism industry will also enjoy their position. It can be done by 
adopting many techniques, but making in a way that nature is not disturbed. The design of the building is 
highly affected on its circumstances so as on the social and cultural behavior of the habitats it is 
recommended to design and construct buildings keeping the localities of site in mind. This will not only 
lead in successful design and help in achieving goals, but also the environment is greatly prized.  
 
Eco-tourism covers and provides the best solutions to the problems that the world today is facing. The 
ecological impact on any region will highly be affected on the human lives as well as on other creatures. 
To overcome this, criminal disgrace must be minimized by the presence of any governmental or local 
body 
Eco-tourism will lead in the completion of a building or a recreational spot that will survive for the 
betterment of the environment. Taking it as ethic it will change the way of thinking towards the 
environment with the major factor of tourism and making it practical, it will lead into adoption of latest 
technology with great care and knowledge to reach the ultimate goal of sustainability in many aspects. 
 
The success of every resort is influenced by the following seven factors: 

• Good Location 
• Attractive appearance (Aesthetic appeal of the structure) 
• Good landscape 
• Quick and pleasant services 
• Cleanliness 
• Maintenance 
• Quality of food 

 
Graphically, it can be shown as: 
 

 
Figure: (c) 

 
Keeping all this in view and the aim of the research it is proposed that the resort will be a recreational 
resort; however, it will also fulfil the demand of eco-tourism. The power of designing in any project 
should be so strong that it fulfils all the criteria. The designing of a recreational resort on the proposed 
site will be beneficial for habitats and also the wild, windy creatures that have lost their breeding space. 
The consideration of lake as basic element will lead to design an eco-resort that is supposed to get back 
the beauty of lake that one is lost. 
 
Eco-tourism ethics in the designing of recreational resort will be helpful to maintain the sustainability. 
The thought is to make the environment friendly design for the end users and migratory birds. Making 
design environment friendly will lead to reunite the migratory birds with humans and lake and live in 
their route that once was lost. The resort will not only serve for the recreation of the tourist, but the local 
habitats will also get to work out and maintain their income for betterment.  
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Abstract 

To reduce environmental and human health risks of contaminated sites, having a comprehensive 
knowledge about polycyclic aromatic hydrocarbons (PAHs) removal processes is crucial. PAHs are 
contaminants which are highly recognized to pose threats to humans, animals and some plants, because 
of their toxic, carcinogenic, mutagenic, and teratogenic characteristics. They may also damage skin and 
eyesight of the people who are in touch with these pollutants. PAHs are hydrophobic and own two or 
more benzene rings, hence are resistant to structural degradation. In addition, higher molecular weights 
of these contaminants are more persistent in the environment. There are different techniques which have 
been developed to treat PAHs contaminated soil, namely: soil washing, chemical oxidation, 
electrokinetic remediation, and solidification/stabilization (S/S) are discussed and reviewed in this study. 
Moreover, effective parameters on such methods and their advantages and disadvantages are discussed. 
An exclusive method is not recognized to be efficient in all contaminated sites and site conditions affect 
our decision to select the most suited method for a given site. This selection criterion is based on our 
knowledge about methods, shortcomings and advantages which are all discussed. 

© 2016 Saeid Gitipour , Soroush Ghasemi, Reza Ghasemzade. Selection and/or peer-review under responsibility of Energy and 
Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 
 
Keywords: Polycyclic aromatic hydrocarbons, Soil pollution, Treatment method 

1. Introduction 

In organic chemistry, hydrocarbons are divided into two classes: aromatic compounds and aliphatic 
compounds (non-aromatic compounds), as illustrated in Figure 1. Aromatics are a huge class of 
hydrocarbons including benzene and compounds with similar chemical behaviors, though they may differ 
widely in their appearances. PAHs are found in different levels of earth. Polycyclic aromatics with low 
molecular weight are mainly found in lower levels while heavier PAHs are available on surface of earth. 
PAHs are referred as a subcategory of HOCs - hydrophobic organic contaminants. They are highly 
recognized as a menace to environment and public health because of their carcinogenic, mutagenic, and 
teratogenic properties [1]–[4]. As one of the most widespread organic pollutants, contaminants are 
neutral, nonpolar molecules, formed by two or more benzene rings, with low hydrogen-to-carbon ratio, 
found in oil, coal and tar deposits and are also results of incomplete combustion of organic matter [5]. 
 
Major concerns of scientists are listed as EPA's priorities which include 16 PAHs, namely: acenaphthene, 
acenaphthylene, anthracene, naphthalene, benzo (a) pyrene, dibenz(a,h)anthracene, fluoranthene, 
phenanthrene, and pyrene etc. These pollutants that are listed by the Environmental Protection Agency 
are also among the 126 major pollutants and 5 of them are listed among the 25 hazardous substances 
found to be highly threatening to human health at the superfund sites [6]. Kim et al viewed 
treatment/removal of such materials - mainly with low water solubility and high octanol-water partition 
coefficient - as difficult [7]. Low permeability, moreover, hinders contaminants clean up [8]. Because of 
low solubility in water, PAHs are costly and time-consuming to be removed [1], [9], [10]. 
 
PAHs, though different in their physical and chemical characteristics, are generally recognized by their 
low volatility, low solubility in water, and lipophilicity, and are assessed by their octanol-water partition 
coefficient (Kow). The coefficient specifies pollutant's fate. High Kow indicates that the pollutant 
absorbs lipid, while low Kow signifies a high level of solubility in water. About PAHs, those with lower 
molecular weight are more volatile, more soluble in water, more lipophilic [11]. Considering these 
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characteristics, their behavior in environment is predictable; Lighter PAHs are easier to be transferred or 
removed. Moreover, higher number of benzene rings makes them more resistant to be dissolved [12]. 
Thus having physical and chemical features, such as molecular weight, partition coefficient Log (Kow), 
and numbers of aromatic rings, their characteristics and behavior are predicted and suited method of 
remediation is readily chosen. As an example, PAHs with low molecular weight are easier to be removed 
by bioremediation methods, compared with heavier PAHs [13], [14]. To become more accurate in 
description of chemical/physical features, PAHs with 2 or 3 aromatic ring are named as light PAHs and 
heavy PAHs are those with more rings. Log octanol-water coefficient higher than 5, shows an utterly 
hydrophobic PAH [15]. 
 

 

Fig. 1. Classification of hydrocarbons 
 
Numerous methods are proposed for treatment of PAH polluted soils. Each and every one of the methods 
has its own superiority and shortcoming. First of all, a brief knowledge of each procedure is needed, and 
then advantages and disadvantages are evaluated. These methods, basically, are divided into physical, 
chemical, and biological categories. 
 
This article studies PAHs' sources, their health effects and finally evaluates five treatment methods 
including soil washing/flushing, chemical oxidation, electrokinetic remediation and S/S; each method has 
been assessed and removal rates and affecting parameters are discussed. Advantages and defects of each 
method are also compared to others'. Employing two or more methods to reach better results is another 
approach which was also discussed. 

2. Sources 

One of the most stable forms of hydrocarbons, known as PAHs, are either originated from natural or 
anthropogenic sources and are mainly accumulated in soil [16]. Natural sources of their generation 
include: forest fires, oil seeps, and volcanic eruptions. Gasworks and chemical industries are considered 
as two basic PAH-generating activities [17]. According to Manahan (1999), anthropogenic processes 
including petroleum, incomplete combustion, and pyrolysis are also considered as sources of these 
pollutants. In a comprehensive approach, Ravindra et al. categorized the sources of PAH into five groups, 
namely: domestic, mobile, industrial, agricultural and natural [19]. 
 
PAHs are categorized into three groups, petrogenic, pyrogenic and natural, and it is possible to get 
information regarding where they can be traced back [20]. These compounds are migrated to the 
environment by evaporation, dispersion, dissolution, adsorption, etc. [21]–[24]. Petrogenic PAHs are 
petroleum products which are originated from crude oil including fuels, lubricants and other oil 
derivatives. Usually by accident, these contaminants leak out of underground storage tanks and pollute 
surface or ground water sources [25]. Petrogenic PAHs are listed as 16 EPA’s priority pollutants  [26]. 
 
Pyrogenic PAHs are usually generated by combustion of fuels and biomasses in high temperatures when 
there is not sufficient oxygen. Incomplete combustion, pyrolysis, cracking, destructive distillation are the 
main mechanisms for the generation of these pollutants [27]. Pyrogenic PAHs are often in solid shape 
and are found in aquatic environments [28]. During the last decades, one of the main sources of PAHs 
generation in metropolises, were power plants [29], [30]. Other sources include pollutants from 
aluminium smelt, industrial and agricultural runoff. These sources are also considered as origins of 
petrogenic and natural PAHs contaminants. 
 
Natural PAHs are generated during organic matters chemical transformation in plants, planktons, 
microorganisms, fungi, and sediments etc. [26]. For instance, perylene is found in termite nests [31], 
[32]. Other PAHs such as benzo[b]fluoranthene , phenanthrene , and naphthalene may be generated by 

Sample output to test PDF Combine only



4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 
vascular land plants and termite activities [33], [34]. Benzo[a]pyrene is generated by specific bacteria and 
plants. Generally, PAHs are generated by more than one exclusive source and numerous PAHs, such as 
perylene, may possibly be produced by anthropogenic sources. 

3. Exposure/health effects 

PAHs are mostly toxic, mutagenic, and carcinogenic [35]. Additionally, as a result of their high solubility 
in lipid they are not difficult to be absorbed in mammals organs [36]. 
 
PAHs pose threat to human health; nowadays many of them exist in food chain and may be swallowed by 
animals and humans. For instance, naphtalene is one of those pollutants which adhere to cells of liver, 
lung, and kidney. They may also affect skin and eyesight of the people who are in touch with these 
pollutants [36]. In some studies of indeno(1,2,3-c,d)pyrene, dibenz(a,h)anthracene, benzo(k)fluranthene, 
benzo(b)fluoranthene, benzo(a)anthracene, benzo(a)pyrene, they have all been confirmed to be 
carcinogenic [37], [38].  
 
Pyrene derivatives have also found to be slightly mutagenic [36]. Pyrene is a PAH with 4 dense rings and 
is hard to be eliminated [39]. Owning four cycles, the contaminant is difficult to be removed from the 
environment. Pyrene is not carcinogenic though contaminated sites need to be remediated because it is 
included in EPA 16 priorities, based on its destructive effects on human health, as the contaminant 
transforms into toxic benzopyrene [40]. 
 
Treatment techniques 

3.1. Soil washing/flushing 

Organic pollutants are isolated, separated and extracted by chemical and physical methods [17]. During 
the last two decades, this approach has been comprehensively studied [41]. Soil washing can be either ex-
situ or in-situ (flushing). Soil washing or solvent extraction has been reviewed as a method in which land 
ecology disruption is insignificant [42]. As discussed in previous section, PAHs removal rate is not 
constant and depends on factors such as molecular weight which modifies the contaminants' solubility in 
extraction agent [43].  
 
Toxicity, cost, and low efficiency in removing PAHs are factors motivating experts to further their 
experience in using alternative extraction agents or recycle surfactant solution [44]. Previous attempts to 
remediate PAH contaminated soils via solvent extraction technique are optimized by using alternative 
extraction agents (surfactants, biosurfactants etc.), which are capable of achieving higher rates of removal 
[45], [46]. Vegetable oil is introduced as an environmentally friendly alternative to remediate polluted 
soil cost-effectively [47]. 
 
Effects of solution pH on PAH removal rate was examined and it was concluded that soil washing 
efficiency is augmented in alkaline environment, especially for loamy soils. Salinity effect on clean up 
efficiency, moreover, was investigated. In loamy soils, decrease of removal efficiency was observed in 
saline solutions [46].  
 
To achieve higher efficiency in persistent pollutant removal, the approach can be integrated with several 
other treatment methods. Song et al combined ultrasonic technology with soil washing and observed 
extremely positive influence of ultrasound technique on removal rate [48]. Integrated remediation of 
contaminated soil, using soil washing, ozonation and biological treatment methods, highly facilitated 
PAH removal and 90% reduction of PAHs was achieved [49]. 
 
Soil washing effluent can potentially contain materials which pose serious risks to the ecological health. 
Thus soil washing wastewater should be treated in a separate process [44]. López-Vizcaíno et al 
remediated a low-permeability PAH-polluted soil by washing method with efficiency of 90% and treated 
washing wastewater in a coagulation process [50]. 

3.2. Oxidation 

Although there are some sorts of solutions which enhance solubility and contact area of PAHs and 
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decomposition bacteria, heavy PAHs are difficult to be completely remediated by biological approaches, 
thus chemical methods, which are faster and stronger, are deployed; methods which are not as sensitive 
as biologic methods, to sort or concentration of pollutants [13].  
 
Oxidation methods are considered to be highly effective to lift limitations specifically in environments 
contaminated by recalcitrant PAHs. Conventional oxidations for environmental goals are ozone, 
hydrogen peroxide, permanganate, and persulfate.  
 
Chemical oxidation is an on-situ, in-situ and off-situ treatment method. In in-situ procedure, chemical 
components are added to the soil directly. In On-situ mode, the soil is removed but processed in the site. 
Off-situ process needs soil to be transferred to somewhere outside of the site. Each mode has its own 
advantages and disadvantages. Economical point of view, ranks the modes as in-situ, on-situ, and off-
situ. Off-situ mode provides higher efficiency because soil is processed in an isolated and controlled 
condition [51].  
 
Oxidation is classified into three groups: using ozone reagent, using Fenton reagent and 
subcritical/supercritical oxidation. 

3.2.1. Fenton’s reagent 

Most of oxidation studies concentrate on Fenton that is executed in-situ, on-situ, and off-situ, since 1980s 
[51]. 
During oxidation process, hydrogen peroxide (H2O2) and an iron salt transform into hydroxyl radicals or 
other high capacity irons. Hydroxyl radicals are unstable and can degrade organic materials in two ways: 
1. Organic materials with hydrogen, lose it in the presence of hydroxyl radicals and hydroxyl radical 
transforms to water (H2O); 2. Hydroxyl radical is added to organic material [1]. 
In some studies Fenton's reagents are employed to be combined with other methods. Venny et al. 
combined bioremediation with Fenton or a novel chelating agent (CA), investigating contaminated soil 
treatment [52]. 

3.2.2. Ozone 

Remediation of soil by ozone is conducted in-situ, on-situ, and off-situ, in either horizontal or vertical 
wells. Gaseous or aqueous ozone may be used to oxidate PAHs, either by direct reaction or as hydroxyl 
radical [1], [51]. 
 
Gan has reported that Fenton's reagents are more capable to degrade PAHs. It has also been reported that 
for PAHs with low molecular weight, ozone has shown more efficacy [1]. 

3.2.3. Sub- and super-critical water 

This method is limited to on-situ and off-situ processes. Characteristics of high temperature water are 
similar to organic solutions and it can oxidate the contained materials by its dissolved oxygen or other 
oxidants. 
 
Pressurized hot water in critical condition occurs at Tc= 374 oC, Pc= 221 bar. Super- and sub-critical 
conditions are upper and lower that points, respectively. In that point, chemical and physical conditions 
are extremely changed and steam/liquid phase is not identifiable. Organic compounds and gases can be 
dissolved in super critical water and inorganic compounds are not dissolved. Considering type and state 
of liquid, diffusivity increases and dialectic constant and hydrogen bonds of water molecules decreases 
and dissolved compound is easily oxidated [53].  

3.3. Electrokinetics 

Electrokinetic remediation has not been hugely successful specially dealing with clayey soils [54]. 
Recently, nevertheless, researches has been focused on electrokinetic remediation of PAH contaminated 
sites containing clayey soil and mobilization enhancement of PAHs using surfactants [55]. James 
evaluated electro osmosis as one of the most applicable methods in soils with low permeability (lower 
than 10-9 m/s) to remove the contamination [56]. Electroremediation was primarily a method to remove 
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heavy metals and during years was recognized as an approach to remediate inorganic contamination. 
Nowadays, this method, solely or combined with other methods such as Fenton and bioremediation, has 
achieved reliable results in removal of PAHs. One of the advantages is its efficacy in soils with low 
hydraulic conductivity which is a severe challenge for most remediation methods. Decontamination using 
electricity is only on its early stages and needs further research to be comprehensively assessed [57].  
As an in-situ method, electrokinetic remediation or electroremediation intensifies contaminants 
movement [58]. During electroremediation, water electrolysis happens as below [59]: 

At the anode: 2H2O → O2(g) + 4H+ + 4e− 

At the cathode: 4H2O + 4e− → 2H2(g) + 4OH− 

As the equations represent, acidic and alkali solutions are formed in anode and cathode, respectively; and 
electrical current drives substances in the solutions toward electrodes. The migration occurs in two 
forms: electromigration and electro- osmosis. In electromigration, ions move toward opposite charged 
electrodes, while electro-osmosis, is the motion of liquid across the soil. Fig. 2 depicts details of the 
process. 

 

Fig. 2. Migration mechanisms in electroremediation process 

Therefore, for organic matters with no charge, migration is done through electro-osmosis process. The 
next step is removal of soil pollutants accumulated in electrode chambers. 
 
In some cases, due to insufficient solubility and low porosity, clean up efficiency is dropped 
considerably. Consequently, some changes should be applied to the environment and pollutant to 
facilitate the treatment procedure. For instance, agents are added to improve PAHs desorption through 
micellisation and tension reduction. The most commonly used solubilizing agents in electroremediation 
method include surfactants, co-solvents, and cyclodextrins [60]. 
 
Lima et al conducted experiments on Netherland's rivers. In the study, electro-osmosis was deployed to 
eliminate PAHs from clayey soil by using 0.01 M NaCl, solely and also combined with surfactant Tween 
80. The surfactant is placed in anode plate vicinity. It was aimed to move surfactant through the soil from 
anode to cathode and increase its contact with PAHs. Using surfactants, PAHs moved with the liquid. 
They concluded, having lower molar mass and consequent higher solubility, naphthalene and 
acenaphtylene are transferred needing little effort, compared with no-surfactant mode. It was also found 
that time is not a main effective parameter on process efficacy [57]. Tab. 1 summarizes recent efforts to 
eliminate PAHs using electrokinetic method combined with other techniques. 

3.4. Stabilization/solidification 

From decades ago, it was predicted that future regulations may lead to severer restrictions on site 
selection for wastes disposal. Hence waste treatment by S/S technique was considered to become 
prominent [61]. EPA introduced S/S as a method by which waste handling and physical characteristics 
are improved and solubility or toxicity are curbed [62]. S/S is a well-established immobilization 
technique to mitigate destructive effects of leachate on ecological health. The method is particularly 
efficient for heavy metals but also suited to various types of wastes [63]. 
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Abstract 

District Tharparkar is one of the 23 districts of Sindh province due to its geographical conditions, most of 
the times this district face the natural disasters, draughts, and food insecurity. Therefore child mortality 
rates and malnutrition among children and women is high. Natural Climate or Environment has always 
been of great importance for socio-economic conditions of people of that area. In Pakistani Media this 
district is frequently highlighted due to population destruction.  All issues in district have their root 
causes in climate change. Climate change has socio-economic effects on animals, plants, and human life. 
This research paper analyzed the socio-economic conditions of people of district Tharparker before and 
after rain fall to know the impact of climate change. The research is descriptive in nature and review of 
reports and scholarly written articles is made to meet the research objectives. Major objective of the 
study (i)To know the impact of climatic changes on district Tharparker (ii)To know the socio-economic 
problems of Tharparker caused by climatic changes (iii)To forward recommendations for governmental 
and non-governmental organizations for development of better strategies to improve the situation. This 
study finds that district has not been rained sufficiently in last ten years which resulted draughts and poor 
socio-economic conditions.  

© 2016 Shabana Tunio, Niaz Ahmed Bhutto Selection and/or peer-review under responsibility of Energy and Environmental 
Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 

Key Words:   Climatic change, rain, draughts, socio-economic life. 

1. Introduction: 

The Climate change is a well-known fact and its impacts on water, agriculture, health, biodiversity, forest 
and socio-economic sectors are quite visible around the globe. According to IPCC (2007), developing 
and the least developed countries are expected to suffer more due to climate change as compared to the 
developed countries. This is true if we scale down this fact to the community level; in case of any 
climatic irregularity the poor people face the consequences due to lack of resources and access to 
information. 

Being a predominantly agricultural economy, climate change is estimated to decrease crop yields in 
Pakistan, which in turn will affect livelihoods and food production. Combining the decreased yields with 
the current rapid population growth and urbanization in the country, the risk of hunger and food security 
will remain high. (sewatrust.org) 

2. Tharparkar 

Actually, Thar consists of: (i). Bahawalpur (ii). Judhpur (Indian state) (iii). Some parts of Jesalmer 
(Indian state) (iv). Obaro and Mirpur Mathelo talukas of district Sukkur (v). Eastern part of Khairpur (vi). 
Some parts of Khipro and Umerkot talukas and (vii). Present Tharparkar. This study is about present 
Tharparker, which consists of Mithi, Diplo, Chachro and Nagarparkar talukas. Thar is a desert region in 
the southern part of Sindh province in Pakistan (Herani 2002:1). 
 
The district derives its name from Thar and Parkar. The name Thar is from Thul, the general term for the 
region sand ridges and Parkar literary means “to cross over”. It was earlier known as Thar and Parkar 
district, but later became one word Tharparkar. The district bounded on the north by Mirpurkhas and 
Umerkot districts, on the east by Barmer and Jaisselmir districts of India, on west by district Badin and 
on the south by Rann of Kutch. The total area of the district is 19,638 kilometers. 
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The district is mostly deserted and consists of barren tracts of sand dunes covered with thorny bushes. 
The ridges are irregular and roughly parallel, that they often enclosed sheltered valleys, above which they 
rise to a height of some 46 meters. These valleys are moist enough to admit cultivation and when not 
cultivated, they yield luxuriant crops of rank grass. But the extraordinary salinity of the subsoil and 
consequent shortage of potable water renders many tracts quite uninhabitable. In many of the valleys the 
subsoil water collects and forms large and picturesque salt lakes, which rarely dry up.  
 
Tharparkar is compounded by difficulties of access and communication, its’ economy is characterized by 
high population growth, in spite of relatively high maternal and infant mortality rates. The hardships are 
further exacerbated by the migration of communities, decreasing socio-economic opportunities based on 
traditional practices, and above all, rapid and irrevocable deterioration of environmental resources that 
retains the very survivals of the population 

2.1. Potential in Resources  

Tharparkar is rich in minerals, the coal deposits of the district is one of the largest coal deposits of the 
world spread over 9000 square kms. Other major mineral include granite, china clay and salt. Presently 
there is no industry in the whole district although it has large potential with reference to its geographical 
position and natural resources. The area is poor in agriculture as it completely depends on rain water. 

2.2. Climatic Conditions of District Tharparkar: 

Climate is an average weather in a place over many years. This is a region with semi-arid climate. Short 
moderate monsoon rain falls, no perennial surface flow, saline groundwater, high temperature, high rate 
of evaporation and proximity to the sea. The surface water resources of Tharparkar are limited. Above 
mentioned climatic conditions affects availability of water, and make life at Tharparkar miserable. 
Ground water is available but it contains large concentration of salt and minerals. It is dangerous for life 
of human beings as well as livestock. (Ebrahim, 2013) 

The district has a tropical desert climate. In summer, when it is too hot during day time, the nights are 
remarkably cooler. April, May and June are the hottest months during the day. December, January and 
February are the coldest months. The mean/average maximum and minimum temperature during this 
period are 28°C and 9°C respectively. There are wide fluctuations in the amount of rain fall from year to 
year and the yearly average for some areas is as low as 100 mm. Most of the rain falls between July and 
September, during the south -west monsoon, and is often concentrated in a period of two to three days. 

 
Fig. 1. Map of District Tharparkar 
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Table:No.1 Population of District 

 
 

 

 
 

Table: 2 Ten years Rain Fall record of District  
Tharparker: 

S. No Years Rain in millimeters (mm) 
1 2007 148.5 mm 
2 2008 15.8 mm 
3 2009 43.8 mm 
4 2010 72.0 mm 
5 2011 31.0 mm  
6 2012 Heavy rain in Tharparkar 
7 2013 189 mm 
8 2014 189 mm 
9 2015 Moderate rain showers 
10 2016 22 mm 

Sources: https://pakistanweatherportal.com/category/tharparkar-district-rain/ 

3. Objectives of the Study:  
• To know the impact of climatic changes of district Tharparker.  
• To know the socio-economic problems of Tharparker caused by climatic changes  
• To forward recommendations for governmental and non-governmental organizations for 

development of better strategies to improve the situation.   
As described in climatic conditions of district this is deserted area with low rain fall. Therefore, rain has 
an immense impact on socio-economic conditions of people. This paper analysis the socio-economic 
conditions of people before and after the rain fall. 

4. Review of Literature: 
 
Socio-economic condition of people in district Tharparkar is worst due to draughts in last three years. 
Majority of people is living under poverty line, due to low economic status women and children are 
malnourished. Bajra (Millet) and Gawar (Cluster Bean) are major crops cultivated in district besides, 
moog, rice and wheat is also cultivated. Research found meat and milk are absent in diet of Thari people. 
Different handicrafts are produced by local people but they do not have any market facility to earn from 
their handicrafts. (RAHMA, 2015) 

Climate in district is not favorable for agriculture, only 33% of land is cultivable whereas 77% of land is 
sand dunes. Social indicators as education, health, economic and housing quality show very poor state of 
human development in district. (SPDC, 2015) 

Reports by National disaster management authority and provincial disaster management authority 
revealed the fact in their findings that water scarcity is at high level in district Tharparkar than any other 
district in country. Draughts have affected livelihood of local people. (Dawn, 2016) 

Non-government organizations working in district Tharparkar are: 

• Thar Deep Rural Organization. 
• Sukaar foundation 
• Tharparkar Social Organization, Mithi. 
• Rural Development Association (RDA) 
• AWARE, Association for Water, Applied Education & Renewable Energy. 

Etc...http://www.ngos.org.pk/cities/tharparkar_ngos.htm 
 

Draught is not new phenomenon in District Tharparkar; its mismanagement is real problem. Life of 
thousands of children and people are at risk due to unavailability of health facilities in district. Health is 
main issue in district but government as well NGOs are not serious and sincere to resolve real issues of 
people (Bangash, 2016). 

Population 1,251,455 
Number of Taluka/Tehsil 04 
Number of Union Councils 44 
Number of Villages 2188 
Number of Health Facilities 37 
DHQ 01 
THQ 03 
RHC 02 
BHUs 31 
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Fig. 3. District Tharparkar before the Rain (houses before rain) 

 
Fig. 4. District Tharparkar after the Rain (houses after rain) 

 
Fig. 4. District Tharparkar before the Rain (Peacocks and other chattels die in draughts) 

 
Fig. 5. District Tharparkar after the Rain (everywhere dancing peacocks) 
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Abstract 

The study examines Extension Workers perception on health and environmental hazards posed by 
Livestock keeping in Makarfi urban Kaduna State of Nigeria and its implication for climate change 
mitigation.  A total sample of 80 was selected divided into 5 wards using simple random technique.  Face 
to face interview was conducted to get accurate results from sample respondents.  Data was analysed 
using frequencies, mean, percentages and descriptive methods.  The major conclusions drawn from this 
paper were: perception of respondents regarding health and environmental hazards posed by Urban 
Livestock keeping revealed that 66 (82.5%) of the respondents are aware that livestock keeping could 
have a negative effect on urban health and environment.  While 14(17.5%) respondents are unaware. 
Similarly, 20(25%) of the respondents opined that destruction of crops and filth in urban environment has 
a negative effect to urban livestock keeping.  Opinion regarding farmers views on control measures 
showed that 4(5%) agreed that on zero grazing 7(8.7%) proper disposal of wastes 14(17.5%) reducing the 
number of animals 15(18.7%) feeding animals well, 20(25%) seeking veterinary services 10(12.5%) 
cleaning shed daily and finally 10(12.5%) provision of extension services.  It is recommended that; 
Extension Services should also raise awareness among urban livestock keepers in Makarfi town of the 
impact of livestock on climate change and provide them with useful advice on appropriate mitigation 
measures. 

© 2016 Dr. Lawal Mohammad Anka and Dr Kamelshwer Lohana Selection and/or peer-review under responsibility of Energy and 
Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 

Keywords: Health and Environmental hazards, livestock, climate change, control measures 

1. Introduction 

Climate change is defined as change in a state of climate that can be identified for e.g. using statistical 
test by changes in mean and or the variability of its properties. 

Various scientists have studied the different components of climate change to some extent it was 
discovered, that the causes of climate change were identified as industrialization, urbanization, water 
pollution, deforestation and transportation are among the highest contributors. (IPCC, 2007). 

In Nigeria Agriculture is the main source of food and employer of labour employing about 60-70 percent 
of the population. It is a significant sector of the economy and the source of raw materials used in the 
processing industries as well as the major source of foreign exchange earnings for the country. Since 
Agriculture is rain fed in Nigeria any change in climate is bound to impact its productivity in particular 
and other socio-economic activities generally. 

The livestock sector has a primary and growing role in agricultural economy. It is an important 
determinant of human health and provides a component of diets (FAO, 2006).  In Nigeria there are health 
and environmental damages caused by livestock which are likely to increase if we do not act.  This is 
because the demand of milk, meat, eggs is rising rapidly across in our country especially in urban areas 
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due to increasing urban population (Asadu, et al). 

Vandesteeg, et al (2009) note that more research is needed on livestock development and environmental 
health to ensure that poor farmers are helped to sustain their farming systems over a long period of time 
there is a need to accept their views and concerns since they are the major stakeholders. This study was 
therefore designed to ascertain Extension Workers perception on hazards posed by urban livestock 
keeping. 

1.2. Problem Statement 

Climate change is a contributory factor to food price crises and its impact on agriculture in Nigeria.  This 
is expected to get more serious for instance Livestock disease outbreak which may put the local and rare 
breed (plants and Animals) at risk of being lost through the Impact of climate change and diseases 
epidemics.  Livestock freely roaming around in urban centres can cause traffic accidents and also destroy 
ornamental plants, water pipes and fences. There is also evidence that many human diseases can be 
transmitted from livestock to people during production, processing and consumption 

1.3. Objectives 

The objectives of this paper are presented as follows:- 

1. to ascertain the type of animals kept and rearing system. 
2. Identify hazards posed by urban livestock keeping. 
3. Determine farmers’ perception on control measures. 

1.4. Research Questions: 

The research paper is interested in providing answers to the following questions:- 

1. Is there any awareness to the general public regarding health and environmental hazard 
posed by urban livestock? 

2. What is the general perception of Extension Workers on control measures? 
3. Are there any corrective measures/sustainable interventions taken to address climate change 

issues? 
4. Is there any policy or Institutional arrangement that will help in reducing health and 

environmental risk? 

2. Review Of Literature 

BidoLIT D et al (2012) Investigates the effects of climate Change on Livestock husbandry and practices 
in Jigawa State Nigeria. They concluded that ranking of effects of climate change on livestock husbandry 
showed reduced feed intake (1st) reduced growth rate (2nd) increased frequency of abortion (3rd) reduced 
birth rate (4th) increased disease condition (5th) increased incidence of parasites (6th) and increased 
mortality rate (7th). 

Rowlinson (2008) Concluded that climate change will have far-reaching consequences on animal 
husbandry mainly via impacts on grass and range and productivity.  Heat stress on animals will reduce the 
rate of animal feed intake and cause poor performance growth. 

FAO 2008 Stated that Developing Countries will be most Impacted because of their lack of resources, 
knowledge veterinarians and extension services research and technology development. 

Sidahmed, (2008) Identified the problems of Livestock as increased human population, urbanization, 
environmental degradation and increased consumption of animal sourced foods have made some coping 
mechanisms ineffective. 

3. Methodology 

Methodology is defined as a philosophy of research process which includes the assumptions and values 
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that serve as rationale for researching conclusions. The method of research for this study was the use of 
available data and survey method. 

3.1. Background Information About the Study Area 

Kaduna State is in Northwestern Nigeria its capital is Kaduna city. The state covers total area of 
46,063Km² (17,781sqm).  The population is 6,066,562million and it is ranked No. 3rd our of 36 states.  It 
is populated by 59 to 63 different ethnic groups.  During the Colonial Administration, Kaduna was the 
capital of Northern region.  In 1967 it gave birth to six states leaving Kaduna as the capital of North 
Central state whose name was changed to Kaduna State in 1976.  Kaduna was further sub-divided in 
1987 creating Katsina state. 

Makarfi Local Government Area was selected for the study.  It has an area of 541Km² and a population 
of 146,259 at the 2006 Census.  It shares common boundaries with Rogo Local Government Area of 
Kano State to the North and Ikara Local Government Area to the South and East Kudan Local 
Government to the West and Soba Local Government Area in the South-East all in Kaduna State.  The 
inhabitants of this Local Government Area are predominantly Hausa / Fulani.  Also, other Nigerian 
ethnic groups such as Igbo, Yoruba and a host of other minority Nigerians reside in the area.  Agriculture 
is the main occupation of Makarfi Local Government Area which is blessed with vast fertile land suitable 
for cultivation of Sugarcane, Maize, Sorghum, Rice, beans, G/Nut, tomatoes, onion, pepper and chili. 

The area is most famous for its leading position in sugarcane in Kaduna State. To boast sugarcane 
production the State Government has constructed a sugarcane processing company in the area.  Makarfi 
Local Government Area is also rich in livestock production that has boasted the economy of Kaduna state 
in Nigeria. 

Population:  The population of the study consisted of all livestock keepers in Makarfi urban area. 

Sample Selection:  A total of 80 samples size was selected divided into 5 wards using a sample random 
technique a total of 16 samples size per ward.  The selection of the above wards was based on their active 
involvement in livestock keeping.  An interview schedule was used to collect information from heads of 
households. 

Data Collection:  Data was collected from sample respondents in the study area on socio-economic 
backgrounds such as Age, occupation, status, level of education, etc. 

Data Analysis:  Descriptive statistics such as Arithmetic mean and simple percentages were used to 
achieve the above objectives.  Results of the study were interpreted to draw up conclusions. 

4. RESULTS AND DISCUSSION 

4.1. Personal Characteristics of Urban Livestock Keepers N = 80 

Age, Occupational status and level of education were some of the personal characteristics describe as 
follows:- 

Age:  Data presented in Table 4.1.1 shows that 7(8.75%) respondents belong to 25 – 35 age groups. 
About 20(25%) are in the age group 35 – 44 years.  Majority of the respondents 30(37.5%) belong to the 
age group of 45 – 54 years.  While 18(22.5%) are in the age group of 55 – 64 years. The least number of 
respondents 5(6.25%) within the age range of 65-74 years. 

Survey results in Table 4.1.2 revealed that 16(20%) respondents were regularly employed.  While 
22(27.5%) fell within temporary / casual employment.  Majority of the respondents 30(37.5%) are self-
employed / trading.  About 12(15%) are engaged in farming to sustain their livelihood. 

According to Information presented in Table 4.3 regarding educational qualifications of respondents.  It 
shows that 10(12.5%) had no formal education.  About 12(15% attempted primary education.  Similarly, 
15(18.7%) completed their primary education.  While 8(10%) completed their secondary education and 
finally 15(18.8%) benefited from higher education.   
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Table 1:  Distribution of Respondents according to Personal Characteristics. 
Personal Characteristics Frequency percentage 
Age:   
25 – 34 7 8.75 
35 – 44 20 25 
45 – 54 30 37.5 
55 – 64 18 22.5 
65 – 74 5 6.25 
Total 80 100 
Occupational Status:   
Regularly employed 16 20 
Temporarily / casual 22 27.5 
Self-employed / Trading 30 37.5 
Farming only 12 15 
Total 80 100 
Level of Education   
No formal education 10 12.5 
Primary school attempted 12 15 
Primary school completed 15 18.7 
Secondary school attempted 8 10 
Secondary school completed 20 25 
Higher education 15 18.7 
Total 80 100 

Source:  Survey Results, 2016 

Thus, majority of the respondents were educated at certain level. The fact that most of them were literate 
is advantageous to the adoption of any innovation meant to improve livestock keeping in the study area. 
The above findings are in line with (Aqwu and Anyawu, 1996) who reported that, increased farmer 
education positively influenced adoption of improved practices. 

4.2. Types of Animal Kept and Rearing System 

Survey results in Table 2 showed that 8(10%) improved chicken were kept.  Similarly, 14(17.5%) local 
chicken 12(15%) Turkeys (16(20%) Rabbits were kept respectively.  Majority of the respondents 
28(35%) kept goats and sheep respectively.  A very small proportion of respondents 2(2.5%) kept pigs in 
the study area. 

Furthermore, about 20(25%) and 20(25%) practiced intensive and free range system.  Majority of the 
respondents 40(50%) adopted semi-intensive system. The above findings are in concurrence with Bidoli 
et-al 2012 who reported that 50% of the nomadic livestock farmers keep 2000 less number of cattle, goat, 
sheep and poultry while less than 7% of livestock, goats, sheep and chicken.  This implies that livestock 
husbandry and poultry practices among the study areas is crucial as a means of sustaining their 
livelihoods. 

Table 2:  Distribution of Respondents according to Animal Kept and Rearing System. 
Types Kept Frequency Percentage 
Improved chicken 8 10 
Local chicken  14 17.5 
Turkeys 12 15 
Rabbits 16 20 
Goats / Sheep 28 35 
Pigs 2 2.5 
Total 80 100 
Rearing System:   
Intensive 20 25 
Free range 20 25 
Semi – Intensive 40 50 
Total 80 100 

Source:  Survey Results, 2016 

4.3. Awareness and Perception on Health And Environmental Hazards Posed By   
Urban Livestock Keeping 

Perception of respondents regarding health and environmental hazards posed by urban livestock keeping 
is presented in Table 3.  It showed that 66(82.5%) of the respondents are aware that livestock keeping 
could have a negative effect on urban health that environment.  While 14(17.5%) respondents are 
unaware. About 14(17.5%) agreed that livestock can cause erosion.  Similarly, 20(25%) of the 
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Abstract 

Heat stork caused a large number of deaths during 2015 and 2016 in country is not a single example of 
effects by hazardous results of climate change and challenges.  United Nations gives a concept of 
Sustainable Development Goals with purpose of eradicating poverty, promoting prosperity in changing 
world. Protection of environment and natural resources is among the specific goals. Target Number 13.3 
of sustainable development goal is especially related to awareness and adaption about climate change.  
Despite the facts it is also truth that general population is unaware regarding changes in seasonal weather 
patterns from climate change views. This study is directly concerned with society and their attitudes 
towards climate change, it very difficult to assess the human attitude especially regarding climate 
changes and challenges in developing countries like Pakistan where society don’t have concerns about 
environment and climate change. Specific objective of this study was to analyse attitudes of society 
towards climate changes and effects of climate change over society in urban Sindh, and Hyderabad city 
was selected as research universe.  Furthermore, the study is based on research through qualitative 
approach and four focus group discussions with related stakeholders and five In-depth interviews were 
utilized to collect primary data. Standard techniques of qualitative data analyses were applied. Results 
show that majority of people living in urban areas of Hyderabad is unaware about climate change and 
challenges. Effects of pesticides in agricultural areas, pollution created by huge number of vehicles in 
city, pollution created by industrial areas of the city and nearest town Kotri and polluted water of Indus 
River are among major causes which affect climate. Attitude of society towards climate and environment 
is quite passive, even though not listed in priority. Society feels that, environment protection, climate 
change and challenges are matters related to Government and NGO’s. The study suggests need to initiate 
massive campaign for awareness about climate problems at each level.           
 
© 2016 Dr. Ameer Ali Abro Selection and/or peer-review under responsibility of Energy and Environmental Engineering Research 
Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 

Keywords: Sustainable Development Goals, Climate Change, Environment, Awareness, Social Attitude, 
Sindh, and Hyderabad 

1. Introduction:  

Pakistan faced dangerous heatstroke during 2015 that affected Karachi, floods during 2010 and heavy 
rains during 2011 in Pakistan and droughts in desert area of country are latest examples of Climate 
change effects. Even we can count terrible figures of hazardous effects at global level. Human economy 
is dependent on natural ecosystems and climate patterns but faster changing in climate causes huge 
human and material destruction. 
 
Developing countries like Pakistan are facing issues of over population, illiteracy, political instability, 
economic upheavals and poor infrastructure and striving for achievement of Sustainable Development 
Goals.  United Nations gives a concept of Sustainable Development Goals with purpose of eradicating 
poverty, promoting prosperity in changing world. Target Number 13.3 of sustainable development goal is 
especially related to awareness and adaption about climate change.  Many international and local studies 
have revealed that global warming is a real fact of natural climate variability (Romero-Lankao, Hughes, 
Rosas-Huerta, Borquez, & Gnatz, 2013). Despite the facts it is also truth that general population is 
unaware regarding changes in seasonal weather patterns from climate change views (Solomon et al. 
2011). Climate change may impose many negative effects on physical, ecological, economic and societal 
system (Wardekker, 2011). These effects are infectious diseases, vector borne diseases, environmental 
inequalities, temperature related droughts and mortalities, malnutrition and societal stabilities (Costello et 
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al., 2009). 
 
Urban society of Sindh comprises major portion of population, Karachi is the biggest urban city and 
industrial center of country, Hyderabad is second most populated city of urban area Sukkur, Larkana and 
Mirpukhas on third, fourth and fifth number in population. It is assumed that urban population may have 
better information about climate change and positive attitude with better literacy rate, good educational 
institutions and comparatively better economic conditions than rural areas. But observations are not 
reflecting the expectations and reality. Further it is viewed that urban society has no concern towards 
climate change and challenges. Even major causes to damage environment and drivers of climate 
changes are produced by urban society itself.      
 
This study is directly linked with urban society and their attitudes towards climate change, it is difficult 
to assess the human attitude, especially regarding climate changes and challenges in developing 
countries, where society don’t have any concerns about environment and climate change. Richard (2004) 
argued that many climate change studies are less useful due to lack of local scale guidance on adaptation. 
Scientific and general knowledge toward climate change is increasingly all over the world therefore 
research was designed as baseline information about attitude, behavior and vulnerabilities of climate 
change in urban Sindh. Moreover climate change, Challenges and their adoption level in society was 
explored. 

 
2. Literature Review 

“Climate change is among the most pressing issues of planet and its natives” is an introductory sentence 
of a Comprehensive report written by American Psychological Association’s task force on the Interface 
between Psychology and Global Climate Change. This complete report was released in 2009 that is 
available on official website APA. The report, re-presented the definition of climate change given by, 
Intergovernmental Panel on climate Change (IPCC), 2007. “Climate change is defined as changes over 
time in the average and variability of surface temperature, precipitation, and wind as well as associated 
changes in Earth’s atmosphere, oceans and natural water supplies, snow and ice, land surface, ecosystem, 
and living organisms”. The task force worked on six important sections related to dimensions of 
Psychology with climate change. Section one discussed the understanding of peoples about risks imposed 
by climate change and illustrate that people cannot understand phenomenon of climate change at their 
own, they have average concern about adverse consequences of climate change like droughts and floods. 
According to report it is difficult to develop proper opinion by general public about climate change 
because it can be seen as natural process and global environmental system that is beyond the control of 
individuals and communities.  Section two of the report said that population growth and other region 
specific patterns of social life are influencing on climate change, moreover fulfillment of all needs, 
versus luxuries, consumption of natural things by individuals even cultural norms, social behaviors and 
orientation towards time and nature have great influence on climate change. The report further worked on 
psychological impacts of climate change, adaption and coping with impacts of climate change, and role 
of psychologists in limiting climate change.  Giving the policy recommendations American 
Psychological Association was suggested to encourage “Walk and Talk” actions and to motivate 
worldwide psychologist’s community to develop principles for maximizing their research concepts, 
effective responses and contribution for minimizing climate change and challenges.  
 
A survey report published by European commission “Europeans’ attitudes towards climate change” in 
2009 said that climate change is gaining priority on international and national level. According to report 
Europeans are well informed about climate change its causes and results, they believe that rather than 
individual efforts collective efforts are required to minimize effects and causes of climate change. Report 
said in turkey, Romania, Bulgaria and Lithuania peoples are not well aware about climate change. 
Majority of citizens were not familiar about issue report said peoples of Sweden, Slovenia, United 
Kingdom and Ireland are agreed to take personal efforts and play their role at individual and joined level 
to limit the effects of climate change. In the end of report it concluded that even facing the economic and 
financial crisis climate change is getting concerns of people and retained their position in public mind.  

Department for Transport United Kingdom published a an evidence based public review on climate 
change and transport in 2006, Dr. Jillian Anable, Dr. Ben Lane and Dr. Tanika Kelay worked on the this 
research. Major objectives of their work were to collect data about climate change knowledge and 
awareness relates to transport decision-making attitudes and behaviors among general public. Research 
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concluded that attitudes, climate change and travel behavior is not comprehensively analyzed properly. 
link between climate change and travel behavior is necessary, according to report collective efforts are 
required rather than individual efforts.  

A research study has been conducted by Pakistan institute of development economics Islamabad in 2013 
titled as Climate Change Brief and subtitled as Climate Change, Agriculture and Food Security in 
Pakistan: adaption Options and strategies. Study said that Pakistan is vulnerable to threats of climate 
change and especially it have dangerous effects on crop production, the research was conducted in 
selected districts of country and farmers were the focus.  

According to research formers are adopting results of climate change and they are managing with 
alternate methods at different regions like Barani /Rain fed Regions and Irrigated Agriculture regions are 
installing Tube-wells, changing crop types, collecting rainwater in small check dams to coop with 
droughts etc. The study summarized various studies to find out various climate change trends in Pakistan 
and find out that temperature is increases or expected to be higher at globe that causes reduction in 
agricultural productivity, the heat wave duration has increased by 31 days from 1980 to 2007, glaciers are 
melting rapidly.  

Pakistan Meteorological Department conducted a research through a Lead researcher Dr. Ghulam Rasul 
in 2012, research was tilled as “Climate Change in Pakistan, focused on Sindh Province”. The research 
focused difficulties to be faced by inhabitants of Sindh province due to global warming and climate 
change. Research said Pakistan is one of the most affected countries by climate change in the world, 
because of its geographical position and climate features. It has north with more than 5000 glaciers and 
south with larger deserts. In Pakistan Indus delta is highly risky zone for agriculture sustainability and 
proper crop production. According to study climate change effects on Pakistan with larger risks of 
variability in monsoon rains, large floods, and extended droughts. Therefore extreme risk of Water 
security, Food security and Energy security are increasing. Moreover Indus delta is located at intensive 
heat zone therefore rise in temperature will cause adversely on human health due to heat strokes, 
diarrhea, cholera, vector borne disease and larger human shifting.      

Government of Pakistan gives National Climate Change Policy in 2012, the major Goal of Policy 
document was “To ensure that climate change is mainstreamed in the economically and socially 
vulnerable sectors of economy and to steer Pakistan towards climate resilient development”. Policy 
document covered major measures to minimize the effects of climate change and divide the policy in 
major portions like climate change Adoption and Climate change Mitigation. According to policy 
document Pakistan have nine major threats by Climate change i.e. Increase in the frequency and intensity 
of extreme weather, threatening water inflows into Indus river, frequent floods, Rising temperature, 
adversely affected plant species and decrease in scanty forest cover, increased intrusion of saline water in 
Indus delta, Threats to coastal areas, stress on sharing of water resources, migrations and health risks.    

 
3. Objectives of the Study:  

 
• To determine level of understanding about climate change and sustainable development goals 

in urban Sindh Hyderabad. 
• To examine social attitude of society towards climate change and environment.   
 

4. Research Questions:  
 

• What are concerns of society about climate change and its challenges in urban Sindh?  
• How society thinks about expected climate changes and its causes with relationship of 

sustainable development goals.  
 

5. Research Methodology:  

Major focus of this research was to identify general concerns, knowledge and behaviour of society 
regarding climate change and challenges through sociological observations and analysis. Research was 
commenced through personal and professional discussion with selected members of society especially 
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university students and professionals. Four focus group discussions were conducted with university 
students, NGO representatives, Government officials, religious leaders and shopkeepers. Four in-depth 
interviews were also conducted by Political leader, College teacher, representative of District officer 
Social welfare department and one literate female house hold. Proceedings of FGD’s and IDI’s were 
recorded with the consent of participants and then translated and analysed to get results.  
 
6. Results & Discussion:  

Four Focus group discussions were arranged in Hyderabad city majority of participants were residents of 
urban area. Participants were university student’s girls and boys, university teachers, NGO 
representatives especially those are working on climate issues, shopkeepers, officers of Social welfare 
department and political workers. 
 
The major objectives of these group discussions were to analyse views of different stakeholders on the 
basis of their experiences and following important questions were discussed and results are as under. 
Participants took interest in threadbare discussion, at some stages probing questions were asked to get 
better results. 
 

I. What is the level of understanding about climate  change in our society and 
Sustainable Development Goals? 

To find out the level of understanding was opening question for each focus group discussion most of the 
participants were their view that climate change is still not clear in society at any level even urban people 
have no clear idea about it in Sindh, there is need of massive awareness campaign to develop 
understanding about climate change in society.  One of the participants discussed that even majority of 
university students are not clear about climate change and confusion exists in society about weather, 
environment, pollution and climate change.  People are not clear about difference between these terms. 
Discussing the relationship of disasters like flood, droughts and heatstroke and climate change most of 
the participants said these are caused by nature and there is no or less roll of climate change in disasters. 
During all focus group discussions, it was observed that urban society of Sindh is absolutely not clear 
about climate change, challenges, effects and causes even about role of society for this global issue.    
 

II. How our society believes about their behavior a nd everyday lifestyle to contribute 
for environment friendly activities?  

While discussing society believes and everyday life style, it was revealed that least number of people are 
thinking about environment friendly activities in their daily life and majority of population is engaged 
and seriously disturb about their socio-economic issues. Participants from civil society and political 
parties were confused about role of Government and civil society for daily life activities to protect 
environment. Most of the participants were their view that individual cannot play their role when state is 
reluctant. According to participants society is unaware therefore it is difficult to reduce the use of 
vehicles in urban areas and increase the use busses in cities. It was observed from FGD’s that participants 
related to electronic media and print media were not satisfied with role of local government or municipal 
corporations in urban areas to protect environment and increase the positive role of community in their 
daily life and environment friendly activities. They were very much worried about terrible sewerage 
system in cities, failure of water supply services, shortage of parks and entertainment areas and 
unavailability of dustbins in public areas.   

III. What is the level of public concern about clim ate change in urban Sindh? 

During Focus groups discussion, the concern of people about climate change was discussed, according to 
participants people are unknown about effects, causes and consequences of climate change therefore 
overall urban society is very passive and have no concern about climate change and challenges.  
Discussing on this concern of society it was finally observed that overall society is very passive on this 
matter and has no or rare concern about climate change.  
 

IV. Why our society believes that environment prote ction, climate change and 
challenges are matters related to Government and NG O’s? 
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Discussing on the reasons that why there is lack of ownership in our society about major problems and 
public believe that climate change and environment protection  are matters related to government, NGO’s 
and local administration. Majority of participants were their view that it has become habit of society that 
people don’t own things which are not belongs to them. Moreover some participants were their view that 
in our society people don’t love to work as combine efforts to solve issues. Some participants were their 
opinion that majority of our people are engaged in patty issues of their domestic problems and hardly 
able to solve personal socio-economic issue therefore they are very passive about climate change issue 
and keep the responsibility on government and NGO’s in some cases.   

V. How do people understand the risks imposed by cl imate change are extreme 
weather events, droughts or floods? 

According to participants only small portion of our society understands risks of climate change otherwise 
majority of our society is believed in religious concepts about natural disasters. It was also discussed that 
activities which are expected to promote climate change are not caused at individual, community or 
society level but may be caused by industrial areas and developed countries. During discussion there was 
a view of participants that extreme whether events, droughts, floods and heat strokes risky incidents 
happen due extreme violation of environment protection rules by major developing countries at large and 
developing countries at small scale.  
 

7. Conclusion 

Population living in urban areas of Hyderabad is unaware about climate change and challenges. Effects 
of pesticide in agricultural area, huge pollution by big number of vehicles could be seen in the city. 
Attitude of society towards climate and environment is very passive. Climate Change issues are not listed 
in priority issues of society as well as Government. Society feels that, environment protection, climate 
change and challenges are matters related to Government and NGO’s. Conclusion of research suggested 
there is need of massive campaign for awareness about climate problems at each level. There should be a 
strategic planning to reach at targets of sustainable development goals about climate change. Government 
must develop institutions at district level to work climate change, challenges and effects.           
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Abstract 
 
Water purification is essential for environmental sustainability of human life and life in water bodies. 
Commercially available activated carbon is costly and imported in Pakistan. Activated carbon was prepared 
from cost effective and non- degradable scrap rubber tyres by simple method. Carbon obtained after the dry 
distillation of scrap tyres was treated with 5% solution of Barium chloride and 0.4 N solution of hydrochloric 
acid and verified using ethylene blue solution and FTIR. The removal of copper ions from aqueous solutions 
by the prepared tyre activated carbon was investigated in the present studies. The copper ion removal tests by 
the prepared tyre activated carbon were carried out as the function of pH, adsorbent concentration, contact/ 
stirring time of the adsorbent with the adsorbate and the concentration of adsorbate. All these factors have a 
detrimental effect on copper ion removal by the prepared tyre activated carbon. 

© 2016 Muhammad Ashfaq Sajjid, Sylvia Benjamin, Selection and/or peer-review under responsibility of Energy and Environmental 
Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 

Keywords: Activated carbon; adsorbent; copper ions; contact time; pH; scrap tyres. 

1. Introduction 

Industrialization and urbanization has added positively to the world in limitless ways. However, 
anthropogenic activities have degraded the environment drastically. Uncontrolled industrial emissions have 
loaded the ecosphere. Many of the earth’s ecosystems are pushed to the critical edge of depletion or 
irreversible change. Wasteful and irresponsible use of natural resources has created an alarming state of 
affairs, which needs to be rectified imperatively without further leniency to the perpetrators. Many countries 
in the world today are struggling with drinking water scarcity due to throw of toxic wastes in water bodies. 
The aquatic life is threatened and many species are simply eradicated. 50 million people do not have access 
to safe drinking water [1]; and roughly expanding to a fig of 1 billion, suffering from disease, education and 
economic divest is noticeable. 

Heavy metal presence in water is of serious concern due to their toxic effects on plants and aquatic organisms 
[2]. The scenario can be graver due to the bioavailability, accumulation and effects of heavy metals in 
sediments [3-4], and leaching and seepage into ground water [5]. Incorporation in the food chain is disturbing 
and an indicator of environmental degradation posing serious threat to aquatic and human health [6-7]. 

People living in industrial vicinity are more at risk of water borne diseases. Copper ion enters water bodies 
through various sources as metallurgical industries, printing industries, copper pipes and taps and copper 
mining activities etc. Copper ion effects on water species have been elaborated in the report by EPA [8]. 
Dietary copper in the range of 1-3 mg/day [9] is required by the human body. Ingestion of higher copper (II) 
ions can cause lethal effects as gastrointestinal bleeding, intravascular haemolysis, abnormal methoglobin, 
liver cell damage, acute renal failure and oliguria [10]. Lower doses cause typical symptoms of food 
poisoning [11].  

Drinking water shortage is surmounting in many parts of the world due to uncontrolled release of pollutants 
in water bodies. Expansion of rural areas has started to touch the chemical and other industries that were once 
constructed in the outskirts of cities. The problem is acute in third world countries where people are unable to 
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afford bottled water. Water filtration plants are scarce and over used and under maintained. The infant death 
toll is rising due to water borne diseases and the situation is worsening every day.  

Removal of heavy metals at high concentration from polluted water can be readily accomplished by flotation, 
chemical precipitation, electrolytic removal, separation by membrane and chelation. However, these methods 
are costly and mostly irreversible. In water bodies, water chemistry plays an important role in reducing the 
pollutant ion concentration. Copper ion concentration also varies in water sphere affected by several 
parameters [12]. The present studies focus upon the use of activated carbon, prepared from rubber tyre waste. 
The prepared activated carbon is used as an adsorbent for the removal of copper (II) ions from aqueous 
solution. The important effect of pH, contact time, temperature and concentration of the adsorbate are 
studied. The aim was to investigate a cost effective source of activated carbon i.e., utilization of non-
degradable scrap rubber tyres and rationalize optimum conditions required for copper ions removal from 
water. 

2. EXPERIMENTAL PROCEDURE 

2.1. Preparation of Activated Carbon from Scrap Rubber Tyres. 

Old and used rubber tyres were collected from the local market. The tyre scrap was cut into small pieces and 
crushed, grinded into small sized particles. The small sized tyre pieces were washed several times, with 
distilled water to remove impurities. These were then air dried thoroughly.  

600 gms of the dried scrap tyre pieces were processed into dry distillation at 360 °C in a round bottomed 
flask fitted with a water condenser inside fume cupboard. The apparatus is described in detail elsewhere [13]. 
During the dry distillation the obnoxious gases released into the atmosphere and the oil got extracted into 
conical flask as distillate. Thereby chars and oils were separated. The char residue obtained was heated in the 
muffle furnace at 800-900 °C for 30 minutes. The char sample i.e., carbon was cooled down at room 
temperature.  

2.2. Confirmatory tests for Tyre activated carbon. 

The air cooled carbon sample was soaked in 5% BaCl2 solution for 12 hrs. The filtered sample was analysed 
by Fourier transform infra-red (FTIR) spectroscopy. The spectra of tyre activated carbon were recorded on a 
Varian 640 FTIR spectrophotometer in the range 400- 4000 cm-1, using KBr dilution and finely powdered 
KBR as reference. The activated carbon was washed with 0.4N HCl and finally with distilled water in order 
to remove the oxides and soluble impurities. The final sample was dried in an oven overnight at 105 °C. The 
dried tyre activated carbon was sieved. 200 mesh size of the tyre activated carbon was selected for further 
studies. 

The tyre activated carbon adsorption capacity was confirmed through the Methylene Blue test. 0.2gm tyre 
activated carbon was immersed in 10ml of 1% methylene blue solution in a 50ml beaker. Same test was 
performed with commercially available activated carbon. The adsorption efficiency of tyre activated carbon 
was measured against commercially available Merck activated carbon at λmax of 660nm.  

Analytical grade copper sulphate salt (CuSO4.5H2O) was used for the preparation of stock solution. The 
copper salt was dried in an oven for overnight at 50 °C and cooled in desiccators. 1000 ppm stock solution 
(1L) of copper ion made with double de-ionised water was used in this study. Other solutions i.e., 10 ppm, 50 
ppm, 100 ppm, 150 ppm and 200 ppm copper ion concentrations were prepared by the dilution of the stock 
solution with double de-ionised water. 

2.3. Tests on performance of Tyre Activated carbon  

2.3.1 The effect of tyre activated carbon amount on removal of copper ion.   
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0.1gm, 0.2gm, 0.3gm, 0.4gm and 0.5gm of tyre activated carbon were added to 25 ml of 200 ppm solution of 
Copper ion in 50 ml volumetric flasks and stirred for 3 hrs on magnetic stirrer at 200 rpm. The solutions were 
filtered and the adsorption of copper ions by the tyre activated carbon for all the sample concentrations were 
determined on Varian atomic absorption spectrophotometer. An acetylene-air flame and lamp current 7 mA 
was used for the copper ion determination.           

2.3.2. The effect of copper ion concentration on the adsorption efficiency of tyre activated 
carbon.  

0.2 gm of tyre activated carbon was added to 25 ml of 10 ppm, 50 ppm, 100 ppm, 150 ppm and 200 ppm 
Cu2+ ion solutions in 50 ml volumetric flasks. The solutions were stirred for 3 hrs on magnetic stirrer at 200 
rpm and then filtered. Adsorption of copper ions by the tyre activated carbon for all the sample 
concentrations were determined by atomic absorption.  

2.3.3. The effect of solution pH on the adsorption capacity of tyre activated carbon. 

0.2 gm of tyre activated carbon was added to 200 ppm solution of Copper ions in 50 ml volumetric flask (x3) 
with pH maintained at 4, 7 and 10, monitored by pH electrode attached to pH meter. The three solutions were 
stirred for 3 hrs on magnetic stirrer at 200 rpm. After filtration, the copper ion concentration remaining in the 
solution was determined. 

2.3.4. The effect of stirring contact time on adsorption capacity of tyre activated carbon. 

0.2 gm of tyre activated carbon was added to 200 ppm solution of Copper ions in 50 ml volumetric flask (x3). 
The solutions were stirred for different time intervals i.e., 1, 2 and 3 hrs on magnetic stirrer at 200 rpm and 
the copper ion concentration remaining in the solution was determined. 

3. Results and Discussions 

Water pollution and drinking water shortage crises have led scientists worldwide to explore low cost 
adsorbents [13-14]. Activated carbon is a very useful material for removal of pollutant ions especially from 
water. Such carbons have been prepared earlier from waste tyres but the methods are laborious and more 
expensive [15-16]. The waste tyre activated carbon obtained in the present investigation was prepared by the 
dry distillation process of waste rubber tyres followed by heating in muffle furnace at 800-900 °C for 30 
minutes. It was identified by FTIR spectroscopy. The spectra mainly showed two weak peaks. The first peak 
appeared at 1578-1667 cm-1 due to C=C stretching vibration. The second peak was observed at 2364 cm-1 due 
to symmetric or asymmetric stretching of aliphatic band in –CH, -CH2 or –CH3. The first peak is also 
reported by A. Belgacem et. al [17], besides –OH and –PH bonding. They did cryogenic and ambient 
grinding of the tyres and treated it with phosphoric acid before carbonization at 650 °C in inert atmosphere of 
nitrogen for 2 hrs and 30 minutes.  

The Tyre activated carbon immersed in methylene blue (1%) showed absorbance of 0.053 measured at 660 
λmax. The Merck activated carbon sample showed an absorbance of 0.035 at same test conditions. This 
confirmed that the prepared tyre activated carbon had proper absorption properties for the dye at room 
temperature.  

The effect of copper ion concentration on the adsorption efficiency of tyre activated carbon was studied by 
adding 0.2 gm (200 mesh size) of tyre activated carbon in 25 ml of 10 ppm, 50 ppm, 100 ppm, 150 ppm and 
200 ppm copper (II) solutions with a stirring time of 3 hrs on magnetic stirrer at 200 rpm. After filtration of 
solutions, adsorption of copper ions by the tyre activated carbon was measured by atomic absorption 
spectrophotometer. The results are presented in Fig. 1. 
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Fig. 1. Effect of Cu (II) ion concentration on adsorption by the tyre activated carbon 

The removal of metal ions from aqueous solution by adsorption is highly dependent on the concentration of 
the Cu2+ ion solution that affects the adsorption efficiency of tyre activated carbon. This important parameter 
is studied earlier by several scientists [18-19]. The adsorption is applicable for a specific range of 
concentration and after this specific range further adsorption declines due to the blockage of all the active site 
on the tyre activated carbon. Fig. 1 shows that the adsorption decreased when the concentration of the 
adsorbate ions increased. Here the amount of adsorbent has become the limiting factor. The maximum 
adsorption in observed for low concentration of Cu(II) ions i.e.,10 ppm. For 0.2 gm of tyre activated carbon, 
98% removal of Cu2+ ions from a 10 ppm copper solution is possible.  

The effect of tyre activated carbon amount on the removal of copper ion was investigated with 200 ppm 
Cu(II) solution that showed limited adsorption with 0.2gm of the adsorbent. 0.1 gm, 0.2 gm, 0.3 gm, 0.4 gm 
and 0.5 gm of tyre activated carbon were added to 25ml (200ppm Cu2+ solution) and stirred for 3 hrs at 200 
rpm on magnetic stirrer. The solutions were filtered and the adsorption of copper ions by the tyre activated 
carbon was determined by atomic absorption spectrophotometer. The results are given in Fig. 2. 

 

Fig. 2. Effect of tyre activated carbon dose on Cu (II) ion adsorption by the adsorbent 

It can be seen that as the adsorbent amount is increased the removal of Cu2+ ions from the solution is 
facilitated as more sites are available for weak bonding of the solute ions. 100% adsorption of all the copper 
ions (200ppm) can be effectively achieved with 0.4 gm of the tyre activated carbon. These results support the 
data shown in fig. 1. 
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The effect of solution pH on the adsorption capacity of tyre activated carbon was studied by immersing 0.2 
gm of tyre activated carbon into 25 ml of Cu2+ ions (200ppm) solution for a contact time of 3 hours with 
stirring at 200 rpm on a magnetic stirrer.  The pH of the Cu2+ ion solutions was maintained at 4, 7 and 10. 
The solutions were filtered and the copper ion concentration was checked by Atomic absorption 
spectrophotometry. The effect of pH on the adsorption of Cu2+ ions is presented in Fig.3. 

 

Fig. 3. Effect of pH on the adsorption of Cu2+ ions by the tyre activated carbon 

Several scientists20-23 have studied the effect of solution pH on the adsorption of metal ions by various 
sources. Fig. 3 shows that the adsorption of Cu2+ ions is pH dependent phenomenon in the order neutral > 
basic > acidic. At low pH, presence of excess of H+ ions promotes the dissolution of Cu2+ ions keeping them 
in solution. Besides, formation of H3O+ ions hinders the adsorption of Cu2+ ions. H3O+ ions compete with the 
Cu2+ ions for the active sites and preferably get attached to the charged surface of the tyre activated carbon. 
At a high pH-10, excess of OH- ions disturbs the equilibrium. The system adjusts by the precipitation of Cu2+ 
ions forming Cu(OH)2 and releasing H+ ion. Thus, the adsorption process is affected. Also, any excess, OH- 
ions are preferably adsorbed at the active sites of the adsorbent. At neutral buffered pH-7, maximum 
adsorption of Cu2+ ions occurs i.e., 72 %. This adsorption amount is higher as compared to the Cu2+ ions 
solutions made with double deionised water that had slightly acidic pH 6.5. (Fig. 1 and Fig. 2). Dastgheib and 
Rockstraw24 proposed a correlation for various parameters i.e., temperature, pH, carbon type and dosage. 
They have reported that a proton is released when a metal ion is adsorbed. This ratio is close to one, 
particularly at low concentrations. Mainly we have observed electrostatic interaction between the tyre 
activated carbon and Cu2+ ions. D. Božić et. al19 and V. Stanovick et al.25, also observed the same trend i.e., 
least absorbance of Cu2+ ions at low pH with different adsorbents in separate studies, due to preferable 
attraction of H+ ions towards the active sites on the adsorbent. 

The effect of stirring contact time on adsorption capacity of tyre activated carbon was investigated by 
immersing 0.2 gm of tyre activated carbon in 200 ppm Cu2+ion solution. The adsorbent was kept in contact 
with the adsorbate for different time intervals of 1, 2 and 3 hours on magnetic stirrer at 200 rpm. The 
solutions were filtered and the Cu2+ions adsorbed were determined by atomic absorption technique. The 
results are presented in Fig. 4.                            
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Fig. 4. Effect of contact time of tyre activated carbon on the adsorption of Cu2+ ions  

The contact time of the adsorbent with metal ion solution is also an important factor which affects the 
adsorption efficiency of the adsorbent. The adsorption of Cu2+ ions is directly related to the contact/stirring 
time i.e., the adsorption of the metal ions also increase with the increase of the contact time for 200 ppm Cu2+ 
ion concentration. The linear correlation illustrated in Fig. 4 shows that constant stirring exposed active sites 
and adsorption process was facilitated. The transport of Cu2+ to the active sites of the tyre activated carbon 
would have been limited without stirring for being under diffusion control that would require longer hours for 
completion of adsorption onto the adsorbent. 

4. Conclusions  

Scrap rubber tyres were converted into a valuable carbonaceous adsorbent material. The scrap tyre activated 
carbon can adsorb 98 %  of Cu2+ ions when present in weak concentration. The adsorption efficiency 
decreases after a certain Cu2+ ions concentration indicating expiry of the all the active sites on the  adsorbate. 
The adsorption process improves with more adsorbent dosages as more active sites  become available 
for physical adsorption of the polluting Cu2+ ions. Adsorption of copper by activated carbon derived from 
scrap rubber tyres was shown to depend significantly upon the pH of solution i.e., maximum adsorption of  
Cu2+ ions is achieved at pH-7 in comparison to pH 4 and pH-10 due to the competition of the Cu2+ ions with 
the OH- and H+ ions. The contact time/stirring time of solution increases the Cu2+ ions removal by the scrap 
tyre activated carbon from solution, as buildup of Cu2+ ions for any site is prohibited and all unoccupied 
active sites become easily approachable. 

The data obtained guides to convert non-degradable waste rubber tyres into a low cost valuable product for 
the purification of water that can be reused innumerable times before dispensed as compared to ordinary 
water filters. It can thus be a low cost, sustainable solution to clean industrial water for the local inhabitants 
and also preserve the aquatic environment. 
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Abstract 

Shortage of Food and diseases are mostly related with shortage of water or non/low supply of palatable water. The 
disturbed weather pattern has become major cause of abnormal rains and extreme drought conditions in different 
seasons. We are already witnessing frequent floods and extended periods of droughts. Desert encroachment is result of 
climate change, and become tough to control through afforestation due to low/non-accessibility water sources. 
Similarly massive haphazard urbanization coupled with uncertainty associated with climate change limits our ability to 
develop sustainable strategies to manage water related services.  In Sindh province, climate change impact due to 
extreme weather conditions have resulted in frequent drought for the desert areas and it has also damaged 
infrastructure of metropolitan cities during monsoon season. There is a pressing need to better quantify and translate 
the climate change impact and develop both adaptation and mitigation strategies to enhance the resilience of existing 
and future water infrastructure. 

© 2016 Sheeraz Memon, Shazia Rehman, Ghulam Mujtaba, Zuhaib Siddiqui, Muhammad Rizwan, Gordhan Valasai, Selection and/or peer-review 
under responsibility of Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, 
Jamshoro, Pakistan. 
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1. Introduction 

Pakistan is a developing country with a population of over 180 million people, and is expected to grow to over 230 
million by the year 2025. Majority of the population in Pakistan is moving to cities. According to Pakistan Strategic 
Country Environmental Assessment Report (World Bank, 2006) , the per capita water availability in Pakistan has 
decreased from 5000 in 1951 to 1100 cubic meter in 2008 per annum and will reach on water scarcity value of 850 in 
2013 with the dual impacts of climate change (rising temperatures) and increasing demand. 
Pakistan is one of the most exposed to countries across the Global which is susceptible to climate change, but some 
research studies have been carried out to measure the climate scale impact on its different sectors so far. Global 
climate change experts have identified Pakistan as part of zone to face the extreme changing weather. The developing 
countries including Pakistan would be affected by severe floods, drought, rising temperature and extreme events [1]. 
Climate change and environmental crisis in the disaster prone area of Pakistan states that 40 percent people are highly 
vulnerable to natural disasters like cyclones, floods, drought and intense rainfall [2]. 
The infrastructure for water services (water distribution networks and wastewater collections and processing systems) 
is very vulnerable to anticipated changes in demography and climate. Globally, drought is considered as an expensive 
and worst type of natural disasters compared to other disasters such as hurricanes, cyclones, earthquakes, wildfires, 
floods and others due to its large impacts on human community, geographical area, regional ecosystem and socio-
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economy. The overall aim is to investigate the concern over increase in drought/flood frequency and vulnerability and 
their impacts locally and regionally. Also it is aimed to make awareness about extreme climatic conditions (longer dry 
periods and irregular rainfall patterns) in future. 

2. Methodology 

2.1. Site Selection 

Two different regions of Sindh Province namely; Karachi and Tharparkar were monitored for the flood and drought 
conditions. The site location map is shown in fig. 1. 

 

 
Fig. 1. Site location map 

 
Karachi is located in Sindh Province, Pakistan and considered as a metropolitan city. In terms of growth, Karachi has 
been the fastest growing city in the Pakistan and was selected as the capital of Sindh. Development is been undertaken 
at a rapid pace and as a result, water supply need, solid waste generation, wastewater discharge, traffic congestion and 
other environmental problems in the city is becoming a major concern for the residents as well as for industrialist. The 
natural drainage system of Karachi city is towards the Arabian Sea with two major rivers, Malir and Liyaari. There are 
about 42 major nallahs (storm drains) existing for drainage of storm water in the city [3]. These nallahs which are 
discharged in the sea are about 5, 50,467 rft long having 49 branches across the city. The drainage system of Karachi 
is designed to handle 300 mm of rainfall but the existing condition is such that the drainage system cannot 
accommodate 100 mm of rain due to improper sanitation, non completion of sewerage system schemes, illegal 
encroachments and development in the city.  
 
Tharparkar is one of  the districts of Sindh, that covers an area of 19,638 Square Kilometers, It includes six Talukas, 
Mithi, Islamkot, Diplo, Dahli, Chachro and Nagarparkar and the Population of this region is 955,812 people as 
estimated by 1998 census [4]. Thar doesn't have  fresh water streams, the main water source for this city is rain fed 
groundwater, the average annual rainfall of 0this region is between 200 to 300 millimetres, 80 percent of it falls 
during Monsoon season from July to September. As it has no rivers or dams so other three quarters of the year it 
relies on the recharged groundwater and one of its Talukas, Nagarparkar exists unchanging springs, namely Sardhro  
and Anchlesar, also temporary streams called Gordhro River and  Bhatuyani River flow sole during rainy season. 
Portable water availability has its own significance; Old studies show groundwater of this region occurs mostly 
brackish and is not suitable for human consumption [5]. Tharparkar is quite common owing to droughts and water 
resources security demands a special attention. 
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2.2. Data Collection 

The study is conducted in three distinct phases: Phase 1 includes detailed critical review of available approaches for 
drought/flood management, climate change impacts and mitigation measures. Phase 2 is aimed at quantifying the 
impact of climate change on local and regional scale including field visits, local population interviews and GIS 
temporal mapping by using Archive satellite image of Google earth. Phase 3 is the investigation of the impact of 
variation on health and economy (resulting due to mitigation and adaptation measures) and also proposal for 
precautionary steps and mitigation measures for crisis management. 

3. Results and Discussions 

3.1. Urban Flood Scenario 

Climate change greatly impacts water resources, food security and the social infrastructure, and projected variations in 
rainfall mean that the city could be hit by either a drought or flood at any point in time. Populations living in flood-
prone areas, near paved roads and urban slums are greater risk to floods and their associated risks including water-
borne diseases, landslides and mudslides. Precipitation is considered as the major reason for the flooding and 
devastation in metropolitan cities such as Karachi due to irregular pattern and heavy rainfall events occurrence during 
monsoon period. A report said that rainfall of more than 125mm was recorded on August 31, 2009 in Karachi city, and 
created one of the greatest havoc of flooding resulting in damage of infrastructure, disturbing the life of the people and 
ecosystem. 
 
During field visit, interviews were taken and questionnaire forms were filled out by local people and the affectees. The 
survey was started from Chakor nallah at Natha Khan Bridge and it was observed that residential units have been 
constructed on both sides of nallah which ultimately results in huge generation of solid waste disposed of carelessly 
into this water course. It was visually observed that Chakor nallah was wider at some parts about 100 feet and then 
shrinks to 4 feet or even less due to encroachments, solid waste dumping and human settlements as shown in fig. 2 
(respectively. 

 

 
                                                         Fig. 2 Residential Units on Both Sides of Chakor nallah    (Downstream side)                                                                                         

 
Questionnaire survey forms were filled out at two stations named; Airbase Shell Petrol and Kaka Khel CNG Stations 
nearby Chakor naala. Survey showed that water level during monsoon season on roads was more than the height of 
footpaths which resulted in severe Traffic jam and accidents. Daily life and business was remained completely 
disturbed for more than a week after the rainfall as no proper outlet for the drainage of storm water existed. 
 
The other site location was selected near Asifabad and Moria Goth areas where Main old Drain (nallah) caused major 
problems during rainy days. One portion of the drain was completely blocked and other side was used for the dumping 
of solid waste as shown in figures 3 (a) and 3 (b) respectively. 

 

Actual width of  water course 

Existing reduced water course 
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Abstract 

Ground water is considered as the precious source of water to live a happy life. In Pakistan, it has been 
widely used for drinking, cooking and sanitation purposes. The quality of ground water is a major 
concern in Pakistan specifically in rural areas. It is polluted by sewage effluent, oil residuals, excessive 
withdrawal, water table lowering and others. This study has focused on rural area of Sindh Province, 
Taluka Mirpur Sakro, and District Thatta which is situated at 100 km from Karachi city. The population 
of the study area heavily depended upon the ground water because no water supply scheme has been 
provided to the local residents. The assessment of pre-and post-rainfall scenario on ground water quality 
was conducted to monitor the variability in pollutants behaviour during different seasons. The samples 
were collected from representative site locations before and after rainfall. Those samples were promptly 
brought into the laboratory for physical, chemical and biological parameters. The obtained results 
indicated that the overall ground water quality is not aesthetic for the drinking purpose because of 
excessive concentration of total dissolved solids (TDS), chlorides and Magnesium in the range of 1200 
mg/l to 2400 mg/l, 300 mg/l 425 mg/l, 064.8 mg/l to 115 mg/l respectively. The results revealed that the 
ground water is not suitable for drinking purpose. From the results, it can be suggested to install reverse 
osmosis plant, constructed wetland and other treatment facilities to improve the overall ground water 
quality. 

© 2016 Fida Abbasi, Azizullah Channa, Sheeraz Memon, Gordhan Valasai, Zuhaib Siddiqui, Selection and/or peer-review under 
responsibility of Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and 
Technology, Jamshoro, Pakistan. 
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1. Introduction 

Water available on variable depth of earth in the pore spaces of soil and the dividend joints of rocks is 
known as ground water. Groundwater is recharged from, and eventually flows to, the surface naturally; 
natural discharge often occurs at springs and seeps, and can from oases or wetlands. Groundwater is also 
often withdrawn for agricultural, municipal, and industrial use by constructing and operating extraction 
wells. The study of the distribution and movement of ground water is called Hydrogeology, also called 
ground water hydrology. [1] 

The ground water is also a major and an adequate source of water in Pakistan. Mostly in rural areas, it 
has been used widely for drinking, cooking and sanitation purposes [2]. The problem has attacked the 
major cities of the country due to abstraction of ground water as result in a decrease in water tables. The 
quality of ground water is also a main issue, especially in Sindh and Baluchistan provinces [3]. Ground 
water utilization has been increased in Pakistan due to the increase in population and development of 
industrial and agriculture sectors. It is estimated that 75% area of Sindh and 17% of Punjab provinces are 
underlain by saline ground water [4]. In the coastal areas of Sindh, such as Sijawal, Thatta and 
Tharparkar, the ground water is mainly contaminated by salinity due to excessive withdrawal as a 
drinking water source, insufficient aquifer recharge and reduced fresh water flow in the lower basin of 
Indus delta which caused sea water intrusion in most of the areas. Therefore, local people do not have 
access fresh water and are suffering from chronic teeth and bone diseases. These factors have reduced 
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life span of people living in the areas. Arsenic is also found in extreme quantity which is also another 
common problem. Recent tests of wells in Indus plains have indicated ground waters that have very high 
concentration of arsenic [5]. In Thatta district ground water is mostly used for   agricultural and domestic   
purposes. So, there is no observable impact on the quality of ground water.  Many researchers advice that 
the ground water must be tested so that many troubles caused due to ground water quality on agriculture 
and human health could be overcome. 

2.   Study Area 

In this study, Tehsil Mirpur Sakro in Thatta District has been selected as study area for the ground water 
quality analysis. It is one of the historical and oldest towns of Sindh, which is situated on the east of 
Karachi and encircled on the way south to the Arabian Sea and the northwest way by Hyderabad district.  
The geographical area of the district is about 17,355 kilometers. The aerial view of the site location is 
shown in fig. 1. 

                      
Fig. 1. Aerial view of site location map 

The south-western part of Thatta is saline and sea water has intruded due to the shortage of river Indus 
water and long coastline of about 107 kilometres. The demographic population of district Thatta was 
about 1.113 million according to official census report in 1998 but it has increased exponentially in the 
last decade about 46.27%. The minimum and maximum temperature in District Thatta is about 25°C and 
40°C. During the month of March to October, the sea gust blows for eight months of the year, making the 
hot climate fairly fresh, whereas, January is the coldest month as shown in fig. 2. Overall district yearly 
regular rainfall is about 200 mm. 

    
 

Fig. 2. (a) Annual average rainfall (b) Annual average temperature. 

Mirpur Sakro is one of the Taluka of district Thatta where ground water is badly contaminated by 
salinity, fluoride and other pollutants due to deltaic and flood plains of Sindh and reduced flow of Indus 
River. The aim of this study is to find out the causes of ground water quality deterioration and to 
recommend the remedial measures to improve ground water quality. Waterborne diseases such as 
diarrhea, dysentery, Hepatitis C and Cholera were also noticed and according to a local Doctor, at least 
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200 patients with hepatitis C and 100 cases of diarrhea and cholera are being observed. Fig. 3 shows the 
on-site images of ground water hand pumps as a drinking water supply source in different areas of study 
site. 

 
Fig. 3. Hand Pump Location at different sampling sites 

2. Methodology 

2.1. Samples Collection 

Number of samples were collected from the Taluka Mirpur Sakro, District Thatta from 24 different 
locations using sterilized bottles (1 L) and were preserved and stored before and after rainfall period of 
the year 2016 for the villages Buhara, Khangan, Mirpur Sakro, Haji Gharano, Ghulamullah, Smoki, 
Sukhpur and Karampur. 

2.2. Experimental Work 

The collected samples were analyzed according to WHO standards for the physical and chemical 
parameters such as heavy metals, chlorides, sulfates, nitrates, phosphates, TDS, PH, Calcium, 
magnesium, and total hardness. The parameter pH was analyzed by digital meter, whereas, Chloride was 
performed by the titration method. In case of Total Dissolved Solids (TDS), a conductivity meter was 
used. Calcium, magnesium and total hardness were analyzed by titration method, whereas, sulfate, 
phosphates and nitrates were analyzed on a UV visible spectrophotometer. 

3. Results & Discussion 

Results of all samples collected from different locations of Hand pumps were analyzed and the results of 
different parameters were brought under discussion as shown in fig. 4. The standard value of TDS should 
be less than or equal to 1000mg/l. The concentration of total dissolved solids in the study area was found 
in the range of 530 mg/l to 2505 mg/l in pre-rainfall season and 450 mg/l to 1340 mg/l in post rainfall 
season. The overall concentration of TDS was reduced in the areas of Haji Gahrano, Buhara, Mirpur 
Sakro, Smoki and Karampur after rainfall because of on ground water recharge due to rain. The 
concentration of the areas of Khangan, Sukhpur and Ghulamullah was not reduced after the rainfall. It 
can be possible due to the impact of sea water intrusion in surroundings. The concentration of TDS in the 
areas of Buhara, Mirpur Sakro and Sukhpur was not found within the range of WHO standards which 
may lead to various physiological disorders such as gastrointestinal diseases, cardiovascular diseases and 
incidences of cancer. Total hardness was found in the range of 520 mg/l to 350 mg/l in pre-rainfall 
season and 175 mg/l to 450 mg/l in post rainfall season respectively. The overall concentration of total 
hardness was reduced and found in the range of WHO standard values except Khangan, Ghulamullah and 
Sukhpur after rainfall season. In case of Chloride, it was found in the range of 75 mg/l to 387.5 mg/l in 
pre-rainfall season and 150 mg/l to550 mg/l in post rainfall season. The overall concentration of chlorides 
increased after rainfall season except Haji Gahrano and Mirpur areas. The concentration of turbidity in 
the study area was found in the range of 0.945 NTU to 1.175 NTU in pre- rainfall season and 1.14 NTU 
to 3.65 NTU in post rainfall season. The overall concentration of turbidity in the study area was observed 
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in the range of WHO standard values. The concentration of magnesium in the study area was found in the 
range of 36.mg/l to 50.4mg/l in pre-rainfall season and 25.2 mg/l to 64.8 mg/l in post rainfall season. 
Villages Ghulamullah and Sukhpur were not found in the range of WHO standard values. In case of 
sulphates, it was observed in the range of 7.86 mg/l to 219.31 mg/l before rainfall season and .49.2 mg/l 
to 311.6 mg/l after rainfall season. The overall concentration of sulfates in the study area was observed in 
the range of WHO standard values. 

   

Fig. 4. Water quality parameters result analysis 

4. Conclusion 

The present study has been conducted on the ground water quality of Taluka Mirpur Sakro district 
Thatta. The concentration of TDS exceeded the range of WHO standard values in the areas of Buhara 
Mirpur Sakro and Sukhpur after the rain fall season. The concentration of magnesium in Ghualmullah 
and Sukhpur areas were not in the range of WHO standard values. The concentration of chloride was 
exceeded the range of WHO standard values after rainfall season. This study data can help and support 
for the selection of suitable and cost effective methods for the treatment of Ground water according to 
seasonal variations. 
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Abstract 

Wash-off vehicle service centres are promptly growing in Pakistan with increase in rate of transportation. 
This study focuses on the consumption of water that by service stations in Hyderabad city for washing 
purpose which is taken from two different sources i.e., ground water and water supply. Averagely 25-30 
vehicles are being washed in one service station, which includes 15 small, 8 medium, and 2 large 
vehicles. It is estimated that total 380,880 litres/day of water is being discharged from service stations 
which exhibits high pollutants level and oil & grease. Wastewater samples were collected from four 
different service centres. The samples were analyzed for COD, Oil and grease, pH, settable solids, 
turbidity, EC, TDS. As compared to National Environmental Quality Standards (NEQs) the laboratory 
results of every station exhibit different contamination level in wash-off water due to on-site local 
conditions. In this study laboratory scale, Dissolved Air Flotation (DAF) system is designed for 
wastewater treatment to meet the shortage and scarcity problem through water reuse. 
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Keywords: Service station; Contaminants level; Oil & Grease; Dissolved Air Flotation. 

1. Introduction 

Service stations contribute a vital role in keeping the vehicles in good condition, hence increasing their 
life span. Rapid population growth has caused increase in transportation modes and number of vehicles 
which ultimately resulted in increase of service stations. Continuous vehicle wash is necessary in order to 
save the life structure of vehicle. Washing measures include removal of dust particles, debris and coarse 
material by using high pressure cleaning water with the mixture of detergent which results in wash off of 
physico-chemical compounds present in different forms which vary in size, density and morphology 
structure [1][2]. 

The wastewater from service stations may cause groundwater and soil pollution because it directly 
discharges into sanitary sewers without pre-treatment [3]. Ground water contamination is a big threat to 
human health which pollutes drinking water and resulting number of deaths in the area where such 
contaminated water is used. As according to survey by water organization (n.d) 884 million people have 
deprived of safe water to drink, 3375 million people die with different water diseases. During washing, 
removal of oil and grease, dust, salt and clay from vehicles may pollute environment and contribute in 
elevated levels of total dissolved solids, chemical oxygen demand (COD) in effluent water. Also, use of 
surfactants, diesel, petrol, grease and kerosene oil as cleaning agents, which are discharged in 
considerable volume during washing and may cause release of hazardous contaminants i.e. hydrocarbon, 
volatile organic compounds (VOC) and toxic chemicals and metals [4] [5] [6]. 

The aim of the research work is to characterize wastewater discharge and determine the pollutants level 
from different automobile service stations with subsequent treatment under the process of Dissolved Air 
Flotation (DAF) and filtration process techniques to clarify the wastewater for the end user. 

2. Methodology 
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2.1. Site Selection and Sample Collection  

A study was conducted to collect the baseline data of vehicular service stations across the Hyderabad 
city, Pakistan as shown in figure 1. The wash off water samples were collected from four different 
service stations for the analysis and treatment purpose. Sixty litres of sample were collected in polythene 
container from each service station and analysed at the laboratory of environmental engineering 
department for physical and chemical parameters such as pH, EC, turbidity, total dissolved solids, oil & 
grease and chemical oxygen demand. 

 

 
Fig. 1. Location map of sampling sites 

2.2. Water Consumptions for Vehicles Washing 

A rough survey was conducted for five different size vehicles during the wash-off period. All vehicles 
consumed various amount of water in different time due to their size and nature of wash. Data obtained 
during that survey is shown in table 1.  

Table 1. Data for water consumption 
S. 
No. 

Type of 
vehicles 

Time external 
body dust removal 

Time for inside 
dust removal 

Time for final 
wash 

Time require to fill 
1.5 Liter bottle 

Total water         
consumption (liter) 

1 Truck 30 min 30 min 35 min 6 Sec 1425 
2 Mini-Truck  25 min 25 min 20 min 6 sec 1050 
3 Car 7 min 5 min 6 min 6 sec 270 
4 Rickshaw 4 min 4 min 5 min 6 sec 195 
5 Bike  3 min - 3 min 6 sec 90 

2.3. Experimental Work 

2.3.1. Dissolved air flotation treatment design 

Dissolved air flotation (DAF) is a treatment process in which wastewater is clarified by the separation of 
oil and grease, total dissolved solid and other insoluble impurities [7]. DAF is made of iron and designed 
for a shallow tank as shown in figure 2, in which top bridge rotates the tank rim in every three minutes. 
Its working principle is based on air flotation technique where removal of suspended particles, oil and 
solids occur. In this process, pressurized water is saturated with dissolved air and discharged in flotation 
vessels. Wastewater treatment is activated with the presence of air which results bubble formation. When 
air bubble is injected in flotation tank then the removal process starts. The small bubbles adhere to oil, 
grease and suspended particles and results in floating on the surface of water where it can be removed 
easily by skimming device. High pressure is required to remove the oil layer from wastewater. When air 
is dissolved in wastewater with high pressure, the removal of oil layer is obtained in floating tank. Under 
this process skimming tank is used where floatation material such as oil, fat and grease remains on the 
surface of wastewater. After the treatment of wastewater, the clear effluent should be collected in 
separate tank. 
 

Sample output to test PDF Combine only



4th	International	Conference	on		
Energy,	Environment	and	Sustainable	Development	2016	(EESD	2016)	 	

 

  
                                                                          

    Fig. 2. Dissolved Air Flotation Unit 

2.3.2. Filtration method 

In this study, comparison of Filtration processes used for the turbidity removal is conducted using alum 
dose and wood fibre techniques as shown in figure 3.  In alum dose process, six different results were 
obtained in the laboratory for each service station using 1.5 to 6.5 ml alum per 500 ml contaminated 
sample. While model’s capacity is 60 liters and alum dosing for model is 300 ml/60 lit, 180 ml/60 lit, 420 
ml/60 lit and 300 ml/60 lit respectively for all four stations [9] [10]. The optimum results in which 
maximum turbidity removed was found in wood fibre technique and therefore it was selected for further 
treatment after DAF process. In case of wood fibre, the length and diameter of column were 11.4 inches, 
2.5 inches respectively. The length of wool fibre was 4.5 inches, for 60 liters of polluted water. 

  

Fig. 3. Filtration techniques (a) jar test (b) wood fibre 

3. Results and Discussion 

Results of all samples collected from different locations were analyzed for water quality parameters such 
as pH, TDS, EC, turbidity, Oil and Grease, COD and settable solids and are brought under discussion.  
Initially raw water from all selected service stations and then treated water was analyzed as presented in 
table 2. The turbidity (NTU) of the raw and treated samples are ranging from 82.4 to 493 NTU and 8.87 
to 19.3 NTU respectively. Similarly ranges for oil and grease were from 11 to 49 ppm and 0.2 to 1.95 
ppm which shows maximum removal in this process as compared to all other parameters. 

Table 2. Water quality data before and after �reatment 
S. 
No Parameters Masha Allah service 

station Indus service station Al-noor service 
station 

Site area service 
station 

    Raw 
water 

Treated 
water 

Raw 
water 

Treated 
water 

Raw 
water 

Treated 
water 

Raw 
water 

Treated 
water 

1 TDS (g/L) 1.79 1.8 0.21 0.35 1.01 1.02 0.85 0.87 
2 EC (mS/cm) 3.59 3.6 0.43 0.57 2.02 2.03 1.7 1.72 
3 Turbidity (NTU) 82.4 8.87 493 15.26 180 14.5 322 19.3 

4 Oil and Grease 
(ppm) 49 1.8 17.6 1.85 16 0.2 11 1.95 

5 COD (mg/l) 2.18 2.15 4.08 2.67 4.75 3.41 3.01 1.87 
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Pollutant removal efficiency is shown in figure 4. It was observed that Turbidity and Oil & grease were 
removed more than 90% for all service stations, whereas, COD, EC and TDS were not showing 
significant results for the removal and treatment.  

 
Fig. 4. Pollutants removal efficiency in all service stations 

4. Conclusion 

This study focus on the consumption of water that is being used by Hyderabad service stations for 
washing purpose which is taken from two different sources i.e., ground water and water supply. It is 
estimated that total 380,880 liters/day of water is being discharged from service stations which exhibits 
high pollutants level and oil & grease. As compare to National Environmental Quality Standards (NEQs) 
the laboratory results of every station have its own value of contamination in wash-off water which varies 
with the local conditions. It is suggested to install and fix on-site treatment facilities so that the treated 
water can be reused for multiple applications. 
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Abstract 
 
Leather industry is the third largest industry of Pakistan, which does annual business of approximately 35 
million U.S. dollars. Existing industrial structure of leather is under fatigue to fulfill the rising demand of 
leather in international market. Tanning industry of Pakistan is contributing a lot to provide such goods 
and services, but, it has some limitations regarding degrading factors for environmental protection and 
health of living beings. In these contaminants, elements of Chromium had been observed as much toxic in 
their nature. This piece of writing had surveyed the state of pollution caused by Chromium elements in 
various cities of Pakistan along with presentation of a critical review of existing institutional coordination 
and legal binding of the target subject. It had found that inappropriate and ineffective measures taken by 
government agencies had made the issue much serious for environmental protection, health aspects of 
living organisms, degradation of agricultural soil, and potential sustainable development in the target 
business in Pakistan. It had highlighted some suitable tools of treatment of chromium contamination of 
water. Furthermore, the inefficient and outdated legislation had also contributed to grow the problem at 
such a level, which only can be reversed through carefully studied decisions, incorporating of international 
experiences and standards and commitment of all stakeholders with a comprehensive national approach to 
tackle these challenges cohesively. 
 
© 2016 “Mahvish Batool, Muhammad Yaseen Naseem, Tariq Kamal, Samraiz Hafeez” Selection and/or peer-review under 
responsibility of Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and 
Technology, Jamshoro, Pakistan. 
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1. Introduction 

Leather industry had observed an evolutionary need along with its own futuristic development in various 
parts of the world. Final product of leather industries is produced from tanning process of raw hides [1]. 
Its residue affects environment and other living creatures on earth. Therefore, developed and resourceful 
countries had applied state regulatory mechanism thorough legislation to make these industries accountable 
to take responsibility of its adverse effects. Resultantly, these environmental protection laws and relevant 
legislative interventions of the State had made the process much transparent, but it had affected the growth 
of tanning and business of leather in the host countries. Consequently, the target shareholders and 
stakeholders had been observed as dependent on those host countries, where such regulatory mechanism 
had either not grown at such a level to make the actors accountable or had not been able to develop 
institutional capacity to make the process transparent. Hence, on one hand, the host developed countries 
had to face a larger cost of tanning of leather to produce its workable final product. On the other hand, 
these countries had made safe their own host constituencies through regulatory measures, but their 
dependence on developing host countries had increased the demand of tanning of leather maximum, which 
had acted as a catalyst to increase the multidimensional momentum of insecurity for the host countries’ 
environment and other living part of it [2].  

According to State Bank of Islamic Republic of Pakistan, leather industry is the third biggest exporting 
industry of Pakistan, which does business of 35 million U.S. dollars per year  [3], [4]. It has capacity for 
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tanning of about 50 million animal skins per year. City Kasur, Sialkot, Karachi, Faisalabad, and Mian 
Channun are larger constituencies of tanning factories in Pakistan. Although, the business growth in the 
target industries is fruitful for Pakistan, but it is paying a heavy price indirectly in the form of environmental 
degradation and potential threat of diseases in various creatures on its land [5]. Its city Sialkot has about 
300 units of tanning factories, which have capacity to produce 65,000-kilogram leather in a day. Similarly, 
city Kasur has 250 units of tanning industries, which contribute significantly in its production at a large 
scale than the other cities. There are about 250 tanning units in Kasur and about 300 tanning units in Sialkot 
[6], [7], [8]. 
 
These tanneries had been observed as using several kinds of chemicals, in which chromium salts are much 
significant in their tanning processes [9]. Cr (III) Sulphate salt is used for chromium tanning, which is 
obtained from naturally occurring chromite salts. It creates cross linkages in the collagen, which mostly 
present in animal’s skin. A significant amount of this salt (about 2-2.5%) of total mass of raw material is 
made part during tanning process to produce a good quality leather [10]. 
 
Pakistani tanneries use about 15,000 tons of Cr (III) Sulphate per year [11], which not only becomes part 
of solid and liquid waste of those factories, but also a significant part of it emits into air. Among all of 
these effluents, the liquid waste is much problematic. Although, it is a compulsive part of processes in 
tanneries, but at the same time it becomes among one of these limitation of such mechanisms, where 
tanneries discharge their effluents in open areas without decomposing their elements at such a level which 
must be estimated as less harmful for anything in this universe [8]. Resultantly, its carcinogenic, mutagenic 
and teratogenic characteristics causes nasal septum perforation, ulceration of skin, lungs cancer, 
malfunctioning of liver and kidney and growth depression. These affluent reaches to living organisms 
through various media, most probably form air and water [12], [13]. 

According to Pakistan Environmental Protection Agency’s standards for maintaining the quality of 
drinking water in Pakistan, only 0.05 mg/L concentration of Chromium is permissible as less harmful. 
Although total concentration of Chromium in drinking water had been observed as much low naturally, 
but the water of host cities of tanneries, had been observed as victim of this element [14]. 

2. Contamination of Irrigation and Drinking Water 

Elements of Chromium have capacity to enter into water bodies through seeping into groundwater [15]. If, 
this water is used for irrigation, then it this contamination becomes part of agricultural crops as 
bioaccumulation [16]. The potential threat of contamination of ground water in Pakistan is much high, 
because provision of limited and costly fresh water and groundwater resources had alarmed the situation 
through open use/mixing of it in the host products [17]. Although, a lot of examples can be described in 
this piece of writing, but the following information is conversant of host areas of tanneries in Pakistan, 
which had affected drinking and irrigation water significantly. 

2.1. The Case of City Kasur 

City Kasur is significant in this regards that its tanneries release 9000 m3 per day of such kind of effluent 
in liquid form. It has been observed that about 2500 m3 of this liquid becomes part of local irrigation water. 
Although, its tanneries are allowed to excrete 1mg/L amount of effluent, but it has been observed as 
containing 391 mg/L Chromium elements in it [15], [18]. Even, the ground water of host parts of Kasur 
had been estimated as having up to 2.12 mg/L Chromium, which significantly crosses World Health 
Organization’s standards of permissible limit of presence of such elements [19]. In some host areas of city 
Kasur, it had been estimated as 0.05mg/Kg to 50 mg/Kg that is much dangerous for living organism to be 
inhaled at such level [15].  

2.2. The Case of City Sialkot 

The target amount of Chromium in liquid effluent from tanneries of Sialkot ranges from 4 µg/L to 15 µg/L. 
The target concentration of total Chromium in drinking water of the host area ranges from 0.057 µg/L to 
1.60 µg/L. Resultantly, the host soil of the city contains more than 5 µg/L of Chromium in it, which is 
estimated as dangerous for all creatures in its area of contamination [20].  
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2.3. The Case of City Karachi 

River Indus is the sole source of fresh water for constituencies of port city Karachi of Pakistan. Unplanned 
industrialization in the city has resulted contamination of its surface and ground water including 
approached water of River Sindh significantly [21]. The observed amount of Chromium in its ground and 
tap water has been estimated larger than the thresholds set by World Health Organization and Pakistan 
Environmental Protection Agency. Korangi Town of city Karachi had been declared as notorious for 
Chromium contamination in its drinking water [22]. 

2.4. The Case of City Faisalabad and Sargodha 

City Faisalabad had been reported of containing up to 16000 mg/L Chromium in its host drinking water 
[7]. Similarly, in a study, city Sargodha also had been observed as having contamination of Chromium 
elements in its irrigation water. Consequently, the yield of those agricultural products had been observed 
as less than their input and also less than normal yields than their neighbouring areas of same variables 
except of not being contaminated in their nature. It is significant to be noted that Chromium elements not 
only pass into agricultural products, but also deposit into the host soil, which lead it toward degradation, 
deforestation, and ultimately towards desertification [23]. At Head Trimmu of River Chenab, a significant 
concentration of Chromium was reported in some major agricultural carps. The target water was estimated 
having contamination of 20.72 mg/L of Chromium in it. Whereas, its amount in sediments was reported as 
76.39 µg/g [24].  

3. Measures to Treat Chromium Contamination in Water 

Target narrative had described that some host areas of Chromium in in irrigation and drinking water 
Pakistan is a serious public issue, which needs public policy to be addressed effectively. Although, it had 
been observed in Pakistan very late, but it does not mean that it has been emerged in some previous decades, 
but also had been observed from initial decades of 20th Century in other parts of the world too, which had 
been addressed through various public and private suitable actions [25]. The Government of Pakistan in 
collaboration with UNDP had set up a primary treatment plant of tannery’s waste at city Kasur in 1996. 
This project had aimed to provide a system of collection of tannery’s waste to process it in its primary 
phase (of the waste). It had to introduce various cleaning techniques of liquid effluent, which at least had 
to minimize the potential harm to the health and provided safety of the workers. Although, it was a greater 
project, but its limited functions had raised question marks to make the process effective and accountable 
[26]. 

National Cleaner Production Centre had played a significant role in Sialkot’s tanneries, where recovery 
and management of Chrome elements in the waste had minimized their air pollution [27].  
 
Waste management companies working under Local Government and Community Development in 
Province Punjab are also working on waste collection and its dumping and channelling of wastewater from 
such kinds of target industries [28]. Many private sector companies have also been observed as providing 
services for waste management and its treatment. In this regard, NEC Consultants had set up Combined 
Effluent Treatment Plants in cities of Faisalabad and Karachi (in Korangi) to tackle the issue on regular 
basis [29]. Besides of such developments, the momentum of the target problem had not been envision 
properly by its stakeholders to tackle the issue form its target dimensions [6]. 
 
The modern techniques of treatment of such wastes, such as; Bioremediation, Phytoremediation and 
Biosorption are some leading options to be initiated to tackle the challenge of treatment of such affluent 
[30], [31]. Dr. Shahid Hussain had taken an initiative of in the form of a project as titled; Bioremediation 
of Chromium and Arsenic from Industrial Wastewater at the University of Punjab, Lahore, in assistance 
and collaboration of USAID to make the affluent less harmful to the environment. The had aimed to use 
bacteria to detoxify the Cr (VI) and Arsenic in the liquid effluent of such industries [32].  
 
Some plant species, such as; Eichornia Crassipes, Typha Latifolia, Typha Angustifolia, Cyperus Esculentus 
and Scirpus Americanus had known for Phytoremediation of heavy metals as present in the soil and in 
wetland of such wastewater had been formulated as geo-membrane in the bottom of the surface which 
prevent seepage of these elements (effluent) reach to ground water or accumulation in the soil permanently 
[33] [34], [35]. The target treatment had been estimated as cost effective, eco-friendly and requiring less 
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operational input than the other methods to be launched for the same purpose. It is the significance of 
potential of plantation of Phytoremediation, which depends upon hydrology conditions, type of sediment, 
plant species, growing season, substrate mode, depth of the water and feeding patterns to be grown 
effectively [36], [37]. 
 
Chromium Biosorption is yet another convenient procedure for simply picking up the metal on to biomass 
of certain bacteria, algae, fungi or plants or onto target biofilm. This method separates the metal from 
wastewater without converting or transforming it into any other compound, which sometime becomes even 
harder to get rid of [38], [39]. 

4. Legislation for Environmental Protection in Pakistan 

It has been tried to realize to intelligentsia of Pakistan to have proper regulatory mechanism for the target 
issues [40]. Contemporary legislation and regulatory mechanism for environmental protection, institutional 
performance for waste monitoring and management, had been observed as insufficient to for acquired 
constituencies of host areas of problems. One in 1988, the Government of Pakistan in collaboration with 
International Union for Conservation of Nature (IUCN) had formulated a National Conservation Strategy 
(NCS) for tackling the challenges of Environment and Urban Affairs in supervision of the target Division 
as a greater development for three years’ program (1988-91). Main objectives of NCS were aimed for 
resource conservation, sustainable development and efficient management of resource use in the target 
areas. NCS also had led to the creation of environment for development its unit in the Ministry of Planning 
and Development in Pakistan. Subsequently, it had led for setting up of provincial environmental 
departments in all administrative units of Pakistan [41], [42]. National Cleaner Production Centre (NCPC) 
was established in 1999 by joint collaboration with UNIDO, UNEP and EPAs for aimed to introduce 
cleaner industrial techniques and recycle industry effluents to reduce pollutant load of the effluent in the 
target areas [43]. 
 
The first environmental protection law in Pakistan was “Pakistan Environmental Pollution Ordinance of 
1983”. This law had led for the establishment of Pakistan Environmental Protection Council (PEPC), which 
had laid the foundation of Pakistan Environmental Protection Agency (PEPA) that had developed the 
National Environmental Quality Standards [18]. PEPA had been made responsible for enforcement and 
updating of NEQS, but it had been observed as less effective regarding of its programs and action plans 
[41]. PEPA had also developed SMRS (Self-Monitoring and Reporting System) which had made bound to 
the industries to submit their monthly, quarterly, annual reports about the amount of emission of effluent, 
quarterly or biannually [40], [41].   
 
Provisions for environmental protection in the Penal Code of Pakistan (1860) had been observed as are 
outdated and insufficient to tackle the modern challenges. However, the Environmental Protection Act 
1997 had introduced some strict measures for controlling the pollution and promotion of sustainable 
development in the country. It had announced punishments and strictly prohibited the emission or release 
of effluent in their excess limits, as set a threshold by NEQS, but the less institutional capacity had not 
made sure its implementation to its target constituencies [44], [41].   

5. Conclusion 

The commercial importance of tanning industry in Pakistan is undeniable. Along with its positive 
outcomes, its effluent cause contamination of water, soil and air, which collectively lead diseases in living 
beings, leading less yield in agricultural sector, and degradation of the soil on the cost of ineffective 
regulatory mechanism and outdated legislation, which had not competed with this area of interest of public 
institutions. Lack of incorporation of international experiences and lack of establishment of treatment 
plants of Chromium elements, had grew the problem at a large. Lack of institutional coordination and 
inferior sense of managing the Chromium elements in various kinds of wastes of tanning industries had 
been estimated as a big challenge in the future.  

Recommendations 
 
1. Government of Pakistan should revisit the existing legislative framework for monitoring the waste of 

tanneries in Pakistan; 
2. It should have to launch exercises for institutional coordination to make the target industries more 
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accountable; 

3. It should have to foreign missions of various stakeholders to visit abroad in target countries of 
producing leather to harmonize and build capacity of its public institutions and make its monitoring 
procedures in accordance with international standards; 

4. Private sector must be encouraged to be a competitive stakeholder with a national approach to 
strengthened the target sector through following the already made procedures to control the target 
effluent; and 

5. A strong transparency model had to be adopted for sustainable development in the industrial sector of 
the country. 
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Abstract 

Repair of the damaged or vulnerable reinforced concrete structures has utmost importance in order to 
promise the safety of inhabitants and to increase the life of structure which eventually results in the 
saving of resources by reducing the environmental impact on natural resources for sustainable 
development. This study reports the experimental study of total 24 RC beams at 28 days curing period 
and having different steel configurations, with central point loading. Total 12 beams were tested up to 
deconstructing, remaining 12 beams were loaded up to 70% of ultimate load as obtained in the virgin 
beams to have cracking at deformation. Two repairing materials were used i.e .ordinary Portland cement 
(OPC) and Fospak (polymer modified Cementous mortar) Cracked beams then repaired with OPC and 
Polymer modified Cementous Mortar and retested to know the performance of damaged beams after the 
application of OPC and fospak. The results depicted that the beam repaired with Fospak  are capable of 
taking more load by 4% - 13.7% and shown better load deflection then beams repaired with OPC. 

© 2016 Gohar Nadeem, Ghous Bux Khasheli, Mohibullah, Shanker Lal Meghwar Selection and/or peer-review under responsibility 
of Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, 
Jamshoro, Pakistan. 
 
Keywords: Reinforced concrete; Beams; Deterioration; OPC; Fospak ; repair. 

1. Introduction 

Concrete is a constructional material which has been used for many years to build a wide variety of 
structures from houses to bridges [5]. If no reinforcement is provided then it will be only suitable for 
compressive load. In order to overcome the issue of   tensile forces, concrete is reinforced with steel bars. 
Deterioration in the R.C C is mainly due to rusting   of rebar, chemical attack, Accidental loading and 
aggressive environmental effects.  

The repairing of damaged concrete is a world-wide problem and million rupees are annually being spent 
on the repair and restoration of RCC structures. To restore the integrity of damaged structures various 
techniques are in practice although adherence to the substrate concrete and protection against the rusting 
of steel play key role towards the stability of repaired concrete [5]. 

One of the most common concrete repairing materials in country like Pakistan is OCM (Ordinary Cement 
Mortor) which is a composite material made by using cement and fine aggregates but due to several 
discontinuities, cracks and cavities in OCM has limited use in RCC repair work [1].  For many years 
polymer modified mortar (PPM) is being used in the repairing work of RCC structures. Use of   PPM   as 
concrete repairing material has proved the better flexural and compressive strengths, good adhesion and 
better resistance to extreme weather changes [6].       

Present study is to test fospak (Expanmortar S) as a bonding material which is advocated in literature and 
manufacturer has claimed its suitability. Present research is aimed to see experimentally suitability of 
bonding material in rehabilitation so that construction industry of Pakistan can get benefit of that. 

2. Materials 

2.1. Ordinary Portland Cement  
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The OPC used in this study was obtained from the local market with brand name Falcon Cement. Normal 
consistency and setting time were determined by using standard procedure of vicat apparatus. As 
explained in detail by various standard books [2]. Test results are summarised in table 1. 

2.2. Coarse Aggregates 

Coarse Aggregates (CA) was taken from Nooriabad crusher plant. Basic aggregate tests were conducted 
to find the properties of coarse aggregates i.e Specific gravity and water absorption. Results showed the 
normal range as per BS-882 in table 2. Though, the size of CA was not in compliance with BS-882, to 
have a same nominal maximum size of coarse aggregate an artificial method of compliance was done for 
all the beams.  The artificial method was adopted in such a manner so that the CA confirms nominal 
maximum size of 20 mm of BS-882. 

2.3. Fine Aggregates 

Fine Aggregates (FA) were taken from well-known source of hill Bholari for the study which satisfied 
the Zone-II of BS-882. Specific gravity and water absorption of FA are shown in Table 2. 

Table 1. Test Results of OPC 
Name of Test OPC 
Normal Consistency 33% 
Initial Setting Time 86 Min 
Final Setting Time 200 Min 

Table 2. Specific Gravity and Water Absorption of Coarse and Fine Aggregates 
Aggregates Specific gravity Water absorption Zone / Size 
Coarse Aggregates 2.6 1.09% 20 mm 
Fine Aggregates 1.66 2.5% II 

3.    Methodology 

Total 24 R.C.C beams were casted with 3 different arrangements of stirrups i.e. 2, 4, and 6 stirrups with 
the same no of main bars and hanging bars i.e. 8 identical beams for each combination.   In these 
arrangements 2 main bars were kept constant with cross sectional area of 6”x6” and 6”x9”. The length 
was kept as 36” with ½” clear concrete cover for all beams. 

All 24 beams were casted with ordinary port land cement (O.P.C) the ratio between cement   fine 
aggregate and coarse aggregate was kept as 1:2:4 with water cement ratio of 0.50. All beams were casted 
in steel molds. 

The undamaged or virgin beams of dimension 6”x6”x36” with 2 main bars and 2 hanging bars named as 
A1, A2, A3 for the 2,4 and 6 no of stirrups respectively whereas beams having dimensions of 6”x9”x36” 
with 2 main bars and 2 hanging bars named as B1, B2 and B3 showing the 2,4 and 6 no of stirrups 
respectively in beam 

The beams were brought in water tank for the curing after 24 hour of casting by stripped off from the 
molds. All beams kept in curing tank for 28 days and then carefully checked for damages. A beam which 
found with no damages considered for test and such beams are named as virgin beams. A day before 
testing the beams were washed with water and then white washed to visualized cracks on surface. After 
examine the outer appearance the beams were tested by applying center point load using universal testing 
machine (UTM) to obtain the load carrying capacity and load deflection behavior of beams. 

Deflection of beams with loading was measured by gluing an aluminum strip 9” long and 1” wide at the 
mid bottom of beams, aluminum strip was glued by using Epoxy resin. To measure the deflection a dial 
gauge was set with inner wall of UTM in such a way that its tip was touching the aluminum strip.   

The beams were then loaded up to 70% of ultimate load carrying capacity of identical virgin beam and 
then repaired after the loading. First of all cracks line were chopped with the help of chisel and hammer 
and then repairing materials was applied carefully. 4 beams from each combination were repaired i.e. 2 
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beams repaired with OPC paste with normal consistency and 2 beams with Expanmortar S. All the 
repaired beams were kept for curing for 3 days by using gunny bags. The same process of loading and 
deflection was applied on the repaired beams after shifting them in UTM to compare the performance of 
beams repaired with Expanmortar S and OPC paste at the ultimate load carrying capacity. 

4.    Results and Discussion 

4.1. Effects of Repairing Material 

The influence of repairing material on beams is shown in table11 detail shows the maximum load 
carrying capacity of repaired beams before failure and comparison of measured load of repaired beams 
with OPC and Expanmortar S having dimensions of  6” x 6” x 36” and 6” x 9” x 36” with different no of 
stirrups i.e 2,4 and 6 stirrups. It is observed that the beams repaired with OPC have taken less load as 
compare to beams repaired with Expanmortar S.  This is due to Expanmortar S provides improved 
bonding between two layers of concrete than OPC. Table3 shows the %age difference among ultimate 
load of beams repaired with OPC and ExpanmortarS, Results shows that % variance among beams 
repaired with Expanmortar S and OPC paste is remained between 4.7% - 13.7%, it is also observed that 
more the no stirrups are used less the percentage difference in ultimate loads. The difference between 
percentages of repairing materials remained high for the beams with less no of stirrups. 

     Table 3. Ultimate Load on beams 
S.no Repaired Beams Ultimate 

Load. (KN) 
Difference Between OPC 
and Fospak Repair (%) 

1 A1 Repaired with OPC 50 13.7% 
2 A1 Repaired with Fospak 58 
3 A2 Repaired with OPC 58 12.5% 
4 A2 Repaired with Fospak 63 
5 A3 Repaired with OPC 62 7.4% 
6 A3 Repaired with Fospak 67 
7 B1 Repaired with OPC 96.3 11% 
8 B1 Repaired with Fospak 107 
9 B2 Repaired with OPC 108 6% 
10 B2 Repaired with Fospak 115 
11 B3 Repaired with OPC 118 4% 
12 B3 Repaired with Fospak 123 

4.2. Effects of Stirrups 

Total of 12 Virgin beams, having different stirrup configuration were tested and their load at failure was 
noted. Remaining 12 samples of the beams, having stirrup configuration similar to their virgin 
counterpart were tested up to 70% of the average failure load. It was later seen that, the deflection of 
beam having 02 stirrups configuration was greater than that of 04 stirrup configuration which was also 
greater than that of 06 stirrup configuration. The behaviour of load deflection of beams can be seen in 
figure 1(a-f). It is observed that with the increase in no of stirrups increases the load carrying capacity of 
beams. 
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(a)  (b)      

(c)     (d)  

 (e)       (f)                          
      

Fig. 1. Comparison between Virgin, OPC and Expanmortar S in Load and Deflection 
(a) beam A1 (b) beam A2 (c) beam A3 (d) beam B1 (e) beam B2 and (f) beam B3. 

5.    Conclusions 

This study estimates the performance of Fospak as compared to OPC for the repair of structural 
component. Following conclusion are drawn on the basis of experimental outcomes found in this study. 

i. It is determined that with the increase in no of shear stirrups increases the load carrying 
capacity of beams and beams can be strengthen by adding the no of stirrups. 

ii.  It is also found that with the increase in depth of beams increases the load carrying capacity. 
iii. It is observed that beams repaired with Expanmortar S were capable of taking more ultimate 

load than that of beams repaired with OPC by 4% - 13.7%. 
iv. It is also found that the efficiency of Expanmortar S repairing materials remained high for the 

beams with less no of stirrups.    
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Abstract  

This study was conducted with an objective, to find out Occupational Health & Safety (OH&S) situation of the 
employees in Brick Kilns at Tando Hyder, Sindh, Pakistan, in association to the existing health and safety 
regulations. It is a Moral,  legal and Financial reason  that owners of the Kilns should provide Safety policy ,Safe 
plant and equipment ,Safe access and egress, Safe environment, Welfare facilities ,Consultation with employees, 
Emergency arrangements, PPEs to employees at no charge, Health surveillance of employees and Adequate 
information, training, instruction and supervision for the workforce but Pakistan has a poor health & safety status; 
due to in-adequate medical facilities, illiterate workforce and lack of reliable data on the occupational diseases, 
injuries and accidents. Labors are exposed to great number of hazards and their risks in all areas. Brick 
manufacturing is one of the important part in construction industry; where employees are usually less privileged 
areas of community; with less pay and where all the family members work together. OH&S Situations in the Brick 
Kilns of the research place at Tando Hyder was in poor condition. They lived and worked in extremely poor 
situations, which is against legal and moral obligations of the employer. They used to work 10-12 hrs without 
providing any rest time and extra time wages. Their earnings was not sufficient to fulfill their fundamental 
necessities. They were working without using (PPEs) and also not availability of any welfare facilities in the Brick 
Kilns at the site. The main reasons for poor health and safety conditions were due to no implementation of health 
and safety rules and regulations. There was no any policy frame work, lack of resources, lack of priority given to 
the health & safety, lack of information, instruction, training and supervision. Further enforcement agencies were 
not enforcing with concerned of health and safety rules and regulations. In this research, we recommended relevant 
suggestions as per laws and findings, in order to improve the condition of occupational health and safety in Brick 
kilns. 

© 2016 Ahmed Ali Jamali, Azizullah Channa, Khan Muhammad Brohi, Gordhan Velasi Selection and/or peer-review under responsibility of 
Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 

Key Words: Brick Kilns; Personnel Protective Equipment; Occupational Health & Safety 

1. Introduction 

As labors  or workers,  are the appreciable   resources  of an organization so the employer has moral,  legal and 
financial obligation  to  make sure  their  health  and  safety  at  workstation. A safe and healthy workstation has 
less risks for incidents or damage to property and less incidents of disability for workforce. The fast changes in 
technologies and   life   require   increased   flexibility   in   Occupational Health, Hygiene, and Safety 
requirements at all work places (Lemon, 2001).  

According to the International Labor Organization (ILO) current assessments that each year 159-269 million 
workers encountered Work-related illnesses or accidents. The shocking condition of OH&S in the emerging 
nations like Pakistan is due to many aspects, such as insufficient health conveniences, uneducated workers 
and lack of concern data about disease and accidents. Healthy and well trained employees is asset to both 
production and financial success (Pasha, 2003). 

Pakistan like many emerging nations in the globe has no inclusive Work-related Health & Safety Regulations. 
The occurrences of damages / sickness is too high in Pakistan as   millions   of   workforces   are   faced   to   
dangerous substances and gasses in industry; such as biochemical, structure, cultivation, brick kilns and in 
various other industries. The great n u m b e r  o f  Brick Kilns and Manufacture Sector employee uneducated 
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employees, who are in risk of work-related   health   and   safety   hazards.   The   operational circumstance in 
Brick Kilns organizes badly and insensitive Behavior of employees such as higher ratio of bonded workers 
etc. (Akram, 2004). 

There are m o r e  t h a n  12000 brick kilns spread through the state’s 04 provinces   where   more t h a n  
600,000 employees are working.  Many  of  those  employees  living  at  site  in  mud made homes,  where they 
have lack of approach  to fresh water, latrines  and sewerage  services. Employee’s approach to health and 
schooling is insufficient (Khatak, 2010). Ministry of Pakistan had approved many Labor Laws in several years 
(GP 1976, 1972, 1965, 1961,  1992 and 1997). 

The study was conducted in five brick kilns in the Union Council (UC) Tando Hyder of District Hyderabad. The 
names of the brick kilns are not given to protect the identity of the owners (an ethical research requirement). The 
district can be regarded as an epicenter of the brick kiln industry in Sindh whereby the brick kilns of Hyderabad 
supply bricks for construction work in Karachi and rural Sindh. 

Keeping in mind the importance of work-related health and safety for the brick kilns, this   study was carried out 
to examine the below given objectives: 

1. To assess the current situation of health and safety in the brick kilns at Tando Hyder 
2. To study the current situation of health and safety in the selected brick kilns against the Occupational Health 

and Safety Law.    
3. To make suggestions for improvements in workplace safety 

1.1    Assessment of Occupational Health and Safety Situations. 

Bales (1998) stated, there  are around 12000 brick kilns in Pakistan and workers related to this occupation are 
about 600,000. Iqbal (2006) stated that during brick making process solid fuel like coal, bagasse and wood 
is used which emits high concerns of air pollutants into ambient air which may cause negative economic 
and environmental impacts. There a re  ma ny i nhuma n ac t i v i t i e s  p rac t i ce d  i n  t he  brick kiln; for 
example bonded workers, child Labor, poor education and adverse occupational health and polluted water and 
hygiene conditions.   Production   area   is greatly independent on the brick kiln industry and all these issues 
needs to be serious concern. 

Awan (1998) reported that the most of the brick kilns are constructed at remote areas i.e. far from the populated 
cities or towns and are mostly dispersed. The labors of the brick kilns are unaware from basic facilities wh i c h  
is provided in cities and t o w n s .  The employers and their families   have n o  b a s i c  facilities and 
opportunities of education and medical. He added that there are high ratio of musculoskeletal disorders by 
poor posture of working in brick molding. mostly children  of brick kiln workers does not  go to the school 
because of work sharing with their families and have less income and source of financial 

According to HRW (1995) report, the bond increase in brick kiln production to work up to 10-12 hrs per day 
is due to work on even rate basis. When bricks are broken during making and loading un-loading processes then 
extra wages are deducted to their salary. Kilns are shut off during monsoon so the workers take loan from the 
owner for their survival. 

A professional group assessed that in Sindh province the children in brick kilns mostly face epidemic, acute and 
chronic diseases such as chest infections, asthma, T.B etc.  

According to UNICEF report that about 250,000 child work in brick kilns and 60 % children are bonded 
with their parents. The children of brick workers have low literacy ratio because of low income and lack 
of schools facilities. Children of brick kilns do not continue their education because of migrants of their parents.  
8 to 10 bricks are being carried on head which results in health problems. They also works in extreme hot and 
cold weather and in dusty environment. (Iqbal, 2006). 

In Pakistan all laws and regulations are described through federal government and implementations of these 
rules are done by the provincial and concerned authorities. The provincial governments are also legal obligation 
to make rules and regulations for the health and safety improvements. Iqbal (2006). 

Various legislation acts in Pakistan that concerns occupational health and safety issues are describe bellow. 
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1.1.1. Mines Act, 1923 

Occupational  Health & Safety is concerned  about mines and  provision   of  drinking  water,  latrine   and  
urinals, canteens, shelters, medical first-aid, working hours, extra wages  for  overtime,  leaves  and  holidays  
(casual,  sick, festival),  notice  of  accidents  and  occupational  diseases and safety measures to be observed at 
workplaces (Pasha, 2003). 

1.1.2. Workmen Compensation Act, 1923 

Employer is bound to give compensation to his workers due to injury in accidents and in the Occupational 
Diseases (ILO, 1923). 

1.1.3. Factories Act, 1934 (GP, 1997) 

It  is  the  main  law  governing  the  safety  and  health  of workers in industrial establishment for factories 
employing ten  or  more  workers.  This  Act  provides  regulating  the OH&S facilities and ventilation, 
temperature control, dust and  fumes,  overcrowding,  lighting,  supply  of  drinking water, precautions  against  
contagious  diseases,  provision of canteen for workers, precautions in case of fire, fencing and guarding of 
machinery and not employment of young person’s on dangerous machines, cranes and other lifting machinery,  
revolving  machinery,  pressure  plant, construction of building, machinery and manufacturing process,  
explosive  or  inflammable  things  and  all  other items mentioned in Mines Act. Each province enforced its own 
laws within the mandate of Factories Act (GP, 1997). 

1.1.4. Provincial Employees Social Security Ordinance 1965 

Provincial employees’ social security (occupation diseases) regulation, 1967, which shows the Occupational 
Diseases, such as Asthma, Cancer, Pneumoconiosis, Dramatis (GP, 1965). 

2. Research Methodology 

This research was carried out at selected five brick kilns of Tando Hyder, Hyderabad for the assessment of 
occupational health, safety and environment hazards and its risks in relation to local Labour laws.  

Primary results were obtained through structured questionnaire method; Randomly 05 Kilns were selected at 
Tando Hyder road. Those kilns were Kiln 1 (Pak Bricks), Kiln 2 (Sindh Bricks), Kiln 3 (Anwer Bricks), Kiln 4 
(Habibullah Bricks) and Kiln 5 (Juma Khan Bricks). 

Secondary results were obtained through literature and relevant websites.  

3. Results and Discussions 

To assess Health & Safety of the Brick Kiln for the socio-economic conditions; such as education and income 
of the workers were considered.  Education plays a key role both in the improvement   of socio economic 
conditions and safe working environments. 

3.1 Literacy Status 

Children of the brick kiln workers do not attend the schools because of less income, lack of availability of schools 
and sharing their jobs with his parents. (Table 1). 

Table 1. Literacy Status among Brick Kilns Workers 
Educated Un-Educated Total Workers 

26 49 75 

During literacy survey 75 questionnaires were distributed among the workers of 5 brick kilns. By this survey it 
was observed that 26 workers were educated and 49 workers were uneducated out of 75. This findings made clear 
that increased illiteracy rate was due to many factors such as lack of schools, less income, lack of transportation 
and lack of awareness. The ratio of poverty was high in such areas so the children of Brik kiln workers work with 
their parents. 
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The great number of child labor did their work at minimum salary as shown in Figure no.  1.  The children were 
at great threat by doing jobs in brick kilns. They cannot continue their education and also faced to different 
diseases by doing their job in polluted environments.  

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Age of Workers 

 

3.2. Monthly Income 

According to Table 2, out of 75 workers, 18 workers (mostly child workers) earn less than 8000, 3 2  
workers earn 8000-12000, 17 workers earn 12000-15000 and 8 workers earn more than 15000.  

3.2.1. According to Minimum Wage Ordinance 1961 (GP, 1961) 

The government of Sindh fix the minimum wages of workers.  According this the unskilled workers and juvenile 
workers employed wages are Rs. 400 for 8 working hours (per-day) and for 26 days is Rs. 12000. 

Table 2. Monthly Income of Workers 
Monthly Income (Rs.) Number of Workers 

< 8000 18 
8000-120000 32 
12000-15000 17 
> 15000 8 

3.3. Welfare Facilities in Study Area 

Table 3 shows a summary of facility in our study area. 

3.3.1. Legislation 

3.3.1.1. Factories act 1934 in Article 36 in Health & Safety Section (GP, 1997) 

According to this act: 

“No adult worker shall be allowed to work in a factory for more than nine hours a day” Whereas the workers 
work up to 10 hours, but the Brick Kiln Owner does not give any wages for extra work. 

12-18 year 
33% 

56-65 year 
4% 

41-55 year 
11% 

31-40 year 
29% 

19-30 year 
23% 
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3.3.1.2. Factories Act Article 37 (GP, 1997) 

According to this act: 

The periods of work of adult workers in a factory during each  day  shall  be  fixed  either  -so  that  no  period  
shall exceed  six  hours  and  so that  no  worker  shall  work  for more than six hours before he has had an 
interval for rest of at least one hour 

In Brick Kiln Industries all categories of workers, work up to 10-12 hours in a day, they become tired and also 
no rest place is provided for them, they take rest under the trees.  

3.3.1.3. Factory Act Article 47 (GP, 1997) 

According to this act 

I. In a non-seasonal factory, working time is for more than nine hours in any day or for more than forty- 
eight hours in any week. 

II. In a seasonal factory, working time is for more than nine hours in any day or more than fifty hours in 
any week 

III.  In Brick Kiln Industries all categories of workers, work up to 10-12 hours in a day, they become tired and 
also no rest place is provided for them, they take rest under the trees. 

3.3.1.4. Old-Age Benefits Act (GP, 1976) 

According to this act: 

This law allows the workers the facility old-age pension, lump sum old-age grant for those not entitled to 
pension. 

As the workers spend their whole life in kilns, but there is no pension for him. In kiln, an old man of 60 years 
spend his whole life in kiln and now his sons start work in this kiln, he is unable to do work but there is 
no pension for him. 

3.3.1.5. Factories Act 1934, Article 49 (GP, 1997) 

According to this act: 

Every worker shall be allowed holidays with pay on all days declared by the Provincial Government to be 
festival holidays. 

There is no facility of holiday wages even on festivals or sick leave holidays for workers in BKs. 

There is no medical facility given to kiln workers as well as their families, also no social security card is 
issued to any worker 

3.3.1.6. Factories Act 1934, Article 2 (GP, 1997) 

According to this article: 

Sufficient latrines and urinals of prescribed types shall be provided conveniently situated and accessible to 
workers at all times while they are in the factory. 

There is no availability of latrines in kiln for workers. As a worker has to do   job   at   least 12 hours, 
therefore Toilet/baths must be available near work place. 
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Table 3. Welfare Facilities in Study Area 
Facilities Kiln 1 Kiln 2 Kiln 3 Kiln 4 Kiln 5 
Duty hours 10 hours 11 hours 11 hours 11 hours 12 hours 
Rest place Nil  Nil  Nil  Nil  Nil  
Rest  time Nil  Nil  Nil  Nil  Nil  
Drinking water Yes Yes No Yes Yes 
Source  of water Tube well Boring No Tube well Open well 
Food allowances Nil  Nil  Nil  Nil  Nil  
Holiday wages Nil  Nil  Nil  Nil  Nil  
Transport/emergency Nil  Nil  Nil  Nil  Nil  
Medical facility Nil  Nil  Nil  Nil  Nil  
Vaccination Nil  Nil  Nil  Nil  Nil  

3.3.1.7. Factories Act 1934, Article 20 (GP, 1997) 

According to this article 

In every factory effective arrangements shall be made to provide   and maintain   at suitable   points conveniently 
situated for all workers employed there is a sufficient supply of whole-some drinking water”. 

There is no availability of fresh water and drinking water facilities at the site. 

3.3.1.8. Factories Act 1934, Article 23.A (GP, 1997) 

According to this article: 

Each   worker   in   a   factory   shall   be   vaccinated   and inoculated against such diseases and at such intervals 
as may be prescribed. 

The expenses, if any, of such vaccination and inoculation shall be borne by the occupier or manager of the 
factory. 

There  is  no  facility  of  vaccination  of  workers  and  no drinking water supplied to any house and also at the 
work place, so all the workers take water in buckets from tube well or hand pump for their needs & 
requirements. 

3.3.2. Hazards Faced by Workers 

Table 4 gives an account of the health and safety situation in selected brick kilns.  Majority of workers suffer 
from skin allergy and eyes irritation and other diseases like asthma, T.B., skin allergy, malaria, typhoid, Joints 
diseases.  

Table 4. Comparison of Health and Safety Situation in the Selected Brick Kilns 

Various hazards and their risks find out during site visit and suggested control measures as shown in table no.5.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Requirement Kiln 1 Kiln 2 Kiln 3 Kiln 4 Kiln 5 
Diseases Skin, Asthma, MSD MSD,  Fever  Flue Skin, eyes, MSD Skin, T.B, eye Skin, MSD, Flue, Fewer 
PPE Nil  Nil  Nil  Nil  Nil  
Training Nil  Nil  Nil  Nil  Nil  
First aid box Nil  Ni Nil  Nil  Nil  
Death compensation Nil  Nil  Nil  Nil  Nil  

Sample output to test PDF Combine only



4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 

   
  

Table 5. Hazards Faced by Workers in Various Sections of the Brick Kilns 

 In this study area, we found that different type of accidents occur in these kilns within 2 years Table 6. Accidents 
particularly occur due to not availability of PPE by the employer and due to the absence of safe system of 
work. 

Table 6. Accidents Types in Brick Kilns 
Accidents Type Kiln 1 Kiln 2 Kiln 3 Kiln 4 Kiln 5 
Slips and fall Usually Usually Usually Usually Usually 
Falls from height Falling from cart  - - Falling from cart 
Burns on fire Normally Normally Normally Normally Normally 

Falling object 
Falling of 
house roof 

bricks during 
loading/Unloading 

Falling of brick 
wall/ house roof 

Falling of house 
Roof/ Brick 

Falling of house 
Roof/ bricks 
 
 

Snake bite - Person died - - - 

It was observed in 5 kilns that burn cases were too high, whereas accidents like slips, trips, falls, falling of house 
roof, falling of objects, MSD and snake bites mostly occurred at the site as shown in table no 6. 

According to Factories Act 1934, Article 33-G: 

“The Provincial Government may, in respect of any manufacturing process carried on in any factory, by rule 
require that effective screens or suitable goggles shall be provided for the protection of persons employed on, 
or in the immediate vicinity of, a process”  (GP, 1997). 

There   is   no   accessibility   of   any   PPEs. All workers were working without wearing PPEs, which was very 
dangerous for their health and safety. 

4. Conclusions 

4.1. Suggestions and Recommendations 

In order to protect the workforce from Accident Free environments in brick kiln Industry, the following 
recommendations are suggested to implement. 

� First aid kit should be provided to the workers at the site. 
� Provision of appropriate PPEs to the workers. 
� Provision of mechanical aids while loading and unloading of materials and bricks. 
� To make sure provision of health insurance to the workers.  

Observations 
Hazards and consequences 

Control measures 
Immediate and longer term actions Timescale 

� Workers who baked the bricks may fall into the kilns 
due to poor condition of walls and roofs. 

� Fatal or serious consequences.  

� Caution signs should be placed on the surface of 
roofs and walls and SSOW must be elaborated. 

� New kilns must be constructed 

� Immediate 
� 1 Month 

� Workers may be slips and trips due to poor 
housekeeping of ash and pieces of bricks inside the 
kilns. 

� Area housekeeping should be done on daily basis. 
� Removing all the left over material after completion 

of job. 

� 2 weeks  
 

� Inadequate welfare facilities (drinking, restrooms, 
changing rooms and toilets.) 

� Unhygienic                                     
� Conditions could cause ill health. 

� Sufficient welfare facilities should be provided to the 
workforce by Brick kilns management. 

 
� Immediate 

� Dust generation due to walking off workers and donkeys 
in the premises 

� Inhalation of dust may cause T.B, Asthma and Flu 
Allergy. 

� Dust mask should be provided to the workers. 
� Showering of waters can reduce the generation of 

dust. 

� Immediate 
� 1 Month 

� Wrong manual handling and over loading of bricks. 
� It could cause musculoskeletal disorders and injury. 

� Safe loading limits should be defined and 
communicated to workers. 

� Manual handling training and techniques should be 
provided to workers. 

� weeks 
 
 

 

� Biological hazards of snake bite 
� Person illness even fatality. 

� Provision of anti-snake venom at site clinic and 
emergency contact number 

� Conduct training session on snake bite prevention. 

� Immediate 
 

� Working in hot weather 
� Heat stroke, heat stress, dehydration 

� Adequate cold water with regular breaks. 
� Provide training on safe working in hot environment. 

� Immediate 
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Abstract 

Globally climate change is influencing the patterns of natural processes and thus the lives of the communities; it is 

evident from different disastrous events like glacier melting, consecutive floods & droughts, storms & cyclones, loss 

of habitat and natural ecosystems. Climatic Change has significantly influenced the precipitation events in Pakistan. 

This study aimed at analysing the precipitation trend in Pakistan since last fifteen years that is from the year 2001 to 

2015 using (TRMM 3B42 daily product V7). Tropical Rainfall Measurement Mission (TRMM) satellite data was 

collected from different websites affiliated with National Aeronautics and Space Administration (NASA). Analysis 

was carried out using Microsoft Excel by plotting time series for both monthly and annual precipitation. Time series 

revealed insignificant changes in annual precipitation whereas significant changes in monthly precipitation events. 

Monsoon season, the raining season in Pakistan normally lies between June and September but in the flooding years in 

Pakistan that are 2001, 2003, 2006, 2007, 2010, 2011, 2012, 2014 and 2015, it was found that the monsoon season is 

shortening whereas its intensity is increasing. Highest amount of rainfall is available within a less time period, so 

collective load of rainfall runoff and river waters along with low storage capacity of Pakistan exert immense pressure 

on the existing water infrastructures of the country which ultimately leads to severe floods resulting in heavy socio-

economic losses.   
 
© 2016 Zohaib Nizamani, Kaleemullah Shaikh, Farhan Wahid, Shoaib Ahmed, Sultan Shaikh, Hafeez Khoharo 
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1. Introduction 

Intergovernmental Panel on Climatic Change (IPCC) has claimed that in future due to various extreme events of 
precipitation, the world will face devastating flood and droughts[1].  Pakistan is a country, where lands of different 
geography and climate do exist[2]. Most of the areas of Pakistan are therefore very sensitive to the changes in 
precipitation rates. Some of the areas of the country located over higher latitudes are vulnerable to flood disaster, 
while most of the southern regions are extremely vulnerable to droughts[2]. Pakistan has faced severe floods in the 
history that fall in the years 2001, 2003, 2006, 2007, 2008, 2010, 2011 and 2012. The intensity and frequency of 
extreme precipitation events, mostly associated with monsoon season have also increased during recent decades. 
Monson contributes about 60% of the rainfall throughout the year and got great significance for Pakistan [2] 
Pakistan receives a good amount of rainfall every year. As the water resources in Pakistan are dwindling day by day 
and our country is now considered as water stressed country; rainwater harvesting could be extremely beneficial 
option for Pakistan. 
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There is a need to estimate and predict the precipitation rates in Pakistan, to design better infrastructures and manage 
that rainfall for storage and sustainable water availability rather than causing floods and droughts. Throughout the 
world, there is a strong need to study rainfall patterns because there exists a lack in surface rainfall gauge stations to 
measure amount of rainfall [3].  

The hydrological cycle can be affected by the future climate change in many ways such as precipitation trends, 
snowfall [4].  To study the global warming and climate change impacts in Pakistan there is need to study the changes 
in hydrologic cycle for Pakistan incorporating rainfall data. But there exists a difficulty to estimate rainfall in far flung 
and inaccessible areas due to absence of ground based observatories. In such areas satellite based TRMM data is quite 
useful in estimating rainfall whereas in the areas where ground based observatories represent then TRMM data again 
serves in validating that rainfall gauge data[5][6]. 

TRMM stands for “Tropical Rainfall Measurement Mission”. It was the joint mission between NASA and the Japan 
Aerospace Exploration (JAXA) Agency to study rainfall for weather and climate research. This mission was launched 
in late November 1997, with a design lifetime of 3 years, the TRMM satellite produced over 17 years of valuable 
scientific data. The TRMM dataset became the space standard for measuring precipitation, and led to research that 
improved our understanding of tropical cyclone structure and evolution, convective system properties, lightning-storm 
relationships, climate and weather modeling, and human impacts on rainfall. The data also supported operational 
applications such as flood and drought monitoring and weather forecasting. 

2. Material and methods 

2.1. Data collection 

The study area for this research is Pakistan; in this study TRMM data have been extracted to analyse the precipitation 
trend in Pakistan. The Data which is used in this research was TRMM 3B42 product is used. Precipitation data was 
collected from the website TRMM website [7]  

2.2. Data Analysis  

• The TRMM 3B42 precipitation data from the data source website was exported in the commas separated values 
(CSV) file format of area averaged daily values in millimeters. 

• Monthly cumulative value of rainfall in millimeters is calculated using MS-Excel. 
• Annual time series have been plotted in between the months and their cumulative values of precipitation on 

MATLAB 2009 interface using script given below; 

clear all 
Raw=xlsread('year.xls'); 
x=1:12; 
y=Raw(:,1); 
plot(x,y,'k','linewidth',3) 
grid on 
set(gca, 'XTick', 1:12, 'XTickLabel', {'Jan' 'Feb' 'Mar' 'Apr' 'May' 'Jun' 'Jul' 'Aug' 'Sep' 'Oct' 'Nov' 'Dec'}) 
title({'Time Series,Cumultive Area-Avereged Precipitation Rate daily 0.25 deg.';'[TRMM-3B42-daily V7] 
Over year year'}) 
Xlabel('Months (year)') 
Ylabel('mm/month') 
legend('TimeSeries') [8] 
 
With the help of above script graphs can be plotted for all the years and by analysing these graphs 
precipitation patterns can be observed. 
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3. Results and discussions 

Results of the precipitation data can be visualized through graphs given and discussed below; 
 

  Year 2001      Year 2002          
 

   
In the year 2001, the cumulative annual rainfall was 337mm, in which monsoon season contributed about 220.6mm, 
whereas highest amount of rainfall was recorded in the month of July that was 104.4mm. 
 
In the year 2002, the cumulative annual rainfall was 248.8mm, in which monsoon season contributed about 148.8mm, 
whereas highest amount of rainfall was recorded in the month of August that was 53.6mm. 
  

Year 2003       Year 2004 
 

 
 
In the year 2003, the cumulative annual rainfall was 452mm, in which monsoon season contributed about 293mm, 
whereas highest amount of rainfall was recorded in the month of July that was 153mm. 
 
In the year 2004, the cumulative annual rainfall was 300.7mm, in which monsoon season contributed about 191.2mm, 
whereas highest amount of rainfall was recorded in the month of August that was 71.6mm. 
   

Year 2005      Year 2006 
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In this year 2005, the cumulative annual rainfall was 374mm, in which monsoon season contributed about 192.7mm, 
whereas highest amount of rainfall was recorded in the month of July that was 64.9mm. 
 
In the year 2006, the cumulative annual rainfall was 454.6mm, in which monsoon season contributed about 311.9mm, 
whereas highest amount of rainfall was recorded in the month of August that was 144mm. 

        Year 2007      Year 2008 

  
In the year 2007, the cumulative annual rainfall was 989.6mm, in which precipitation occurred throughout the year 
whereas highest amount of rainfall was recorded in the month of July that was 86.35mm. 
 
In the year 2008, the cumulative annual rainfall was 427.5mm, in which monsoon season contributed about 261.7mm, 
whereas highest amount of rainfall was recorded in the month of September that was 82.2mm. 

Year 2009     Year 2010 

  
In the year 2009, the cumulative annual rainfall was 286.2mm, in which monsoon season contributed about 124.6mm, 
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Abstract 

Climate change is a spatiotemporal phenomenon and global issue, too. It challenges sustainable environment and 
development. It is anticipated that climate change will affect almost all important sectors like agriculture and food 
security, water and energy resources, physical infrastructure, forest, biodiversity and marine environment. In order to 
develop strategies and action plans for adaptation and mitigation effects of climate change demand spatiotemporal 
information of various kinds presently locked by several organizations which do not give access to their datasets in 
countries like Pakistan. In this scenario, Volunteered Geographic Information (VGI) can be a good option as it is 
collected and disseminated free of cost by volunteers all over the world.  But potential and actual use of VGI remains to 
be investigated yet in the local context of Pakistan. Therefore, purpose of this paper is to access the potential of VGI for 
adaptation of climate change effects in the country to inform policy makers as well as other relevant stakeholders about 
the potential of VGI as well as challenges that hamper its use. We will explore essential scientific literature coupled with 
latest reports by Work Bank as well as UN to support and report the evidences. 
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Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 
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1. Introduction 

Climate change is one of the common global environmental challenges. It is considered as the most difficult obstacle to 
achieve the UN Sustainable Development Goals (SDGs)[1].  Its implications are wide spread across all important 
domains like agriculture, water, energy, forest, coastal as well as marine environment etc. Some challenges of climate 
change are mitigated while some challenges are adapted to the local context. SDG 13 titled as “Climate Action” focuses 
on taking quick actions to tackle the challenges posed by climate change and its impacts. In Pakistan, the effects of 
climate change will be severe in the coming years. Realizing the gravity of the up surging climate change situation in 
the country, Government of Pakistan in its vision 2025[2] emphasized largely on climate change issues and the Pillar 
IV of the vision titled as “Water, Energy and Food Security” underlines the climate change effects. 

To meet this global challenge, effective climate change adaptation strategies need to be developed utilizing current 
spatial as well as non-spatial data related to all domains which can be affected by climate change. Traditionally, National 
Mapping Organizations (NMOs) collect, disseminate and share geospatial information in each country. Due to various 
reasons, sharing of geospatial information in Pakistan is not yet fully enabled[3].  There are some other countries where 
geospatial information is not fully accessible.  Consequently, the information is not made available to the researchers 
and policy makers. That’s why the concept of, Volunteered Geographic Information (VGI) a kind of spatial information 
collected by non-professionals voluntarily using latest web and mobile technologies like cloud computing, location 
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based services, social media, mobile phones, sensor web etc, is taking root in the world since 2007[4] which is also the 
focus of this study. Despite the quality concerns of VGI, it is being used globally to benefit a large number of socio-
economic domains like disaster management, health, education, environment, transportation and so on. Free availability 
and accessibility as well as localness and timeliness projected the VGI as potential candidate to support the adaptation 
of climate change challenges particularly for the domains like water, agriculture, livestock, coastal as well as marine 
environment. We therefore, explore VGI to assess its potential for climate change adaptation strategies. Rest of the paper 
is organized as: Section II briefly explains the motivation for this study. Section III introduces the concept of Volunteered 
Geographic Information (VGI) whereas section IV highlights the significance of climate change adaptation. Section V 
highlights the value of VGI collected by local communities for developing climate change adaptation strategies. Finally 
last section concludes the study and recommends future research directions. 

2. Motivation 

Handling the issue of climate change is of great importance in the context of sustainable development. Pakistan Vision 
2025[2] recognizes importance of handling climate change effects to ensure sustainable economic growth and 
development. Therefore, climate change is national level issue as well as priority for Pakistan. Meeting this challenge, 
require multiple geospatial datasets. Although efforts are being made in Pakistan to set up an infrastructure for sharing 
geospatial information produced by various departments but to date, no tangible progress has been made in this regard. 
VGI is viable solution in this scenario, so it must be investigated for climate change in the local context of Pakistan. 
Pakistan has sufficient VGI resources such as volunteers, mobile phones, active social media as well as internet users to 
create and disseminate VGI for taking up the challenges posed by climate change in the country. This backdrop is the 
main motivation behind this research study. 

3. Volunteer Geographical Information (VGI) 

In the recent decade, significant growth has been witnessed for online platforms involved in the production, management 
and visualization of geographic information. The notion of Volunteer Geographical Information (VGI) was first 
introduced by Goodchild [4] in 2007. VGI involves production and sharing of spatial data by the common citizen 
voluntarily by using internet, mobile phones and location sensors like GPS. VGI has been used to collect data for 
different domains like health, education, environment, forestry, land use, disaster management, and transportation and 
so on. Although VGI is not comprehensive in its coverage or competent in respect of quality and credibility as 
authoritative data, yet it may prove as an alternate source to provide updated, locally consistent information as compared 
to authoritative data [5]. VGI is another custom of crowdsourcing. Various VGI platforms like Open Street Map (OSM) 
Fig 1(a), Wikimedia Fig 1(b) google map maker, tagzania, foursquare, wayfaring, trapster and waze, has been introduced 
to collect spatial data for different purposes and field of studies. 
 
Collaborative mapping projects permit volunteers to contribute VGI by creating and/or sharing. VGI has the potential 
to shift the specific mapping related activities from National Mapping Organizations (NMOs) to volunteers if energy, 
knowledge, time of volunteer is exploited in efficient way[6]. VGI does not appeal much to researchers due to its data 
accuracy, quality, credibility, social benefit, application and so on [7]. However investigating VGI is multifaceted and 
one has to take care of different aspects of technology, society and politics [8]. 
 

 
                                                         (a)                                                                                                             (b) 
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Fig. 1. (a) Open Street Map (https://www.openstreetmap.org) (b) Wikimapia (http://wikimapia.org) 

4. Climate Change Adaptation 

Economy of Pakistan is heavily dependent on agriculture that is highly climate sensitive. Therefore, any changes in 
climate severely affects agriculture. But climate change is a ground reality and considered as one of the greatest threat 
to all economies and the sectors such as energy, water, agriculture, transport, industries, coastal and marine environment. 
Pakistan is facing many challenges including climate change which means the country has to compromise on its 
economy in the future if effective strategies for climate change adaptation are not devised and implemented well in time. 
For encountering the challenge of climate change effects, mitigation and adaptation are considered as two basic 
approaches.  
 
According to [9] one of the important aspect of food security in Pakistan is sustainable production of wheat and rice as 
both crops are major source of food for the people of the country. Waters scary and shift in monsoon season due to 
climate changes, and government pricing policies resulting in inconsistent cultivation pattern of rice and wheat 
production. This situation badly influences the crop and livestock production as well as farm returns. It is argued that 
climate change adaptation strategies could help to lessen the impact of climate change effects. According to [10] risk 
posed by climate change demands the incorporation of adaptation approaches in the country in the domain areas of 
water, agriculture and costal environment. However, cost associated with the adaptation strategies is relatively high and 
Pakistan being low economy cannot this cost and require financial assistance from developed countries.  
 
Use of Information and Communication Technologies (ICT) [11] and Geographical Information System (GIS) [12], [13] 
to combat climate change issues including mitigation and adaptation strategies is being practice since long. To 
understand the root causes, potential impacts as well as planning the mitigation as well as adaptation strategies of climate 
change, geographic information (GI) is a crucial component. GI can help to create a climate data infrastructure, integrate 
earth systems modelling. Or develop a global climate dashboard as asserted in [14]. Thus value of GI cannot be neglected 
while planning for the climate change adaptation strategies. 

5. VGI for Climate Change Adaptation 

Effects of the climate change have been and being noticed throughout the world such as rise in temperature, shifting of 
rainy seasons, melting of glaciers and rise in sea level etc. To safeguard citizens as well as economy of the country, 
governments are on the way to devise appropriate strategies to lessen the effects of climate change. Unfortunately, focus 
of most of the governments remain urban centers. Therefore, remote areas of the developing countries are generally 
overlooked and local communities of such areas have to use their own resources for devising the adaptation strategies 
to manage and combat the effects of climate change. The experience of local communities is considered vital to be 
documented and disseminated for the rest of world to share the experience and benefit from others experiences. Thus 
research on climate change effective adaptation strategies demands active involvement and collaboration with 
community members, policy makers as well as other relevant stakeholders. 
 
For climate change adaptation strategies in the urban area, rights based approach to facilitate participatory urban 
planning has been proposed for the city of in Maputo, Mozambique [15]. For Barbados, map based online tools are 
introduced in a workshop to gather VGI as qualitative observations to identify various kinds of environmental changes 
concerning tourism[16]. In the study conducted for Australia [17] VGI role to mobilize the community is has been 
emphasized. Authors experimented in collaboration with the state agency “Tasmania Fire Service “to quantify the trends 
in community preparedness to counter the bushfire disasters using VGI and social media. For the region of Canadian 
Arctic, authors suggested important consideration like commencing early communication with communities as well as 
other important stakeholders, engaging communities in the research and development processes, enabling local 
employments; and broadcasting research outcomes, while engaging communities for climate change research[18]. The 
finding of the study conducted for Aiguamolls de l'Empordà, Spain suggested importance of local traditional knowledge 
along with scientific knowledge is crucial to come up with effective climate change adaptation strategies. The study also 
recommended participatory approach with due consideration of, economic, social, political environmental and cultural 
dimensions for climate change analysis[19]. Participatory Action Research (PAR) was used along with capacity-building 
tool to assist community to upsurge their resilience to climate change. The study suggested that awareness of the issues 
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could help the community with greater resilience to climate change and identification of adaptation strategies[20]. In 
Shelburne County, Nova Scotia, Canada participatory geoweb application named as AdaptNS as show in Fig. 2 has been 
introduced to coordinate the local adaptation strategies in the context of coastal areas changing climate. AdaptNS 
provides risks visualizations related to sea level rise as well as storm surge with the help of interactive flood maps for 
the period (2000 and 2100) and local community members along with decision makers as well as stakeholders are 
engaged to envision adaptation strategies based on the scenarios presented as risks visualizations[21]. Urban Climate 
Adaptation Tool (Urban-CAT) Fig. 3 an integrated framework for urban climate adaptation for the urban centers to plan 
the adaptation strategies. Urban-CAT is scenario based planning tool that is locally consistent to the existing decision 
making processes[22]. Climate Crowd, Fig. 4 is a collaborative crowd source platform like Wikipedia led by the World 
Wildlife Funds (WWF) that allows volunteers as well as professional from the remote areas of the world to contribute 
and share climate change adaptation and mitigation strategies. Everyone can participate in the contest and share the 
experience in the form of personal observations, interviews and stories. Only one interview is shared by WWF from 
Pakistan titled as “Climate Vulnerability Data”. According to statistics 168 reports has been available on the site to 
investigate how rest of the world thinking about the climate change and sharing the knowledge as well as 
information[23]. Climate CoLab, Fig. 5 is a crowd source platform hosted by the Massachusetts Institute of Technology 
(MIT) Center for Collective Intelligence with the aim to tackle the issue of climate change by dividing into smaller 
components suitable for small group of people to deal with.  The goal of platform to connect collective intelligence of 
huge some of people from all parts of the world, is archived by announcing different contests in various areas of climate 
change [24]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Snapshot of AdaptNS Website (http://strauss.uwaterloo.ca/aminano/adaptns/index.php) 
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Fig. 3. Urban-CAT platform Source (https://climatechangescience.ornl.gov/content/urban-cat—improving) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Snapshot of Climate Crowd Website (https://www.wwfclimatecrowd.org/) 
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Fig. 5. Snapshot of Climate CoLab Website (http://climatecolab.org/) 

6. Conclusion and Future Work 

Climate change is ground reality. It is anticipated as one of the major obstacle to sustainable development as endorsed 
in the UN Sustainable Development Goals and Pakistan’s Vision 2025. Its severe effects are visible everywhere no 
matter developed and/or developing countries.  Almost all the countries are trying to develop climate change adaptation 
strategies as all of its bad effects cannot be mitigated. To develop the strategies, geospatial information is a prerequisite. 
However, in countries like Pakistan where geospatial information is not shared yet due to various reasons, VGI is the 
only option. Many argued the usefulness of VGI for disaster risk management, health and education etc but published 
literature on VGI for climate change adaptation strategies is really scary. Therefore, in this research we attempted to 
argue usefulness of VGI for climate change adaptation strategies. We find that VGI has the potential to support 
preparation and implementation of climate change adaptation strategies as it is collected and shared by local 
communities who know their areas better than others living thousands and hundreds miles away from the area for which 
strategies are being developed. This research recommends to further investigate potential of VGI for climate change 
adaptation strategies at the mezzo level as future work.      
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Abstract 

This research paper presents the quantitative analysis of the human scalp hairs (HSH) as fibers in cement concrete. The 
objective of this study are to use HSH (waste stuff in most of societies), as potential abundant materials for construction 
industry and to reduce environmental impact of HSH waste. A sustainable construction development has become a great 
concern and challenge faced by construction industry of world due to depleting of natural resources and high speed of 
consumption of natural materials. In the recent time, due to significant increase in population large amount of HSH 
waste is being generated and dumped in municipal solid waste. Therefore, majority of the developed/developing 
countries are facing the problem of handling and disposal of such wastes. HSH are utilized in cement concrete as fiber 
with three different proportions i.e. 1%, 2% and 3% by weight of cement. Total 24 numbers of cement concrete cylinders 
were casted for checking the compressive strength of cement concrete with two mix ratios which are very commonly 
being used in our construction industry, i.e. 1:2:4 and 1:1.5:3, at 0.50 water/cement ratio and tested after 28 days curing 
period. The compressive strength of cylinders was determined with 1:2:4 mix ratio and it was observed increase in 
compressive strength of about 26.8% at 1% HSH fiber and it was reduced to 8.2% and 9.1% at 2% and 3% addition of 
HSH respectively. On the other hand, cylinder tested at 1:1.5:3 mix ratio, there was increase in compressive strength 
2% at 1% addition of HSH and then reduction of 21.3% and 33.7% in compressive strength at 2% and 3% addition of 
HSH respectively. 

Keywords:  “Human Scalp Hair; Sustainable Construction Material; Muncipal Solid Waste Management; Enviroment 
Friendly; Fiber Reinforceed Concrete; Compressive Strength” 

1. Introduction 

A sustainable construction development has become a great concern and challenge faced by construction industry of 
world in general and Pakistan in particular due to depleting of natural resources and high speed of consumption of 
natural materials. Sustainable development is “an economic activity that is in harmony with the earth’s eco-system”. In 
other words, it represents the possibility of meeting the present needs without preventing future generations from 
meeting their needs. In the recent time due to significant increase in population, large amount of human scalp hair (HSH) 
waste is being generated and dumped in municipal solid waste (MSW). Therefore, majority of the developed/developing 
countries are facing the problem of handling and disposal of such wastes. The rate or speed of scalp hair growth is about 
1.25cm or 0.5inches per month or about 15cm or 6inches per year; weighing approximately 80 to 100gm per annum [1]. 
By considering that every individual Pakistani on average sheds of ~80gm of hair annually by haircuts, with population 
of ~18million [2], produces 14400tonns of scalp hair annually. While considering the total population of world i.e. 
7billion [3], produces ~6x105 tons of scalp hair. On the other hand, similar amount of hair is being dumped in the MSW 
from past years that has not been decomposed. Considering this aspect, there has been a growing emphasis on the 
utilization of waste materials and by-products in construction activities. Use of waste materials not only helps in getting 
them utilized but also has numerous indirect benefits such as saving in energy and protection of environment. 
 
Concept of using fibre reinforcement is age-old. In 1849 French Gardner Joseph Monier invented FRC [4]. Though, 
reinforcing a brittle composite with discrete fibres is an old age concept but now a day’s use of fibre in concrete for 
improving the ductility and flexural strength started in the early 1900’s [5]. Due to high tensile strength and high friction 
coefficient, human hair has been used for reinforcing clay based construction in rural areas of India, Bangladesh and 
Syria [1] [6-8] and in European countries [9] with clay and other binders in plastering house walls. Using human hair as 
fibre can reduce the shrinkage more than 90% [10]. It improves tensile resistance and enhances the compressive strength 
of cement concrete by more than three times [10]. When 1.5% hairs by volume added in plain concrete can raise the 
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flexural strength up to 8.6% [4]. 
Human hair considered as MSW and useless or waste material in most of the societies. Therefore, it is found in municipal 
waste streams in almost all urban cities and towns throughout world [1] [11]. Its presence in waste streams causes many 
environmental and social problems. When human hair thrown in domestic sewers it blocks the sewer and ultimately 
sewer water overflows into the streets through manholes. Human hair when dumped with solid waste and burn openly 
it causes several respiratory problems. Open dumps of hairs produce hair dust which causes discomfort among the 
locality that dwell besides them. In low population areas the hair is thrown away in nature where it takes several years 
for decomposition. Burning of human hair produces foul odour and harmful gases such as ammonia, carbonyl sulphide, 
hydrogen sulphide, sulphur dioxide, phenols, nitrites, pyrroles and pyridines [1] [12], which leads the environment 
towards its degradation. 
Concrete is composite material, consisting of cement as binding medium, fine and coarse aggregates as body of the 
concrete all this is possible by adding water. Concrete is elastoplastic in nature and it is very strong in compression but 
week in tension. For this reason, steel is used in the tension developing zone to encounter the induced tensile stresses in 
the concrete. But this steel is unable to control the tensile cracks which produced due to drying, shrinkage and creep on 
surface of concrete. Due to this reason fibres (glass, steel, synthetic etc.) having length 0.5” to 2.5” are used in concrete 
to control the shrinkage cracks by improving the tensile strength of concrete [13]. 
FRC (Fibre Reinforced Concrete) is a concrete made with hydraulic cement, containing fine and coarse aggregate and 
discontinuous fibres. The fibres can be made from natural material (e.g. asbestos, sisal etc.) or are manufactured such 
as glass, steel carbon and polymer [2] [14]. 
 

2. Materials and Methods 

Materials used for preparation of fibre reinforced concrete (FRC) were obtained from local sites. Fine and Coarse 
aggregates obtained from Bolahari-hill sand and Petaro Crusher Plant respectively. Cement used in this research was 
ordinary Portland cement (OPC) with brand name LUCKY CEMENT. HSH were collected from salon and hair cut 
shops in polyethene hand bags, located at Qasimabad Hyderabad. HSH used in this research are irrespective of size, all 
mixed sizes are incorporated; which may probably vary from few millimetres to 3 or 4inches. Hair washed three times; 
first with washing powder followed by two times with drinking water for separating the dirt and oil. HSH, then spread 
in pan for drying in sunlight. Hair, after washing becomes lumps due to high affinity to itself. Therefore, they were 
beaten with wooden stick, to separate the lumps as shown in Fig.1 (a).  
 

                                               
(a)                                                                                               (b) 

Figure.1. Human Scalp Hair (a) beaten with wooden stick for its separation (b) wet mixing in concrete. 
 
Hair mixed in wet concrete rather dry concrete, slowly and gradually as shown in Fig. 1(b). This technique worked 
effectively and hair mixed thoroughly in concrete than dry mixing (in this method hair became lumps and not thoroughly 
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mixed with concrete). However, mixing time increases in former case due to slowly mixing of hair which reduced the 
workability of concrete.  
All preliminary tests of material were carried out for ensuring the quality of material with respect to standard code of 
practice i.e. American Society of Testing Materials (ASTM). Aggregates were washed with drinking water before using 
for mixing. Batching of material is done by weight of ingredient. Casting and testing were performed at Concrete and 
Structural Laboratory of Civil Engineering Department, Mehran UET Jamshoro.  

Table 1. Summary of preliminary material properties 

 
S. No Material/Test/Property Name (in FPS System) 

1 Cement  
i Normal Consistency 0.33 

ii 
iii 
2 
i 
ii 
iii 
iv 
3 
i 
ii 
iii 
iv 

Initial Setting Time 
Final Setting Time 

Coarse Aggregates 
Size 

Gs(apparent) 
Water Absorption 

Bulk Density(compacted) 
Fine Aggregates 
Fines Modulus 
Gs(apparent) 

Water Absorption 
Bulk Density(compacted) 

 

50mints 
150mints 

 
0.75inches 

2.63 
0.54% 

93.485 lbs. / cu. ft 
 

2.11 
2.6 

1.8% 
121.65lbs. / cu. ft 

 
 
In this study, methodology adopted to use HSH as fibre in cement concrete for analysing the mechanical property of 
hardened concrete i.e. compressive strength. In this consequence total 24number of standard concrete cylinders were 
casted at two different mix ratios i.e. 1:2:4 and 1:1.5:3 at water cement ratio of 0.50. HSH are added in three proportions 
1%, 2% and 3% by weight of cement. Three cylinders were casted at each proportion of HSH and then average of three 
taken as result at particular percentage. The compression test is carried out on standard cylinder specimens, cylindrical 
in shape as shown in Fig.2 (a) having size 6” diameter and 12” height. Standard cylinder tested in Universal Testing 
Machine (UTM) at 28days curing period as shown in Fig.2 (b). Casting and testing is carried out under the umbrella of 
ASTM.  

(a)     (b)      

Figure.2. Compressive Strength testing; (a) standard concrete cylinders (b) cylinder under the jaws of UTM  
 

3. Experimental Results and Analysis 

The obtained results from tests are summarized in table.1, table.2 and table.3. These tables show the results of material 
testing and various cylinders tested and analysed for finding the effect of using HSH as fibre reinforcement in cement 
concrete. Fig.3, Fig.4 and Fig.5 are the graphical representation of analysed results.  For both mix ratios; when 1% of 
hair added there is considerable increase in compressive strength. But more increase in compressive strength at 1:2:4 
than 1:1.5:3. However, there is decrease in strength, when proportion of hair exceeds 1%. On the other hand, workability 
of concrete decreases as percentage of hair increases. 
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Table 2. Compressive Strength of cylinders with mix ratio 1:2:4 at W/C = 0.50 

 

S. No Cylinder I. D %age of Hair Max. Load (in N) 
Max. Load (in 

lbs.) 
Strength (in psi) Avg. Strength (in psi) 

1 S-3-0-28 0 376690 84649 2993  
2 S-3-0-28 0 329900 74135 2621 2518 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

S-3-0-28 
S-3-1-28 
S-3-1-28 
S-3-1-28 
S-3-2-28 
S-3-2-28 
S-3-2-28 
S-3-3-28 
S-3-3-28 
S-3-3-28 

0 
1 
1 
1 
2 
2 
2 
3 
3 
3 

243900 
493218 
389810 
415476 
282916 
275667 
314329 
276690 
292831 
294937 

54809 
110836 
87598 
93365 
63577 
61948 
70636 
62178 
65805 
66278 

1938 
3919 
3098 
3301 
2248 
2191 
2498 
2199 
2327 
2344 

 
 

3439 
 
 

2312 
 
 

2290 

 
 

 
Figure.3. Representation of compressive strength at various percentages of HSH at 1:2:4 mix ratio 

 
Table 3. Compressive Strength of cylinders with mix ratio 1:1.5:3 at W/C = 0.50 
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S. No Cylinder I. D %age of 
Hair 

Max. Load (in N) Max. Load (in 
lbs.) 

Strength (in psi) Avg. Strength (in psi) 

1 S-4-0-28 0 403915 90767 3210  
2 S-4-0-28 0 426410 95822 3388 3442 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

S-4-0-28 
S-4-1-28 
S-4-1-28 
S-4-1-28 
S-4-2-28 
S-4-2-28 
S-4-2-28 
S-4-3-28 
S-4-3-28 
S-4-3-28 

0 
1 
1 
1 
2 
2 
2 
3 
3 
3 

469296 
427501 
427589 
469296 
327082 
384511 
311632 
269539 
290679 
301232 

105460 
96068 
96087 
105460 
73502 
86407 
70030 
60571 
65321 
67693 

3729 
3397 
3398 
3729 
2599 
3055 
2476 
2142 
2310 
2394 

 
 

3508 
 
 

2710 
 
 

2282 
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Figure.4. Representation of compressive strength at various percentages of HSH at 1:1.5:3 mix ratio 
 

 
Figure.5. Representation of comparison of compressive strength at 1:2:4 & 1:1.5:3 mix ratio 

 
4. Conclusion 

From the experimental analysis it is observed that: 
• Compressive strength of concrete cylinders when tested at 1:2:4 mix ratio, there is increase of 26.8% at 1% 

addition of HSH. However, the reduction of 8.2% and 9.1% in compressive strength at 2% and 3% addition of 
HSH respectively. 

• Similarly, concrete cylinders when tested at 1:1.5:3 mix ratio, there is increase of 2% at 1% addition of HSH. 
However, the reduction of 21.3% and 33.7% in compressive strength at 2% and 3% addition of HSH 
respectively. 

• The reduction in workability of concrete observed with increase in percentage of HSH. 

• This study shows that 1% replacement of concrete materials i.e. Cement, F.A. and C. A. with HSH would have 
significant positive impact on material recycling and recovery. 
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5. Future Recommendation 

Although, at 1:2:4 mix ratio with addition of 1% HSH, there is considerable increase in compressive strength of concrete 
but yet there is need of analysis of strength by varying the proportion of HSH below 1% and at different W/C ratios; so 
that one can get the better and precise results in this regards. At this end of research, experimental results on compressive 
strength gives the clue for improvement in strength of concrete but it is not yet recommended to use HSH in concrete as 
fibre because detail analysis is required by considering the various aspects of concrete and its long term durability. 
Furthermore, environmental friendly concrete can be produced and cheap concrete can be mobilized in construction 
industry and in this regard detailed research is required. 
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Abstract 

Incineration is one of the most commonly used technique of waste management. It is a technology used for reducing 
of toxic hospital, municipal solid waste and energy recovery. Incineration is much effective technique than open 
burning. Open burning creates air pollution, land pollution and releases unburned gases from waste in atmosphere and 
causes several health deceases.  Incineration is used at high temperature which decreases the solid mass of the original 
waste by 80 to 85%, and the volume which burns 99.9% by 95 to 97 %, depending on composition of waste and 
amount of recovery of materials for instance metals from the residue (ash) for recycling. In this research, the 
concentration of gases and their moisture at different temperature was observed. It was observed that emission of toxic 
gases vary with composition of waste material and temperature of incinerator. The accuracy of concentration result 
was about 98-99% at different temperature from 300ºC to 1200ºC. 

 
Keywords: Acid Gases; Fly ash; Total average emissions; waste burning;concentration 

1. Introduction  

When Organic or Inorganic waste is burned in open atmosphere it creates unusual gases and makes environmental 
pollution. When people use material for their life different types of waste produced and generated from different sites 
(municipal solid waste and hospital waste). Different types of waste management methods are used and each of them 
divided into various categories. And those sources include animal feeding, composting, recycling, reduction and reuse 
landfill, fermentation and incineration. And all these methods are used in every country. 

One of the conventional methods to diminish waste from various sources is Incineration innovation. Individuals used 
to decrease waste by smoldering. The majority of waste is singed in open atmosphere which makes noxious and lethal 
gasses and wellbeing impacts as contrast with incinerators. These are utilized at high temperature and make less 
contamination. Furthermore, cremation is a waste treatment rehearse that incorporates the smoldering of organic 
substances contained in waste material [1]. Incinerators diminish the strong mass of the first waste by 80–85% and the 
volume (effectively compacted fairly in dump trucks) by 95–97%, contingent upon organization and level of 
recuperation of materials, for example, metals from the slag for reusing [2]. 

Another technique is resource recuperation and this is the way toward taking valuable disposed of things for a 
particular after that utilization. These pointless things are then handled to separate or recuperate materials and assets or 
change them to energy as useable warmth, fuel or into electrical energy. 

The materials from which the things are prepared can be reprocessed into new items. Material for reusing might be 
gathered separately from normal waste utilizing devoted holders and collection vehicles, or sorted straightforwardly 
from blended waste streams. The most widely recognized and regular buyer items reused incorporate aluminum, for 
example, refreshment jars, copper, for example, wire, old steel furniture or hardware, PET(polyethylene terephthalate) 
and polyethylene jugs, containers and glass jugs, steel nourishment and airborne jars, paperboard containers, 
newspapers, light magazines and paper , and folded fiberboard boxes. The sort of reusing material acknowledged 
changes by town and nation. Every town and nation has diverse reusing programs set up that can hold the distinctive 
sorts of recyclable materials. 
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Other strategy is Composting and is a basic and normal bio-degenration handle that takes natural squanders i.e. stays 
of plants and terrace and kitchen waste and transforms into supplement rich nourishment for plants. Treating the soil, 
typically utilized for natural cultivating, happens by permitting natural materials to amass in one spot for a 
considerable length of time until organisms decay it. Treating the soil is one of the best technique for waste transfer as 
it can bend perilous natural items into safe compost. On the opposite side, it is moderate process and takes part of 
region and space. Different systems are additionally utilized for waste management. 

1.2 Emission of Gases  

The motivation behind this paper is to distinguish diverse gasses which make from blazing of waste in incinerator at 
various temperature. In this paper we have exhibited grouping of gas discharges of natural waste amid copying at 
various temperature by utilizing Testo 350 Flue Gas Analyzer. The 350 Gas Analyzer can quantify O2, NO2, CO, 
H2S, Nitrogen Monoxide, Hydrocarbons, SO2, CO2, weight, temperature, stream, and speed. Testo 350 discharge 
analyzer is a versatile gadget utilized for motor testing since Rich-copy motor fumes, when uncontrolled, can have 
wide fixation ranges and both CO and NOX can vacillate fundamentally. Turbine Testing, High torque and low 
discharges are regular of turbines and subsequently, you require an analyzer that is particularly prepared to handle low 
limits and still convey the most astounding precision. 

 

The amount of deposits, for example, fly fiery debris from metropolitan waste incinerators and coal-let go power 
plants is developing. Fly fiery remains is generally sullied with dangerous overwhelming metals that filter out on 
contact with water and contaminate the groundwater. In this manner, secluded and costly transfer of the powder is 
required. Reuse of fiery remains as a filler for concrete or asphalts just permits least filter capacity of metals and most 
extreme draining estimations of different metals from reused fly slag are endorsed by national enactment. 
Supercritical-liquid extraction (SFE) offers a technique to diminish the metal substance so that filter capacity is 
decreased and the requests of enactment are watched [3]. The new softening expertise makes incinerator deposits, 
floor fiery remains and fly slag, stable and non-harmful. Besides, this sort of treatment permits the dissolved slag to be 
utilized as an asset over once more. In Japan, the softening procedure was created in the 1980's and has been in down 
to earth capacity at around 24 city strong waste (MSW) burning offices including planned ones[4]. These are more 
prudent and financially savvy innovations and can be actualized to Asian nations to control air contamination. Open 
waste smoldering is enormous issue in urban zones which likewise makes various types of infections in people and 
additionally in other living creatures. 

2. Related Work 

The discharges of green-house gasses in the air attributable to human exercises are relied upon to be in charge of a 
huge increment in the world's temperature. [5].Different gasses make issue for environmental change and an Earth-
wide temperature boost and these gasses likewise consequences for biological community.  
 
IN the previous couple of years, numerous laborers have noticed that the consolidated impact on atmosphere of 
increments in the groupings of countless gasses could match or even surpass that of the expanding centralization of 
carbon dioxide. These follow gasses, mainly methane, nitrous oxide and chlorofluorocarbons, are available at focuses 
that are two to six requests of greatness minor than that of carbon dioxide, yet are huge in light of the fact that, per 
particle, they retain infrared radiation significantly more firmly than carbon dioxide [6]. Carbon dioxide is the real 
nursery gas, and its anthropogenic sources are fundamentally fossil fuel ignition and biomass blazing procedures 
prompting a carbon de-stockpiling from the earthbound biosphere. Both sources are sensibly very much measured. All 
together of significance, methane is the second most essential nursery gas, and it should be in charge of roughly 17% 
of the anthropogenic radiative constraining [5]. At the point when these gasses comes to at troposphere then they starts 
atmosphere dampness and this can be seen via programmed climate station [7]. Nursery gasses will dependably be a 
most hostile issue, regardless of what the lessening rate [5]. 
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2.1 Design of Incinerator 

Incinerator can be design by two ways, it can be design by single chamber or double chamber and there working 
principle is same [8]. The incinerator is design on the bases of the these concepts: The system must be simple in 
construction Easy to operate Low cost Most of the maintenance work can be done by local workers using locally 
available material. The working principle of the incinerator is of an intermittent controlled-air type. The incinerator is 
designed to work with a waste-charging device. The incinerator has a de-ashing door allowing convenient ash removal 
from the chamber. 
 

2.2 Incinerator temperature  

The Burring chamber is a single type with high temperature which works both for the primary and secondary chamber 
at the maximum temperature 1000 ºC. The combustion air is supplied by a blower installed at the right side wall of 
incinerator, and it directly fire waste in the chamber, the flow rate of which can be adjusted by a butterfly valve to 
match the controlled-air principle. The chamber of incinerator is trapezoidal so that any unburned waste can be burned 
by the slightly it goes down to the bottom of chamber. The incinerator is design on a single chamber which works for 
the both primary and secondary chamber. In this incinerator the chamber is design in a trapezoidal shape so that the 
waste is completely burned. The burner is fixing at the one side centre of the wall. The waste feeding system is on the 
cone shape body. The mouth of the feeding door is design narrowly so that it can be more efficient for maintaining the 
temperature inside it reduces the heat losses. All type of waste has some non combustible fraction, which is not burn 
up and it is called fly and bottom ash . Due to this reason removal of ash is essential, so to meet this requirement the 
de-ashing pocket is design. The fly ash, by far, constitutes more of a potential health hazard than does the bottom ash 
because the fly ash often contain high concentrations of weighty metals such as lead, cadmium, zinc and copper as 
well as small amounts of dioxins and furans[9] The de-ashing pocket is located on the back of the incinerator. The 
pocket can turn freely and rectangle in shape. Moreover, the bottom ash generated with various chemical constituents 
in the Solid waste and it was assessed by using muffle furnace [10]. 
 
2.3 Air Distribution 

The combustion air is fed into the incinerator according to the controlled-air principle. The air is supplied by a blower 
which draws atmospheric air into a conditioning room before being distributed in the chamber. The desired air flow 
rate may be regulated by a butterfly valve which is installed in the chamber. The incineration and burning air of the 
chamber is injected as under-fire air into the hearth of the incinerator from one side. The combined gas cleaning 
system consists of a radiator, a scrubber and a wet-type electrostatic precipitator also known as (ESP). Dioxins can be 
decomposed effectively using after-burners downstream of the incinerator by maintaining the gas temperature and 
waste around 850 ± 20 °C[ 11]. 
 

 

2.4 Control System 

The automatic control system of the incinerator is divided in two parts: temperature control and timing control. 
The temperature of chamber of the incinerator is to be controlled to near preset values. This is done by feeding 
thermocouple signals from chamber to the controller where it is compared with the set values. Timing control of the 
incinerator is done by a timer. 

2.5 Operating of incinerator 

Where there is smoke there is fire because when waste burns it produces smoke and that smokes emits into atmosphere. 
Normally incinerator operates at high temperature and it operates more than 900 ºC and produces less smoke.  
The mixed waste is initially dried in the open atmosphere where 80 to 90% moisture to be removed. The dried waste is 
feed into the incinerator by the feeding door. The feeding of waste is continuous till above half of the chamber to be 
filled, after that feeding door is tightly closed. Keeping in the mind all safety measures applied properly to prevent 
accidents. Opening the gas control valve and switch on the air blower, the firing system is auto pilot. The burning 
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process becomes started and it will be continuous till when the completely waste is converted into the ash. After that 
leave the incinerator 30minutes for cooling down and then open the slab plate draw down the ash into the ash pocket 
then remove it safely.  

3. The Experimental Work  

The waste was gathered from the distinctive and arbitrary locales and areas at various time. Civil waste and distinctive 
natural waste was dried for 2days preceding burning. Drying of waste is utilized to accomplish a diminishment of the 
mass and volume of dampness substance of natural waste before its further method. . It likewise serves to build the 
calorific estimation of such waste, in readiness to a conceivable warm use. The main impetus of drying is the 
distinction between the incomplete vapor weight inside the waste and the encompassing air. The hotter the air the 
further water vapor can be transported in atmosphere. 

 

 

 

 

 

 

 

 

 

 

 
FIG.1.Composition of municipal solid waste 

 
 
 
3.1 Emissions Result 

Distinctive examples were tried in incinerator by Test  350 vent gas analyzer with 35 waste specimens at various time 

with various temperature. Once in a while levels of gasses expanded when contrasted with less temperature and 

afterward this was distinguished by method for gas analyzer, on the grounds that diverse examples were brought from 

various destinations with various structures. The event of overwhelming metals in incinerator vent gasses is of natural 

worry due to their related lethal and noxious properties. The substantial metals are connected with fly fiery remains. 

Fly fiery debris is appeared to incorporate a wide assortment of substantial metals and comprises of complex 

potassium, calcium alumino silicates, and sodium. A test approach has been embraced to expel and diminish harmful 

gasses with high temperature. The primary goal of this study is likewise to explore gasses which make environmental 

change and additionally an unnatural weather change and to expel these gasses and dust.  
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Table: 1 Concentration of Different Gases at 5 Minutes Timing 

Gases Concentration at Different Temperatures 
300 oC 500 oC 700 oC 900 oC 1200 oC 

Oxygen (O2) 41.61% 39.8% 38% 35.3% 21.22% 
CARBON 
MONOXIDE (CO) 

2230(ppm) 
 

2150(ppm) 2050.53(ppm) 1980.78(ppm) 1700(ppm) 

CARBON 
DIOXIDE(CO2) 

11.55(ppm) 11.3(ppm) 9.5(ppm) 9.5(ppm) 8.32(ppm) 

NITROGEN 
MONOXIDE(NO) 

75(ppm) 75(ppm) 72(ppm) 69.6(ppm) 66(ppm) 

NITROGEN 
DIOXIDE(NO2) 

5.7(ppm) 5.75(ppm) 5.21(ppm) 6(ppm) 5.1(ppm) 

SULFUR DIOXIDE 
(SO2) 

45(ppm) 45(ppm) 42(ppm) 42.4(ppm) 40(ppm) 

HYDROCARBON 
(HC) 

1145(ppm) 1133(ppm) 1110(ppm) 1008(ppm) 700(ppm) 

 
Where ppm means “parts per million” 

1ppm = 1/1000000 = 0.000001 = 1×10-6 

One ppm is equal to 0.0001%: 

1ppm = 0.0001% 

Table: 2 Concentration of Different Gases at 10 Minutes Timing 
Gases Concentration at Different Temperatures 

300 oC 500 oC 700 oC 900 oC 1200 oC 
Oxygen (O2) 36.52% 36% 32.5% 31% 28.1% 
CARBON 
MONOXIDE (CO) 

2190(ppm) 
 

2130(ppm) 2010(ppm) 1940(ppm) 1600(ppm) 

CARBON 
DIOXIDE(CO2) 

11(ppm) 11(ppm) 10.5(ppm) 9(ppm) 8.12(ppm) 

NITROGEN 
MONOXIDE(NO) 

67(ppm) 66.5(ppm) 65.2(ppm) 62(ppm) 60(ppm) 

NITROGEN 
DIOXIDE(NO2) 

5.6(ppm) 5.3(ppm) 5.25(ppm) 5(ppm) 4.5(ppm) 

SULFUR DIOXIDE 
(SO2) 

43(ppm) 38(ppm) 37.6(ppm) 36.6(ppm) 35(ppm) 

HYDROCARBON 
(HC) 

1105(ppm) 1100(ppm) 1050(ppm) 870(ppm) 680(ppm) 

 

 
 
Fig.1: Shows the composition of waste which was collected from experimental site. And the research site was located 
in the Jamshoro Medical area of Liaqat Hospital. Work experiment was taken several times for getting deep results of 
gases which goes in atmosphere and creates air pollution. It can be seen that the percentage of Biodegradable waste is 
greater than other wastes. On the other hand the percentage of paper and Hard Board is same and is near about 14% 
and these are also types of untreated organic waste which can be burn easily in incinerator.  
Incineration has various yields, for example, the base powder and the discharge to the atmosphere of vent gas. past to 
the pipe gas cleaning framework, if introduced, the vent gasses may incorporate substantial metals, particulate matter, 
dioxins , sulfur dioxide, furans and hydrochloric corrosive. In the event that plants have deficient vent gas cleaning, 
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these yields may incorporate a noteworthy contamination component to stack emanations.  
Incineration is directed with various yields, which incorporate powder and pipe gas emanation. Prior to the pipe gas 
cleaning frameworks were presented, the vent gas needs to move to atmosphere along these lines critical to 
contamination. 
 
 
Carbon monoxide (CO) is likewise an outcome and result of fragmented ignition. Carbon monoxide emanations are 
generally related to shorter living arrangement times, lower temperatures, and sub-par blending conditions than are 
ideal. At the point when ignition has not continued to consummation, CO is shaped in sort of carbon dioxide (CO2).  
 
Carbon monoxide (CO) - CO is a scentless, dry, harmful yet non-disturbing gas. It is an item by fragmented burning of 
fuel, for example, regular gas, coal or wood. Vehicular fumes is a noteworthy wellspring of carbon monoxide.  
 
Unpredictable natural mixes (VOC) - VOCs are an outstanding open air toxin. They are sorted as either methane 
(CH4) or non-methane (NMVOCs). Methane is a to a great degree effective nursery gas which adds to upgraded an 
Earth-wide temperature boost and environmental change. Other hydrocarbon VOCs are additionally huge nursery 
gasses as a result of their part in making ozone and dragging out the life of methane in the climate. This impact shifts 
relying upon neighborhood air quality. The fragrant Non-methane unstable natural mixes benzene, xylene and toluene 
are suspected cancer-causing agents and may prompt leukemia (it is a dynamic Disease) with delayed introduction. 
1,3-butadiene is another perilous and risky compound frequently connected with modern use. 

Air poison emanation components are accounted for delegate values that endeavor to relate the amount of a 
contamination discharged to the encompassing air with an action connected with the arrival of that toxin. These 
components are normally communicated as the heaviness of poison separated by a unit weight, volume, separation, or 
term of the action discharging the contamination (e.g., kilograms of particulate transmitted per ton of coal copied). 
Such components encourage estimation of outflows from different wellsprings of air contamination. In the larger part 
cases, these variables are just midpoints of every accessible dat of adequate quality, and are for the most part thought 
to be illustrative of long haul midpoints. There are 12 mixes in the rundown of diligent natural contaminations. 
Dioxins and furans are two of them and purposefully made by ignition of organics, similar to open smoldering of 
plastics. These mixes are likewise endocrine disruptors and can transform the human qualities. High populace 
development rate in Pakistan and also in different nations requirements for fibber and sustenance requires more land to 
ranch, and it makes troubles to oversee waste at state level and to control sicknesses which make from lethal waste 
[12].  

Air contamination is besides a noteworthy peril and hazard element for various contamination related sicknesses and 
wellbeing conditions which originates from blazing of waste including respiratory diseases, coronary illness, perpetual 
obstructive aspiratory ailment lung growth and stroke. The wellbeing physical conditions impacts brought about via 
air contamination may incorporate trouble in, wheezing, breathing, asthma, hacking and compounding of existing 
respiratory and cardiovascular conditions. These impacts can bring about expanded solution use, expanded specialist 
or crisis room visits, more doctor's facility affirmations and sudden passing. The human wellbeing impacts of poor air 
quality are sweeping, yet chiefly influence the body's respiratory framework and the cardiovascular framework. 
Singular responses to air poisons rely on upon the sort of contamination a man is presented to, the level of 
introduction, and the individual's wellbeing status and hereditary qualities. The most widely recognized wellsprings of 
air contamination incorporate particulates, nitrogen dioxide, ozone and sulfur dioxide. Youngsters matured under four 
to five years that live in creating nations are the for the most part helpless populace as far as aggregate passings 
inferable from indoor and outside air contamination of squanders which blazes in open air. 
 
3.2 Oxides of Nitrogen 

 

Nitrogen oxides (NOx) represent a mixture primarily of nitrogen dioxide (NO2) and nitric oxide (NO). In combustion 
systems, Nitrogen Monoxide predominates due to kinetic restrictions in the oxidation of NO to NO2. Nitrogen oxides 
are formed by one of two general mechanisms. "Thermal NOx" is also the result of the high-temperature reaction 
stuck between molecular nitrogen and molecular oxygen, both of which enter the combustion zone in the burning air. 
"Fuel NOx" results from the oxidation of nitrogen that is chemically bound within the fuel structure. Thermal NOx 
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formation is extremely sensitive to temperature, whereas fuel NOx is not. At the lower adiabatic temperatures which 
characterize Municipal Waste Incinerators, fuel like NOx accounts for generally NOx emissions, while thermal NOx 
generally contributes less than 10 Parts per Million. Incinerator data indicate that NOx levels are on the order of 200 
230 to ppm. Combustion of medical wastes can produce acid gas emissions in the form of hydrochloric acid (HCl) and 
sulfur dioxide (SO2), as well as lesser quantities of other compounds. Acid gas control is achieved by neutralization of 
the acid and/or collection of the acid constituents in dry sorbents or aqueous solutions. 
Nitrogen oxides (NOx) - Nitrogen oxides, especially nitrogen dioxide, are removed from high and also medium 
temperature ignition of waste, and are additionally created amid low temperature in open environment. They can be 
seen as a chestnut fog vault above or a crest downwind of urban areas. Nitrogen dioxide is a synthetic compound with 
the equation NO2. It is one of copious nitrogen oxides. A standout amongst the most well known air toxins, this rosy 
cocoa harmful gas has a trademark sharp, gnawing smell. Sulfur oxides (SOx) - for the most part sulfur dioxide, a 
substance compound with the recipe SO2. SO2 is created by volcanoes and in different modern procedures. Coal and 
petroleum frequently contain sulfur mixes, and their ignition creates sulfur dioxide. Further oxidation of SO2, more 
often than not within the sight of an impetus, for example, frames H2SO4, Nitrogen Dioxide (NO2), and in this way 
corrosive downpour which effortlessly impacts ashore and water quality. This is one of the reasons for unease over the 
ecological effect of the utilization of these fills as vitality force sources.  
 
 
 
 
 
   Table: 3 Concentrations of Different Gases at 15 Minutes Timing 
Gases Concentration at Different Temperatures 

300 oC 500 oC 700 oC 900 oC 1200 oC 
Oxygen (O2) 21.61% 21.6% 20.92% 20.8% 20.22% 
CARBON 
MONOXIDE 
(CO) 

2200(ppm) 
 

2110(ppm) 2050(ppm) 1980(ppm) 1300(ppm) 

CARBON 
DIOXIDE(CO2) 

10.8(ppm) 10.5(ppm) 9.2(ppm) 8.5(ppm) 7.2(ppm) 

NITROGEN 
MONOXIDE(NO) 

73.1(ppm) 70(ppm) 65(ppm) 61(ppm) 48.8(ppm) 

NITROGEN 
DIOXIDE(NO2) 

5.3(ppm) 5.1(ppm) 5.00(ppm) 4(ppm) 3.5(ppm) 

SULFUR 
DIOXIDE (SO2) 

43(ppm) 42(ppm) 40(ppm) 35.1(ppm) 29(ppm) 

HYDROCARBON 
(HC) 

1120(ppm) 1090(ppm) 1050(ppm) 800(ppm) 600(ppm) 

 
 
It can be seen in table.2 that the concentration of different gases decrease with time when waste is burned at different 
temperature at 15 minutes timing and the result is clear that most of the gases concentration reduced with time  which 
is directly related to temperature .  
 

 

4. Conclusion and Scope of Future Work 
In this paper, a new approach was taken and it was observed that when temperature increases in burning system it 
results in decreasing concentration of emissions. When gases emits in atmosphere at low concentration it produces less 
environmental pollution, and it results less acid rain and air pollution. 

The major most concern, which has caught thoughts of environmentalists about MSW’s incineration, is fabrication of 
a huge amount of toxic and health effects gases. These are considered staidly injurious and damaging to physical 
condition. New generators are arranged with special equipments and materials to clean toxic emission of gases from 
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these injurious components for health. Today there are strict and rigid policies and regulations to follow and conduct 
incineration. A series of processes are concerned for the cleaning up of flue harmful gas.  

Acknowledgements 

The achievement of this undertaking could not have been possible without the participation and assistance of so many 
people whose names may not be all enumerate. Their contributions are sincerely and thankfully acknowledge. 
However, the group would like to be express their deep appreciation and indebtedness particularly to the following: 
Prof: Dr: Rasool Bux Mahar, Mr: Muhammad Safar Korai, Engr: Irfan Ahmed Abbasi, Mr: Suhaib Ali Rajper and 
Sahat Raza for their endless support, kind and understanding spirit during our bottomless study for environment. 
To all relatives, friends and others who in one way or another shared their support, either ethically, financially and 
physically, thank you. Any opinion, finding, conclusion or recommendation expressed in the research article are those 
of authors only. 
Above all, to the Great Almighty, the author of knowledge and wisdom, for his countless love.   
We thank you. 

References 

[1]   Knox, Andrew. "An overview of incineration and EFW technology as applied to the management of 
municipal solid waste (MSW)." ONEIA Energy Subcommitte (2005). 

 
[2]  Lund H, Mathiesen BV. Energy system analysis of 100% renewable energy systems—The case of Denmark 

in years 2030 and 2050. Energy. 2009 May 31;34(5):524-31. 

[3] Kersch, Christof, Martijn van der Kraan, Geert F. Woerlee, and Geert J. Witkamp. "Municipal waste 
incinerator fly ash: supercritical fluid extraction of metals." Journal of Chemical Technology and 
Biotechnology 77, no. 3 (2002): 256-259. 

[4]  Sakai SI, Hiraoka M. Municipal solid waste incinerator residue recycling by thermal processes. Waste 
Management. 2000 Apr 30;20(2):249-58. 

 
[5]     Galy‐Lacaux, Corinne, Robert Delmas, Georges Kouadio, Sandrine Richard, and Philippe Gosse. "Long‐term 

greenhouse gas emissions from hydroelectric reservoirs in tropical forest regions." Global Biogeochemical 
Cycles 13, no. 2 (1999): 503-517. 

 
[6]  Lashof, Daniel A., and Dilip R. Ahuja. "Relative contributions of greenhouse gas emissions to global 

warming." (1990): 529-531. 
 
[7]  Gash, J. H. C., & Nobre, C. A. (1997). Climatic effects of Amazonian deforestation: Some results from 

ABRACOS. Bulletin of the American Meteorological Society, 78(5), 823-830. 
 
[8]  Brunner, Calvin R. "Incineration systems: selection and design." (1984). 
 
[9]  Chan, C. C. "Behavior of metals in MSW fly ash during roasting with chlorinating agents [PhD Thesis]." 

Chemical Engineering Department at University of Toronto (1997). 
 
[10]  Phoungthong, Khamphe, Hua Zhang, Li-Ming Shao, and Pin-Jing He. "Variation of the phytotoxicity of 

municipal solid waste incinerator bottom ash on wheat (Triticum aestivum L.) seed germination with leaching 
conditions." Chemosphere 146 (2016): 547-554. 

Sample output to test PDF Combine only



4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 

9 

 

[11]  Kim HH, Yamamoto I, Takashima K, Katsura S, Mizuno A. Incinerator Flue Gas Cleaning Using Wet-Type 
Electrostatic Precipitator. Journal of chemical engineering of Japan. 2000;33(4):669-74. 

 
[12]  Hajabbasi MA, Jalalian A, Karimzadeh HR. Deforestation effects on soil physical and chemical properties, 

Lordegan, Iran. Plant and soil. 1997 Mar 1;190(2):301-8. 
    

 

Sample output to test PDF Combine only



4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 

60. Intensity of Noise Pollution from the Industries at S.I.T.E Area 
Kotri 

Aqeel Ahmeda, M.S.Wahaba, Zubair Ahmedb, M. Rizwanc 
aFaculty of Mechanical and Manufacturing Engineering 

aUniversiti Tun Hussein Onn Malaysia, Parit Raja, Batu Pahat, Johor, Malaysia 
bMechanical Engineering Department, Indus University Karachi, Pakistan, cMehran UET SZAB Campus Khairpur Mir’s, Pakistan 

*Corresponding Author: aqeelbhutto03@yahoo.com 

Abstract 

Environmental pollution has become a serious problem in the world and causing dangerous and harmful effects in the 

biosphere, where human beings are living and are responsible for introducing pollutants in it. Kotri city is one of the 

largest industrial city in Sindh - Pakistan situated on the right bank of Indus river at Hyderabad with majority of 

textile, cotton, flour and rice mills, most of them having their own power generation units working on natural gas as 

source for power and the environmental pollution in the city is one of the major problems being faced by the locality 

of Kotri. In this project the noise pollution in the Sindh Industrial Trading Estate (SITE) area Kotri was measured by 

latest equipment. A survey was carried out at SITE area Kotri to check the level of noise in its vicinity area. The 

results concluded that majority of industries contribute to produce noise pollution above standard fixed by the 

Environmental Protection Agency (EPA), World Health Organization (WHO) and National Environmental Quality 

Standards (NEQS). It is suggested that the existing position of noise pollution need for quick action to tackle to 

reduced noise pollution in SITE area Kotri. The establishment of noise standards, monitoring sites extension and the 

development of noise pollution control plans are necessary to implant. 

© 2016 “Aqeel Ahmed, M.S.Wahab, Zubair Ahmed, M.Rizwan” Selection and/or peer-review under responsibility of Energy and Environmental 
Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 
 
Keywords: “Noise Pollution, S.I.T.E Area Kotri, Industrial Area of Kotri, Noise Pollution Standards” 

1. Introduction  

Noise pollution from the industries is the most extensively spreading source for noise nuisance in Pakistan. The 
exposure of noise causing noise annoyance in the workers of the industries and there is no any criteria for damaging 
the hearing capacity of them [1]. Unfortunately, very few industries are following the noise control measures while 
majority of industries are producing the noise pollution above the standard values (60-70 dB (A)) [2]. At 104.1 dB at 
the working area, almost 100%, 30%, 20%, 30% and 20% workers facing the problem of speech interference, 
irrigational problem, respiratory problem, headache and having the heart/BP problem respectively due to high 
intensity of machine noise [3]. Noise pollution produced mainly form: outdoor sources including industries, public & 
construction work, road, rail & air-traffics while indoor sources are live or recorded music, catering trade, ventilation 
system, office machines domestic animals [4]. Most of the acoustical energy of speech is in the frequency range of 100 
Hz-6 KHz, most important cue-bearing energy being between 300 Hz-3 KHz [5]. Noise pollution above 80 dB (A) 
cause to increase aggressive and decrease helping behavior and the patients due to noise pollution having chronic heart 
disease, neurosis, mental illness, hypertension, stressed and sleep disturbance [6]. 

Geologically, the Kotri city is a flat-topped, typical of arid topography. The climate of city is subtropical, semi-desert 
type; characterized by low relative humidity, high erratic rainfall, and high rate of temperature. The Industrial zone of 
Kotri (SITE Kotri) was chose for this study and is located on the right bank of the Indus River (in, Sindh Pakistan). 
The SITE Kotri ranks third in Sindh province and seventh in the national level. It lies in latitude 25º.3739´ north and 
longitude 68º.3013s´ east. The major industries in S.I.T.E Area Kotri are textile in nature, cotton, power plants, 
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pharmaceutical, and general industries. There are more than 120 industries in Kotri industrial zone but most of them 
are the textile industries and major productions are cotton, cloths, medicines, piping, power production, and general 
products. There are many colonies, village’s education system in the vicinity of S.I.T.E Area Kotri such as: Bihar 
Colony, Khursheed Colony, Khuda Ki Basti, Yousaf Baloch Goth, Labor Colony, Degree College Kotri, Government 
Girls College, Government Boys High School, Government Girls High School and Taluka Hospital Kotri with 
population of around 0.2 Million. In this work the intensity of noise pollution produced from the industries in S.I.T.E 
area Kotri, Sindh on the vicinity area were measured and presented, the further work on the basis of such 
measurements is suggested to examine its adverse effects on the peoples living within the industrial area. 

2. Nuisance of Noise Pollution 

The World Health Organization (WHO) has worked and formalized seven different classes of adverse effects of noise 
pollution on people and much of them WHO standards are on community noise. Noise may have induced hearing 
impairment accompanied with distortion, loudness perception and tinnitus, while tinnitus is sometime temporary but if 
there will be prolonged exposure it becomes permanent[7]. But ultimate results of hearing loss are depression, 
loneliness, impaired job performance, impaired speech discrimination and sense of isolation [8,9,10]. In urban areas of 
Pakistan, noise is one of the main pollutant and depending upon the exposure, quality and level of noise, it may 
harmfully effect on human health due to short term exposure with high level or continuous exposure to less level of 
noise pollution [11]. The exposure (temporary / permanent) of noise may result in lack of efficiency, impairment of 
hearing & feeling annoyance and reduction of output of work etc, as the researches on the noisy environment in the 
industries resulting heart disease, headache, nervous, respiratory problems, irritation, speech interference and many 
other physiological and psychological problems to the workers [12]. Both, noise induced hearing loss and 
occupational noise exposure are linked with safety of industrial daily life as it is mentioned that daily doses of noise 
exposures exceed to 90 dB (A) in industry is more dangerous for those who are suffering from mild noise induced 
hearing loss [13] and mainly the adverse effects caused by noise pollution are shown in figure 1: 

 
Fig. 1. Adverse Effects of Noise Pollution 

3. USA Environmental Quality Standards of Noise 

In US absolute criteria for noise exposure to a community do not exist, instead there are guidelines (USEPA 1974) 
published by US Environment Protection Agency in 1974 as follow up the Noise control act of 1972 as follow: [14]. 

Table 1. USA Environmental Quality Standards of Noise  
 

S.No: 
 

Area 
 

Measure 
dB (A) 

Indoor Outdoor 
Activity Influence Hearing Loss 

Contribution 
Activity 

Influence 
Hearing Loss 
Contribution 

1 Residential Ldn* 45 - 55 - 
2 Hospital Leq (24)** - 70 - 70 
3 Educational Leq (24)** 45 70 55 70 
4 Commercial / Traffic Leq (24)** - 70 - 70 
5 Industrial Recreational 

Area 
Leq (24)** - 70 - 70 

6 Farmaland / General 
unpopulated land 

Leq (24)** - - - 70 

Ldn*                    It is day-night average sound level 
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Leq (24)**           It is 24 hour equivalent or average A-weighted sound level  

4. Noise Standards in Pakistan 

The Pakistan Environmental Protection Council (PEPC) constituted a committee in 1995, and proposed National 
Standard on Noise and forwarded to the Expert Advisory Committee on NEQS consultation for vetting and approval. 
The following were the proposed standards for noise pollution [15]. 

Table 3. Noise Standards in Pakistan 
 

S. No 
 

Category of Area 
Started up to 30th June 
1997 Limits in dB (A) 

 Started up to 
30th June 1997 

Limits in dB (A) 

 

Day Time Night Time Day Time Night Time 
(A) Residential Area 55-60 45-50 55 45 
(B) Commercial Area 65-70 55-60 65 55 
(C) Industrial Area 75-80 70-75 75 70 
(D) Silence Zone 50-55 40-45 50 40 

5. Pollution Measuring Equipment 

In this research a sound level meter was used within the vicinity of the industries to check the intensity of noise 
pollution, the sound level meter is the combination of a microphone and an electronic circuit including amplifier, 
attenuator, filters and a display unit while on working mechanism it converts the sound signal to an equivalent 
electrical signal which passed through a weighting network to further conversion for displaying sound pressure level 
in dB [16 & 17]. 

 

Fig. 2. Sound Level Meter set 

6. Results and Discussion 

The latest and calibrated equipment were used for data collection on the different dates and different timing in the 

Kotri SITE area, several locations were selected for data collection in different hours of the day. Readings are taken at 

different locations varying in terms of types of the industry and time with respect to noise pollution and operational 

hour in the study area.  
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Fig. 3. Comparison of Noise Emission of Textile Industries of SITE Kotri with One Hour Standard EPA, NEQs & 

WHO 

 
Fig. 4. Comparison of Noise Emission of Cotton Industries of SITE Kotri with One Hour Standard EPA, NEQs & 

WHO 

 
Fig. 5. Comparison of Noise Emission of Flour Mills Industries of SITE Kotri with One Hour Standard EPA, NEQs & 

WHO 
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Fig. 6. Comparison of Noise Emission of Piping Industries of SITE Kotri with One Hour Standard EPA, NEQs & 

WHO 

 

Fig. 7. Comparison of Noise Emission of Rice Mill of SITE Kotri with One Hour Standard EPA, NEQs & WHO 

 

Fig. 8. Comparison of Noise Emission of Oil Industries of SITE Kotri with One Hour Standard EPA, NEQs & WHO 

 

Fig. 9. Comparison of Noise Emission of Other Industries of SITE Kotri with One Hour Standard EPA, NEQs & 

WHO 

Most of the textile industries were running around the clock (24 hrs) and in order to avoid the problems, due to power 
outage, industries installed their own power generation units and also the other types of heavy machinery for 
processing the products in every type of industry which was the major sources of producing the noise pollution in the 
SITE area Kotri, mainly of those were: blowers, exhaust fans, heavy engines, metallic contact process, cams and 
bearings and many more. The obtained values showed that the textile, cotton, piping industries and rice mills have 
their average values of noise more than the standard values of the EPA, WHO and NEQs as shown in Figure 3 to 
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Figure 9. The reason for that the noise from heavy machineries, non-ecological manufacturing process, reflection of 
noise from other metallic parts, improper usage of lubricants in the machineries and speed up of the machines to fast 
the production process. The installed exhaust fans were used to move a large volume of air for ventilation, by bringing 
in fresh air from the outside, blowing out dust, vapor or oil mist from the industries, and for a drying or cooling 
operation, etc. while the rice mills and piping industries requires heavy metallic machines to process their products, 
therefore; a large amount of noise was observed in the vicinity of these industries also. But main disadvantage mostly 
found in all the industries of SITE area Kotri that none has installed sound absorbing mechanism in their vicinities 
which also lead to produce noise pollution in the vicinity of them. Most of these industries have less maintained 
machineries and conventional technologies for their manufacturing of the product and that also cause to contribute 
some level in the noise pollution.  

7. Conclusion 

Industries contributes many kinds of hazardous pollutants to the environment and produced both traditional pollutants: 
sulfur dioxide, particulates nutrients and many other organic substances [18], these pollutants are in solid, water and 
gas forms that can cause serious damage to the bio-systems [19]. The current industrial activities causing the 
environmental deprivation which becoming one of the major issue for the health of society [20]. Currently, it is good 
opportunity for those industries to reduce cost, risk and liability and improve efficiency by incorporate the concept of 
pollution prevention and creating environment friendly and eco-friendly manufacturing processes [21]. Pakistan, 
during the last few decade, has seen an extensive escalation in population growth, industrialization & urbanization and 
also with a rapid growth in motorization and energy use, and consequently, a significant increment has been started in 
the various types and number of emission sources of various noise pollutants [22] and [23]. However, due to the 
absence of noise quality management proficiencies, the country is suffering from deterioration of noise quality. 
Evidence from various governmental organizations and international bodies has indicated that both pollutions are 
significant risk to the environment, health of the population and quality of life [24]. 

This study was focused on the noise pollution in the SITE area Kotri, the calibrated instruments from the PCSIR 
Hyderabad were used for data collection at the study area. The collected data was compared with the three different 
standard agencies at national and international level and from the collected data it may be concluded that all the 
industries producing the noise level more than the standard values given by international & national agencies. All 
kinds of pollution, witnessed in Sindh, are also common in many other parts of Sindh- Pakistan [25]. Suggestions for 
remedies for this nuisance are well spread in the international literature. The industrial cities of Sindh such as Karachi, 
Hyderabad, Nori Abad, Kotri and Sukkur, which are polluted to various degrees of deleterious elements, are of 
particular interest, it is pertinent to keep those free from noise and other harmful pollutants. On the basis of this study 
the authors concluded that whole industries in the SITE area Kotri producing the noise pollution in the vicinity area of 
the industries specially the textile, cotton, flour and rice mills producing higher values then the standard values 
described by various agencies at national and international level. 

The current state of noise pollution calls for immediate action to tackle the poor noise quality. The establishment of 
noise standards, an extension of the continuous monitoring sites, and the development of emission control strategies 
are essential. 

8. Recommendations / Mitigation 

• It is recommended that in order to circumvent some of the environmental concerns, efforts must be made to 
legislate and implement regulations in this context. However, in adverse conditions, the latest National Standards 
of Pakistan Environmental Protection Agency should be followed. But, in the absence of specific standards in this 
regard, the guidelines of World Health Organization, and/or United States Environmental Protection Agency 
should be consulted for further guidance. 

• Noise barriers must be implanted in the industries to reduce the noise level. 

• There should be proper lubrication of the machine to reduce the noise intensity and this will increase the 
efficiency and life of the machine. 
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• Soft and spongy material can be used on the walls, floors and ceiling of the working area to reduce reverberation 

of the noise. 

• There should be proper maintenance of exhaust fans and ventilators to reduce the noise intensity in the vicinity of 
industry. 

• In order to reduce noise impact in the vicinity of industrial area, the working shift hours may be reduced, this will 
also cause to reduce noise exposure time of workers and save their losses. 

• It is recommended that plantation of trees, bushes and gardens at the inside and outside of the industries at SITE 
area Kotri, as plants works as a pollution absorbent [26]. 
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Abstract  

Oil and gas drilling activities are considered as one of the most challenging and unpredictable process as compared to 
other operations in petroleum industry, because it involves several life threatening hazards and events. Exposure with 
hydrogen sulphide (H2S) has reported as one of the major and immediate cause of fatalities and unconsciousness at oil 
and gas drilling sites. This paper focused on the identification of most frequently occurring potential hazards during 
dealing with hydrogen sulphide (H2S) and chemical monitoring activities at on and offshore drilling process with their 
effective hazard controls based on the hierarchy of controls. In this study, data has been gathered through semi 
structured in-depth interviews from drilling health and safety experts and practitioners at three upstream oil and gas 
industries from Malaysia, Saudi Arabia and Pakistan. According to the outcome of this study, chemical hazards (fire, 
burns, skin infections and irritation) have been vastly reported during while dealing with hydrogen sulphide (H2S), 
handling with drilling fluids, silica and mercury. Furthermore, respondents from targeted industries also equally 
emphasized that the severe injuries and incidents mostly happened due to H2S and toxic fluids exposure, fluid 
additives inhalation and exposure to oil mists. Thus, findings from qualitative analysis illustrated that the personal 
protective equipment control is more reliable than administrative and engineering controls during hydrogen sulphide 
(H2S) and chemical monitoring operation. On the other hand, for the elimination of chemical hazards during handling 
drilling fluids, silica and mercury administrative and engineering control have been reported most efficient then 
personal protective equipments controls (PPECs). 
 
© 2016 "Muhammad Mujtaba Asad, Razali Bin Hassan, Qadir Mehmood Soomro, F.Sherwani, Muhammad Zubair Hingoro"  Selection and/or peer-
review under responsibility of Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and 
Technology, Jamshoro, Pakistan. 
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1. Introduction 

Oil and gas extraction operation is one of the most challenging and complex process due to its associated health and 
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safety concerns [1]. Annually, hundreds of health and safety related accidents and causalities have been reported by 
department of occupational health and safety (OSHA) of United States of America during oil and gas drilling 
manoeuvre [2]. Mostly, all physical and chemical activities associated with drilling are considered as risky and 
hazardous, but exposure to hydrogen sulphide (H2S) during drilling and production operation is considered as life 
threatening and extremely hazardous at on and offshore drilling domains [3]. According to Houston Chronicle 
Longview News-Journal, posted Apr 29, 2014, oil and gas drilling operation fatalities or deaths toll had reached to 514 
during year 2008-2012 and predominantly due to inhalation of hydrogen sulphide and hazardous gases [4]. There are 
several reasons which have been highlighted during investigation of H2S related incidents and most of the fatalities 
happened because of improper and ineffective safety rescue plans and suitable preventive measures for dealing such 
hazardous conditions [4]. Similarly, In year 2013, overall  sixty six (66) workers has been died on spot during oil and 
gas extraction operation at different sites, which includes four (4) fatalities has reported due to exposure of  hydrogen 
sulphide release during drilling and tank gauging operation [5]. Thus, this paper focused on the identification of 
hazards associated with H2S and chemical monitoring operation and their preventives during on and offshore drilling 
operations. 

 
2. Problem Statement 

 

Chemical and hydrogen sulphide (H2S) monitoring operation is considered as hazardous throughout drilling activities, 
due to the nature of job, in which drilling and well control crew have to deal with unexpected exposure of hydrogen 
sulphide, chemical mist and hazardous chemical dusts [6]. According to accident cases reported by USA occupational 
health and safety department, many fatalities have been recorded due to lack of safety management strategies and 
assessments of H2S, due to improper rescue plans and effective hazard controls based on the hierarchy of controls 
(HC) [7].In December 2003, the huge onshore blowout in the history of China oil and gas drilling due to hydrogen 
sulphide gas disaster took place at Chuandongbei gas field in Gao Qiao town in which 243 people died, 9,000 were 
injured, and 64,000 were evacuated [8]. After the one week investigation it has been identified that the particular 
incident happened due to the negligence of workplace act [8]. Also, identified that, safety officials didn’t carry out the 
detail assessment of potential hazards. Likewise workers didn’t follow the safety precautions during handling pressure 
control valve [8] .According to centre of disease control and prevention (CDCP), from year 2010 to 2015 nine people 
have been suddenly died due to the deficiency of oxygen and inhalation of hydrogen sulphide gas [9]. Therefore few 
researchers have suggested that, because there is shear need of adequate hazard identification in particular addressing 
risks rising from the frontier conditions in hydrogen sulphide and chemical monitoring operation can be eliminated or 
controlled through pooling and comparing severity and hazardousness gases and chemical monitoring activities from 
different drilling fields, regions and affected industries by using multiple and effective hazard identification 
approaches [10]. 
            Consequently, this paper is highlighted about the identification of major potential hazardous 
activities in hydrogen sulphide and chemical monitoring operation with their suitable and effective controls 
at onshore and offshore drilling crew among Malaysian, Saudi Arabian and Pakistani oil and gas industries 
with associated potential hazards by using explanatory research approach. 

3. Research Objectives 

The main aim of this study to achieve following objectives: 
 

• To recognize the potential hazardous activities associated with hydrogen sulphide and chemical monitoring 
activity during on and offshore drilling process among Malaysian, Saudi Arabian and Pakistani oil and gas 
industries. 

 
• To identify the characteristics of the related potential hazards with suitable controls associated with the 

hydrogen sulphide and chemical monitoring operation at Malaysian, Saudi Arabian and Pakistani oil and gas 
industries. 

4. Research Questions 
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The main research questions of this study are: 
 

• What are the most hazardous activities during hydrogen sulphide and chemical monitoring operation among 
on and offshore oil and gas industries in Malaysia, Saudi Arabia and Pakistan? 

 
• What are the potential hazards and their controls associated with hydrogen sulphide and chemical monitoring 

operation among on and offshore oil and gas industries in Malaysia, Saudi Arabia and Pakistan? 

5.  Methodology 

The population of this study are health and safety experts and drilling crew from major onshore and offshore oil and 
gas industries from Malaysia (PETRONAS), Saudi Arabia (Saudi Aramco) and Pakistan (OGDCL). These three 
countries and industries have been selected for data collection, because of the variety of environmental aspects and 
different international safety act and regulatory bodies like OSHA. Explanatory mix method approach has been 
adopted for this study, to achieve the aforementioned research objectives, for quantitative study 80 respondents has 
been selected for answering the research questionnaire for identifying the most hazardous activity during on and 
offshore hydrogen sulphide and chemical monitoring operation in drilling process from drilling crew of each industry. 
Similarly, for qualitative study, from each industry, three 03 Health and safety expert participants have been selected 
for semi structure interview as shown in table 1. 
 

Table 1. Respondent of Study 
 

 

 

 

• Methodology for Identification of Suitable Hazards Controls 

For the identification of suitable hazard controls researcher has selected qualitative approach (What-if Analysis) for 
extracting meaningful and detailed information through in-depth semi structured interviews from health and safety 
experts (Appendix). What-If Analysis is an effective method for determining the hazard controls by asking questions 
on the basis of potential hazards for making judgments regarding the acceptability of those risks and determining a 
recommended action for those risks judged by field experts. Because of the nature of this hazard control identification 
technique researcher also required to identify the associated hazards related to on and offshore drilling activities prior 
to appropriate controls. In the reference of identifying hazards and their controls thematic analysis approach has been 
adopted for interpreting the findings of hydrogen sulphide and chemical monitoring operation. Main themes have been 
developed on the bases on the characteristics of hazards and their appropriate control. Similarly, sub themes for each 
activity and their controls have been sorted out on the bases of identified hazard and their recommended and suggested 
control by experts from Malaysian, Saudi Arabian and Pakistani oil and gas industry as shown in fig 1. 

Country Industry No of Respondent 

 Quantitative Qualitative 

Malaysia PETRONAS 80 03 

Pakistan OGDCL 80 03 

Saudi Arabia Saudi Aramco 80 03 

Total 03 240 09 
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Fig 1. Block Diagram of What-If Analysis 

6. Quantitative Findings and Analysis 

For the justification and answer of first research question, a table of specifications is adapted from Landlell 1997 as 
guide to measure the appropriateness level of mean range of hazardous activity during casing and cementing operation 
at on and offshore oil and industries in Malaysia, Saudi Arabia and Pakistan [11]. This level as produced according to 
the range specified in table 2. 

Table 2.Appropriate Level 

Category Mean Range Level 

1 1.00-2.33 Low 

2 2.34-.3.67 Moderate 

3 3.68-5.00 High 

• Recognition of Hazardous Activity during Hydrogen Sulphide and Chemical Operation 

According to the finding from Malaysian oil and gas industries based on survey response from respondents as shown 
in table 3, it shows that during drilling operation mostly hazards has been reported from drilling fluids in onshore sites 
with mean score 3.47 which is lying under moderate level of mean score range as shown in table 2. As per the 
respondents more health related issues has been reported due to radioactive materials at offshore drilling sites, with 
moderate level of mean score 3.42. 

Table 3. Quantitative Results of Hydrogen Sulphide and Chemical Monitoring Operation at Malaysia 

Activities Onshore Offshore 

Hydrogen Sulphide  Mean=3.40 

SD=0.632 

Mean=3.35 

SD=0.699 

Drilling Fluids Mean=3.47 

SD=0.598 

Mean=3.22 

SD=0.767 

Silica and Mercury Mean=3.30 

SD=0.686 

Mean=2.90 

SD=0.708 

Radioactive materials Mean=3.32 

SD=0.658 

Mean=3.42 

SD=0.594 

Total 3.37 3.20 

In context of on and offshore Saudi Arabian oil and gas industries it shows that in table 4, For onshore operation the 
drilling crew considered silica and mercury case injuries with mean score 3.37 which is under moderate level of mean 
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range. During offshore drilling operations mostly hazards has been reported due to hazardous drilling fluids with mean 
score 3.55 which is lying under moderate level of mean score range. 

Table 4. Quantitative Results of Hydrogen Sulphide and Chemical Monitoring Operation at Saudi Arabia 

Activities Onshore Offshore 

Hydrogen Sulphide  Mean=3.20 

SD=0.853 

Mean=3.50 

SD=0.640 

Drilling Fluids Mean=3.22 

SD=0.800 

Mean=3.55 

SD=0.552 

Silica and Mercury Mean=3.37 

SD=0.704 

Mean=3.47 

SD=0.640 

Radioactive materials Mean=3.17 

SD=0.930 

Mean=3.57 

SD=0.500 

Total 3.42 3.52 

In the reference of Pakistani oil and gas industries based on quantitative response from respondents as shown in table 
5, Health issues among drilling crew is more due to radioactive materials during drilling at onshore with moderate 
level of mean score, 3.52. Results for offshore operation indicate that the hydrogen sulphide is more hazardous in 
offshore sites with moderate level of mean score which is 3.57.  

Table 5. Quantitative Results of Hydrogen Sulphide and Chemical Monitoring Operation at Pakistan 

Activities Onshore Offshore 

Hydrogen Sulphide  Mean=3.37 

SD=0.740 

Mean=3.57 

SD=0.500 

Drilling Fluids Mean=3.37 

SD=0.740 

Mean=3.47 

SD=0.715 

Silica and Mercury Mean=3.47 

SD=0.640 

Mean=3.22 

SD=0.800 

Radioactive materials Mean=3.52 

SD=0.715 

Mean=3.27 

SD=0.750 

Total 3.43 3.38 

 
• Potential Hazard associated with Hydrogen Sulphide and Chemical operation 

Table 6, indicates the output of potential hazard associated with hydrogen sulphide and chemical monitoring operation 
at Malaysian, Saudi Arabian and Pakistani Oil and gas industries. According to the findings 63% respondent from 
Malaysia oil and gas industry, 60% from Saudi Arabia, 53% from Pakistani onshore oil and gas industry considered 
chemical hazards are potential hazards during well control. Similarly, 78 % of them from Malaysia and 65% from 
Saudi Arabia and 73% from Pakistani oil and gas industries specify that chemical hazards are cause of injuries during 
offshore operation. From Malaysian onshore oil and gas industry 37%, Saudi Arabian 40% and Pakistani 47% of them 
indicated that safety hazards are potential hazards. Same as, 22% of them from Malaysia and 35% from Saudi Arabia 
and 27% from Pakistani oil and gas industries specify that safety hazards are potential during Hydrogen sulphide and 
chemical monitoring.  

Table 6: Hazard Associated with On and Offshore Hydrogen Sulphide and Chemical Operation 

 

Potential Hazards 

 

Malaysia 

 

Saudi Arabia  

 

Pakistan 

 

Onshore 

 

Offshore 

 

Onshore 

 

Offshore 

 

Onshore 

 

Offshore 
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Chemical Hazard 

 

63% 

 

78% 

 

60% 

 

65% 

 

53% 

 

73% 

 

Safety Hazard 

 

37% 

 

22% 

 

40% 

 

35% 

 

47% 

 

27% 

 

Total 

 

100% 

 

100% 

 

100% 

 

100% 

 

100% 

 

100% 

7. Qualitative Findings and Analysis  

In this study, for qualitative data analysis thematic analysis with what if analysis risk assessment approach 
has been adapted for semi structure interviews. In this study every respondent have been assigned 
confidential code number for recognizing the industry and country based on designation during data 
analysis and interpretation, as shown in table 7.   

Table 7. Respondent of Study 

S.NO Malaysia Saudi Arabia Pakistan 

1 MY01 SA1 PK1 

2 MY02 SA2 PK2 

3 MY03 SA3 PK3 

Total 03 03 03 

7.1. Chemical Hazards Associated with Hydrogen Sulphide (H2S) 

According to the qualitative findings, respondents from targeted industries of this study complete agreed on the 
exposure to most toxic and deadly gas hydrogen sulphide which can causes a wide range of health effects. As per 
participant MY1 from Malaysia, SA1 from Saudi and PK1 from Malaysia have indicated that workers are primarily 
exposed to hydrogen sulphide by breathing it and the effects depend on how much hydrogen sulphide worker breathe 
and for how long. Exposure to very high concentrations can quickly lead to death at both on and offshore drilling 
process. Moreover, interview participants from MY, SA and PK also specified chemical hazards which are associated 
with toxic drilling fluid and liquefied gases during mixing them they can cause many health related issues such as skin 
rashes, eyes irritation and also it can lead to respiratory problems. Therefore, interview participant MY1 from Malaysia 
and PK1 from Pakistan on and offshore oil and gas industry have reported chemical hazards due to in contact with 
drilling fluids and liquefied gases, if handled them without safety precautions and measures.  

7.3.1 Engineering and PPE Hazard Control for Hydrogen Sulphide and Toxic Fluid 

• Inhalation and Eyes Protection: Malaysian Context  

As per response for participants MY1 and MY3 on question regarding suitable hazard control for hydrogen sulphide 
toxic fluids specified that by wearing a powered air-purifying respirator with an appropriate cartridge or wear a 
NIOSH approved self-contained breathing apparatus where the possibility of interaction with hydrogen sulphide or 
liquefied gases is high. While, participant MY3 from offshore Malaysian oil and gas industry have indicated for 
preventing eyes for irritation or burning due to hydrogen sulphide and toxic fluids workers should must wear chemical 
safety goggles or complete face shield. 

• Exhaust Ventilation System: Saudi Arabian Context 

In the perspective of Saudi Arabian oil and gas industry, participant SA2 and SA3 have argued that, for controlling the 
life threatening hazards from hydrogen Sulphide and toxic fluids and gases can be reduced by installation of 
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ventilation systems at on and offshore sites. Use non-sparking ventilation systems or approved explosion-proof 
equipment in areas where most likelihoods of H2S hazards has been reported.  

• Avoiding Exposure and Personal Protection: Pakistani Context 

For the control of Hydrogen Sulphide and other toxic gases interaction, participant PK2 and PK3 have mutually 
suggested that, before entering areas where hydrogen sulphide or other hazardous gases may be present, must have a 
qualified person asses and examine the air from special H2S detector. If the gas is detected, then area should be 
ventilated. If the gas cannot be isolated, workers should be equipped with proper personal protective such as chemical 
protective clothing and breathing apparatus.  

7.2. Chemical Hazards Associated with Drilling Fluids 

Participants responded on potential hazards in handling drilling fluids activity during chemical operation, participants 
from three targeted industries have pointed out respiratory and lungs problems due to fluid additives inhalation. As per 
participant MY1 and MY2 from Malaysian oil and gas industry reported congestion in breathing, sever cough during 
onshore handling of drilling fluids. However in context of fluid additives hazard, participant MY2 from Malaysia and 
PK3 from Pakistan have mutual agreement on possibility of these hazards during on both shores.   

Likewise, most of the interview participants from MY and SA and PK also emphasized on skin burns, skin problems 
and berating issues due to oil mist during chemical monitoring at on and offshore operation as shown in table. 
Participant SA2 from Saudi Arabia and PK2 from Pakistan have mentioned about oil mist hazard which can affect the 
performance of on and offshore drilling crew. Although all interview participant consider oil must is hazardous at 
offshore rather than onshore if they not follow safety instruction according to OSHA regulations. 

7.3.1 Engineering and PPE Hazard Control for Hydrogen Sulphide and Toxic Fluid 

• Installation of Ventilation System: Malaysian Context 

As participant MY1 from onshore and MY3 from offshore Malaysian oil and gas industry have mutually 
recommended that, the installation of ventilation system which can purify the air from hazardous fluid inductive 
inhalation and reduce and protect against breathing and lungs problems among on and offshore drilling crew. 

• Inhalation Protective Equipment and House Keeping: Saudi Arabian Context 

For controlling the respiratory and skin related issues due to inhalation and contacting with drilling fluids, participant 
SA2 and SA3 have suggested respiratory and breathing safety equipment utilization before entering to that particular 
area. Participants also specified that, supervisor should maintain proper housekeeping on side for eliminating skin and 
eyes infections deceases. 

• Fluid Handling Training and Respiratory Protection: Pakistani Context  

Similarly, participant PK3 from Pakistani oil and gas industry have specified that by conducting effective and all 
planned fluid handling trainings which will guide and the drilling crew members regarding precaution and preventive 
measures  prior to performing any activity which have chemical and fluids handling.  

7.3.1 Administrative and PPE Hazard Control for Oil Mist 

• Provision of Awareness Sessions and Risk Assessment: Malaysia Context 

As per participant MY2 have suggested, for the reduction of oil mist related hazard at on and offshore sites, safety 
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supervisor have to do risk complete assessment for assessing the probability and severity of hazards due to oil mist. 
While, participant MY3 have highlighted that by conducting awareness session for those workers they deal with oil 
mist during their routine job. 

• Appropriate Clothing and Skin Protection: Saudi Arabian Context 

On the query regarding oil mist hazards controls, interview respondents mentioned and advised that, during chemical 
operation or other relevant activities workforce should wear appropriate clothing with high performance protective 
gloves for skin disorder and infection. 

• Medical Evaluation and Pre Job Meetings: Pakistan 

Response from Drilling Health and safety and safety on query regarding hazards preventive measure for oil mist 
during on and offshore drilling operation notified that, earlier to designating any crew in that area where exposure with 
oil mist is high, rig supervisor and medical ramp on rig should examine the respiratory system  and perform blood and 
X-ray tests. Interview participant also recommended pre job meeting and discussions for understanding the tasks and 
activities with applicable preclusions in case of contact toxic oil mists.  

7.3. Chemical Hazards Associated with Silica, Mercury and Radioactive Materials 

On interview question regarding potential hazed faced by drilling crew due to silica and mercury, according to the 
participant MY1 from Malaysia, SA2 from Saudi Arabia and PK3 from Pakistan indicate that due to long time dealing 
with silica mostly workers got with silicosis disease which caused by the prolonged breathing of crystalline silica dust 
which is one of the main hazard at on and offshore drilling operation. Basically, crystalline silica are fine particles 
deposited in the lungs because thickening and scarring of the lung tissue which linked to lung cancer. And also 
highlighted that, if workers feel Shortness of breath, severe cough and weakness then must have to inform their doctor 
on rig. Also, participants from focused industries highlighted nervous breakdown due to interaction with mercury 
fumes and vapours s which can cause shortness of breath, Chest pain and Nausea, vomiting, diarrhea. As participant 
MY2 from Malaysia, SA3 from Saudi Arabia has specified that long term exposure to high concentration of mercury 
vapour does harm to the central nervous system and hearing problems. Contact with mercury can also impact kidneys 
and lead to irritation and skin and eye burns.  

7.3.1 Administrative and PPE Hazard Control for Crystalline Silica 

• Hazardous Materials Survey and Risk Assessment for Crystalline Silica: Malaysian Context 

Indicated by participnat MY3 from Malaysian oil and gas Industry for controlling associated hazards due to crystaline 
silica which is extremly hazadous for human heath by conducting qunatitative a survey for hazadous materials during 
welding, cutting and electrical workork during drilling process.On other hand participant MY2 in the prespective of 
offshore sites, highly recommended, risk assesment for particularly for related hazards with crystaline silica. 

• Air polution monitoring of worksites and Implication of Respirator:Saudi Arbaian Context 

According to Interview respondent SA2 form Saudi Arabia has reported that, through the procedures for monitoring of 
air qulaity at on offshore sites for preveting from fatal lung diseases, including silicosis and lung cancer during drilling 
and cementing opertion.Whereas, participant SA1 considerd air purifie respirator are the most effective control 
avoiding from cryslatine silica hazards at offshore domain. 

• Warning signs and Silica Exposture Control Plan:Paksiatnai Context 

In the context of Pakistan, interview participant PK1 specified the hazard control where respirable silica is present by 
posting warning signs and safety precausions and preventive measures at onshore sites. While, participant PK2 have 
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sugessted to develop  and design a complete written silca exposture control plane for avoiding life threatning hazards 
due to silica dust at on and offshore sites. 

• Risk Assesment for Mercury Vapors and Protective Equipments : Malaysian Context 

According to the participant, MY2 has considered that by before any activity such as fracturing and cutting  must do 
risk assesment for mercury vapors based on servey for hazadous material to overcome hazards due to contact with 
mercurry.Also, interview respondent MY3 from malaysian oil and gas industry pointed out that, workers nesessarly 
waer mercury vapor inhalation protective equipment to protect respiratoiry track from infections and cronic desiease. 

8. Conclusion 

According to overall results, hydrogen sulphide and chemical monitoring operation is indicated as one of the 
moderately hazardous drilling operation during on and offshore operation and associated with chemical and safety 
hazards in all targeted industries with moderate range of mean score, but total mean based on response from Saudi 
Arabian offshore drilling crew and health and safety officers is highest then Malaysia and Pakistan but lying under 
moderate range of mean which is 3.52. As per results all potential hazards are related to chemical hazards 
characteristics such as hydrogen sulphide, drilling fluids, radioactive materials and etc. Based on the what-If analysis, 
drilling health and safety practitioners have recommended administrative and personal protective equipments control 
as most effective controlling measures for reducing chemical hazards associated with hydrogen sulphide and chemical 
monitoring operation at on and offshore drilling sites. 
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