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FOREWORD 
 

Pakistan Nuclear Society (PNS) was established to promote science and technology 

related to nuclear fields and to develop inter-organisational contacts and 

collaboration. All the nuclear reactors to produce electric power require water. 

Inhabitants in Pakistan are in dire need of potable and safe drinking water. Available 

supplies in Pakistan are mismanaged and wastage of water in domestic use and 

agriculture fields is there. Conference on “Water Problems in Pakistan and Their 
Solutions” was held to address these issues.  As a result this conference was 
visualised and arranged basically by PNS along with the support of PAEC, PSF, 

COMSAT, PAS and PCRWR. The papers received in this conference were oral 

presentations as well as presented as posters. The papers are not typeset and are 

reproduced as received. However, all the papers were reviewed under Editors 

supervision with the assistance of Advisory and Technical Committee members as 

per standards set by the Technical Committee. Both research and review papers 

were accepted to embrace water field related new ideas and accumulate knowledge 

about water problems and their applicable solutions. 
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PREFACE 
 

Water is an essential constituent to support life on earth. The increasing population 

has enhanced the water demand for drinking and industrial plus agriculture sectors. 

Pakistan has good fresh water supplies but the water available is to be used wisely 

and carefully. The abundantly available water every year seasonally from June to 

August is not trapped as a whole in dams and natural or artificial water storages. 

Man has been tampering with the natural ecosystem, challenging its sustainability. 

The quality of water is also deteriorating both of underground aquifers and water 

bodies. The waste from industries is being added to sweet water channels and water 

bodies like rivers and canals. More than 90 % industries in Pakistan do not have 

their waste water treatment plants. The waste water from industries contain varied 

types of chemicals, animal and plant constituents, acids, alkalis and other organic 

and inorganic waste products, toxic for human health. About 100 tanneries near 

Kasur and textile industries in Faisalabad are producing threats of this kind. The 

quantity and volume of water supplied for agriculture and industries is contracting 

continuously. The domestic water supplies are also not providing safe drinking water, 

affecting the human health.  Most of underground water in Sindh Baluchistan, KPK 

and Punjab provinces is brackish, which needs to be treated and desalinated. Pure 

water is needed to run Pakistan classical power and nuclear plants.  Recently 

arsenic and other toxic elements have been detected in Pakistani underground 

waters, posing another threat. 

 

This   conference program had been visualized and planned to deal with such issues 

and collect information from water scientists and experts to seek solutions to 

overcome these issues. During the time span of 2017 to 2018 a lot of attention had 

been given by GOP and then Chief Justice of Pakistan, has been rightly at the 

forefront, demanding equitable and economic solutions for the safety of the 

inhabitants in Pakistan. Conference on “Water Problems in Pakistan and Their 

Solutions” was held to address these issues.  As a result this conference was 
visualized and arranged basically by PNS along with the support of Pakistan Atomic 

Energy Commission, Pakistan Science Foundation, COMSAT, PAS and PCRWR. 

The papers received in this conference are based on oral presentations and 

presented as posters.  

 

Twenty seven percent of world population is exposed to contaminated water. 

Pakistan is 9th most populous country in the world. About 80% population in 

Pakistan has no access to clean drinking water.Nearly 60% cases admitted in 
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Karachi are due to water borne diseases. Nearly 57% deaths in Pakistan are due to 

water borne diseases. 

 

PAEC is the only organization which has taken keen interest in the water related 

projects to attain purified water for nuclear power plants. This is why PAEC power 

plants and other related systems have been working trouble free and PAEC 

deserves special attributes. 

 

Reverse osmosis and distillation are the viable systems for this purpose. Nuclear 

desalination has been specifically addressed in this conference. In this conference 

37 abstracts of papers for presentation had been received, covering above issues, 

including input  of water for nuclear industry, water resources and management, 

water conservation, water for agriculture, including drip irrigation systems to save 

water, water contamination, water quality and required standards to achieve and 

some cross disciplinary areas. Recommendations have also been compiled for 

further use for the planners of water field and the professionals to procure the water 

desalination plants, with economic impact considerations also. 

 

The proceedings of this conference are being published to have a record of the 

presentations for the benefit of readers, present and future professionals, for their 

guidance and use. It also presents the work results of different water field experts to 

be used in cross disciplinary areas. Papers are reviewed under Editors supervision 

with the assistance of Advisory and Technical Committee members per standards 

set by Technical committee. Both research and review papers have been accepted 

to embrace water field related new ideas and accumulate knowledge about water 

problems and their applicable solutions. 

 

Dr. Muhammad Ashraf Chaudry 

President 

Pakistan Nuclear Society 
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1.1. Welcome Address 

 Dr. Muhammad Ashraf Chaudry 
President, Pakistan Nuclear Society 

 
Respected and Honourable Chief Guest, Mr. Shamsul Mulk (HI) 
Mr. Parvez Butt (NI,HI,SI), former Chairman, PAEC and Ex-Secretary MOST 
Dr. Shaukat Hameed, Former Coordinator General, COMSTECH 
Mr Ahmad Kamal, Chief Engineering Advisor and Chairman, Federal Flood Commission 
Prof. Dr. Qasim Jan, President Pakistan Academy of Science 
Ms. Farhat Waqar, Secretary General, PNS 
Council Members of PNS, especially Mr. Waqar Butt 
Respected Speakers,  
Guests, 
Ladies and Gentlemen, 
 
Assalam-o-Alaikum 

It is indeed my pleasure and honour to welcome and receive in this venue to participate 
in this activity of PNS. I am profoundly grateful to the Chief Guest to spare time for this 
event  and grace the occasion by his kind presence. 
 
Pakistan Nuclear Society is a professional society of scientists, engineers, technical and 
other professionals working in nuclear fields.The basic objectives of the Society include 
the following. 
 

 To promote the applications of  nuclear  science and technology, for the 

benefit of mankind, in electric power, medicine and agriculture sectors 

 To encourage  education  in related fields and training  of manpower in the 

related discipline 

 To enhance dissemination of basic information in nuclear fields about safety  

of  workers and public  

 To develop relations and collaboration with other organisations and 

establishments  having scientific and technical  objectives to create public 

awareness  

I am proud to hold this conference, addressing the water problems in Pakistan and their 

solutions. 

Pakistan is a country with great and enough resources. Water is one of these. The 

country receives a fixed amount of water in the form of rain every year. Its amount is 
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constant since the birth of Pakistan. Its population is increasing every day and every 

moment. It is said that 16 million people in Pakistan lack access to improved water. 

Share of urban and rural population varies. 

According to Pakistan Social and Living Standard Measurement Survey 2010-12, the 

sources of drinking water in use are: Tap water, 30%, Hand pump, 28%, Motor pump, 

27%, , Dug well, 4%, and Others, 9%. 

According to National Drinking Water Policy 2009, the goal is to provide universal 

access to drinking water in equitable, efficient and sustainable manner by year 2025. 

The economic impact of the inadequate sanitation is Rs.344 billion and out of it 4% 

impact is due to increased cost of water supply including the habit of shifting to bottled 

water. So far water has been used and spent and not recycled due to the lack of 

attention to this possibility. Water quality is another issue. 

NASA mott0-cum-mission statement is: 

“Follow the Water”. 70% of human body is water. 70% of earth surface is covered with 
water. Water nurtures the need of plants, animals and humans. So water is life. 
 
 
Sea water is salty up to 97.5% and 1.75% of water is kept as frozen by nature on the 
poles with glaciers. It is estimated that 75% water is in ground (under ground water) and 
0.3% is surface water to meet nearly 60% needs. 
 
Water has been created by Allah (SWT) and will remain available provided that it is well 
managed. Misuse of water on earth predicts the catastrophic effects. The managerial 
problems are   economic, cultural and political as well. Lack of funds and relation to 
water scarcity are excuses on our part. Water is to be recycled, rain water to be 
harvested and water bodies to be protected from contamination.  
 
Political problem is not water management but to see how the politations are elected i.e. 
fix the water problem to get votes. If the available funds are used honestly and wisely 
the problems can be solved. The experts participating in this conference will propose 
solutions. The solutions provided will be forwarded to concerned authorities, if these are 
viable.  
 
In Soth Africa, Capetown has become a thirsty city. They have shifted to gas cooled 
reactors to save and avoid water. They are also thinking to tow glaciers. Capetown is 
situated right on sea. Our coastal areas including Karachi, Gwadar and other ports 
require water and water solutions are to be available. 
 
 PAEC experts thought quite earlier and proposed to shift to solar and nuclear 
desalination of sea water. PAEC is using thermal and RO for water desalination to meet 
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its water requirements in KANUPP. RO needs continuous supervision to keep the 
membranes clean. Membranes with high area to volume ratio are to be carefully 
selected. In India, China, USA and Europ there are hundreds of membranes bases 
institutions. Dubai produces and meets its 70% fresh water demand by using 
desalination.  Israel started with nuclear desalination at the time when PAEC also had a 
DUPNUPP programme which had been abandoned. The system is affordable as the 
consumers pay for it. 
 
Trained manpower in membranes processes for water and power plants is the need of 
the day. World industries are being shifted from classical to membranes based unit 
processes.  We are to take notice of that to run with and to compete with other nations 
economically. Water lords are to go for mixed expertise manpower. Only civil engineers 
working in isolation cannot solve countries water problems. 
 
Pakistan has been bestowed with enough amount of water. We are pumping water 
through tube wells to get rid of salinity and waterlogging. The extracted water can run 
an RO to produce   some percentage of fresh water out of pumped pressurised water to 
waste water streams. There is also no brine disposal problem. If we have a couple of 
efficient turbines, part of energy consumed can be recovered. 
 
We are to build storages of water to irrigate our barren lands, recharge the aquifers and 
have to come out of all political, cultural and all other types of prejudices to make the 
Pakistan Strong and an economic power.  
 
 In this conference papers on various aspects of water field will be presented related to 
water resources, water conservation,  nuclear desalination plus other desalination 
technologies, water quality  and water for agriculture   and  water treatment. I welcome 
all the speakers, who have worked hard to prepare their papers and presentations and 
am grateful to them. 
 
There is also an interesting competition of posters. Let us see who wins. We appreciate 
their efforts. Thanks to all concerned, especially Dr. Tauqueer from CCRD/COMSATS. 
There are a few stalls from different organisations, a firm and an NGO. Their interest in 
this important activity is highly appreciated. 
 
Thanks are also due to all Committee Members, who have very kindly spared their time 
and have contributed by their presence and making the conference arrangements.  
 
Thanks to the Chief Guest and all other dignitaries from PAEC, PAS, PCSR and PSF 
for their support. The financial support from FWO and PSF is heart fully acknowledged. 
 
PNS Council members have done a great job. I personally feel proud of them and 
congratulate them to be part of this important activity. 
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1.2. Inaugural Address by the Chief Guest 

Engr. Shamsul Mulk 

 

Dr. Muhammad Ashraf Chaudry, President Pakistan nuclear Society, 
Engr. Mr. Parvez Butt, 
Ladies and Gentlemen, 
 
It is a privilege for me to address at this high level forum of scientists and engineers 
assembled here on the occasion of this Conference on Water Problems in Pakistan and 
Their Solutions. To PNS and PAEC, the organizers as well as PAS, PCRWR and 
COMSATS; the collaborators of this conference, I want to congratulate for providing this 
forum to address the water problems in Pakistan in order to provide  solutions to the 
same. The efforts rendered by the organizing committee members to arrange this 
conference and particularly Dr. M. Ashraf Chaudry deserve commendation. 
 
Man has been tempering with the natural ecosystem in the quest of improving life 
standards and their sustenance. The population explosion during recent past few 
decades has further worsened the situation and has led to water crisis in the world. In 
Pakistan scarcity of suitable water is a problem due to lack of timely available fresh rain 
water  and excessive water flooding for which new dams could not be built. 
 
Water quality is deteriorated due to industrial effluents entering the water bodies. Water 
quality in urban and rural water supply has also been compromised. In Pakistan, the 
availability of safe water is only 40% to 60%. Therefore it becomes imperative to 
determine the bacteriological status of drinking water.  Arsenic and other toxic elements 
and excessive doses of fluoride in drinking water detection  in underground water and 
other water sources of water supply are the other serious issues to be addressed in this 
conference, which  is highly appreciated.  
 
There are problems of an appropriate trained manpower coupled with efficiency. The 
non-revenue water  is upto 45%  in Karachi, 40% in Lahore, 45% in Rawalpindi and 
50% in Peshawar. Manpower on the average is 13 employees per 1000 connections for 
meter reading and checking.  So 50% water goes unaccounted.  The situation needs 
improvement. 

We do not care for water saving per our prevalent culture. We have to educate society 
and to seek the support of community. Our coastal areas could not be developed as no 
fresh water supplies were still not there. There has been efforts by previous 
governments to improve the situation, but still very little has been done. Present 
Government is well aware of these problems and is determined to supply improved and 
sufficient water to the people of Pakistan. 
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I am sure, there will be very useful deliberations during the conference by the 
distinguished speakers and I hereby acknowledge their effort and research work, based 
on which recommendations will help the government to provide directions and 
guidelines to work upon. 
Nuclear desalination to supply potable water to coastal belt is an option, which is to be 
be considered at an appropriate level in the government for implementation; 
Membrane Technologies Institute to develop, design and fabricate the water treatment 
plants in Pakistan will also be brought under the consideration of our Honourable Prime 
Minister, Imran Khan. 
 
Water and energy are interlinked. The focus of the present government to construct new 
dams indicate the will and priority for  the adequate supply of required quality and in 
sufficient amounts to the common people living in Pakistan. 
 
Pakistan Paindabad. 
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2. Technical Sessions 
 

Session-1(Invited Talks) 
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1. Pakistan’s Water Security: The Transboundary Dimension 
 

Ambassador (R) Shafqat Kakakhel 
 

Pakistan depends for more than seventy per cent (70%) of its surface 
freshwater on the Indus River Basin’s major tributaries which originate in 
or transit through India and Kashmir and Afghanistan. Most of the rivers 
rising within Pakistan eventually drain into the Indus Basin. Critical 
dependence on transboundary rivers makes efforts to ensure not only  
continued access to the rivers flowing from across our borders but also 
broader cooperation with India and Afghanistan on water resource 
development and utilization, a key imperative of our water security. 

 
              Keywords: water security, transboundary, critical dependence 
 

The Indus Waters Treaty 
The Indus Waters Treaty, negotiated with the  invaluable assistance of the World 
Bank, signed by India and Pakistan in 1960, was neither a water sharing agreement 
nor a blueprint for cooperatively managing the Indus Basin.Instead, it  partitioned the 
six major rivers of the Indus Basin between India  and Pakistan.The three eastern 
rivers- Ravi, Sutlej, and Beas- that had hitherto irrigated most of Pakistan’s  lands 
were allocated to India.The three western rivers- the Indus, Chenab, and Jhelum- 
were to continue to flow into Pakistan but India was allowed to use their waters for 
hydropower production, human consumption, and irrigation. 
Pakistan  had evidently agreed to the Indus Waters Treaty because it not only 
ensured its access to the flows of the three western rivers carrying nearly eighty (80)% 
of the assets of the Indus Basin but was accompanied by  grants and loans to 
Pakistan for building the  two large dams in Mangla and Tarbela and eight link canals 
to carry water to areas previously irrigated by the eastern rivers.A unique feature of 
the Treaty is an elaborate dispute settlement mechanism providing for international 
arbitration to resolve differences concerning its implementation which can not be 
settled by  the bilateral Indus Commission. 
 
The Implementation of the Indus Waters Treaty 
 During the first decade and half since its signing, the implementation of the Indus 
Waters Treaty was smooth and hassle free. However,  the Treaty  came under strain 
when India embarked on building dozens of hydropower plants on the western rivers 
which it is allowed to do but under stringent conditions and with the  prior consent of 
Pakistan. 
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Although the Indian hydropower projects are run- of the – river plants using limited 
amounts of water and do not entail permanent storage, they lend India a capacity to 
manipulate the flows of the rivers should it decide to use  water as an instrument of 
coercion, especially during critical seasons of sowing of crops.The so-called ‘ 
cascades’ of dams  have  been a constant source of anxiety for Pakistan given the 
conflictual  nature of Indo- Pak relations. All the major  disputes over the Indian 
projects – which were resolved through high level  bilateral negotiations ( e.g. the 
Salal Dam), a Neutral Expert ( e.g. the Baglihar Dam) and a Court of Arbitration ( the 
Kishenganga Hydropower project)- as well as the unresolved issue of the Willard 
Barrage/ Tulbul Navigation Project reflect  this anxiety. 
 
Pakistani officials also  claim that India routinely violates the Indus Waters Treaty’s 
Rule Book by not providing timely information on its hydropower projects and when it 
does so the technical data  is incomplete.Moreover, India often starts civil works for 
the projects prior to receiving Pakistan’s consent. In September 2016, India 
threatened to hold in abeyance the meetings of the Permanent Indus Commission 
mandated by the Treaty although it had to rescind its unlawful threat after a few 
months. 
India’s compliance with Article 6 of the Indus Waters Treaty concerning supply of data 
on river flows has also been uneven. Regrettably, during the past two years the 
universally acclaimed dispute settlement mechanism prescribed by the Indus Waters 
Treaty has been seriously threatened by the inability of India and Pakistan to agree on 
either of the two arbitration options – a Neutral Expert favored by India or a Court of 
Arbitration demanded by Pakistan- to settle their differences over several Indian 
hydropower projects, including the Kishenganga plant which has in fact  already been 
completed. 
 
Gaps in the Indus Waters Treaty 
 
Whilst the facts mentioned above relate to the implementation of the Indus Waters 
Treaty, the Treaty also suffers from omissions  of certain important elements  - either 
because it was negotiated during the 1950s when  international transboundary rivers 
law was in a formative stage or because some aspects of management of 
international rivers or likely drivers of water scarcity were not understood adequately 
or at all during the 1950s-which have  adversely affected the efficacy of the 
Treaty.The Treaty does not provide for measures for the sustainable management of 
the watershed of the western rivers which has suffered considerably due to 
deforestation.It does not deal adequately with the need to ensure the quality of the 
river water which has deteriorated due to the dumping of municipal, industrial, and 
agricultural effluents. The Treaty is silent about the prudent, sustainable management 
of the groundwaters although they are an integral part of a river basin’s hydrology.The 
Treaty does not recognize the imperative of maintaining  environmental flows in the 
eastern rivers allotted to India.The complete diversion of the waters of the Ravi  has 
led to serious ecological damage.Above all,  for reasons that are perfectly 
understandable, the  Indus Waters Treaty does not take cognizance of the impacts of 
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climate change, especially the recession of the Himalaya glaciers and disruption of the 
monsoon winds, which concern freshwater resources.Perhaps the most serious 
lacuna in the Treaty is that it does not provide for any mechanism to deal with a 
significant diminution in flows caused by climate change impacts. 
 
Hiatus in Indo- Pak dialogue 
 
The aforementioned deficiencies of the Indus Waters Treaty have been identified by 
Indian and Pakistani  water resource experts during the so- called Track 2 dialogues 
which have suggested joint studies to provide  reliable data and information on 
subjects that were not addressed by the Treaty. Regrettably India and Pakistan have 
never discussed those topics because of their preoccupation with the Indian 
hydropower plants as well as the prolonged hiatus in their high level dialogue for over 
a decade. 
 
Pakistan’s National Water Policy 
Pakistan’s National Water Policy approved in April 2018 contains a short section 
(Section 9) on ‘ Transboundary Rivers’ which voices Pakistan’s fears concerning the 
Indian hydropower projects without , however, mentioning India!  
One, the Policy calls for the sharing of transboundary aquifers and joint management 
of the watersheds of the western rivers.It proposed four measures to address its 
concerns- a “mechanism” for sharing the aquifers and watershed management as well 
as information relating to hydro- metreological disasters/ disaster like situations( such 
as flooding or droughts) threatening Pakistan’s infrastructure and economy. 
 Two, the Water Policy proposes to look into “regional mechanisms ” for addressing 
Pakistan’s “ growing vulnerabilities “ to “ hydro- metreological disasters owing to 
transboundary releases and stoppages”.The authors of the Policy seem unaware of 
the fact that currently there is no “ regional mechanism” in South Asia and India is 
unlikely to allow any such mechanism. 
Three, the Policy promises to carry out “a study to evaluate the impact of 
developments in the upper catchment of the western rivers on the environment , 
agriculture, and hydropower projects, planned and existing in the lower catchment 
besides the risk of damage and vulnerability to national infrastructure at large’’.The 
study is also meant to “ suggest measures how to minimize these impacts within the 
framework of the Indus Waters Treaty and international water laws”. Clearly, this is yet 
another reference to the Indian hydropower projects and their likely adverse impacts 
on Pakistan. The Policy does not mention whether Pakistan intends to undertake this 
study on its own or would like to do it in collaboration with India. 
Fourth, the Policy promises to explore “options…to preserve the environmental 
integrity of the (Indus River) system to reduce hazards faced by the populations of 
areas of eastern rivers on the Pakistan side keeping in view the rights of lower 
riparian”. However, it does not identify the hazards. Pakistan’s position on 
environmental flows in the eastern rivers has been strengthened by the verdict of the 
Court of Arbitration established to settle the disputes over the Kishenganga 
hydropower project. The Court upheld the Imperative of environmental flows and 
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asserted that “ it would have to give due regard to the customary international law 
requirements of avoiding or mitigating transboundary harm and of reconciling 
economic development with the protection of the environment “. 
Notwithstanding the Court of Arbitration ‘s verdict, a high level meeting convened by 
Prime Minister Modi in September 2016 in the wake of an attack on the Uri  military 
base, Mr Modi declared that India will ensure the utilization of every drop of the waters 
of the eastern rivers. More recently, India has approved the construction of several 
dams for storing and using the small quantities of water (estimated at between 3- 4% 
of the flows of the eastern rivers) that have until recently trickled through into Pakistan.   
 
The need for a comprehensive water dialogue with India 
 
Whilst there is no imminent threat of a deliberate disruption of water supplies by India, 
the impacts of climate change- in particular the recession of the Himalaya glaciers 
feeding the Indus Basin and erratic monsoon winds causing gains which replenish 
river flows and recharge aquifers- are likely to cause a diminution in the flows of the 
rivers. Both India and Pakistan face the water- related threats posed by climate 
change which they can mitigate at least partially through cooperation and mutual 
learning  to  enhance water use efficiency and develop livestock and crop varieties 
that require less water and are heat resistant. Such cooperation can be forged through 
a sustained water- centered dialogue at the political level and collaboration between 
agricultural research institutions of the two countries. 
 
Given the stridently hostile attitude of Prime Minister Narendra Modi during the 
forthcoming Indian election and India’s brutal suppression of the legitimate struggle of 
the Kashmiri people for freedom which New Delhi explains in terms of Pakistan’s 
interference,  the prospects of an early resumption of the stalled Indo- Pak dialogue 
do not seem to be bright. One can , however, hope that if Mr Modi is re- elected he 
might be willing to resume the  stalled bilateral dialogue  paving the way for 
discussions on not only ensuring the effective implementation of the Indus Waters 
Treaty but also broader consultation and cooperation on transboundary water issues 
not covered by the Treaty. While hoping for that, Pakistan should carefully review its 
position on the means of external arbitration with a view to facilitating a breakthrough 
in the stalemate that poses serious risks for the Indus Waters Treaty. Being a lower 
riparian, Pakistan needs to make every effort to preserve the Indus WatersTreaty and 
ensure its implementation in letter and spirit. 
 
The Kabul River 
 
An unacknowledged but significant feature of Pakistan- Afghanistan relations is the 
sharing of seven rivers which originate in the Hindu Kush region of Afghanistan and 
enter Khyber Pukhtunkhwa and FATA region. The Chitral River rising in the foothills of 
the Hindu Kush in Chitral enters Afghanistan’s Kunar province and adopts its name. It 
merges into the Kabul near Jalalabad adding more than half of its waters before the 
Kabul enters Pakistan near Torkham. The Swat River drains into the Kabul and the 
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twin eventually merge into the Indus at Attock augmenting its assets by between 
eighteen (18) and twenty one (21) Million Acre Feet( MAF) of water. The Gomal River 
which is an indispensable source of freshwater for Waziristan also eventually drains 
into the Indus.  
 
Importance of the Kabul River for Afghanistan and Pakistan 
 
The flows of the Kabul constitute no more than sixteen percent (16%) of Afghanistan’s 
water assets.But   it is critical for meeting the drinking water, electricity, and irrigation 
needs of the seven million Afghans living in Kabul and several other 
towns.Afghanistan has already built several small dams for irrigation and power 
generation and has planned to construct several more for meeting the growing needs 
of its rapidly growing population.The Kabul River is equally crucial for Pakistan. The 
Warsak Dam, built in the early 1950s and enlarged subsequently,  has a capacity of 
producing more then 200 MW of electricity and the canals flowing from its reservoir 
irrigate most of the agricultural land in the fertile Peshawar Valley apart from providing 
drinking water for the burgeoning population of Peshawar and its adjoining towns. 
Notably, the flows added by the Kabul to the Indus increase during March/ April due to 
early start of melting of ice and snow in the Hindu Kush glaciers are indispensable for 
the sowing of Kharif crops in southern Punjab. Therefore, a major reduction in the 
flows of the Kabul into Pakistan would undermine Pakistan’s energy and food security. 
 
Water sharing agreement between Afghanistan and Pakistan? 
 
In 2003, news reports  of Afghanistan’s plans to  construct as many as a dozen  dams 
in the Kabul Basin  with financial and technical assistance by India led to public 
statements by  the Pakistan Water and Power Minister and  high ranking officials 
calling for an agreement between Afghanistan and Pakistan on the sharing of the 
waters of the Kabul on the the model of the Indus Waters Treaty.The same year, 
Pakistan sent a 9- member team to Kabul for preliminary discussions on a water 
sharing treaty. However, Afghan officials decline to enter into substantial discussions 
claiming that they neither had the relevant hydrological data nor technical competence 
for the proposed deliberations. An offer by the World Bank in 2006 to facilitate an 
agreement on the joint management of the Kabul River Basin also failed to elicit a 
positive response from Kabul. 
During the past decade and a half, Afghanistan has made great strides in legal and 
institutional development for dealing with domestic and international dimensions of 
water issues, including the enactment of a Water Law, the establishment of  River 
Basin Councils, and the setting up of a Supreme Council of Water Resources . 
External technical assistance has also  helped to enhance the capacity of its Ministry 
of Energy and Water and water resource institutions. 
The most significant development relating to Pak- Afghan Cooperation for water 
resource development is the agreement in principle   reached by the Finance 
Ministers of the two countries in August 2013 on   mobilizing investment for, and  
jointly  building and operating , a hydropower project for producing 1500 MW of 
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electricity on the Kunar River. The Pak- Afghan Joint Economic Commission 
discussed follow up measures, including the selection of a site for the project and the 
establishment of joint working groups on addressing all relevant issues related to the 
project. However, the agreement has not been pursued because the Joint Economic 
Commission has not been convened since 2015. In December 2016, the Afghan 
Ministry of Energy and Water conveyed interest in holding high level discussions on 
water- related collaboration.Pakistan has not evidently responded to the suggestion. 
 The current ‘no conflict, no dialogue, no cooperation’  status quo in respect of the 
Kabul River is inherently unsustainable given Afghanistan’s increasing water, energy 
and food deficits and its long standing plans to harness its water assets, including 
those of the Kabul Basin, for addressing the shortages. The vital contribution of the 
Chitral River to the flows of the Kabul makes both Afghanistan and Pakistan the upper 
riparians in respect of the Kabul River and provides a rationale for their collaboration 
in developing and utilizing the waters of the Kabul Basin.It is, therefore, suggested 
that as soon as conditions in Afghanistan allow, Islamabad and Kabul should 
commence a comprehensive dialogue on all matters related to cooperation for the 
optimum development of the Kabul Basin on the basis of benefit sharing. They should 
also resume the discussion on the Kunar Project at at an early date.Meanwhile, 
Pakistan should, in collaboration with relevant multilateral agencies,  prepare  studies 
based on a number of scenarios of water resource development in the Kabul Basin 
within Afghanistan as well  as identify how it can assist Afghanistan in addressing 
water resource development and management issues. 
 

   Conclusion 
 

The success of dialogues between Pakistan and India and Afghanistan would depend 
on the political will of their leaders, adequate homework by the relevant institutions, 
and support by international agencies with a track record in contributing to the 
success of initiatives for collaboration between coriparians of International rivers. Civil 
society organizations and the media can play an   invaluable role in ensuring the 
success of such initiatives. 
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2. Managing Pakistan’s Water Issue; Some Indigenous Solutions 
 

Dr. Shaukat Hameed Khan,  
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             Pakistan’s water ‘crisis’ is essentially self-inflicted. This has created a 

series of myths which are examined in this article. While it is true that there 
is no new injection into the national system, it is not true that Pakistan is 
losing large amounts of water to the sea. Agriculture remains the single 
biggest consumer in the country. While the green revolution is essentially 
over, the pricing of farm water remains scandalously low, which results in 
low water productivity in the farming sector. As water-intensive crops 
expand into arid areas, Pakistan actually ends up by exporting water. 
Similarly, hardly any urban wastewater or industrial effluent is recycled, 
with Karachi alone consuming over 650 million gallons daily. Lahore is not 
far behind. The impact of climate change and the various circulation 
models are also briefly examined with a view to predicting the impact on 
the country’s water budget. Ultimately the critical factor is the inability to 
manage national water resources. 

 
Introduction:   

There are several myths propagated in Pakistan regarding water. These are:  First, 
Pakistan is running out of water, which is incorrect even though there are no new 
injections in the system, except for increase due to global warming and higher 
precipitation. The second myth (equally untrue) states that Pakistan needs more water 
to sustain its agricultural base, which is equally untrue. This sector already consumes 
nearly 80 percent of the country’s entire supply. However, water productivity is low, and 
we end up exporting water in the form of water intensive crops now being grown in arid 
areas of the country. The third myth concerns high losses of water to the sea. Records 
show that this claim is not sustainable. Fourthly, we hardly recycle or re-use any urban 
waste-water. Thus Karachi (population 18-20 m) receives nearly 650 million gallons 
daily but not even one drop is re-cycled; Lahore, with 15 m people is equally bad.  
 
The entire system must be viewed in totality. While, population has increased by a 
factor of six since independence, water stress should not be measured by per capita 
availability but by the renewability of freshwater sources. Further, most climate change 
models predict higher precipitation for Pakistan. This opportunity necessitates far 
greater storage that exists at present.  We also tend to ignore the energy - water nexus 
as the country grapples with rising electricity demand. Technology and expertise exist 
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within Pakistan for mitigating the negative impact on the water budget. Ultimately, it is 
simply inefficient management along every part of the water supply chain. These 
aspects are considered in some detail. 
 
Pakistan’s Water Budget: It is appropriate to examine the water budget first in order to 
make informed decisions about managing the water ‘crisis’ in Pakistan.  On an average, 
Pakistan receives about 145 MAF of water1 from all sources – rainfall, melting of 
glaciers. Aquifers are another major source, having accumulated water in the Indus 
basin over thousands of years. The 2018 water budget is shown in Table 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                            
1 Annual Report, State Bank of Pakistan, 2016-17 
 
 
 
 
 
 
 
 
 
 
 

Table 1: Pakistan’s Water Budget 

Annual Water Flows; Large Variations, Yearly / 
Seasonally 

MAF Percent 

Min Max Min Max 

1. Total Demand 136 156 100 100 

a. Canal Headworks / Agriculture 105 115 77 74 

b. Domestic, Business and Industry  6 8 5 5 

c. Run-off to the Sea + Evaporation 15+10 21+12 17 21 

2. Total Availability 
(avg. / maximum) 

146 180 100 100 

a. Glacial Melt 55 75 38 42 

b. Rainfall 40 50 28 28 

c. Aquifers 
Abstraction (tube wells) 

50 55 34 30 

3. Aquifer Recharge 40 40 80 80 

4. Difference:(Supply 
minus Demand) 

+10 +24 +7.3 +13 

5. Water Storage 
(Actual)  

7 11 5 6 

Sources:  WAPDA1, IWMI1, ICIMOD1and WRI1;  (2015-17) 
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Fig.1 shows the historical record2 of water Inflow at the Rim Stations over the ninety-
year period 1922-23 to 2012-13. Very dry conditions (< 120 MAF) were experienced for 
only 9 years, while 66 years received between 120-160 MAF. Fifteen years received 
over 160 MAF of water, and 180 MAF was exceeded in five years. The canal 
distribution infrastructure is inefficient, as less than half the water at the head-works, 
actually reaches the farm head, forcing indiscriminate pumping from the aquifers. 
Comparing the availability numbers with demand (Table1 and Fig.1), water productivity 
rather than scarcity appears to be the major issue. 
 

2. Sources of Water: Rainfall, glaciers and aquifers, are the three main sources of 

water for Pakistan. The high mountain ranges of the Karakorum, Hindu Kush, and 

Himalaya have a permanent snow cover of 11,780 sq. km, with 7,259 glaciers, which 

hold over 2,000 cubic km of ice (the biggest source of fresh-water in the country). It may 

be noted that the flow to the sea has varied between 10 and 30 MAF during 1975 - 2003 

(Fig. 2), exceeding 70 

 

 

 

 

 

 

 

                                            
2 Annual Report, State Bank of Pakistan, 2016-17; (Data from WAPDA & IRSA) 
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Fig 1:  Water Inflow at Rim Stations: 1922-2012 
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3. MAF only seven3 times.  

 

 

 

 

 

 

 

 

Maximum outflow occurred during the major 2010 floods when 77 MAF was lost to the 
sea and flooding below Kotri in six weeks (9th August - 20th September (Fig.3). 
Adequate flows into the Indus delta is necessary for environmental sustainability and to 
stem the degradation of mangroves caused by excessive intrusion of sea water. 
 
4. Is Pakistan Water-Stressed? The Indus Basin Aquifers are the second-most 
overstressed of the 37 largest aquifers studied by NASA4 for the period 2003-13. 
Pakistan is a water stressed country, according to the Falkenberg Stress Index, which 
measures the ratio of renewal of freshwater to withdrawals stored in aquifers over 
centuries. The recharge ratio5 (withdrawals to supply) is worrisome, being around 80% 
only for the rapidly depleting aquifers. The two main reasons are, first, only about 40% 
of canal water reaches the farm heads, and second, low agricultural water productivity 
leads to indiscriminate pumping of groundwater.  

Only two major storage facilities at Tarbela and Mangla were built in the 1960s as part of 
the replacement caused by the division of waters of the Indus and its five tributaries 
between Pakistan and India. The international standard for hydro-storage is 120 days, 
while in Pakistan it is less than 30 days. The real stress on the system is indiscriminate 
pumping from aquifers and inadequate storage infrastructure needed to mitigate for 
large flow variation. Our aquifer re-charge is only about 80% of withdrawals 
 
 
 
 
 

 
                                            

3 J. Briscoe:   Pakistan’s Water Economy; Running Dry, 2005 

4 NASA: data for 37 of the world’s largest glaciers obtained from the Grace satellite, 2015 
5 Water Resources Institute, 2015 

Fig 3: The 2010 Flood, 77 MAF to the Sea 
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The obvious solution is stricter regulation and monitoring and introduction of a fair price 
for water use. At present, abiana (water charges) for farm use is only about Rs 200-250 
(US$ 1.4 -1.8) per acre per year, which is scandalously low. This is further compounded 
by low agricultural water productivity6 which is 1/3 of India and 1/6 of China (average 
yield being 0.13 kg /m3, compared to India at 0.39 kg/m3 and China at 0.82 kg /m3. 
The expansion of rice and sugarcane into arid areas is totally dterimental, as these are 

water intensive requirements, and their export results in exporting ‘virtual’ water. It is vital 
to enforce the rule of a local water budget (availability, demand, renewal) before allowing 

water intensive crops to be grown in that area. 

5. The Indus Water Treaty. The Indus provides water to the tune of 47%, 39%, 8% 

and 6% in Pakistan, India, China and Afghanistan respectively. The division of British 

India left the head-works of the extensive irrigation systems of West Pakistan in India, 

which resulted in denial of Pakistan’s due share of water by India. The Indus Water 
Treaty was signed in September 1960 after nine years of negotiations, with the World 
Bank acting as facilitator.  Its key features are: 

a. Pakistan has first right over the Indus and its two W. tributaries (Chenab, 

Jhelum) with an annual flow of ~133 MAF, while India has first right over the three E. 

Rivers (Ravi, Beas, Sutlej) which flow for considerable part in India. This resulted in a 
loss of ~33 MAF to Pakistan. 

b. Pakistan was allowed to build its link-canal system to divert water from its 

Western to Eastern Rivers. India would pay one-time to Pakistan for water loss from the 

three Eastern Rivers. India would use the Western River waters for non-consumption 

use only, which excluded irrigation and storage, and will be bound to inform Pakistan 
about design of any water work or dam. India is bound to inform Pakistan about design 
of any work on Western rivers well before start of any work on Western rivers. 

c. Both sides will avoid building any man-made structure which can change natural 

course of water, and if India constructed any work on the Eastern Rivers, it will supply 

water downstream that was received by a dam or barrage within 24 hours. Both sides 

                                            
6  Laila Kasuri; What no one tells you about Pakistan’s water crisis; June 2018 

Ratio of Withdrawals to Supply 
Low (<10%) 
Low-Medium (10-20%) 
Medium-high (20-40% 
High (40-80%) 
Extremely High (>80%) 

Fig 4:  Predicted Aqueduct Water Stress, 2040 
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would be responsible for maintaining the Indus basin by adopting best available 
practices. 

 A major assumption was that cropping intensity would be 75%, while it reached7 
160% in 2017.  Here it is worth emphasizing that the figure of 166 MAF is misleading as 

this represented only the short high-flow period immediately preceding the Indus Water 

Treaty, while the average flow is 146 MAF (Fig.1) over the long term. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.  Glaciers: Pakistan’s Greatest Asset.  Most countries lack such a significant source8 
of renewable fresh water which acts as buffer to mitigate variable flows between years 
and to match demand and to capture additional precipitation predicted under various 
climate circulation models. The increase in precipitation9 predicted during monsoons is 
up to 4mm/day whereas the decrease in precipitation is up to 2 mm/day over southern 
parts of the country, which requires enhanced storage infrastructure as stressed earlier. 
It has been suggested10 that contrary to global trends, the Karakorum glaciers may 
actually be quite stable and may even be expanding (Karakorum anomaly). Initial 
findings revealed that glaciers with debris cover are melting slower11 than bare ice 
glaciers and that the melt rate decreases with an increase in debris cover. 

                                            
7  Pakistan Bureau of Statistics, 2018 
8  W. Young: http://blogs/worldbank.org/endpovertyinsouthasia(2017) 
9  Past and Future Trends in Frequency of Heavy Rainfall Events over Pakistan Ikram,  M.Afzaal , S. 
A. A. Bukhari , B. Ahmed; Pakistan Journal of Meteorology Vol. 12, Issue 24: Jan, 2016 
10 Sergiu G. Jiduc et al: The Karakoram Anomaly Project Pakistan Phase I 2015: Final Report Technical  

Report · December 2018. 
11  Sher Mohammad and Shaukat Ali; How healthy are glaciers in Pakistan? ICIMOD, Dec 2018 

Table 4: Water Required for Producing Primary Fuel 

FUEL Water (Litres / 1000 kWh) 

Natural Gas  38 

Synfuel, (Coal Gasification) 144 – 340 

Tar Sands 190 – 490 

Shale Oil 260 – 460 

Syn-fuel, (Fischer-Tropsch) 530 – 775 

Coal 530 - 2,100 

Hydrogen 1,850 – 3,100 

LNG 1,875 

Petroleum/Oil-Electric Sector 15,500 – 32,100 

Fuel Oil (Ethanol) 32,400 - 375,900 

Biodiesel …. WORST 180,900 – 969,000 

Hydro-fracking,10-15 
fracs/well 

Min 100,000 m3 (108 

litres) 

http://blogs/worldbank.org/endpovertyinsouthasia
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6.  The Energy Water Nexus: The use of water for producing primary fuels or for 
electricity generation is generally ignored in Pakistan, whereas this is growing rapidly, 
especially with RE plants such as solar which are generally located in arid areas.  
Various studies12 show that among primary fuels, natural gas consumes the least 
amount of water, with ethanol and biodiesel consuming huge amounts. Fracking is also 
extravagant in water use. 
Use of cooling water13 in different types of power generation plants is shown in Fig 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7. Some Conclusions and Recommendations: Some actions if implemented will improve 
water security in Pakistan. They have their origin in the PAEC. 
  
a.Monitoring of Aquifers and Glacial Melt:  Radio-isotopes provide an excellent tool for 
obtaining reliable and improved data about glacial melt and the Karakorum Anomaly.  It 
will require precipitation monitors on the glaciers and the river basin, together with 

                                            
12  W.D. Jones, IEEE Spectrum,  2008; (updated 2011);  Also:  S.H. Khan & H. Akram, RE Profile of  OIC 

Countries, 2018;  UN FAO AQUASTAT Database, 2017, IEA World Energy Outlook, 2016;   
13  P. Elkins, N. Hughes; Resource Efficiency: Potential and Economic Implications; Int. Resource Panel,   

(UNEP), March 2017. 
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Fig 5:  Water Use in Power Plants 
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sensors along several points on the Indus such as Gilgit and Tarbela. The ratio of O16 
and O18 in the water can distinguish old (glacial) melt water from fresh rainwater. 
Universities at Karakorum (Gilgit) and GIKI at Tarbela can collaborate through long term 
student projects. The same technique can be used for studying sedimentation deposits 
at the storage sites and dams, and also in the Indus delta. 
 

b.Laser Land Levelers.  Technology is already available in Pakistan for improving 

agricultural water productivity. These include use of laser land levelers (designed by 

the Laser Group, PINSTECH) which have been shown over the past two decades to 

reduce water use by as much as 31 - 37%, while yield improved by 16-18% since both 

water and fertilizer are more evenly distributed. Nearly 5000 units have been sold. 

When the tripod is leveled, the laser beam starts spinning, having a diameter of about 

35mm at a radius of 300m. The position is sensed by the sensor on the automatic 
hydraulic scraper, which controls the angle of the scraper blades. 

 

 

 

 

 

 

 

 

 

 

c. Smart Sensors for monitoring the canal waters and the moisture content of the farm 

land have been developed at the Water Informatics Centre14, LUMS. These include 

drone mounted sensors which follow and measure canal waters (flow volumes or 

theft), and moisture sensors which relay wireless information to the farmer about the 
timing of the next watering. All are ready for serial production. 

  d. Recycling of Wastewater:  NIBGE in Faisalabad has developed remediation 15 

techniques called ‘floating techniqus wetlands (FTWs) for treating sewerage and 

                                            
14  Dr.Abubakar Mohammad, Water Informatics Centre, LUMS, 2017 

   15  M. Afzal  et al ,“Large-scale remediation of oil-contaminated water using floating treatment 
wetlands”, NPJ Clean Water, Jan 2019, NIBGE, Faisalab 

 

Fig.  6:   Laser Land Leveler 
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industrial effluents. Plants such as typha, common reed, canna, para and kallar 

grasses are inoculated with specific bacteria in the mats They work by filtration, 

adsorption, absorption, and provision of microbial bio-film which take up drug residues, 

oil and grease, detergents, dyes etc. They have been successful in treating the 

sewerage in Faisalabad and Lahore, oil / chemical spills at oil and gas fields, and 
effluents from the textile and chemical industries.  

e.Finally, PARAS in Lahore may accelerate its food irradiation activities which reduce 
spoilage and harvest losses in fruits, onions, potatoes and fish from the sea. This does 
not work with citrus fruits because of high water content. Shelf life of onions and 
potatoes can be extended by several months and can be stored in ‘cool’ storage 
instead of ‘cold’ storage. This saves energy and also protects the farmer from very low 
prices immediately after the harvest. 
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1. Nuclear Desalination as an Option to Supply Drinkable Water to Coastal Areas 
of Pakistan 

 
M. Ashraf Chaudry  

President Pakistan Nuclear Society 
 
                Potable water is an important component for development in Pakistan.  

Nuclear energy has been used for desalination where scarcity of water is 
a problem. Dual purpose nuclear reactors have  been considered  as an 
option to use the reactor reject stream heat for desalination of saline 
water from sea or brackish water, where brine disposal is easy to drop 
into the sea and is on open agenda of IAEA to cope with water shortage 
compensation for supply of drinking, agriculture and industrial 
requirements. Consideration of the small modular reactors for limited 
energy production and conversion of saline water has been there and is 
still there in many parts of the world. In the present paper the nuclear 
desalination of sea water for coastal areas of Pakistan has been 
discussed keeping in view the new developments in thermal and reverse 
osmosis membranes processes. The new technological advancements 
have been described with respect to comparison of energy inputs and 
capital costs. Considering the capital costs involved in pumping water 
from far off places and the pipeline or other infrastructure required, the 
nuclear desalination will become an economically competitive process to 
get drinking fresh water. Desalination of brackish water for treatment of 
urban waste water is found also as an option using membrane 
processes. 

                  
 Keywords: nuclear reactor, desalination, brackish, sea water, drinking water 
 
 Pakistan is a country with six rivers and a coastal belt of 990KM along the 
Arabian Ocean (1) . It is claimed by Pakistani Government to have a water coverage to 
92% population and sanitation coverage to 48%(2). Continuity to supply of water is not 
regular. It is intermittent. Average urban tariff figure is different for different parts with 
respect to different urban areas. There is a shortage of self-financing. There is no 
natural water and sanitation company and the responsibility lies on Federal Ministry of 
Climate Change. The water management and regulation laws need further 
consideration for improvement. Rural population has no access to improved water. So 
drinkable water availability is a problem in the main lands around Indus basin in far flung 
areas. The underground water is brackish in nearly 70% areas. In coastal and industrial 
areas the infrastructure to the supply of improved and drinking water is not adequate. 
There is scarcity of drinking water in Gwadar, Karachi and other important places and 
coastal towns, which has hampered industrial and agriculture growth of the given areas. 
The water scarcity is in the low precipitation areas and during less rain fall periods. Lack 
of water storage facilities, specifically speaking along all coastal belt is also a problem. 
There is a need to develop the agriculture and industry in whole of Pakistan. Arabian 
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Sea is a great reservoir, with trillions of cubic meter of salty water, with an exclusive 
zone of 990Km long and 240,000 square kilometre(1). That potential is to be exploited 
in the interest of Pakistan. CPEC projects in Gwadar need water to run the coast and 
attract the Investors. 
 
The salt concentration in sea coastal areas varies from 3.5 to 5.5% of salt content in 
water. So  suitable treatment methods with low cost and technical viable   systems, 
producing water economically with less energy requirement is the need of the day. 
Nuclear desalination is one of the options. The same has been addressed to judge its 
applicability to Pakistan waters, with special reference to coastal areas of Pakistan. 
 
 Efforts to Convert Sea Water to Drinkable Water 
 
 i. PAEC constructed a solar desalination plant in Gwadar in 1960 with 3000GPD. 
ii. MSF plants had been installed coupled with coastal power plants 
iii. Reverse osmosis plants have been installed by PAEC and Sindh Provincial 
Grovernment. 
 iv. There are now more than 2000 plants in Sindh, some working and some not. 
 
 Major Desalination Techniques 
The water desalination processes can be categorised to thermal and membrane 
processes. The thermal plants are based on water evaporation and condensing to fresh 
water.  These processes are multistage desalination (MSF). Multi effect boiling or 
distillation (MEB or MED). The kilograms of distilled water produced per one Kg steam 
is called  performance ratio. The performance ratio (PR) can be increased. The more it 
is the more the  process is economically viable. PR is the kilograms of fresh produced 
water per nearly 2200 KJ of heat energy. 
The membrane based reverse osmosis (RO) uses mechanical energy by pumping on to 
the feed side of membrane module to force fresh water through the membrane rejecting 
salts in the feed stream.  
 
Thermal systems for desalination are more energy intensive compared to reverse 
osmosis. If the temperature difference between feed boiling stream and fresh water 
produced stream is more, it will require more energy. In case of RO its value is = 0 and 
so should require least amount of energy and so RO is the least energy consuming 
process. There are other irreversibilities attached to this system which are not 
discussed in this article. 
 
 Comparison of Desalination processes 
Various parameters to compare MSF (multistage flash distillation) and reverse osmosis 
process(RO) processes are provided in Table 1. 
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Table 1: Comparison of MSF and RO 
 

Description of parameter Multistage flash Distillation          Reverse osmosis 

Energy consumption 13KWh/cubic meter 4-5KWh/cubic meter 

Recovery 10-25 % 30-80 % 

Chemicals use US$/m3 0.03 – 0.05 0.06 – 0.1 

Investment US$/m3 1000 – 1500 500 -1200 Approx. 

Operation in rough 
conditions 

High Fouling sensitive 

Improvement potential Low Very high 

Commercial application 70% world desalination 
capacity 

25-30% 

 
Advantages of RO 

 RO systems are quick and cheap 
 Easy to build and install and operate and easy to shut down 
 Handles a wide range of flow rates. 
 It is a modular system and plant capacity can be changed per demand 
 It is the least energy consuming system. 
 It requires less space   or area for installation compared to other techniques. 
 It has high overall recovery of fresh water 

 
Advantages of Thermal processes 
 The thermal systems have been applied since past many decades. Professor R. S. 
Silver, the James Watt Professor of Mechanical Engineering was the innovator of MSF. 
He was able to produce distilled water up to 14 pounds from one pound of steam of 
water, which is called performance ratio (PR). The more the PR, the more efficient the 
plant process for water desalination. He allowed the flashing water flow from higher 
pressure and temperature to less pressure and temperature in many stages converting 
liquid water to vapours and condensing on the surface of feed water tubes. He predicted 
the performance ratio achievable theoretically up to 24. Now MEB has been quoted to 
have higher than that of MSF. 
 
The advantage of thermal process to be practically possible and economically viable is 
due to their coupling possibility with thermal and nuclear power plants (reactors). The 
waste heat from the outlet of power turbine (gas or steam  based turbine) is utilized to 
evaporate water if an MEB or MSF plant is coupled with thermal power plants.  
The disadvantages of the processes are more energy usage, covering more installation 
area or land, higher capital cost and comparatively higher potable water production 
cost. But these are robust and less sensitive to higher turbidity. 



27 

 

 Reverse osmosis is sensitive to turbidity, chlorine sensitive also. Scaling and 
membrane compaction are other problems associated with this system. 
 
RO has the recent history to be used on commercial scale to both brackish and sea 
water. Membranes are becoming more and more efficient and some of the above 
problems have been solved. RO systems have been used to desalinate water with the 
electric power availability during less demand of electricity periods to desalinate water. 
Nuclear reactors working with fixed capacity are to be run continuously even during less 
demand intervals. 
 
Estimated water demand for coastal areas 
The fresh water demand for Pakistani coastal area cities of Karachi an Baluchistan is 
provided in Table 2. 
 
Table 2: Estimated Water Demand Forecast for coastal areas of Pakistan 
 

  Year   Karachi(MGD)  Baluchistan(MGD) 

1985 372 110 

1990 492 140 

1995 614 170 

2000 820 200 

2010 1338 362 

2025 2451 515 

 
Developments in Desalination Techniques 
There have been developments in thermal as well as membrane based processes 
(mainly RO) to allow cost reduction for desalination of water during last three decades. 
Desalination capacity has increased during last 10 years due to increase in water 
demand and cost reduction for desalination processing systems. These systems, 
especially RO have a great potential for development. 71 largest cities of the world do 
not have complete access to fresh water (3) . 42 cities do fall in the coastal areas, 
including Karachi (3). Gwadar if it  is to develop as a functional sea port and inhabitants 
are to have fresh water supply. Nuclear desalination has been addressed by UN 
through IAEA. 
 
MEB has been improved a lot. RO has been developed in the following aspects. 

 Membrane materials 
 Modules with improved better  flux of water  
 Improved membrane life to reduce membrane replacement cost 
 Improved spacers to decrease in fouling susceptibility of fouling of membranes 
 Improved membrane to volume ratio 
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 Improved  salt or solute rejection 
 Membrane improved resistance  to higher temperature 
 Improved  membrane water flux 
 Higher sea  and brackish water desalination plant capacity and reduction in water 

desalination cost 
 Increased recovery ratio from nearly   25% in 1980  to 35-70% now. 
 Applicability to desalinate sea water with less cost than thermal systems 
 Introduction of nano based materials to produce membranes for RO 
 Fabrication of inorganic membranes 
 Acceptance of RO worldwide. 

 
The improved recoveries have reduced the specific investment capital as well as water 
desalination or production cost. 
RO allows brackish water to work with lower pressures to apply it to brackish waters.  In 
India they have developed bullock powered plant for demonstration based on RO 
(0.7m3 /hr).  
 
There have been developed better chemicals for dosing to avoid scaling and pre-
treatment of RO feed water stream. 
 
Zone Areas and Quality of water in Pakistan 
(Million hectares of development CCA) 
 
The salinity level and  respective CCA  data (4) for upper and lower Indus plains is 
provided  below. 
 
     Salinity              <1000 PPM      1000-3000PPM         >3000 PPM         Total 
------------------------------------------------------------------------------------------------------------       
Upper Indus Plains         5.02                1.66                        1.57                 8.25 
Lower Indus plains         0.73                 0.18                        2.72                3.63 
 
------------------------------------------------------------------------------------------------------------ 
      Total                          5.75                1.84                         4.29              11.88 
 
The TDS in sea water varies from 30000 to 50000 PPM. 
So underground water is also not potable and it is demanding desalination of the same. 
It is one of the major problems, which leads to scarcity of fresh or drinking water to 
residents of these areas. 
 
Membrane Systems to Treat Water 
The different membrane systems are applicable to treat or desalinate water.  Some of 
these can be coupled with nuclear power plants even to produce potable water. These 
are given below. 

• Reverse osmosis, electro dialysis, microfiltration (MF)and ultrafiltration(UF) 
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• MF and UF processes are used to remove suspended solids  
• RO is used for removing all the metal ions up to a level of 95-99% of both 

brackish and sea water. 
• Electro dialysis is used to remove metal ions as well as anions from brackish 

water (3000 to 10000PPM) 
• RO is the minimum energy consuming process of desalination and is used at 

small and large or commercial scale desalination applications. 
 
Nuclear Energy and Desalination 
Nuclear energy has been used already for conversion of seawater to potable water and 
do have a great potential. Only nuclear reactors are capable of delivering large 
quantities of energy for large scale desalination (IAEA 2015). 
The worldwide water short fall is nearly 239 billion m3/year and is expected to rise to a 
figure of 2000m3/year by year 2025. In this short fall Pakistan has also a share (3). 
Total desalination capacity in 2016 was 88.6 x 106 m3/day  (32300 GL/d) with 19000 
plants. 
 
 73% capacity is based on membranes processes, 27% thermal in 2016. The largest 
desalination plant is in Jubail Saudi Arabia.  2/3rd capacity in on sea feed and 1/3rd on 
brackish water feed (3). 
 
So the solution to fresh water supplies lies in: 

 Thermal and RO based desalination plants coupled with nuclear reactors. 
 For brackish underground desalination with less than 5000PPM TDS, RO is the 

best solution, but  coupled with pre-treatment of feeds prior to injection to  
membrane RO modules. 

 The plant capacity is to be determined  keeping in view the seasonal changes of 
temperature of feed sea water, as it changes from 23 to 30 degree centigrade. 
The membrane flux increases with increase in temperature and so the plant 
output has to be adjusted in modular design of the plant. 

 The thermal processes are limited by high energy required input.  Energy 
required to desalinate is a function of top brine temperature and feed stream 
temperature difference. In case of distillation it is nearly 80 and in RO it is = 0. So 
energy usage in RO is minimum. Thermal processes are change of water phase 
based and RO involves no water phase change. 

 Pakistan commissioned  a 4800 m3/d MED desalination plant coupled with 
KANUPP-I(125MWe PHWR)  and an RO system plant to supply 454 m3/d 
desalinated water(1). 
 

The Small (SMART) Nuclear Reactors for Desalination of  Saline Water 
Work on small size nuclear reactors to meet the local population needs have been 
considered and the reactors have been fabricated in different countries of the world. 
These are intended to be coupled with desalination plants to i. ensure supply of water to 
a stipulated areas in general or emergency periods. South Korea fabricated 



30 

 

330MWt,PWR reactor. It has been designed for long life and to be fuelled after every 
three years. They have also produced a 90MWe reactor to couple with  
MED-TVC , hybrid desalination plant systems. Argentina has produced 100 MWe PWR 
reactor  for power and power. China has developed even smaller sized (5MWe). Russia 
has developed floating nuclear power reactor (FNPP), KLT40S, ATET-80 are FNPP 
reactors and their ABV-6 reactor is of 38MW thermal plus 85MWe +12000m3/d 
desalinated coupled system. They are also producing 12MWe +40,000m3/d system to 
run RO. (3) 
 
Physical and Biological membrane Based Desalination Systems 
In 2011 Oman installed a 76000 m3/d of submerged membrane bioreactor (SMBR) 
desalination plant, with capacity designed to 220,000 m3/d  using physical and biological 
processes for irrigation and recharging aquafers.(3) 
 
Which system is to be selected to apply to Pakistani waters? 
The following points are to be considered to select a desalination plant to  
use in Pakistan or elsewhere. 

 World desalination processes installed capacity is to be studied to see which 
system has been found more viable. The same is given below 

 

Water 
type 

brackish River waste Pure Others  sea 

Capacity 
% 

25 7 6 6 1 55 

So we may go for desalination of sea water depending on location and considering brine 
disposal to sea. 

 Cost Composition is also to be considered. The major desalination technologies used so 
far have been RO and MSF. Their cost composition as % is given below.(  5  ) 

Cost component  MSF RO 

Capital investment % 42 31 

Energy cost % 41 26 

Membrane replacement 
cost % 

0 14 

Chemicals  cost % 2 13 

Labour and management 
cost% 

7 9 

Maintenance cost % 8 14 

 
Ref.(5) F: F. Banat, Presentation on  Economic and Technical Assessment  
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Of Desalination Technologies, Jordan University of Science and Technology, Jordan, 
Jeneva,6-8 June 2007 
 
Water Desalination in Pakistan 
 Brackish water in Pakistan has TDS in the range of 1000-10000 PPM in different areas 
of Pakistan. The sea water TDS range is from 35000PPM to 55000PPM.(4) 
The energy required for sea water desalination is provided in the table below. 
 

Table: Energy required for sea water desalination (6 )(WNA report 2014) 
 

Process Energy  required (KWh/m3 Capital cost(US $/m3/day 

Multistage  Flash 
Distillation(MSF) 

13.5 to 25.5 5 to 6  

 (1100 to 1320/ m3/day) 

Multi effect 
Evaporation (MEE) 

6.5 to 11  

Reverse 
osmosis(RO) for sea 

3.5 to 5 3.5 to 4.5 

(1100 to 1320/ m3/day) 

RO for Brackish 
water 

1 to 1.5  

 
RO covers up to 73 % desalination of water capacity in the world. MEE or MED about 
8%,MSF,23%. MSF covers nearly 92% thermal capacity. 
 Based on  a capital cost of US  $77/gallon/d, having plant capacity of 11MGD, the cost 
of sea  water desalination has been estimated to be = Rs. 784/1000 US gallons.(7) 

This cost excludes pumping energy  plus distant piping lengths to plant for feed stream 
.Energy required is considered to be 20KWh/1000 gallons desalinated water. With 
energy recovery system the energy requirement will be 13KWh. By this time the 
systems may use less energy and may be available with less capital cost. If the energy 
cost increases (presently Rs 12-18) , the water cost will  increase. For brackish water 
the water cost may be Rs 200/1000gallons.Brackish water energy uses approximately 
9KWH/1000Gallons.(7) 

Water Solutions 
 World experience of nearly 150 reactor years in Kazakhstan, India and  Japan 
concludes that large scale nuclear desalination can be applied if economies of water 
production allows. The cost of large scale  water nuclear desalination (ND) fall in the 
range of US$ 0.7-0.9/m3,which is  quite nearly the figure for the purpose for fossil fuel 
fired desalination (FD) plants. 
 
In other studies it has been found that ND costs 1/2of FD cost and if RO system runs on 
nuclear provided energy the cost is reduced to 1/3rd the value with FD. If extra power 
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capacity of nuclear reactor is used for RO to run, then according to India experience, it 
will cost US$ 0.9/m3.(6) 
The easiest solution is to use Indus water but it is not available everywhere in Pakistan. 
If we pump the potable from other sources in Baluchistan the pipe line and pumping 
costs are very high. So sea and  brackish water desalination are the other options to be 
availed. 
Solar and wind energy system coupled with RO and solar desalination stills system  
may be another solution, but with trained manpower and government protection and 
supply of funds. 
The power plants waste heat utilization is a good option for both ND and FD. 
 
Other Conclusions plus recommendations 

 RO is the preferred system to couple with NPP or FFPPs and offer a solution to 
get drinkable supplies in coastal areas. 

 NTC and RO systems do have capability to further improve. Pakistani scientists  
and engineers  and decision makers  are to work with these for the development 
Pakistan 

 Technically viable and not politically motivated systems are  to be followed. 
 Nuclear desalination is a good option if we develop our own reactor and 

desalination plants.  
 The membranes processes are becoming more and more important, due to their 

being simple. China, India , Japan and EU hav many membrane research 
centers. It is recommended to establish at least one Membrane Institute in 
Pakistan, preferably in Islamabad. 

 Course about membranes and membrane plus thermal systems be introduced in 
all chemistry and chemical engineering departments of different universities. 

 Clean energy membrane unit processes be introduced in energy and power 
sectors. 
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2. Requirement of Cooling Water for Nuclear Power Plants (NPPs) 
 

Kashif Rashid, Project Engineering Office 
Applied Systems Analysis Division, 

PAEC, Islamabad 
 
               Water withdrawal today presents a vital issue for the developing 

countries which are planning to build nuclear power plants (NPPs), 
while having a deficit in their water resources. About 63 percent of 
the nuclear heat energy is discharged into the cooling water system. 
It is also an issue that creates conflict among the socio-economic 
activities that require and depend on water. With the expansion of 
nuclear power and the relatively large need it has for cooling and 
service water; a situation is looming in which deployment of new 
reactors may become restricted. Recently nuclear power has come 
back into focus during debates on energy generation, often in 
relation to wider issues such as global warming and climate change. 
For a standard 1000 MW(e) power output units with once-through 
cooling, a nuclear plant would require 26–64 m3/s, a fossil-fuelled 
plant 21–53 m3/s and a natural gas combined cycle plant 8–21 m3/s. 
These numbers depend on the temperature of the cooling water and 
the temperature difference with the steam in the condenser, as well 
as the condenser efficiency. It is estimated that per megawatt 
existing nuclear power stations consume more water than power 
stations using other fuel sources. Depending on the cooling 
technology utilized, the water requirements for a nuclear power 
station can vary between 20 to 83 per cent more than for other 
power stations. 

             
 Keywords:  Global warming, nuclear power, cooling technologies, water withdrawal  
  
Introduction  
Water withdrawal today presents a vital issue for the countries which are planning to 
build nuclear power plants (NPPs) while having a scarcity in their water resources. With 
the expansion of nuclear power and the relatively large need it has for cooling and 
service water, a situation is looming in which construction of new reactors may become 
restrained. Recently nuclear power has come back into focus during debates on energy 
generation, often in relation to wider issues such as global warming and climate change. 
 
 According to an estimate, a capacity of between 447- 691 GW of electricity may be 
installed by nuclear power till 2030 [1]. Reasons for the expected growth include the 
technological advances of modern reactors. Yet whether this growth will be materialized 
or not, also depends on social, economic and environmental factors.  
Water use involves two processes that can occur separately or simultaneously; water 
consumption and water withdrawal. Water consumption occurs when water either 
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ceases to exist as a liquid, through evaporation (direct evaporation in a cooling tower or 
increased surface evaporation from the source due to the elevated temperature) or 
when water is degraded through contamination so that it is not fit to be returned directly 
to its original source. Water withdrawal occurs when water is removed from a source. It 
may subsequently be consumed and not returned to its original source, or it may be 
returned to the original source in practically the same condition as when it was 
withdrawn, that is, discharged in compliance with the applicable environmental law of 
particular region. 
 
The distinction between water consumption and water withdrawal is crucial to any 
discussion about water use. For instance, open loop cooling systems may withdraw 
substantially more water than recirculating cooling towers but consume substantially 
less. Other systems may withdraw no water at all, but still consume water, as in 
reservoir, evaporation at a hydroelectric power plant. However, when making such 
comparisons, differences in cooling water temperature as well as power plant thermal 
efficiency must be kept in mind. 
Water requirements for nuclear power plants vary, depending on the cooling system 
they involve, the thermal efficiency of the nuclear power plant, the need for service 
water, safety and non-safety system designs, as well as the waste disposal techniques. 
It is also crucial to select a site where suitable cooling water, and/or atmospheric 
conditions are available, all allowing higher plant efficiencies at lower water withdrawal 
rates.  
 
As the main water use and consumption occurs in the cooling system of the nuclear 
power plant, it is of high importance to carefully choose and design these systems. 
There is a variety of cooling technologies that can reduce the water use and 
consumption drastically. Their implementation though, comes at a cost which is a matter 
of tradeoff when making a choice for nuclear power implementation and benefit 
analysis. 
 
Cooling water requirements of current nuclear power plants exceed those of fossil fuel 
power stations by (20-25) % on average Table 1. This is due to the lower thermal 
efficiency in most of the existing NPPs, as they operate with lower steam pressures and 
temperatures. These parameters can be increased, but only to a limited extent, because 
of the limits imposed by the common use of zircaloy as a material for fuel cladding and 
coupled neutronic and thermal hydraulic considerations in conventional light water 
reactors (LWRs). Another limiting condition is the manufacturing capabilities of the main 
reactor heavy components [2]. 
 
For standard 1000 MW (e) power output units with once-through cooling, a nuclear plant 
would require 26–64 m3/s, a fossil-fueled plant 21–53 m3/s and a natural gas combined 
cycle plant 8–21 m3/s. These numbers depend on the temperature of the cooling water 
and the temperature difference with the steam in the condenser, as well as the 
condenser efficiency. Still, the largest potential for reducing water consumption in power 
generation lies in an improved thermal efficiency for the process. A 1000 MW (e) plant 
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with 33% efficiency will have a 14% higher thermal load than one with an equal power 
generation capacity and 36% efficiency. Under same conditions with regard to cooling 
water temperatures and condenser technologies this would also represent a 14% higher 
cooling water demand.  
 
Water, once considered a nearly inexhaustible resource, is increasingly limited, and 
water requirements for electricity production must compete with other demands, such as 
agriculture and sanitation. Additionally, the simplest and most economical condenser 
cooling systems, which represent the largest heat rejection system in an NPP, are the 
once-through systems which have the highest cooling water withdrawal per MWh. As 
environmental and technical issues arise, the nuclear community should find new 
solutions for water use in NPPs. These should allow NPPs to operate according to 
stringent environmental regulations protecting aquatic ecosystems, as well as to reduce 
the importance of water availability for the deployment of NPPs.  
 
Options for avoiding the conflict over the issue of fresh water use and consumption also 
involve a variety of options. Technologies for water treatment, physical as well as 
chemical, have been developed, allowing for a broader choice of water sources. These 
sources also include gray or physically and chemically impaired waters. Sewage, mine 
and groundwater, seawater, internally generated wastewater and system blow-down, 
can all be treated to a level that will satisfy the requirements of cooling towers or 
primary and secondary circuits. Additionally, innovation led to new strategies for the 
reduction of water use and consumption in nuclear power plants. From variable speed 
cooling pumps, drift eliminators and higher cycles of concentration for cooling towers, to 
the use of the waste heat for industrial, agricultural and residential purposes, the 
possibilities to reduce the water requirements of a nuclear power plant are plentiful. 
Three examples can be presented to demonstrate the importance of water availability. 
The first one took place in the summer of 2003, in France, where a problem was 
confronted with 17 reactors out of a total of 58 working with reduced capacity or 
shutdown due to drought conditions and a lack of water [3]. The second was the 2007 
drought in southeastern USA, when several NPPs in the region had to reduce their 
output by up to 50% due to low river water levels. Most of these plants use the once-
through cooling system which, at the time of their construction, was a technically simple 
and economical solution. The last example took place in 2008, concerns about potential 
impacts to an aquifer used for water supply to local population resulted in a search for a 
new site for a 4000 MW(e) nuclear power plant project on the Peace River, Canada [4]. 
These examples show how water users nowadays have to compete for this resource 
and it is often a central point in planning and development activities. 
 
In the future, it is expected that there will be some significant developments affecting 
nuclear power water use. To begin with, the efficiency of the nuclear reactors is 
expected to rise, prompting lower water requirements for cooling. Further on, new 
materials such as superconductive foams hold the potential to replace water in certain 
parts of the system inventory of a nuclear plant. Another essential development would 
be the use of tertiary coolants that will allow for the implementation of dry-cooling 
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systems, with expected drastic reductions in water requirements for nuclear power 
plants. Spent fuel management and waste treatment are also developing in the direction 
of reduced water requirements. 
 
With this report the author has tried to highlight the importance of water utilization, 
various cooling systems employed, effect of thermal efficiency on the cooling water 
used, and comparison of various sources of fuels exploited for steam production as well 
as annual water requirements in power industry. A brief summary of water required for 
Pakistan NPPs is also presented. 

Role of Water for Power Production 

The production of electricity by nuclear power plants involves, first, the transformation of 
the kinetic energy generated in the fission reaction into heat and, second, the 
conversion of this heat into stream and finally into electricity through turbine-driven 
generators. As shown in Figure 1, about one-third of the available thermal energy is 
converted into electricity; the remainder is expended as a direct loss to the atmosphere 
from the plant (5%) or is transmitted to the condenser cooling system (63%) [5]. The 
amount of water needed to cool the condenser varies with the amount of electricity 
generated as well as with the type of cooling system adopted. A theoretical estimate of 
the amount of water needed may be computed by equating the residual energy after 
electric generation, with the equivalent amount of energy that would be needed to 
evaporate water. The reasoning is as follows. The amount of heat needed to evaporate 
water, its latent heat of vaporization, varies with temperature; it may be expressed as 
1,040 Btu per pound of water at a temperature of about 70°F. Thus, the amount needed 
to evaporate 1 cubic foot of water is 65,000 Btu. Given that 1 Btu per second equals 
1,055 watts, it is concluded that about 69 MW (megawatts) are needed to evaporate a 
water flow of 1 ft3/s. The energy balance of Figure 1 shows that only 32% of the input 
energy is converted into electricity, and thus the production of 1,000 MW of electric 
energy requires an input of 3,120 MW of thermal energy. Also 63% of this thermal 
energy (~2,000 MW) is transmitted to the water-cooling system. In terms of the 
equivalent evaporative energy previously computed (that is, 69 MW=1 ft3/s evaporated 
water), the amount of cooling water required for a 1,000 MWe nuclear power plant is 
about 29 ft3/s. 
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Figure 1: Energy Balance and Cooling Systems of NPP   

Cooling Systems 

Generally, fossil and nuclear power plants use water for heat transfer in two ways:  
Internal Energy Transfer: To convey steam heat created by the energy source, either 
the coal furnace or the reactor core, to power an electricity generating turbine; and  
Cooling and Surplus Heat Discharge: To cool and condense the after-turbine steam and 
then discharge surplus heat from the steam circuit to the environment.  
In both fossil and nuclear plants, a water circulation system is normally used to 
accomplish heat discharge through two types of wet cooling: once-through and closed 
cycle cooling. 

a) Once-through 

As the name insinuates, once-through cooling uses water a single time to cool 
and condense steam produced for electricity generation. Water produced from the 
condensed steam is reused in the generation process, but the water used for cooling is 
discharged back into the lake, river or ocean, with a temperature increase of up to 3°C 
[6]. The steam is cooled by more water that is pumped from an outside source in pipes 
through a condenser. Since a large nuclear power plant that utilizes a once through 
cooling system may withdraw 800-1000 million gallons of water a day, these plants are 
usually built next to rivers, lakes, or oceans [7]. The temperature increase in the bodies 
of water can have serious adverse effects on aquatic life. Warm water holds less 
oxygen than cold water, thus discharge from once-through cooling systems can create a 
“Temperature Squeeze” that elevates the metabolic rate for fish [8]. Additionally, suction 
pipes that are used to intake water can draw plankton, eggs and larvae into the plant’s 
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machinery, while larger organisms can be trapped against the protective screens of the 
pipes. 

b) Closed cycle 

The steam is cooled in towers or ponds and the water that is not lost to 
evaporation is recycled through the plant again. While once-through cooling systems 
withdraw 25,000-60,000 gallons of water for each megawatt-hour of electricity 
produced, recirculating cooling systems, also known as closed-cycle cooling systems, 
withdraw only 800-2,600 gallons per megawatt-hour and are used when nearby water 
sources lack sufficient volume to allow once-through cooling. After water is withdrawn 
from a source to cool steam, it is then cooled and pumped back into the condenser for 
reuse. Though plants with closed cycle cooling systems withdraw far less water than 
once-through cooling systems, they consume (through evaporation) about 600-800 
gallons per megawatt-hour, roughly half the amount they withdraw. 

 

Of the two systems, the closed cycle uses about 2-3 (%) of the water volumes 

used by the once-through system. However, as can be seen from the statistics in Table 

1, the two systems consume about the same amount [9].  

Table 1: Cooling Water Withdraw and Consumption by Fuel Type 

Plant and Cooling System Type Water Withdraw 
(L/MWh) 

Water Consumption 
(L/MWh) 

Fossil Fuel, Once Through 
Cooling 

75708-189270 ~1136 

Fossil Fuel, Closed Cycle Cooling 1893-2271 ~1817 

Nuclear Fuel, Once Through 
Cooling 

94635-227124 ~1514 

Nuclear Fuel, Closed Cycle 
Cooling 

3028-4164 ~2725 

Effect of Thermal Efficiency on Cooling Water 

The predominant water use at a nuclear power plant is in the cooling system required to 
remove the heat rejected in the condenser after the power conversion process. The 
quantity of water used for condenser cooling is a function of several factors, including 
the capacity rating of the plant and the increase in cooling water temperature from the 
intake to the discharge [10]. Additionally, the necessity to clean the cooling water before 
being used in the plant increases the total water use, as a portion of it is used for 
discharging the debris and cannot be used for cooling. 
The larger the plant, the greater the quantity of waste heat to be dissipated, and the 
greater the quantity of cooling water required. A power plant with a 33% thermal 
efficiency will need to reject about 14% more heat than one of the same capacities with 
36% efficiency. Nuclear power plants currently being built have about 34–36% thermal 
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efficiency, depending on site (especially water temperature). One of the new nuclear 
reactors claims an efficiency of 39%. Older ones are often only 32–33% efficient (Table 
2) [11].  
 
Table 2: Comparison of Heat Dissipation for Different Efficiencies for a Typical 1000 
MW(e) Power Plant 

 Plant 1 Plant 2 Plant 3 

Electrical Output (MWe) 1000 1000 1000 

Thermal Power (MWe) 3030 2778 2564 

Efficiency (%) 33% 36% 39% 

Dissipated Heat via Turbine Condenser 
(MWth) 

2030 1778 1564 

 
Lower thermal efficiency of nuclear power plants when compared to fossil fueled plants 
is translated to higher specific steam flows (kg/kW·h (e)) through the secondary cycle 
and therefore higher cooling requirements. A typical PWR power plant has a specific 
steam flow of 5.5 kg/kW·h(e) while a conventional coal power plant uses only 3 
kg/kW·h(e).The water needs for cooling the turbine condenser depend strongly on the 
site conditions and location of the plant. To achieve a high performance, the site 
selection considers cooling water sources with the lowest possible water temperatures, 
which also might allow a higher heat up range. The more heating up of the cooling 
water is allowed, the less cooling water flow is required. Further reduction of water 
withdrawal from the river/lake is possible, if hybrid cooling systems are used. Specific 
water consumption and withdrawal depend on the cooling system design which is 
subject to water availability, techno- economical factors and applicable regulations. 

Other Water Uses for Nuclear Power 

While cooling systems account for the vast amount of water withdrawn by nuclear 
power plants, fuel extraction and refining have also impacted water sources. Uranium 
fuel extraction, for example, requires 45-150 gallons of water per megawatt-hour of 
electricity produced. Additionally, nuclear power plants intake water to cool service 
equipment, such as chillers for air conditioning units or lubricating oil coolers for the 
main turbine. Service water system flow rates can range from 13,500-52,000 gallons 
per minute depending on the season and the power plant 

Nuclear Compared with Other Sources of Fuel 

Nuclear power plants need more cooling water than fossil-fired power stations. This is 
because the steam in nuclear power stations is designed to operate at lower 
temperatures and pressures, which means they are less efficient at using the heat from 
the reactor and thus require more water for cooling [12]. 
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A study on water and sustainability for power production in the US by the Electric Power 
Research Institute (EPRI) compared the water needs and consumption rates of existing 
power stations by type of fuel and cooling technology. The EPRI analysis showed that 
existing nuclear power stations used and consumed significantly more water per 
megawatt hour than electricity generation powered by fossil fuels, see Table 1. From 
Table 1 it can be seen that nuclear 'once-through' systems use (~20-25) % more water 
and nuclear 'closed systems' can use up to 83% more water. Furthermore, actual water 
consumption rates are higher. The data shows that for once-through systems nuclear 
consumes about 33% and closed systems 50% more than fossil fuel power stations. 
 

Annual Water Requirements by Energy Source 

Assuming that a power station ran 24 hours a day and based on the lower end of the 
estimates in Table 3, annual usage and consumption per megawatt would be as follows: 
 
Table 3: Annual Water Requirements for Different Modes of Operation for Different Fuel Types 
 Once-Through Recirculation 
 Water withdrawal 

(ML/MW) 
Consumption 
(ML/MW) 

Water 
withdrawal 
(ML/MW) 

Consumption 
(ML/MW) 

Fossil/Biomass/Waste 663 10 17 16 
Nuclear 829 13 27 24 

7.1 Water Withdrawal by Pakistan Nuclear Power Plants  
At the moment, there are 5 nuclear power plants in operation in Pakistan, 4 NPPs in 
Chashma site and 1 at Karachi. In addition, there are 2 more nuclear power plant under 
construction at Karachi. All the operational and under construction plants are designed 
for once-through cooling system. Annual accumulative water requirements for these 
NPPs are presented in the Table 4. 
 

Table 4: Annual Water Requirements for Pakistan NPPs [13,14]  

Project/Plant Plant Gross 
Power Output 

Water Withdraw/plant Total 

  MWe m3/sec ML/day GL/yr. GL/yr. 

C-series 325-340 21 1814 662 662 x 4 = 2648 

K-series 1145 71 6134 2239 2239 x 2 = 4478 

    
Conclusions 
Energy generation requires cooling, which intimately ties the energy sector to the water 
sector. Thermoelectric water withdrawal constitutes the biggest water withdrawal in 
several industrialized countries and may become as important in as low-income 
countries develop. Per megawatt existing nuclear power stations use and consume 
more water than power stations using other fuel sources. Depending on the cooling 
technology utilized, the water requirements for a nuclear power station can vary 
between 20–83% more than for other power stations. Water consumption for nuclear 
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reactors is typically 13–24 billion liters per year, or 35–65 million liters per day. 
Conversely, the water consumption of renewable energy sources and energy 
efficiency/conservation measures is negligible or zero. Water outflows from nuclear 
plants expel relatively warm water which can have adverse local impacts in bays and 
gulfs. The warming effect is a problematic issue if exacerbated by heat waves. For 
example, a number of European reactors had to be taken offline during a heat wave in 
2006, and others had to operate at reduced power.  
Water withdrawal is dominated mainly by the turbine condenser cooling and is therefore 
independent from the type of reactor. High efficiency factors can notably reduce the 
cooling water demand. Water withdrawal is at a maximum with open loop cooling, 
where the cooling water flow represents often more than 95% of the total water usage. 
The use of cooling towers in closed loop cooling reduces the water withdrawal to 
evaporation and blow down losses but increases investment costs. 
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3. Prospects of Nuclear Desalination in Pakistan 
 

Muhammad Latif, Muhammad Saleem Ullah, Ijaz Ahmad and Ghulam Mustafa 
Applied Systems Analysis Division, PAEC, Islamabad 

 
     Pakistan’s interest in nuclear technology dates back to the late 1950s, when 

Pakistan Atomic Energy Commission (PAEC) was established with the 
responsibility of promoting use of nuclear technology for the socio-economic 
development. A beginning was made in the field of medical diagnostic and 
treatment followed by its applications in agriculture, research & development 
and nuclear power generation. The use of nuclear energy started after 
commissioning of Karachi Nuclear Power Plant (KANUPP) in 1972.  

     Early studies for nuclear energy applications were focused on nuclear 
electricity generation & sea water desalination and coastal cities of the 
country were major focus of these studies. In the late seventies, PAEC 
installed a solar thermal desalination plant at Gwadar as nuclear desalination 
was infeasible. In 2010, PAEC installed a desalination facility with the 
KANUPP for technology demonstration. These coastal cities have been 
facing severe shortage of fresh water supplies and situation is expected to  
worsen in coming decades due to increase in economic activities and rising 
population of the cities. Sustainable supply of electricity and water would be 
required to maintain the pace of socio-economic development. Currently, five 
Nuclear Power Plants are in operation and two more plants are under 
construction in the country. PAEC has indigenously designed and developed 
desalination facility coupled with the KANUPP that is in operation. Many 
countries in the world are also using nuclear energy for co-production of 
water and power. The successful operation of nuclear power plants and 
coupling of the desalination plant with KANUPP has given PAEC a great 
confidence to plan more nuclear units in future for co-production of water 
and power. Pakistan is importing large part of its energy mainly in the form of 
fossil fuels that are not only increasing environmental burden but also the 
import bills that have already become unsustainable. It is imperative to use 
nuclear energy for electricity generation and co-production of potable water 
by sea water desalination for sustainable development of the coastal cities. 

 
***************************************** 
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4. Techno-economic Assessment of Nuclear Desalination in Pakistan 
 

Muhammad Latif, Muhammad Saleem Ullah, Ijaz Ahmad, Ghulam Mustafa 
Applied Systems Analysis Division, Pakistan Atomic Energy Commission, 

Islamabad 
 
 Pakistan Atomic Energy Commission (PAEC) conducted various studies 

during the period 1969 - 2000 for nuclear energy applications focused on 
nuclear electricity generation & sea water desalination, followed by a series 
of feasibility and long term planning studies. Coastal cities of the country 
were major focus of the co-generation studies as the cities were facing 
water scarcity. In late seventies, nuclear desalination being infeasible, 
PAEC installed a small solar thermal desalination plant at Gwadar and in 
2010, PAEC indigenously designed and developed a demonstration 
desalination plant coupled with the Karachi Nuclear Power Plant based on 
multi-effect desalination technology. With the advancement of energy, 
electricity and desalination technologies, techno-economics of sea-water 
desalination has changed significantly during the last few decades. Further, 
the water demand and supply situation in the cities has also changed and 
there is a need to reassess the economics of sea water desalination using 
nuclear energy for the coastal cities of the country. A study on techno-
economic assessment of co-production of water and power has been made 
for Gwadar city. Economics of small reactors with 100 MW, 200 MW and 
300 MW electric power have been assessed to meet the power and potable 
water demand of the city. Desalination technologies used in this 
assessment are commercially available Reverse Osmosis, Multi-effect 
Distillation and Multistage Flash Distillation. The study results show that 
Reverse Osmosis process is the most economical sea water desalination 
option for potable water supply for the city. 

 
***************************************** 
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5. Role of Oceanography in Suitability Analysis of Site Selection for Desalination 
Plant along Pakistan Coast 

 
Ibrahim Zia 

National Institute of Oceanography (NIO), Karachi, Pakistan 
 
 The coastal population of Pakistan are mainly depending on the inland water 

reservoirs such as the main source of fresh water supply in Gwadar is 
Ankara Kaur Dam, Pasni is Shadi Kaur Dam and for Karachi is Hub dam and 
some inland Lakes. In the last few years due to shortage of rainfall in 
Pakistan the supply of fresh water has been seriously affected.  The 
Population of Karachi metropolitan city is increasing at a rapid rate, therefore 
demand for drinking water intensify day by day. This demand requires 
permanent fresh water supply for the residential areas. Consequently, 
desalination plants are needed along the coastline of the Pakistan on a 
priority basis.  Oceanographic behaviors and parameters play a vital role in 
the selection of suitable site for the installation of desalination plant along the 
coast. Geospatial methodology depicted the western coast of Karachi is 
more suitable than the eastern for the construction of desalination plant. The 
road network on the western part of coast is already available so the site 
construction and utilities availability at desalination plant are accessible. The 
eastern part of Karachi coast is comprehensively disturbing in the sense of 
reclaim activities and large amount of polluted water discharge from Malir 
river. 

 
 

***************************************** 
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6. Nuclear Cogeneration with Integration of Renewable Energy Sources: an 

Opportunity for Sea Water Nuclear Desalination and Sea Water Reverse Osmosis. 
 

A. Arif, A. Nasir and G. Ghaus 
Directorate of Nuclear Power Engineering-Plants (DNPEP), PAEC, Islamabad 

 
 This study aims to analyze the performance and qualitative, economic and 

environmental feasibility of the desalination technologies that can be 
coupled with nuclear power plants (NPPs). A case study was conducted on 
NPP steam cycle where the assessments of extraction steam from low and 
high-pressure turbines were discussed. The purpose of this assessment 
was to identify the most suitable extraction point for its usefulness to the 
production of potable water with minimum loss of electrical power due to 
extraction steam and ultimately plant performance using nuclear 
desalination technology. Furthermore, sea water reverse osmosis option 
was also evaluated with its electrical impact. The cost comparison of the 
two technologies has also been done along with their thermal and electrical 
consumption. International Atomic Energy Agency (IAEA) desalination tools 
(DE-TOP and DEEP) for thermal analysis and economic evaluation were 
used in this study. Furthermore nuclear-renewable hybrid energy systems 
(N-R HESs) option has also been studied for sea water desalination and 
sea water reverse osmosis as an opportunity to integrate with NPPs.  

 
Keywords: Nuclear desalination, reverse osmosis, cogeneration, N-R HESs 
 

1. Introduction 

The quantity of water used for human consumption (i.e. fresh water) is limited to only 
0.3% of total water resources of the world. However due to increasing human 
population and hence the water consumption demand, need to convert the non-usable 
percentage of water into usable water has become inevitable. While the maximum 
amount of fresh water resources are in the Arctic and Antarctic which are rather 
inaccessible areas. The salty water, which makes up the 97.5% of total water resource 
is found in oceans, seas and some lakes and so are accessible. This salty water can be 
converted into fresh water using various chemical, mechanical and electrical 
techniques. The process of removing salts from the sea water and making it fit to drink 
is known as desalination which is further subdivided into thermal desalination, 
membrane desalination and chemical desalination. Thermal Desalination technology 
involves varying temperature to obtain separation in salt and water i.e. evaporation and 
consequent condensation. The various techniques further employed to obtain usable 
water fit for human consumption involve multi-stage flash distillation (MSF), multiple-
effect distillation (MED), vapor compression distillation (MVC), humidification - 
dehumidification desalination (HDH), solar distillation (SD) and freezing (Frz). 
Membrane Desalination or Pressure-activated process involves use of permeable 
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membranes allowing the passage of solute leaving the solvent behind. This technology 
involves processes like reverse osmosis (RO), forward osmosis (FO), Electro-dialysis 
(ED) and Nano-filtration (NF). Chemical Desalination or chemically-activated 
desalination systems include ion-exchange desalination (I.Ex), liquid–liquid extraction 
(LLE), gas hydrate (G.Hyd) or other precipitation schemes and adsorption technology 
(Ads) [1].  

This paper provides a comparative analysis on the performance and qualitative, 
economic and environmental feasibility of the desalination technologies that can be 
coupled with nuclear power plants (NPPs) with the option of nuclear renewable hybrid 
energy systems as an option for Pakistan NPPs.  

2. Desalination technologies 

Desalination also known as Desalting is a process of removing salts from the water to 
make it fit for homes and industrie. The saline water is separated into two parts- one 
that has more salt concentration (called the Brine or Concentrate) and the other in 
which the salinity is negligible. Desalination is a viable solution to water scarcity 
problems that prevail throughout the world and the need to not only manage current 
fresh water resources more efficiently but to also produce more fresh water resources 
primarily by conversion of sea water into fresh water. As the fresh water consumption 
has increased drastically over the years. Desalination technologies have consequently 
become more advanced and more economical due to extensive Research and 
Development in this field. The desalination techniques can be broadly classified in to 
three Processes namely 1) Thermal Desalination, 2) Mechanical Desalination and 3) 
Chemical Desalination [1].  

 

3. Economical comparison of desalination technologies 

This Section provides the Operation Cost Comparison of all the Desalination 
Techniques mentioned in Section 2. The Desalination technologies are becoming very 
commonly used in the world and new break through are being achieved almost every 
day. However, a cost and thermal comparison of these techniques needs to be 
established to identify the most effective of these technologies. The running cost of the 
technologies like Adsorption (Ads), Freezing (Frz) and Liquid-Liquid Desalination (LLE) 
have the lowest cost of below 0.5$/m3. The highest running cost is for the technologies 
that run on Solar Power and this can be fairly justified since Solar Energy has been the 
most expensive technology for a very long time. All the other technologies have more or 
less same around 0.8 $/m3 running cost but the quality of water produced, CO2 
emission and power consumption in each of these processes may vary [1].  

 

4. Thermal Comparison of desalination techniques 

The effectiveness of a Desalination Technique depends on several factors namely the 
quality of product water, the operational cost of the plant, the input energy consumption 
and environmental impact. Research on the quality of water produced as a result of 
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different desalination techniques shows that MSF and Ads desalination technologies are 
the most efficient with regards to the treated water produced. However, these 
technologies need also to be analyzed in terms of energy (both thermal and electrical) 
consumptions. The MSF technique requires 5.2 KWh/m3 of Electrical and 19.4 kWh/m3 

of Thermal Energy for producing the highest quality of water (1). The cost it requires for 
doing so is also economical around 0.9 $/m3. Similarly, Multi Effect Distillation 
Technology requires 3.8 kWh/m3 of Electrical and 16.4 of Thermal Power and its cost of 
water production is also around0.8$/m3 [1]. However, it is not so efficient in producing 
high quality water. Whereas for other techniques either the Thermal or Electrical Energy 
Requirement is high or the cost of water production is hgh or the quality of water 
produced is very low. 

 

5. Results and discussions 

The target of this study is to produce 40,000 m3/day  (10 MGD) of desalinated water by 
utilizing the benefit of co-generation at a typical 1000 MWe NPP. It is intended to use 
the same intake and outfall structure of the NPP for desalinated plant. For thermal 
analysis, the IAEA desalination code DE-TOP [2], which perform thermal assessment is 
used. The economic assessment has been carried out by using DEEP [3] code provided 
by the IAEA. The default setting has been used in most of the simulations while some 
changes has been made in the expert mode where required. The limitations of DEEP 
and DE-TOP are applicable in all cases. 

 

6. Nuclear Desalination 

The option of Multiple Effect Evaporation (MED) has been selected for nuclear 
desalination to be coupled with NPP. This study has been performed for the utilization 
of turbine extraction stream. A GOR of 8.8 is assumed for all cases. The detailed input 
parameters for the model are given in table 1. 

Table 1: Model input parameters for 1000 MWe PWR based nuclear desalination plant 

Parameters Values 

Main Parameters 
Thermal input (MWe) 3415 
Live steam temperature (oC) 271 
Live steam pressure (bar) 55 
Reheat 
Type Moisture separator and re-heater 

(NPP) 
Pressure (bar) 11.17 
Temperature (oC) 255 
Feed water line 
Final feed water temperature 227 
Number of feed water pre-heaters including 6 
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deaerator 
Deaerator position in feed water line 5 
Main cooling condenser 
Type of cooling system Once through cooling 
Cooling water temperature (oC) 27.3 
Cooling water temperature rise in condense(oC) 5 
Condenser approach temperature (oC) 5 
Condensing steam pressure (bar) 0.064 
Desalination 
Desalination technology MED 
Desalination plant capacity (m3/day) 40000 
Sea water TDS (ppm) 45000 
Top brine temperature (oC) 65 

The minimum requirement for the production of 40,000 m3/day (10MGD) desalinated 
water by MED is as follows: 

Steam temperature:  75.5 oC 

Heat supply:   123 MWth 

Bleed steam from HP 2nd extraction and LP 1st and 4th extraction don’t qualify the 
minimum thermal requirements for the production of 40, 000 m3/day of the desalinated 
plant. Bleed steam from HP 1st and LP 2nd & 3rd extraction points were considered for 
investigations. In each case, analysis carried out for steam mass flow of exact quantity 
required to produce desired amount of fresh water in NPPs at site. The result generated 
from DE-TOP and DEEP has been presented in brief and only important results are 
summarized. The full plant simulation using DE-TOP is given below in Figure 1. 
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Figure 1: Full plant simulation based on 1000 MWe PWR [2] 

6.1.1. HP 1ST EXTRACTION STEAM 

Steam for intermediate coupling loop (ICL) is extracted from 1st stage of HP turbine as 
shown in Figure 2. 

 

Figure 2: HP 1st stage steam extraction simulation based on 1000 MWe PWR [2] 

Following are the main parameters resulted from the simulations. 

MED capacity:  40002 m3/day 

Required steam flow rate: 73.41 kg/s 

Power lost due to extraction: 44.02 MWe 

Total power requirement: 47.7 MWe 

Power lost ratio:  36 % 

Figure- 3 outline the complete summary. 
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Figure 3: HP 1st stage steam extraction simulation full summary based on 1000 MWe 
PWR [2] 

6.1.2. LP 2nd extraction steam 

Steam for intermediate coupling loop (ICL) is extracted from 2nd stage of LP turbine as 
shown in Figure 4. 

 

Figure 4: 2nd stage steam extraction simulation based on 1000 MWe PWR [2]. 
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Following are the main parameters resulted from the simulations. 

MED capacity: 40003 m3/day 

Required steam flow rate: 56.73 kg/s 

Power lost due to extraction: 13.47 MWe 

Total power requirement: 17.1 MWe 

Power lost ratio: 11 % 

Figure 5 outline the complete summary. 
 

 

Figure 5: 2nd stage steam extraction simulation full summary based on 1000 MWe PWR 
[2]. 

6.1.3. 3RD  Extraction Steam 

Steam for intermediate coupling loop (ICL) is extracted from 3rd stage of LP turbine as 
shown in Figure 6. 
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Figure 6: 3rd stage steam extraction simulation based on 1000 MWe PWR [2]. 

Following are the main parameters resulted from the simulations. 

MED capacity: 40003 m3/day 

Required steam flow rate: 56.16 kg/s 

Power lost due to extraction: 21.19 MWe 

Total power requirement: 24.8 MWe 

Power lost ratio: 17 % 

Figure 7 outline the complete summary. 
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Figure 7: 3rd stage steam extraction simulation full summary based on 1000 MWe PWR 
[2]. 

A comparison of the all the feasible stages for the production of 40000 m3/day water is 
given in Table 2. 

Table 2: Comparison of steam extraction points for 40000 m3/day of nuclear based 
MED plant [2] 

Steam 
extraction 
points 

Max. 
steam 
flow 
kg/s 

Steam 
temp 
oC 

Steam 
pressure 
Bar 

Steam 
flow 
required 
kg/s 

% of 
steam 
extracted 
% 

ICL 
flow 
kg/s 

ICL 
pumping 
power 
MWe 

Total 
power 
MWe 

Power 
loss 
ratio 
% 

HP1 132 213 20.37 73.41 55.61 3681 0.41 47.7 36 
LP2 58 86 0.6 56.73 97.81 3681 0.41 17.1 11 
LP3 60 117 1.82 56.16 93.6 3681 0.41 24.8 17 
          

 

It is evident from Table 2 that LP extraction 2 is most suitable with lowest total power 
requirement point of view. 
6.2. ECONOMIC ANALYSIS 

A similar capacity plant for reverse osmosis has also been selected and the cost 
comparison has been done with MED plant. The details of the simulation is summarized 
in the following paragraphs. 
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6.2.1. MED Plant Cost 

Costing of the MED plant was done on DEEP code provided by the IAEA. Following are 
the parameters obtained from the simulation (Figure 8). 

MED capacity:  40000 m3/day 

Power Cost:  67.7 $/MWh 

Water Cost:  1.09 $/m3 

 

 

Figure 8: Cost summary of MED plant based on 1000 MWe PWR [3] 

6.2.2. SWRO Plant Cost 

Costing of the SWRO plant was done on DEEP code provided by the IAEA. Following 
are the parameters obtained from the simulation (Figure 9). 

SWRO Plant Capacity: 40000 m3/day 

Power Cost:  67.7 $/MWh 

Water Cost:  0.86 $/m3 
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Figure 9: Cost summary of RO plant based on 1000 MWe PWR [3] 

6.3. Water Requirments 

The total water requirement for desalination plant can be classified as make-up feed 
water (process), cooling water (in case of nuclear desalination), brine water, product 
water and back-washing water (in case of membrane desalination like SWRO) [4]. 
Table 3 summarize the water requirement of 40,000 m3/day (10 MGD) of desalinated 
plant for MED and SWRO. 

Table 3: Water requirement for 40,000 m3/day (10 MGD) of Desalinated Water [4] 

Parameters MED SWRO 

Recovery Ratio, % 50 25 

Concentration Factor 2 1.33 

Feed Water TDS, ppm 45,000 45,000 

Brine Water TDS, ppm 90,000 60,000 

Product Water TDS, ppm 25 220 

Process Water (Make-up Feed 
Water), m3/day 

80,000 160,000 
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Cooling Water, m3/day 320,000 0 

Brine Water (Brine Discharge 
Water), m3/day 

40,000 120,000 

Product Water (Product Water), 
m3/day 

40,000 40,000 

Back-Washing Water, m3/day 0 12,000 

Total Sea Water Requirement, 
m3/day 

400,000 172,000 

 
6.4. Area Foot Prints 

Table 4 summarize the approximate area foot prints as quoted in the open literature for 
40,000 m3/day (10 MGD) of desalinated plant for MED and SWRO. 

Table 4: Area Footprint for 40,000 m3/day (10 MGD) of Desalinated Water. 

Parameters MED SWRO 

Specific Area 
Requirement 
(m2/m3/hr) 

7 5.5 

Total Area (m2) 12,000 (110 m × 110 m) 9200 (96 m× 96 m) 

 
This required area of 12,000 m2 for MED should be closer to the intake channel to be 
benefited from the co-generation of the NPP and desalination plant. Moreover, a 
provision must be given to install the ICL closer to the steam extraction points. 
 
6.5. Nuclear-Renewable Hybrid Energy System 

Hybrid energy system is defined as either a set of various energy generation processes 
to fulfill the requirement of a single energy consumer (electricity) or it can be a single 
energy generation process that serves multiple energy consumers (electricity, heating, 
cooling, water etc.). The combined generation of heat and electric power is called co-
generation which is also a form of hybrid energy system where the concept of multiple 
generation sources and single generation source is applied in an optimized design to 
serve the energy consumers [5-9]. 

To develop an energy efficient hybrid system for reduced emission of greenhouse 
gases, the coupling of nuclear and renewable energy sources with fossil fuel production 
facilities, known as nuclear-renewable hybrid energy system (N-R-HES), is a very 
suitable choice in the current energy security situation. The N-R HES concept can be 
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divided into four step processes where (i) a nuclear reactor that generates heat is 
coupled with (ii) a thermal power cycle for electricity generation, (iii) at least one 
renewable energy source, and (iv) an industrial process that uses thermal and/or 
electrical energy to produce a valuable product with low carbon emissions. [5-9]. 

6.5.1. Sea Water Nuclear Desalination  

Fresh water is one of major concern globally for their sustainable development while its 
future demand is growing exponentially due to rapid growth of population, scarcity of 
fresh water resources, industrialization and increasing urbanization. Most of the 
desalted water is produced from the sea water either by sea water desalination or by 
sea water reverse osmosis. Both of these technologies are energy intensive and require 
heat and electric power. Nuclear desalination is considered as one of most viable, cost 
effective and long-term solution to produce fresh water from sea water [5, 9]. A N-R-
HES for sea water desalination could be an excellent alternative as many nuclear power 
plants are located on the seashore and uses sea water for their cooling loop [4]. In N-R-
HES option for sea water desalination both steam and electricity is used to produce 
fresh water as shown in the Figure 10 [10]. 

 

Figure 10: N-R-HES option for sea water desalination (taken from A. Arif [10]). 

6.5.2. Sea Water Reverse Osmosis 

N-R-HES option for sea water reverse osmosis could also be an alternate choice for the 
production of fresh water from sea water where electric power produce by the nuclear 
reactor could be used to produce fresh water as illustrated in simplified energy flow 
diagram in Figure 11 [10]. 
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Figure 11: N-R-HES option for sea water reverse osmosis (SWRO) (taken from A. Arif 
[10]). 

7. Conclusions 

The most suitable technologies for the production of 40, 000 m3/day (10 MGD) of sea 
water desalination plant are MED and SWRO. For subjected NPP MED plant, LP 2nd 
extraction steam from NPP is thermally economical as compared to other steam 
extraction points (both LP and HP). From overall economic point of view considering 
capital cost, independence of power plant and desalination plant and ease of operation, 
SWRO technology seems to be more suitable than MED. Moreover, the area foot prints, 
total water requirements and produced water cost also favors SWRO as compared to 
MED. By installing wind forms and solar cells on coastal side of Pakistan may be an 
alternative for N-R-HES with desalination plant, as coastal side of Pakistan has great 
potential for wind and solar energy [11]. 
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7. Nuclear Desalination for Coastal Areas: Case Study of Possible Integration of 
MED Plant with K-2/K-3 
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One of the major concerns of 21st century is the lack of availability of fresh 
water for ever-growing population. Desalination techniques are used in coastal 
areas worldwide to produce fresh water using fossil fuels as energy source but 
it contributes heavily in terms of pollution and global warming. Nuclear 
desalination can provide a viable and sustainable option for the supply of 
clean energy and freshwater. This paper   provides   a look into the fresh water 
crisis in coastal areas of Pakistan, a brief introduction of desalination 
technologies, international experience in the field of nuclear desalination & 
already operating plants, previous experience of desalination at Nuclear 
Demonstration Desalination Plant at KANUPP, case study of integration of  
desalination plant of 40,000 m3/day (~10 MGD) capacity with K-2/K-3 using 
IAEA Desalination Thermodynamic Optimization Program (DE-TOP) tool to 
provide fresh water for domestic users of Karachi and the possible challenges 
faced regarding installation and operation of this plant. 
 

Keywords: Nuclear Desalination Plant, Nuclear Power Plant SMR in desalination, 
Nuclear power plan, Desalination Technologies, Karachi Nuclear Power Plant 
 

 
INTRODUCTION 
One of the major concerns of 21st century is the lack of availability of fresh water for 
ever-growing population. Fresh water constitutes about 2.5% of the total water resources 
(68.8% in glaciers, leaving only 30% in ground water, and 0.4% as surface water).[1] 
This is very scarce considering the rise in population and according to projected data 2.4 
billion people might suffer from lack of fresh water access during this century.[2]  
Desalination techniques are used in coastal areas worldwide to produce fresh water from 
sea water. It is an energy intensive process. Most of the desalination plants in world use 
fossil fuels as its primary energy source. One of the major drawback of using fossil fuels 
as energy source for desalination processes is that it contributes heavily in terms of 
pollution and global warming due to emission of greenhouse gases and toxic emissions. 
Also, the requirement of potable water increases by 4% every year and reserves of fossil 
fuels are finite which makes sustainable development of desalination with fossil fuels 
unmanageable.[3] As far as Pakistan is concerned, PCRWR reported that Pakistan 
touched the "water stress line" in 1990 and crossed the "water scarcity line" in 2005. 
According to IMF, Pakistan water availability is 1017 cubic meter per capita per year 
which is just above scarcity threshold of 1000 cubic meter. Looking at these striking 
statistics, alternative sources for production of fresh water should be studied to mitigate 
possible acute water stress in Pakistan.    
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Research has been carried out to find alternate energy sources, more environmental 
friendly, to meet energy requirement of desalination processes. Nuclear energy is one of 
the answers as it offers a viable option for power generation and production of fresh 
water due to sufficient amount of recoverable useful heat.  
 
DESALINATION TECHNOLOGIES 
Desalination processes are divided into two categories; thermal and non-thermal 
processes (membrane processes). Thermal processes include: multi stage flash (MSF), 
multi-effect distillation (MED) and vapor compression (VC) while membrane desalination 
processes include reverse osmosis (RO), forward osmosis (FO) and electro-dialysis 
(ED). RO and MSF are most widely used processes contributing to almost 63% and 23% 
of global capacity respectively [4].  

Multi-Stage Flash (MSF) 

MSF is the most widely used desalination technology with total capacity over 100,000 
tons/day [5]. In MSF, firstly, feedwater (the water to be desalinated) is heated under high 
pressure and then fed into first of many chambers called stages. Typically, MSF consists 
of 15-25 stages.  The successive stages are maintained are lower pressure than the 
previous, resulting in sudden evaporation due to flashing.  The heat exchanger tubes 
that runs through each stage condenses the vapor and converts it into potable water[6]. 

Multi-Effet Distillation  

MED is the oldest and most efficient desalination technology thermodynamically. Just 
like MSF, MED also comprises of multiple stages or “effects”. Vapor from each effect is 
condensed in the proceeding stage and re-vaporized at gradually reducing vacuum 
conditions. But unlike MSF, MED does not require additional supply of heat for 
vaporization at each stage in order to process the feedwater. The evaporator surface in 
each effect/stage is heated by vapors produced in the previous stage. The use of low 
brine temperature in MED result in less fouling compared to MSF. [6].  

In MED and MSF plants, the coupling between plant and reactor is primarily thermal 
while some electrical coupling is required as well for auxiliary purposes. Thermal 
coupling usually involves steam extraction from either cross over between High to Low 
Pressure Turbine, or HP or LP heaters or may be cooling water from a condensing 
turbine. In these cases, the requirement of steam for desalination might require special 
design consideration for turbine/condenser. Intermediate loops are usually included to 
provide isolation of the desalination plant from the reactor to mitigate any chance of 
radiation leakage in case of any accident.  

Vapor Compression(VC) 

VC desalination is a process where the evaporation of feedwater is achieved by the 
application of heat delivered by compressed vapor. The process works on the principle 
of reduction of boiling point temperature with pressure and vice versa. Since, the 
compression process increases both the vapor pressure and temperature, therefore it 
enables to produce additional vapor thereby using the latent heat rejected during 
condensation. 
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Two methods of vapor compression are found in commercial application; Mechanical 
Vapor Compression(MVC) and Thermal Vapor Compression(TVC). In MVC, mechanical 
compressor converts feedwater into vapor by generating vacuum in evaporator. The 
vapors are then condensed inside the tubes of heat exchanger. Feedwater is showered 
on outside of tube where it is partially boiled and produces vapor. In TVC process, 
principle of Venturi effect is used. Extraction of vapor from evaporator is done using 
orifice which results in reduction of ambient pressure. The extracted water vapors are 
then compressed by steam jet.  The mixture is then,  condensed on the evaporator tube 
walls to provide the heat of condensation. This heat is utilized on the other side of the 
tube walls in the evaporator to evaporate the feedwater. To improve overall system 
efficiency, VC systems are usually used in combination with other processes (MED or 
MSF). VC plants are usually smaller in size and its application is most suited for distant 
small projects where fresh water in not available easily.  

Reverse Osmosis 

Osmosis is a natural phenomenon in which solvent passes through a semi permeable 
membrane from the side of lower solute (higher solvent) concentration to the side of 
higher solute (lower solvent) concentration until the concentrations of both sides are 
equal[7]. At equilibrium, the difference in height between two side of solvent is equal to 
osmotic pressure difference. A pressure higher than the osmotic pressure is applied on 
the high concentration side results in reversal of flow direction through membrane. This 
process is called reverse osmosis. As a result of it, the concentrated solution becomes 
more concentrated while the dilaute is further diluted thus resulting in the increase in 
possibility of extraction of pure water.  

Pretreatment of feedwater (sea water) is very important in RO plants as membranes 
are sensitive to fouling. Pretreatment usually involves filtering, sterilizing, addition of 
some chemical to prevent scaling and kill bio-organisms. The pretreated feedwater is 
then forced to pass through membrane using high pressure pump. Osmotic pressure 
only depends upon the concentration of dissolved species and not on the identity.  
Osmotic pressure depends upon solution temperature, concentration of solute, and the 
type of ions present. 

Electrodialysis 

Electro dialysis is membrane process, which separate cations and anions by use of 
high electrical potential energy. This forces the dissolved salt particles to move through a 
membrane, leaving fresh water behind as product. This process was in particular 
invented for the brackish water water. ED also needs pretreatment to remove solid 
suspended particles bigger than a certain size(~10µm) to avoid clogging of membrane.  

NUCLEAR DESALINATION 

All types of nuclear reactor can provide required energy for desalination. The coupling 
of desalination plant with nuclear reactor is not difficult technically but requires following 
considerations; 

 Avoiding of cross-contamination due to radioactivity, 
 Provision of backup heat or power sources in case the nuclear system is not in 

operation (e.g. for refueling and maintenance),  
 Incorporation of certain design features, minimizing the impact of the thermal 

desalination system’s coupling to the nuclear reactors 
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For nuclear desalination to be viable in any country, two conditions should be 
presents; nuclear plant near the coastal area and lack of fresh water. Both of these 
conditions are present in Pakistan, China, India and Korea. These countries already 
account for half of the world population and thus present a great opportunity for nuclear 
desalination to be useful. Nuclear power as source for desalination system has been 
proven in mainly Japan, USA, Kazakhstan, India, Canada & Pakistan with almost 150 
reactor year experience[8]. It involves supplying of full power to the grid with part of it 
being used to operate desalination system. The major concern in integration of large 
NPP is the economic loss incurred due to co-generation. Out of all types of nuclear 
reactor types, only PWR, PHWR & LMFR have been coupled commercially with 
desalination systems [6].  

INTERNATIONAL EXPERIENCE OF NUCLEAR DESALINATION 

It is estimated that nuclear desalination plants are producing roughly 80-100 or 200-
500 Km3/day of desalinated water. The associated costs are expected to be 0.5-0.94 
$/m3 for RO, 0.6-0.96 $/m3 for MED and 1.18-1.48 $/m3 for MSF plants.   

 In Japan, ten NPPs are coupled with PWRs producing almost 14,000 m3/day of fresh 
water along with electricity. In the earlier stages MSF were deployed but later RO/MED 
were installed which proved more efficient.  

One of best example of cogeneration is BN-350 plant in Aktau, Kazakhstan. It 
supplied 135 MW(e) & 80,000 m3/day of potable water for almost 27 years. Almost 60% 
of its power was used for heat and desalination. The plant was initially designed to work 
at 1000 MWt but never operated above 750 MWt. It has some oil/gas boiler co-
junctioned as well taking its total capacity to about 120,000 m3/day from ten MED units.   

In 2002, India coupled a desalination demonstration plant with twin 170 MWe PHWR 
plants in Kalpakkam. This hybrid desalination demonstration plant consists of an RO unit 
(1800 m3/day) and an MSF plant (4500 m3/day). This is the largest nuclear desalination 
plant based on hybrid RO-MSF technology using low-pressure steam and seawater from 
a nuclear power station. They incurred a 4 MWe loss in power due to this coupling. In 
2009, MVC plant of 10200 m3/day capacity was constructed at Kundakulam. Another 
desalination plant is under operation since 2004 in Trombay research reactor which uses 
its waste heat to supply make up water. 

Russia’s Rostov NPP at Volgodonsk has been producing make-up water (9600 
m3/day) using eight MED units. In August 2017, a cooperation agreement between 
China Nuclear Engineering & Construction Group (CNEC) and Saudi Technology 
Development Corporation to set up a project called "developing desalination projects 
using high-temperature gas cooled nuclear reactors."  
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 Table 1:Nuclear Power Plants with Integrated Desalination Plants[9] 

 

Plant Location 

Start of 

operation: 

reactors 

(desal.) 

Reactor 

type 

Power 

MW(e) 

Water 

capacity 

(m3/d) 

Remarks 

Ohi-1,2 
Fukui, 

Japan 

1979 

(1974–76) 
PWR 2 × 1175 3900 

MSF (1 × 1300 m3/d) 

MED (2 × 1300 m3/d) 

Ohi-3,4 
Fukui, 

Japan 

1991–93 

(1989) 
PWR 2 × 1180 2600 RO (2 × 1300 m3/d) 

Ikata-1,2 
Ehime, 

Japan 

1977–82 

(1976) 
PWR 2 × 566 2000 MSF (2 × 1000 m3/d) 

Ikata-3,4 
Ehime, 

Japan 

1994 

(1993) 
PWR 890 2000 RO (2 × 1000 m3/d) 

Genkai-3,4 
Fukuoka, 

Japan 

1995–97 

(1992) 
PWR 2 × 1180 2000 

MED (1 × 1000 m3/d) 

RO (1 ×1000 m3/d) 

Takahama-3,4 
Fukui, 

Japan 

1985 

(2003) 
PWR 2 × 870 2000 

MED/VC 

(2 × 1000 m3/d) 

Kashiwazaki 
Nigata, 

Japan 

1985 

(not used) 
BWR 1100 1000 MSF 

BN-350 
Aktau, 

Kazakhstan 

1973 

(1963) 
LMFR 150 8 × 104 MED, MSF 

Diablo Canyon 

1,2 

San Louis, 

Obisp, USA 

1985–86 

(1985) 
PWR 2 × 1100 2200 2 stage RO 

Kalapakkam-

1,2 

Tamil Nadu, 

India 
1984–86 HWR 235 6300 Hybrid MSF/RO 

KANUPP 
Karachi, 

Pakistan 

1972 

(2010) 

HWR/ 

CANDU 
125 1600 MED 
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China General Nuclear Power (CGN) installed a 10,080 m3/day desalination plant 
to provide cooling water to its Flong yanhe project at Dalian using waste heat.  

Pakistan commissioned an MED based desalination plant coupled with Karachi 
Nuclear Power Plant (KANUPP). Its capacity is 1600 m3/day. It is in operation since 
2010.  Many nuclear powers plants have been integrated with desalination system 
worldwide (see Table 1). 

NUCLEAR DESALINATION DEMONSTRATION PLANT  AT KANUPP 

Nuclear Demonstration Desalination Plant (using extraction steam) commenced its 
operation at KANUPP site in 2010. The capacity of this plant is 1600 m3/day. It 
includes eight effects MED unit that produces water below 5 ppm. The Desalination 
unit is connected to secondary side of plant via an intermediate coupling loop. This 
intermediate coupling loop acts as a physical barrier against leakage of radiation in 
case of any accident. The pressure of intermediate loop is higher than the secondary 
loop. This is done to avoid any chance of contamination entering the desalination 
system in case of highly improbable double rupture in the boiler & intermediate heat 
exchanger tubes. The steam (1.7 bar/116 oC) from high pressure turbine unit is made 
to exchange heat with water in the intermediate coupling loop which then provides  
heat to the feedwater to be desalinated.  

The major challenges that were faced after commencing of Operation in 2010, the 
capacity of NDDP reduced over time to almost 60% in four years and it is now being 
operated at 40% capacity only due to excessive scaling of MED. Also, the product is 
costlier than any other equivalent plant.  

CASE STUDY OF DESALINATION PLANT FOR K-2/K-3 

Karachi, the biggest city of Pakistan, has seen severe fresh water shortage in 
recent times. With K-2/K-3 Nuclear Power Plants(1100MWe each) under construction 
at Karachi. There can be an opportunity to couple desalination plant with these NPPs 
to help reduce fresh water stress. 

Therefore, a case study has been carried out for possible integration of 
desalination plants with these plants. The study includes possible coupling schemes 
and associated losses of each scheme, challenges faced in construction of such 
plants and supply of fresh water to Karachi residents. The thermal calculations have 
been done using IAEA tool DE-TOP. The capacity of desalination plant under study is 
considered to be 40,000 m3/day with MED as desalination technology.  

Most important thing to integrate desalination plant is to decide the tapping point 
for take off steam to Intermediate coupling loop which will then heat the feedwate/sea 
water to be desalinated. LP-1, LP-2, LP-3, LP-4 and HP-5 heaters are possible 
points. K-2/K-3 plants has two trains of each LP-1,LP-2,LP-3 and LP-4 heaters. They 
are connected in such a way that if we want to isolate one train of LP-1 heaters, we 
must isolate one train of LP-2. Similar is the case with LP-2 & LP-4 Heaters. There 
coupling has to be choosen in such a way that modification requirements and power 
losses are minimum. Also one should consider the impact on turbine stages because 
of extraction of steam. All possible integration schemes with associated power losses 
are given below. 
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At TMCR Condition (1145.032MW) 

Equipment 
Flow 
(t/h) 

Temperature (C) 
Pressure 
(MPa) 

LP 1A/1B 70.724 55.69 0.01531 

LP 2A/2B 226.900 87.52 0.06226 

LP 3A/3B 218.826 119.4 0.1920 

LP 4A/4B 192.449 175.2 0.4178 

One train of  LP heater 1 and 2 (LP 1A/2A) Isolated Condition (1134.849 MW) 

Equipment 
Flow 
(t/h) 

Temperature (C) 
Pressure 
(MPa) 

LP1A/1B 32.201 55.88 0.01544 

LP2A/2B 101.456 87.48 0.06219 

LP3A/3B 362.522 117.9 0.1832 

LP4A/4B 200.012 174.6 0.4141 

Both trains of LP heater (1A & 1B/2A & 2B) Isolated Condition (1128.034 MW) 

Equipment 
Flow 
(t/h) 

Temperature (C) 
Pressure 
(MPa) 

LP 3A/3B 479.424 116.6 0.1755 

LP 4A/4B 206.293 174.0 0.4104 

 

One trains of LP heater 3 and 4 (LP 3A/4A) Isolated Condition (1134.060 MW) 

Equipment 
Flow 
(t/h) 

Temperature (C) 
Pressure 
(MPa) 

LP 1A/1B 71.443 55.78 0.01538 

LP 2A/2B 227.239 87.69 0.06267 

LP 3A/3B 109.815 119.7 0.1940 

LP 4A/4B 92.906 178.2 0.4115 

Isolate one train of all LP Heaters (1A/2A/3A/4A) (1116.715 MW) 

Equipment 
Flow 
(t/h) 

Temperature (C) 
Pressure 
(MPa) 

LP 1A/1B 32.781 56.03 0.01558 

LP 2A/2B 101.701 87.76 0.06281 

LP 3A/3B 94.910 118.5 0.1868 

LP 4A/4B 82.220 178.4 0.3947 
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Both trains of LP heater (LP 3A & 3B/4A & 4B) Isolated Condition (1125.640 MW) 

Equipment 
Flow 
(t/h) 

Temperature (C) 
Pressure 
(MPa) 

LP 1A/1B 71.934 55.84 0.01544 

LP 2A/2B 227.286 87.81 0.06295 

 

These calculations show very marginal power loss in almost each coupling scheme. 
But, in real, this integration is not so simple. It poses many challenges, 

 Numerous modifications are required which can impact integrity of turbine-generator 
&associated system. 

 Design and installation of MED & intermediate loop and maintenance of this size of 
desalination plant will be challenge itself, because no plant of this size is under 
operation in the world right now 

 This desalination plant will not remain in operation during refueling outage which 
means supply of fresh water will be cut for this period. 

 Karachi city is quite far from the existing plant location, which means whole network 
of water distribution line would be needed to install and later on maintenance of this 
line would be great challenge. 

CONCLUSION 

Very large scale commercial application of nuclear desalination plant, though 
theoretically possible, has not been implemented anywhere in the world. But due to fresh 
water crisis in Pakistan, especially in Karachi, It can be one of the solutions towards 
solving this issue.  Experience learnt from Nuclear Demonstration Desalination Plant 
installed at KANUPP can be utilized to install and operate desalination plant integrated 
with K-2/K-3. The major challenges are, design & installation of desalination plant, 
installation of water distribution network, cost of the product as costlier product is not 
feasible and modifications to be carried out in existing plant systems. This case study 
shows the theoretical power loss of different coupling schemes which are very marginal 
compared to overall power. The actual losses might vary and may include other factors 
too. Therefore, it is  important that further work be  needed before integration of 
desalination plant.  
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8. PAEC Role in Seawater Desalination and Thermal Desalination Technology 
 

Waqar M. Butt, Ex-Member (Engg.) 
Pakistan Atomic Energy Commission (PAEC) 

 
 Fresh water is essential for mankind existence and also vital for 

sustained industrial and agriculture development. Fresh water is both 
a life giving source and potentially devastating force. Pakistan is 
among the most water stressed countries in the world with less than 
one thousand cubic meters of water available per head annually. 
Politicians and planners are oblivious of it. 

 If the steps to manage water resources through water conservation 
and development of existing resources cannot meet water demand, 
seawater desalination is the best option especially along coastal 
areas. This has been widely deployed in the past several decades in 
many arid and semi-arid zones. Feasibility of renewable water 
resources depends on feed water at some  cost.    

 Nuclear power for electricity generation being used for more than six 
decades and has been one of the fastest growing energy options. 
From the early days, it has been realized that nuclear energy can be 
utilized to overcome two major challenges to the development of 
mankind, namely sustainable supply of electricity and fresh water. 
The prospectus of using nuclear energy for seawater desalination on 
a large scale remain very attractive since desalination is an energy 
intensive process that can utilize the heat from the nuclear reactor 
and / or electricity produced by nuclear plant.  Nuclear desalination is 
defined as the production of potable / fresh water from seawater in a 
facility  in which nuclear reactor is used as a source of energy 
(electricity and / or thermal energy) for the desalination process. 
Economic studies by IAEA have shown that nuclear desalination 
option can offer potable water at cost competitive with fossil fuel 
plants.      

 PAEC initiated technical and economic studies for nuclear 
desalination and first RO based seawater desalination plant with the 
capacity of 100,000 gallons / day has established at KANUPP which 
is still operational since 1998. In fact this is first seawater 
desalination plant in the country. This plant meets the operational 
potable water requirements of KANUPP. It also fulfills the safety 
requirement of “ultimate heat sink” for an operating nuclear power 
plant. Encouraged by the performance of RO based nuclear 
desalination plant, PAEC decided to design and couple a thermal 
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desalination plant at KANUPP in collaboration with IAEA. This Multi 
Effect Distillation (MED) based thermal desalination plant (420,000 
gallons / day) is operational at KANUPP since year 2009. 

 After the successful operation of two seawater nuclear desalination 
plants, PAEC has setup additional seawater desalination plants with 
total capacity of more than 5 Million gallons / day for under 
construction K2/K3 nuclear power plants and few long term plants 
are under consideration for the future requirements of K2/K3 as well 
as for the community around K2/K3 Site. The potable / fresh water 
requirements for the three NPPs and other facilities at KANUPP Site 
are being met from these nuclear seawater desalination plants 
independent of water supply from Karachi city. 

 Over the years PAEC has developed experienced man power for 
O/M of seawater desalination plants and has acquired the expertise 
for the design and manufacturing of most of the equipment for 
seawater desalination plants specially for thermal desalination with 
the objective to minimize the dependence on vendor countries due to 
the ever increasing technology embargoes. The expertise and 
technology developed by PAEC can be offered for any seawater 
desalination projects in public and private sector in the country. 

. 
**************************************** 
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1. Arsenic Threat in Pakistan and Possible Solution Strategies 
 

M. Ashraf Chaudry and Omar Tauseef Ahmad Ashraf 
ASWOK Islamabad 

 
        Toxic elements present in ground waters are hazardous to human health. 

Most of the population uses ground water apart from surface water for 
drinking and irrigating the crops in Pakistan. Recently the arsenic content 
has been noticed in the Indus basin in KPK, Punjab, Sindh and 
Baluchistan provinces of Pakistan and have been found to exceed the 
WHO defined safe limit of 5PPB. Arsenic contamination is often due to 
naturally occurring high concentrations of this element in deeper levels of 
ground water. Arsenic is classified as a Group A and category-1 human 
carcinogen by the USA EPA and International Association for Research 
on cancer and as such is very dangerous for human health. In Pakistan 
its concentration is found to be up to 50 PPB and may be in even in 
higher levels in Sindh province. In this article the situation has been 
described providing the health related issues. The methods and solutions 
to mitigate or reduce it from drinking water have been discussed. The 
role of chemical technologies and reverse osmosis to add as the 
interventions in the water treatment plants to get rid of AS(III) and AS(V) 
species for their partial or full removal based on dosing with an 
appropriate chemical and disposal options of the concentrate stream 
effluent in plant design of water treatment plant has been considered also 
to get rid of this threat to human health in Pakistan or elsewhere. 

 
        Keywords: Arsenic, removal techniques, arsenic species, reverse osmosis, 

iron oxide 
 
 Toxic elements are dangerous for human health. Major population of Pakistan uses 
underground and surface water for drinking. Sewerage water (fecal) mixing with drinking 
water and chemicals containing toxic substances from the industrial effluents, textile 
dyes, pesticides, nitrogenous fertilizers, arsenic, and other chemicals are the chief 
sources of contamination of drinking water.. Environmental and health issues are 
related to the chemicals with toxic metal ions including arsenic and lead  to contaminate  
the drinking water supply volumes. 
 
In this article the arsenic health hazards, methods to remove it from water by using 
different techniques, including  reverse osmosis  and the chemicals technologies and 
disposal options have been addressed  to add into flow sheets of plant design to bring 
the water to bring it to safe limits for drinking purpose, Heavy metal contamination in 
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drinking water of urban as well as rural areas of Pakistan in all the provinces of Pakistan 
is there.  Pb, Cd,  As, Cu, Co, Hg, Ni, and Zn were significantly higher than WHO limits 
making water unfit for drinking purpose. Therefore, there is an urgent need to take steps 
to improve the drinking water quality (1). 
 
In Punjab Drinking water quality test carried out in twelve districts of Punjab showed that 
microbial and heavy metal (arsenic) were major contamination found in all districts. At 
least 45% of the samples of Kasur district were found to be contaminated with 
microbes. About 73%, 100%, 64%, 94%, 100%, and 88% of drinking water samples of 
Sheikhupura, Lahore, Gujranwala, Multan, Kasur, and Bahawalpur were highly 
contaminated with arsenic. (2) 
 
Water Quality Status in Baluchistan indicates that biological and chemical water quality 
of Baluchistan appear to be   satisfactory but varies in four cities of Baluchistan, that is, 
Ziarat, Loralai, Quetta, and Khuzdar, the water quality was badly contaminated with 
microorganisms making water unfit for human use. Water samples of these cities 
showed that their nitrate  concentration was higher than the recommended limits of 
WHO. About 50% of water samples, collected from Ziarat, were found highly 
contaminated with nitrate ions (2). The drinking water quality assessment of different 
colonies in Quetta city revealed that pH, TDS, and hardness value of all samples were 
within the WHO range but 50% of the samples were found to have high EC value and 
COD of all samples was above the critical limits of WHO (3). The drinking water quality 
of Quetta was inadequate having bad taste, foul smell/odour, change in appearance, 
and pathogens being 57%, 44%, 39%, and 60%, respectively (4). 
 
Drinking water quality of the Sindh province is also poor as that of other provinces. 
About 67%–93% of samples collected from different locations in three main cities, that 
is, Sukkur, Hyderabad, and Karachi, showed that water is unsafe for drinking purposes 
due to microbial and chemical contamination (2.) Guidelines for drinking water WHO(38) 
and National Standards for Drinking Water for Pakistan NSDWQ (5) recommend that E. 
coli or thermotolerant coliform bacteria must not be detectable in all water directly 
intended for drinking. However, total and fecal coliform bacteria were detected in 
samples collected from drinking water supply of Badin city and the water samples were 
found to be unfit for drinking .(6) 
 
This all indicates that contamination by toxic   element is a threat to human health in 
Pakistan. Sixty million   people  in Pakistan are reported to be at risk, as reported by  m. 
Mcrath,an enviromental correspondent, by drinking As  contaminated  water. 
As travels with water from rocks after dissolution by chemical changes from highlands  
though aquifers and water channels. In this paper the   arsenic effect on human health 
and its removal techniques are addressed. 
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The arsenic ions are normally found in undergroud waters due dissolution of some 
minerals,and  industrial efflunts seepage to earth from top of earth. In Punjab, it has 
been found in District Muzaffar Garh under ground waters. Industrial water inflow in 
Sindh also leads to its contamination. It is a serious threat and needs adressing this 
problem. It is toxic in nature and  and affects human health. 
 
Threat in Pakistan is very dangerous  as indicated in working paper on formation of 
national drinking water policy. Arsenic is present in 10 distrcts of Southern 
Punjab(7).Despite this alarming situation there has been no regular mechanism to 
monitor water  quality. 
 
Arsenic contamination in drinking water has been reported in different region of the 
World, including sub-continent. It is   found in 8 districts of Punjab. WHO has prescribed 
a provisional guideline value of As 10 μg/l in drinking water and according to NDWS of 
Pakistan standards the highest desirable limit is 50μg/l. Its presence is indicated 
through the symptoms like acute intoxication abdominal pain, vomiting, diarrhea, 
muscular pain and with flushing of the skin. Chronic exposure due to arsenic 
contaminated drinking water includes dermal lesions, peripheral neuropathy, skin 
cancer, and peripheral vascular disease. Major dermatological signs are nelano-
keratosis, melanosis, spotted and diffuse keratosis, leucomelanosis, and dorsal 
keratosis (4). Arsenic is a Group A  and category1  human carcinogen, defined by 
USA,EPA and International Association of Research on cancer. In Pakistan its 
cocentration has been found to be up to 50 PPB and may exceed this figure in some 
specific places.  The UN standards for toxic metal ions and some other ins are provided 
in Table1 below.  
 
Table 1: UN Environmental Protection Agency standards/guidelines 
 For drinking water( 7 ) 

1. Sb                   5    µg/L             10. Pb             25µg/L 

2. As                   10 µg/L              11. Hg            1.0µg/L 

3. Benzene        1   µg/L           12. Ni(II)         20µg/L 
           4. Boron            1mg/L             13 Nitrate     50mg/L 

5. Bromide        10µg/L            14.Nitrate     0.5mg/L 
6.Cd                  5  µg/L            15. Pesticides     - 

  7.Cr                      5  µg/L              16. Sc             10µg/L 

8. Cu                    2mg/L                

9.Cyanide             50µg/L 

11. Fluoride          1.5mg/L 
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There is a need to maintain and upgrade regular inspection of already present treatment 
plants. 
 
Forms and Chemical Species of Arsenic 
This element is founf in ground wate in disslved forms as AS(III) and 
As(IV).(Ashraf1&5). In shallow aquifers there is availability of oxygen to oxidise As(III) to 
As(V). In deep anaerobic ground waters it exists as As(iii). As(III) is  more difficult to 
remove to the required levels. Removal efficiencies for As(V)  are better for various 
techniques to apply. As(III) is to be oxidized to As(V)  to remove it to required levels in a 
better way. 

In terms of oxidation state, arsenic can exist in four forms, which are arsenite (As(III)), 
arsenate (As(V)), arsenic (As(0)), and arsine (As(III)). Among these four arsenic 
species, the most prevalent forms, which are commonly found in water, are the 
inorganic arsenite and arsenate (40). The pH may change the oxidation state of arsenic 
(8). Different arsenic oxidation states have different levels of toxicity(9). Aarsenate 
species, H2AsO4

− and HAsO4
2− are easily removable than uncharged arsenite                 

( H3AsO3). 

Techniques to Remove Arsenic 
The following techniques are normally applied for the ppurpose of removing As species. 

1. Reverse osmosis 
2. Anion exchange process 
3. Iron oxide absorption 
4. Chemical oxidations systems 
5. Coagulation and filtration 

 
 Reverse Osmosis (RO)and other Membrane techniques 
It removes the iorganic species of As, Pb, Cr and Mn.Operated under ideal conditions, it 
removes upto 95% As(V) (41)(Ashraf Chaudry, The Nucleus). It requires  very little 
maintenance and involves no addition of chemicals to remove As(V). 
 
To remove As(III) it is to be pre oxidized to As(V) and the system complexity and cost 
will be increased. RO water may not taste good due to removal of inorganic content 
during RO operation. If there is iron and manganese in the feed water to higher levels of 
concentration. 
These are to be removed by additional pretreatment. It also involves more cost 
comparatively. 
RO system may also involve pipe corrosion to add lead and copper to water. 
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Membrane Technologies  

In view of drinking water production, membrane filtration is a technique that can be used 
for the removal of arsenic and other contaminants from water. Generally, there are two 
categories of pressure-driven membrane filtrations: (i) low-pressure membrane 
processes, such as microfiltration (MF) and ultrafiltration (UF); and (ii) high-pressure 
membrane processes, reverse osmosis (RO) and nanofiltration (NF) (40,50),(36,37). 
The characteristics of these four processes are summarized in Table 2. 

Table 2:  Pressure-driven membrane processes and their characteristics .(36,37) 

Parameter 
Microfiltration 
(MF) 

Ultrafiltration (UF) 
Nanofiltration 
(NF) 

Reverse 
Osmosis 
(RO) 

Permeability 
(l/h.m2·bar)  

> 1000 10–1000  1.5–30  0.05–1.5  

Pressure (bar) 0.1–2  0.1–5  3–20  5–120 

Pore size (nm) 100–10,000 2–100 0.5–2 < 0.5 

Rejection 
Monovalent ions 

− − − + 

Multivalent ions − −/+ + + 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4730453/#B40-ijerph-13-00062
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4730453/#B50-ijerph-13-00062
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Parameter 
Microfiltration 
(MF) 

Ultrafiltration (UF) 
Nanofiltration 
(NF) 

Reverse 
Osmosis 
(RO) 

Small organic 
compounds 

− − −/+ + 

Macromolecules − + + + 

Particles + + + + 

Separation 
mechanism 

Sieving Sieving 
Sieving Charge 
effects 

Solution-
Diffusion 

Applications 
Clarification; 
Pretreatment; 
Sterilization 

Removal of 
macromolecules, 
bacteria, viruses 

Removal of 
organic 
compounds and 
some dissolved 
salts 

Removal 
of salts 

Using membranes with pore sizes between 0.1 and 10 µm, MF alone cannot be used to 
remove dissolved arsenic species from arsenic-contaminated water. Thus, the particle 
size of arsenic-bearing species must be increased prior to MF; the most popular 
processes for this being coagulation and flocculation (40). (FeCl3) and ferric sulphate 
(Fe2(SO4)3) are the salts used  as flocculants.  After flocculation the size of the As 
species increases to br removed by microfiltration (MF). pH and presence of other 
species  affect the process efficiency for  arsenite removal as this arsenic form has a 
neutral charge in the pH range of 4–10 (12). Arsenite has to be converted to arsenate   
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for its remova by MF. MF and UF are not effective processes to remove arsenic 
species.  

In the same way as MF, UF alone is not an effective technique for the treatment of 
arsenic-contaminated water due to large membrane pores. To make use of this 
technique in arsenic removal.surfactant-based separation processes like  micellar-
enhanced ultrafiltration (MEUF) can be utilized (13) 

 Both NF and RO are suitable for the removal from water of dissolved compounds with a 
molecular weight above 300 g/mol. These techniques can significantly reduce the 
dissolved arsenic level in water given that the feed is free from suspended solids and 
that arsenic is preferably present as arsenat . In a study conducted by Sato et al. (14), it 
was shown that the removal efficiency for As(V) exceeded 85% for all investigated NF 
membranes, while that of As(III) was far too low.. The same is the case for RO, as 
shown in several studies. 

Although technically not a membrane system, diatomaceous earth (DE) filtration is a 
process that works very similar to that of membrane filters (15). DE is a chalky 
sedimentary material containing fossil-like skeletons of microscopic water plants known 
as diatoms (16).  

 2. Anion exchange process 
Anionic exchange systems in the form of columns filled in cylinders filled with ion 
exchange resin capable to exchange its anions with the anions present in the feed 
water are used for the purpose. As arsenic speies exist in anion for , these are removed 
through their exchange  with the resin anions and reducing the  arsenic conentration in 
the water passing through the columns over the resin beads. The IX systems remove 
iron, manganese and also remove nitrate ions to an extent. Arsenic concentration can 
be lowered to required level by designing IX columns of   known quantity with known ion 
exchange anionic capacity to be used for arsenic removal. The feed water from the 
source is to be passed through the column and after the columns are saturated with   
arsenic are to be replaced  or regenerated. The regenerating process   involves chloride 
solutions in water to be passed over the resin sites to remove arsenite ions. 
 
The advantages of this process is that the process requires less maintenance, as the 
regeneration is to be carried out after long periods. Apart from that the trained technical 
manpower may be easily available. The disadvantages include the competing with 
arsenic anions, the other anions   present in feed water also.Treated water may have  
low pH and high levels of chloride, causing corrosion control problems and enhance the 
concentration levels of  Fe and Cu in the product. Large volumes of waste water 
containg arsenic ions may be there to dispose after cncetration wrt these species. 
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3. Iron oxide Absorption 
The iron oxide filters have the capacity to treat water for As removal. It has been 
effectively used in private sectors to reduce the level of As in feed waters. RO cannot 
remove As (III) species effectively. The iron oxide filters can be used as pre filters prior 
to RO. The iron oxide is a media like that of activated carbon. The media can be 
disposed of as a   non hazardous waste materials.  
 
This material removes both As(III)and As(V) . These materials in the form of filters are 
usable at entry point of water, removing other inorganic constituents and are simple to 
use.  
 
The media is to be replaced   regularly. The media is affected by iron, manganese and 
sulphate and organic carbon   and  its effectiveness is lowered . 
 
Effect of different coagulants varies as a function of pH. Below pH 7.6, Al2(SO4)3, and 
FeCl3 are equally effective in removing arsenic from water (18). Between the two 
inorganic arsenic species, most researchers suggested that arsenate is more efficiently 
removed compared to arsenite and that FeCl3 is a better coagulant than Al2(SO4)3 at pH 
higher than 7.6. However, despite their reported inferior performance compared to ferric 
chloride, aluminum-based coagulants were still able to reduce arsenic concentrations to 
below the maximum concentration level (MCL) of 10 μg/L given that the initial 
concentration is  less than 280 µg/L 
 
Coagulation and Filtration 
Coagulation and flocculation are among the most employed and documented 
techniques for arsenic removal from water. In coagulation, positively charged 
coagulants (e.g., aluminum sulphate (Al2(SO4)3), ferric chloride (FeCl3)) reduce the 
negative charge of colloids, thereby making the particles collide and get larger. 
Flocculation, on the other hand, involves the addition of an anionic flocculant that 
causes bridging or charge neutralization between the formed larger particles leading to 
the formation of flocs. During these processes, dissolved arsenic is transformed by the 
chemicals into an insoluble solid, which undergoes precipitation later. Alternatively, 
soluble arsenic species can be incorporated into a metal hydroxide phase and be co-
precipitated. Either way, solids can be removed afterwards through sedimentation 
and/or filtration.  

Arsenic removal  efficiency  (19). Table 2 shows a list of the coagulants used in arsenic 
removal, together with their operating conditions, properties, and efficiencies.  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4730453/table/ijerph-13-00062-t002/
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Table 3: Different coagulants used to remove arsenic, their operating conditions, 
properties, and efficiencies. 

Coagulant 
Operating 
pH 

Initial As 
Concentration  

Type of 
Water 

Remarks  Reference 

Ferric 
Chloride 

7.0 2 mg/L 
Distilled 
water 

At an optimum FeCl3 
dosage of 30 mg/L, 
As(III) and As(V) 
removal efficiencies 
were approximately 
45% and 75%, 
respectively. Arsenic 
removal was enhanced 
at higher FeCl3 
concentrations, 
however, residual iron 
after coagulation 
exceeded MCL of iron 
in drinking water. 

(34) 

Alum 7.0 20 µg/L 
River 
water 

About 90% of initial 
As(V) concentration 
was removed from the 
solution using 40 mg/L 
Al2(SO4)3 ·18 H2O. 
As(III) removal with 
alum was negligible 
even at higher alum 
doses.  

(35) 

Zirconium(IV) 
Chloride 

7.5 50 µg/L 
Distilled 
water 

The percentage 
removal of As(V) with 2 
mg/L ZrCl4 dosage was 
approximately 55%. 

(26) 
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Coagulant 
Operating 
pH 

Initial As 
Concentration  

Type of 
Water 

Remarks  Reference 

This value increased at 
pH 6.5 and decreased 
at pH 8.5. In contrast to 
that of As(V), the 
removal efficiency of 
As(III) was 
approximately 8% 
regardless of pH.  

Titanium(III) 
Chloride 

7.5 50 µg/L 
Distilled 
water 

With 2 mg/L TiCl3, 
As(III) and As(V) 
removal efficiencies of 
32% and 75% were 
achieved, respectively. 
Both As(III) and As(V) 
removal were highly pH 
dependent. 

(26) 

Titanium(IV) 
Chloride 

7.5 50 µg/L 
Distilled 
water 

As(V) removal was 
highly pH dependent, 
whereas As(III) 
removal was 
independent of pH. 
With 2 mg/L TiCl4 
dosage, approximately 
55% of As(V) was 
removed, while As(III) 
removal was 26%.  

(26) 
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Coagulant 
Operating 
pH 

Initial As 
Concentration  

Type of 
Water 

Remarks  Reference 

Titanium(IV) 
Oxychloride 

7.5 50 µg/L 
Distilled 
water 

Both As(V) and As(III) 
removal were pH 
dependent. The 
percent removal of 
As(V) with 2 mg/L 
TiOCl2 dosage was 
37%. Given the same 
conditions, As(III) 
removal was about 
20%. 

(26) 

Zirconium(IV) 
Oxychloride 

7.5 50 µg/L 
Distilled 
water 

With 2 mg/L ZrOCl2 
dosage, approximately 
8% and 59% of As(III) 
and As(V) were 
removed, respectively. 
As(V) removal was 
highly pH dependent, 
whereas As(III) 
removal was 
independent of pH. 

(26) 

Ferric Sulfate 7.0 1 mg/L 
Double 
distilled 
water 

As(III) removal 
efficiency of 80% was 
achieved with 25 mg/L 
Fe2(SO4)3 dosage.  

(27) 
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Coagulant 
Operating 
pH 

Initial As 
Concentration  

Type of 
Water 

Remarks  Reference 

Titanium(IV) 
Sulfate  

7.0 1 mg/L 
Double 
distilled 
water 

Ti(SO4)2 was employed 
for enhanced As(III) 
removal. The removal 
efficiency of As(III) was 
90% at a coagulant 
dose of 25 mg/L.  

(27) 

The major drawback of coagulation-flocculation is the production of high amounts of 
arsenic-concentrated sludge. The management of this sludge is necessary so as to 
prevent the consequence of secondary pollution of the environment. Moreover, 
treatment of sludge is costly. These limitations make this process less feasible, 
especially in field conditions(17) 

 Arsenic Removal by Oxidation Techniques 

Arsenite is to be oxidized to arsenate for its removal by by appropriate techniques. 
Groundwater, oxidation is an important step since arsenite is the prevalent form of 
arsenic at near neutral pH. Aside from atmospheric oxygen, many chemicals, as well as 
bacteria, have already been used to directly oxidize arsenite in water and these are 
enumerated in Table 1. 

Table 3: Different oxidants used to oxidize arsenite to arsenate, their operating 
conditions, properties, and efficiencies(20). 

Oxidants 
Operating 
pH 

Initial as 
Concentration 

Type of 
Water 

Remarks Reference 

Oxygen and 
ozone 

7.6–8.5 46–62 µg/L Groundwater 
Oxidation of 
As(III) by 
ozone is faster 
than by pure 

(4) 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4730453/table/ijerph-13-00062-t001/
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Oxidants 
Operating 
pH 

Initial as 
Concentration 

Type of 
Water 

Remarks Reference 

oxygen or air. 
In less than 20 
minutes, 
complete 
oxidation was 
obtained using 
ozone, 
whereas five 
days were 
needed to 
oxidize 57% 
and 54% of 
As(III) using 
pure oxygen 
and air, 
respectively.  

Chlorine 8.3 300 µg/L 
Deionized 
water 

As(III) was 
completely 
oxidized to 
As(V) by 
active chlorine 
when its initial 
concentration 
was greater 
than 300 µg/L. 
Stoichiometric 
rate was 0.99 
mg Cl2/mg 
As(III). 

(3) 
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Oxidants 
Operating 
pH 

Initial as 
Concentration 

Type of 
Water 

Remarks Reference 

Chlorine dioxide 8.12 50 µg/L Groundwater 

After one hour 
contact time, 
86% oxidation 
yield was 
achieved. This 
relatively high 
value is mainly 
due to the 
presence of 
some metals 
in water that 
could assist 
the catalysis of 
As(III) 
oxidation.  

(28) 

Monochloroamine 8.12 50 µg/L Groundwater 

Very long 
contact time is 
needed to 
obtain 
effective As(III) 
oxidation. An 
oxidation yield 
of only 60% 
was achieved 
after 18 h.  

(28) 

Hypochlorite 7 500 µg/L Groundwater 
Given a 
hypochlorite 
concentration 
of 500 µg/L, 

(33) 
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Oxidants 
Operating 
pH 

Initial as 
Concentration 

Type of 
Water 

Remarks Reference 

there was a 
complete 
oxidation of 
As(III) to 
As(V).  

Hydrogen 
peroxide 

7.5–10.3 50 µg/L 
Freshwater 
and 
seawater 

The efficiency 
of As(III) 
oxidation 
improved as 
pH was 
increased from 
7.5 to 10.3  

(29) 

Potassium 
permanganate 

8.12 50 µg/L Groundwater 

Oxidation was 
completed 
after one 
minute. 

(28) 

Photocatalytic 
oxidation 
(UV/H2O2) 

8 100 µg/L Groundwater 

Combining 
hydrogen 
peroxide 
(H2O2) with 
ultraviolet (UV) 
radiation 
resulted in an 
efficient As(III) 
oxidation. As 
UV dose 
increases, 

(30) 
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Oxidants 
Operating 
pH 

Initial as 
Concentration 

Type of 
Water 

Remarks Reference 

oxidation 
efficiency also 
increases. 
85% of As(III) 
was oxidized 
to As(V) at a 
UV dose of 
2000 mJ/cm2.  

Biological 
Oxidation (e.g., 
chemoautotrophic 
arsenite-oxidizing 
bacteria (CAOs)) 

- - - 

CAOs can 
participate in 
the oxidation 
of arsenite to 
arsenate 
through the 
use of oxygen 
(or nitrate) as 
terminal 
electron 
acceptors 
during the 
fixation of 
inorganic 
carbon into 
cell material. 

(31) 

In situ oxidation - - Groundwater 

Oxygenated 
water is 
pumped into 
the 
groundwater 
aquifer to 

(32) 
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Oxidants 
Operating 
pH 

Initial as 
Concentration 

Type of 
Water 

Remarks Reference 

reduce As 
concentrations 
to <10 µg/L. 

In developing countries, atmospheric oxygen, hypochlorite, and permanganate are the 
most commonly used oxidants. Oxidation of arsenite with oxygen is a very slow 
process, which can take hours or weeks to complete (21). On the other hand, 
chemicals, such as chlorine, ozone, and permanganate, can rapidly oxidize As(III) to 
As(V) as presented in Table 3. However, despite this enhanced oxidation, interfering 
substances present in water need to be considered in selecting the proper oxidant as 
these substances can greatly affect and dictate the kinetics of As(III) oxidation (20). For 
instance, the oxidation rate of arsenite by ozone can be greatly reduced if S2− and TOC 
are present in water.(22) Also, in another study, it was shown that competing anions 
and organic matter in groundwater greatly affect the use of UV/titanium dioxide (TiO2) in 
arsenic oxidation (23). Furthermore, this involves a complex treatment, which produces 
an As-bearing residue that is difficult to dispose. Thus, to efficiently remove arsenic from 
a solution by oxidation, oxidants should be selected carefully. Moreover, all cited 
disadvantages of oxidation alone make it a less competent method for arsenic removal. 

Disposal of Arsenic removed from feed streams 
Arsenic concentrate stream contain high cocentions of As. This is to be precipitated   
dried after filtration and fixed in polymeric materials , resistant to leaching. It may be 
converted to neuttral uncharged species to reduce its toxicity and then burried in deep 
ground properly paved and cemented to avoid its leakage through leaching by flood or 
seeped rain waters. 
 
Human body intake of Arsenic 
It is of great importance to see and assess the As intake through water ingestion. 
Limit of As according to FAO/WHO in drinking water is 10 PPB(24). The provisional  
Tolerable water intake is  15i-As perKg body weight (25) as recommended by Joint 
FAO/WHO Experts C For Committee for food Additive and Benchmark.  Dose Lower 
Confidence Limit  fix  a range of 0.3-8 microgram i-As per body weight per day (24) 
‘ 
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Arsenic   Concentration in Punjab 
 As concentration data   checked  for different location in Punjab in rural and semirural 
areas  and discussed in workshop held in PSPCN, it was found that this varies from 
location to location and at certain places may be  more than 500PPB even. According to 
PHED rural area data the concentration in Muzaffar Garh district some villages is 
provided in the  Table 4 , below. 
 
Table 4: Arsenic  concentration in Muzaffar Garh  distric (7) 
 

S. No Village Depth(feet) AS Concertation 

PPB 

1 Muhammad Wala 170 100 

2 Moza Lahr 120 50 

3 Bhutta Pur 100/145 50 

4 Chak Tole Wala 320 100 

5 Chak Rag Wala 335 50 

6 Khuh Mangan 
Wala 

280 25 

7 Basti Duna 260 100 

8 Sharif Chajra 276 50 

9 Kamal Wala 282 100 

10 Khuh Dadu Wala 105 5 

 
Reverse Osmosis application for As Removal 
As described above, the provisional allowable As intake is  15 microgram per Kg body 
weight per week (5,24) for adults i.e.2.14 µg/Kg body weight per day. For adults  and 
the Benchmark dose is in the range of 0.38-8.0µg per body weight. 
An average consumption per adult person is 3 litres per person per day.  
Hence an adult with a body wt of 70 Kg has  a maximum daily dose of  
2.14x70=149,8µgs/day and a minimum dose of 0.3x70=21µgs /day according to 
FAO/WHO  guidelines. 
 
Water with 500PPB As concentration, if passed through RO, with 95 % rejection   will 
have only 500x0.205= µgs/L equivalent to  3x25=75µgs /day/person, which is   less 
than 149.8µgs/day/person   allowable  maximum limit. And if the concentration of As in 
source water is 100 PPB, an RO intervention will bring it to a level of 5µgs/l level. In this 
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case the As intake per day per adult person is =5x3=15µgs, which is less than 21 µgs 
above mentioned limit fixed by FAO/WHO. 
 
Conclusions 

 As  is present  in all the parts of Pakistan and its maximum  concentration  
may be beyond 50 PPB even up to 500 PPB.  

 As removal by applying different   processes is essential to avoid health hazards. 
  A full scale project to analyze water being used for drinking is a  need  to design 

systems to remove As(both As(III)and As(V). 
 RO and coagulation coupled with filtration and   granular iron oxide filtration are 

the identified techniques to bring As to the safe drinking water. 
 Oxidation of As (III) to As(V)   by using different oxidising chemicals can be done. 

.Ozone,oxygen and hydrogen per oxide  are the  oxidants  for fast  conversion of 
As(III) to As(V) prior to its removal  intervention 
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        The quality of drinking water is a dominant indicator for the assessment of 

health and living standards, however; the major constraint in equitable 

access to safe drinking water supplies in developing countries include 

several issues related to water supply infrastructure, legislation, financial 

investment and policy matters. To overcome these challenges, an 

understanding of the prevailing and emerging waterborne contaminants in 

drinking water is mandatory for managing the potential health risks. 

Following this, a sequence of water quality research studies (2001-2018) 

were conducted showing the presence of bacteriological contamination 

(68%), arsenic (24%), nitrate (13%) and fluoride (5%) in the water sources 

of urban and rural areas of Pakistan. Consequently, 70% of the water 

sources in urban areas and 82% in rural areas were found to be unsafe for 

drinking. To explore this further, a causative analysis of water supply 

infrastructure revealed 23% of urban water supply schemes and 14% of the 

rural schemes were supplying safe drinking water due to multiple reasons. 

The study findings realized that access to safe drinking water continues to 

be limited among urban and rural communities in Pakistan, despite many 

years of water supply improvement programmes. In this situation, a 

stringent enforcement of national drinking water policy and compliance to 

national drinking water quality standards in urban and rural areas is likely to 

result in improved and sustainable drinking water quality, reduced infant 

mortality, improved public health and national productivity.  

        Keywords; Child Mortality; Waterborne Diseases; Water Supply Schemes;  

Water Quality Standards; WASH; Sustainability. 

 

1. Introduction 
Pakistan is the sixth largest country of the world population-wise, whereas water 
resources wise its ranking is 35th in the world (Gul and Qureshi, 2012). Its per capita 
water availability is now less than 1000 cubic meter per capita per annum that 
categorizes it as the water scarce country. Rapid population growth, urbanization, 
industrialization, poor hygienic conditions, uncontrolled groundwater pumping as well as 
lowering of water table have intensified the problem many folds. Consequently, rapidly 
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aging water supply infrastructure cast aspersions on current water management 
practices. According to WHO and UNICEF (2017), 844 million people globally lack even 
a basic drinking-water service, whilst, 2.1 billion people use a drinking water source 
contaminated with feces and can transmit waterborne diseases such diarrhea, cholera, 
dysentery, typhoid, and polio. Contaminated drinking water has been estimated to 
cause 502,000 diarrheal deaths each year (Scott and Hamilton, 2019). To mitigate this 
situation, the goal six of the sustainable development goals (SDGs) is focused on the 
availability and sustainable management of water and sanitation for all. Accordingly, 
providing service to accessible (located on premises), available (whenever needed), 
and safe drinking water (free from fecal and priority chemical contamination) to the 2.1 
billion people by 2030, is extremely challenging. To achieve this goal for the deprived 
section of Pakistan’s population, Pakistan’s vision 2025 addresses the issues of the 
availability of safe drinking water in the country. Following the same, drinking water is 
placed on highest priority in the Pakistan’s National Water Policy with emphasis on the 
provision of safe drinking water, wastewater recycling for public health, and protection 
against flooding as the primacies for urban and rural water sustainability. Sustainable 
safe water supply is considered to be strongly linked with the water supply 
infrastructure, long term water sector strategies and participation of all active 
stakeholders including communities. Since poor water quality has been considered as 
the most important cause of poor livelihood and health, thus drinking water quality 
improvement without water quality monitoring studies is not possible. The current study 
is therefore aimed to evaluate the water quality status in urban and rural area, to assess 
the water supply services and to identify the main challenges needing immediate 
mitigation. 
 
2. Methodology: 
2.1 Study design  
This study is based on the three systematic water quality surveys with well-defined 
sampling design and sample size detailed as below:  
 
2.1.1 Water Quality Monitoring of Urban Areas 
 
A decade long water quality monitoring (2002-2015) comprising 24 major cities for 
which a uniform site selection criterion was adopted. Following this, a grid size of 1 km2 
(for small cities), 4 and 9 km2 (for medium cities) and 16 and 25 km2 (for large cities) 
was used on the topographical maps of 23 cities including Islamabad, Bahawalpur, 
Faisalabad, Gujranwala, Gujrat, Kasur, Lahore, Multan, Rawalpindi, Sargodha, 
Sheikhupura, Sialkot, Abbottabad, Mangora, Mardan, Peshawar, Khuzdar, Loralai, 
Quetta, Ziarat, Hyderabad, Karachi and Sukkur. A minimum distance of 1 km was 
maintained between the two sampling points. Altogether, 357 ground water samples 
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were collected, adopting the uniform sampling criteria and field quality control 
measures.  
 
 
2.1.2 Water Quality Assessment of Rural Areas 
Water quality assessment survey in rural areas of 24 main districts was based on the 
selection of 2,807 villages from each district on the basis of population census reports 
(1998) i.e. villages with large population size were selected. Depending on the 
availability of water source within a village, altogether 14000 ground water samples 
were collected at the rate of approximately five samples per village.  
 
2.1.3 Water Quality Monitoring of Water Supply Schemes 
 
To further understand the water quality contamination trend and its causes, water 
quality assessment of more than 10,000 water supply schemes available was planned 
to cover all water supply schemes located in the federal capital, provinces of Punjab, 
Sindh, Khyber Pakhtoonkhawa and Balochistan as well as FATA, Gilgit-Baltistan and 
AJK. Under this survey, about 22000 surface and ground water samples were collected 
from the functional water supply schemes at their water sources as well as from the 
consumer’s end.  
 
2.2 Laboratory Analysis 
All the water samples were analyzed for physico-chemical and microbiological 
parameters (Table-1) following the standard methods of American Public Health 
Association (2012), whereas test results were compared to World Health Organization 
(2011) drinking water guidelines and national drinking water standards of Pakistan to 
evaluate the degree of fitness for drinking purpose.  
Table-1: Water Quality Parameters and Methods used for Analysis 

Sr. 
No 

Parameters and units Analysis Method/Equipment 

1.  Alkalinity (m.mol/l as 
CaCO3) 

2320, Standard method (1992) 

2.  Arsenic (ppb) AAS Vario 6, Analytik Jena AG 
3.  Bicarbonate 2320, Standard method (1992) 
4.  Calcium (mg/l) 3500-Ca-D, Standard Method (1992) 
5.  Carbonate (mg/l) 2320, Standard method (1992) 
6.  Chloride (mg/l) Titration (Silver Nitrate), Standard Method (1992) 
7.  Color (TCU) Sensory Test 
8.  Conductivity (S/cm) E.C meter, Hach-44600-00, USA 

9.  Lead (ppb) AAS Vario 6, Analytik Jena AG 
10.  Hardness (mg/l) EDTA Titration, Standard Method (1992) 
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11.  Magnesium (mg/l) 2340-C, Standard Method (1992) 
12.  Nitrate (mg/l) Cd. Reduction (Hach-8171) by Spectrophotometer 
13.  Odor Sensory Test 
14.  pH pH Meter, Hanna Instrument, Model 8519, Italy 
15.  Potassium (mg/l) Flame photometer PFP7, UK 
16.  Sodium (mg/l) Flame photometer PFP7, UK 
17.  Sulfate (mg/l) SulfaVer4 (Hach-8051) by Spectrophotometer 
18.  Phosphate (mg/l) 8190 and 8048 (Hach) 
19.  Taste Sensory Test 
20.  TDS (mg/l) 2540C, Standard method (1992) 
21.  Turbidity (NTU) Turbidity Meter, Lamotte, Model 2008, USA 
22.  Fluoride (mg/l) 4500-F C. ion-Selective Electrode Method 

Standard method (1992) 
23.  Iron (mg/l) TPTZ method (HACH Cat. 26087-99) 
24.  Total Coliform  

(MPN/100ml) 
9221-B, Multiple tube Fermentation Technique, 
Standard Methods for the Examination of Water 
and Waste Water 

25.  E. Coli (MPN/100ml) 9221-E, Multiple tube Fermentation Technique, 
Standard Methods for the Examination of Water 
and Waste Water 

26.  Trace and Ultra Trace 
Elements (Aluminum, 
Antimony, Arsenic, 
Barium, Beryllium, 
Bicarbonate, Bismuth, 
Boron, Bromine, 
Cadmium, Carbon, 
Cerium, Chloride, 
Chromium, Cobalt, 
Copper, Dysprosium, 
Erbium, Europium, 
Fluoride, Free Chlorine, 
Gadolinium, Gallium, 
Germanium, Gold, 
Hafnium, Hardness, 
Holmium, Indium, Iodide, 
Iridium, Iron, Lanthanum, 
Lead, Lithium, Lutetium, 
Manganese, Mercury, 
Molybdenum, 
Neodymium, Nickel, 

Inductive Coupled Plasma Spectrophotometer 
(ICP-OES, Varians) 
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Niobium, Osmium, 
Palladium, Phosphorus, 
Platinum, Praseodymium, 
Rhodium, Rubidium, 
Ruthenium, Samarium, 
Scandium, Selenium, 
Silicon, Silver, Strontium, 
Sulphur, Tantalum, 
Tellurium, Terbium, 
Thallium, Thorium, 
Thulium, Tin, Titanium, 
Total Chlorine, Tungsten, 
Vanadium, Ytterbium, 
Yttrium, Zinc, Zirconium) 

  
3. Results and Discussion 
3.1 Water Quality Problems in Urban areas 
The national level monitoring investigations (2002 to 2015) carried out by PCRWR in 
urban areas of 23 cities have revealed 31% of the access to safe drinking water in 
2015. Comparison of results with World Health Organization (WHO) guidelines (World 
Health Organization, 2011) and National Drinking Water Standards of Pakistan (Ministry 
of Environment, 2008) have exposed that 70% of the water samples were found unsafe 
for human consumption due to microbiological or chemical contaminants or both. 
Province wise situation in 2015 is graphically depicted as Figure-1, whereas year wise 
situation indicating minor improvement trend (2002 to 2015) is shown as Figure-2.  
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Figure-1: Water quality status of urban areas of Pakistan 
 

 
Figure-2: Water quality trend in urban areas of Pakistan (2002-2015) 
 
Water quality study of urban areas had also identified the prevalence of four major 
water quality contaminants i.e. bacteriological contamination in(68%samples), arsenic 
(24%samples), nitrate (13%samples) and fluoride (5%samples).  
 
3.2 Water Quality Problems in Rural areas 
The situation was almost similar in the rural areas as out of 14,000 samples collected, 
only 2,550 (18%) were found safe, whereas 82% drinking water sources were found 
unsafe either microbiologically or chemically or both. Province wise status is depicted as 
Figure-3. These studies have also identified the major water quality tribulations 
including bacteriological contamination in drinking water samples(in 64%), total 
dissolved solids (in 25%), turbidity (in14%), nitrate (in9%) and fluoride (in7%) samplles 
beyond the permissible levels of World Health Organization (WHO) guidelines for 
drinking water (World Health Organization, 2011) and National Drinking Water 
Standards of Pakistan (Ministry of Environment, 2008). 
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Figure-3: Water quality status of rural areas of Pakistan 

 
The combination of unsafe water consumption and poor hygiene practices specifically in 
rural areas has been reported to increase the poverty level, decreased working days, 
and contribute to decreased educational achievements due to reduced school 
attendance by unhealthy children. 
 
3.3 Diagnostic survey of over 10,000 water supply schemes (2007-2011) 
Altogether, 72% of the surveyed water supply schemes in Punjab, Sindh, Khyber 
Pakhtoonkhawa (KP), Balochistan, FATA, Gilgit-Baltistan (GB) and AJK were functional. 
Water quality assessment of these functional schemes showed 23% of the urban and 
14% of the rural water supply schemes found to supply safe drinking water (Table-2). 
 
Table-2: Water quality status of rural and urban water supply systems 

Province Dist
ricts 
Sur
vey
ed 

Water 
Supply 
Schemes 
reported 
by 
Province
s 

Surveyed Water Supply 
Schemes 

Functio
nal 

Samples 
Safe for 
Drinking 
(%age) 

Total Urba
n 

Rural Urba
n 

Rur
al 

Punjab 33 4100 3883 746 3137 2725 17 23 
Sindh 22 1300 1247 123 1124 529 5 5 
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KP 16 3000 2203 474 1729 1710 63 26 
Balochistan 14 1600 1034 480 554 968 20 13 
GB/AJK/FATA 10 2000 1794 18 1776 1379 8 2 
Total 95 12000 10161 1841 8320 7311 23 14 

 
The field observations of over 10000 water supply schemes in different areas of the 
country has led to conclude that drinking water quality has become a grave issue mainly 
due to outdated infrastructure of water supply schemes, leakage in distribution system, 
intermittent supply, inadequate technical capacity of water supply agencies, lack of 
public awareness on quality issues, and improper disposal of solid and liquid wastes. 
The current survey studies have led to disclose that surface and ground water as one of 
the serious water resources issue due to prevalence of four major risks such as 
bacteriological contamination, arsenic, nitrate and fluoride. These contaminants are 
reported to be responsible for the possible outbreaks of water related diseases like 
cholera, diarrhea, typhoid, hepatitis A & E caused by microbiological contaminants; 
various types of cancers, diabetes, kidney diseases, heart disease, birth defects and 
black foot disease caused by excessive arsenic; dental diseases, like skeletal and 
crippling fluorosis due to excessive fluoride; blue baby syndrome, bladder cancer, goiter 
and birth defects caused by high level of nitrate than National Drinking Water Quality 
Standards of Pakistan (Ministry of Environment, 2008). Moreover, water extracted by 
hand pumps in rural areas is mainly brackish indicated as in this study due to higher 
TDS level. Linking test data with field observations had made to understand that piped 
water in urban areas was also found contaminated either because of leakages with 
microorganisms or due to geological conditions and insufficient water treatment, with 
abnormally high concentrations of arsenic, nitrate or fluoride. The current studies field 
data has recognized several challenges constraining supply of safe drinking water in 
rural and urban areas such as unprotected water sources, untreated disposal of 
municipal and industrial wastes in the vicinity of water sources, infrastructural problems 
such as pipe breaks, cross connections, leakage from underground storage tanks, mix 
up of water supply pipelines with sewage lines, leakages due to aging pipelines, illegal 
perforation for connections and intermittent water supply, water treatment, inadequate 
technical capacity of water supply agencies, soil erosion, uncontrolled application of 
pesticides and fertilizers, urban run-off, disposal of animal production wastes and 
agricultural run-off from crops. Pakistan’s Industrial and domestic waste is either 
discharged directly to a sewer system, a natural drain or water body, a nearby field or 
an internal septic tank. Thus, the quality of surface or ground water depends upon the 
type and nature of pollutants being discharged into the system, whilst concentration of 
these contaminants and related health risks vary with season and climatic variation, 
population density, industrialization, geological factors and land use practices. 
According to a recent estimate wastewater generated in Pakistan is directly used for 
irrigating an area of about 32,500 ha (Rashid et al., 2018). To mitigate the health risks 
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originating from consumption of produce grown with untreated waste water, there is a 
dire need of treatment and recycling of municipal and industrial wastewaters and of 
solid waste.  
Pakistan is already considered as “High Risk” country according to the Climate Change 
Vulnerability Index mainly due to greatest risks of climate change to its population, 
ecosystem and environment. The climate change is a significant risk factor to further 
stress the Pakistan’s water resources and deteriorate the quality of water. Rising 
temperatures, increasing saltwater intrusion in coastal areas, a growing threat of glacier 
lake outburst floods, more intense rainfall, and changes in monsoon and winter rainfall 
patterns are just some of the ways in which climate change is expected to affect 
Pakistan’s hydrologic resources. Floods in Pakistan in last few decades have also 
ruined the safe water availability due to increased runoff carrying higher levels of 
nutrients, pathogens and pollutants. An increase in precipitation has flushed them out 
from the sewage and ground water reserves into the discharged water. Moreover, 
people in various districts of Pakistan are expected to be deprived of adequate water 
testing facilities and hence people may unknowingly drink contaminated water linked to 
potentially fatal diseases. In this context, another hurdle is unavailability of water testing 
laboratories in about 73 districts of Pakistan as the native people feel difficult to get their 
water tested from sophisticated laboratories of larger cities. In such areas outbreak of 
water borne diseases is a common and even unreported resulting in infinite number of 
mortality and morbidity. Consequently, Pakistan’s 150th position on the Human 
Development Index (HDI) has increased its tendency with low indicators for managing 
the climate change hazards (Bari, 2018). Acknowledging the problems and challenges 
identified in this study, contaminated water supply sources have already been reported 
to be responsible for 40% of deaths and 30% of the diseases in Pakistan (Fizzah et al., 
2017). Similarly, UNICEF have also indicated that 200,000 child deaths occur annually 
in Pakistan due to waterborne diseases only (Rosemann, 2005).  
Analyzing the economic impacts of the situation showed that Water, Sanitation and 
Hygiene (WASH) diseases cost Rs.112 billion per year to the economy of Pakistan, 
more than Rs. 300 million per day in terms of health costs and loss of income 
(Economic Adviser’s Wing, 2010-11). The costs associated with diarrheal diseases 
alone are estimated in the range of Rs. 55 to Rs. 80 million per year (Pakistan 
Economic Survey, 2010-11). Globally, the relationship between safe water, waste 
management systems and improved public health has been recognized as the basics 
for public health, social and economic benefits of safe water and sanitation. The cost-
benefit analysis showed every US dollar invested in water and sanitation sector will 
return 4.3 USD in the form of reduced health care costs (Gelting et al., 2013). Among 
the developed nations, the benefits of provision of safe drinking water at equitable basis 
counterweigh the economic cost by at least 5 to 1 ratio as there is a strong positive link 
between access to safe drinking water, sanitation services, and poverty alleviation 
leading to sustainable development. Using the same formula, several countries like 
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India, Taiwan and Vietnam compared to Pakistan have dramatically increased their 
investments in water and sanitation programme in the last few years. The current 
drinking water quality situation revealed from this study demands implementation of 
National Drinking Water Policy in true sense to ensure safe drinking water to entire 
population at an affordable cost in an equitable, efficient and sustainable manner; and 
to ensure reduction in the child mortality and morbidity caused by water borne diseases. 
Considering the ways forward from crisis to improvement, concrete steps are required 
to improve water quality at source and at consumer’s end. To achieve this, goals should 
be set with focus to strengthen the water supply services in Pakistan by adopting an 
integrated water quality management strategy aimed to optimize the solid and liquid 
waste recycling, water safety planning, producing skilled man power by imparting 
competence based technical education, strengthening the testing laboratories of water 
supply service providers, training of farmers to elude the application of agrochemicals 
beyond requirement, disseminating awareness to general public on sustainable use and 
management of drinking water. Over and above this, establishing a national level water 
supply surveillance body is highly required to act as watchdog for water supplies in the 
country and to strictly enforce laws and regulations preventing industrial entrepreneurs 
from discharging hazardous effluents directly into water bodies and groundwater.  
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Water is the most precious natural resource and an important constituent of 
ecosystem. Due to rapid increase in population, urbanization and 
industrialization, the availability and quality of water resources have been 
declined. The water quality monitoring on regular basis is an important tool 
to assess the quality of water for healthy environment and its safe usage for 
industries, agriculture and human consumption. Water quality is assessed 
by its chemical, physical and biological parameters. Water analysis for 
heavy metals (Arsenic, Lead, Cadmium, Mercury etc.) has a significant role 
due to their toxicity and damaging effects to human beings even at low 
concentration. Atomic Absorption Spectrophotometery (AAS) is an analytical 
technique for quantitative determination of chemical elements in water 
samples at ppm and ppb level. AAS technique is widely used for accurate, 
quantitative trace metal analysis at ppb level for water quality assessment. 
The Atomic Absorption Spectrophotometer Laboratory at Central Analytical 
Facility Division (CAFD) of Pakistan Institute of Nuclear Science & 
Technology (PINSTECH), Islamabad is actively involved in routine water 
(drinking water, waste water, water reservoirs etc.) analyses for its metals 
contents including toxic heavy metals. Moreover, it provides analytical 
services to public and private sector on commercial basis. This article 
describes the instrumentation and applications of Atomic Absorption 
Spectrophotometer  in water quality assessment. 
 
Keywords: Water Quality, Atomic Absorption Spectrophotometery, heavy 
metals, Arsenic, Mercury,  Lead, Cadmium 
         

1. Introduction: 
Water is the most valuable natural resource which sustains life on earth, covering more 
than 70 percent of the planet. Water is required by all living organisms for their survival 
on earth. About 75-80% of the world wide water resources are consumed by agriculture 
sector for irrigation purpose [1].  
 
Pakistan is one of the most water stressed countries in the world. Water resources in 
Pakistan  are shrinking day by day and hence does not meet the requirement of 
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increasing population. With rapid increase in population, urbanization and 
industrialization, the availability and quality of water resources have been declined. in 
Pakistan. There is a shortage of surface water which is being compensated through 
other sources i.e. ground water and urban waste water including sewage water, 
industrial waste water [2]. Urban waste water may contain heavy metals, pathogens and 
hazardous chemicals, emitted through natural and anthropogenic activities. The known 
heavy metals which are emitted from different commercial and industrial activities are 
arsenic (As), lead (Pb), chromium (Cr), cadmium (Cd), nickel, copper, mercury, cobalt 
(1). Waste water application as irrigation for longer time may lead to increased level of 
heavy metals in soil and toxic for plants which is a potential health risk to consumers. 
 
Leaching is an environmental issue causing groundwater contamination. Recently, use 
of N fertilizers has been increased to get higher crop yields. An  inefficient N use by 
crops are causing serious threats to water quality by leaching down into the soil[3], 
human health problems and environmental pollution [4]; [5]; [6]; [7]. High nitrate 
concentration in lakes and rivers may result in eutrophication  [8] and result in algal 
blooms in stagnant waters, which reduces oxygen supply and destroys the aquatic life. 
Health impacts in humans and animal life arises from drinking water or eating foods 
high in nitrate e.g. vegetables. An increase in nitrate concentration in ground water due 
to leaching and its consumption by human being is a serious threat causing nitrate 
toxicity in infants known as methaemoglobinaemia, also called blue baby syndrome [9].  

The water quality monitoring on regular basis is an important tool to assess the quality 
of water for healthy environment and its safe usage for industries, agriculture and 
human consumption. Water quality assessment provides the base line information on 
water safety. Drinking water quality is assessed by its chemical, physical and biological 
parameters. Mostly microbiological or biological contamination in water is a primary 
concern of developing countries as it causes health related problems. However, serious 
problems also arise due to heavy metal contamination of water resources.  

Water analysis for heavy metals has a significant role due to their toxicity and damaging 
effects to human beings even at low concentration. Heavy metals toxicity adversely 
affect the human body. Among heavy metals, lead (Pb), cadmium (Cd), mercury (Hg) 
and arsenic (As) are considered most dangerous for health [10]. The toxicity of Pb in 
human body causes anaemia, hypertension, renal impairment, immunotoxicity, affects 
children’s brain, reduced IQ and attention, increased antisocial behavior while its high 
exposure causes coma, convulsions and even death [11]. Cadmium toxicity affects on 
brain, IQ, blood pressure, classified carcinogen and may result in kidney failure.  
Arsenic is found in water in varying concentrations in various regions of the world. It 
leaches into ground water from rocks and sediments and human beings utilize this 
water, may be suffered  as arsenic may cause cancer, skin lesion, pigment change and 
in severe cases vomiting, pain and diarrhea may also be observed [12]. 

http://en.wikipedia.org/wiki/Natural_environment
http://en.wikipedia.org/wiki/Groundwater
http://en.wikipedia.org/wiki/Contamination
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Therefore, it is important to assess the water quality for heavy metals content on regular 
basis using any analytical technique. The resultant concentrations obtained are 
compared with the World Health Organization (WHO) safety guidelines. Many analytical 
techniques are used for quantitative determination of heavy metals in water. Among 
these techniques, Atomic Absorption Spectrophotometery (AAS) is the most precise 
and widely used technique for quantitative trace metal analysis. 

2. Atomic Absorption Spectrophotometry 
The Atomic Absorption Spectrophotometry is a single element technique for the 
quantitative determination of chemical elements using the absorption of light by free 
atoms in the gaseous state. It is used to measure the concentration of elements in 
solution at at ppm (flame AAS) and ppb level using graphite furnace and hydride 
generation AAS.  It is precise technique to ascertain the level of trace and toxic 
elements. 

2.1 Principle 
The atoms of the analyte in the sample is converted into free gaseous atomic state 
through flame or electric heating that absorb the characteristic wavelength of light 
coming from line source and get excited. The amount of light absorption is used to 
determine the concentration of analyte [13] using the Beer-Lambert Law.  
When a light beam passes through a medium containing many atoms in the ground 
state, the light will be partly absorbed. The degree of absorption depends on the 
concentration of the atom. When a light of an intensity Io is made incident upon a closed 
medium, with a length, l, which contains atoms of a concentration,c,the intensity of the 
transmitted light will be It. 
The equation describes the relation between the  It  and  I0 and is given as  
 
A = -log (It / I0) = a c l 
Where 
A = Absorbance 
I0 = Intensity of incident light 
It = Intensity of transmitted light 
a = molar absorptivity (L mol-1 cm-1) 
c = concentration of absorbing specie (mol L-1) 
l = path length of cell (cm) 
This equation is called the Beer’s Law (Beer–Lambert–Bouguer law)  
The equation describes that absorbance is linearly proportional to the concentration of 
the atoms. 

2.2 Instrumentation 
The main parts of the Atomic Absorption Spectrophotometer (AAS) are given below 

I. Hollow cathode lamp  
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II. Atomizer 

III. Grating 

IV. Photomultiplier tube 

The detail of each part is given below: 
 

I. Hollow Cathode Lamp 

Hollow Cathode Lamp (HCL) is used as a source of light in AAS. It is a line source and 
emits the electromagnetic radiation of specific wavelength from which metal is made. 
Schematic overview of the hollow cathode lamp is shown in Figure 1. It consists of 
hollow cathode of specific metal element and anode housed in a glass and filled with 
inert gas like He or Ne. When potential is applied, electrons from cathode strike with 
inert gas and ionize gaseous atoms. The positive ions (He+) migrate toward cathode 
with high velocity and dislodge the atoms (excited state) from surface, when de-excited 
emit light of specific wavelength [14]; [15]. 
 

 
  Figure 0: Schematic diagram of Hollow Cathode Lamp [13]. 

 
II. Atomizer 

In the atomizer the sample is aspirated and converted to gaseous atoms. Table 1 lists 
the details of atomizer and temperature that is used in AAS[14]..  
 
 

Table 1: Types of atomizer used in AAS 

Type of Atomizer Atomization Temperature (oC) 
Flame 1700-3150 
Electro-thermal vaporization 1200-3000 
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Moreover on the basis of Atomization, AAS is further classified into three categories [15] 

a) Flame Atomic Absorption Spectrometry(FAAS) 

b) Graphite Furnace-Atomic Absorption Spectrometry (GFAAS) 

c) Hydride Generation Atomic Absorption Spectrometry (HG-AAS).  

Detail of these techniques are given below. 

Flame Atomic Absorption Spectrometry 

The sample solution is nebulized in to the flame. A series of processes occur in the 
flame due to heating are 

a) Desolvation: converting solution to molecular aerosol. 

b) Volatilization; converting aerosol to gaseous molecule. 

c) Dissociation; converting molecules to the gaseous atoms. 

d) Ionization; formation of atomic ions. 

After the dissociation the atoms are excited with absorption specific wavelength light 
coming from HCL. Besides, some emission spectra for molecules and atoms are also 
observed [14].  

Graphite Furnace Atomic Absorption Spectrometry (GF-AAS) 

Sensitivity of AAS is increased by electrical heating of sample in graphite furnace. The 
main characteristics associated with GFAAS is least sample requirement (1-100 µL) and 
stage heating. The sample is injected in the hole of graphite tube as shown in Figure 2. 
It has four stages which are following 

a) Drying; in first stage temperature is raised to1000C to evaporate the solvent and 

inert gas is passed to remove the volatile molecule. 

b) Ashing; temperature is further increased 300- 1200 0C and organic matter is 

converted to H2O and CO2, the inert gas (Ar) flow is maintained to remove 

volatile material. 

c) Atomizing; the gas flow is stopped and the temperature raises 1700-3000 0C to 

convert the sample into free atomic state and measurement is taken. 

d) Cleaning; temperature is increased up to 3000 0C and Argon gas is passed 

through the graphite tube. 
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Figure 2: Schematic overview of Graphite Furnace [13]. 

The GF-AAS is preferred over flame as the whole sample gets same temperature at 
same time and analyte reside for larger time in atomization step. Therefore detection 
limit is increased to 1000 time the flame measurement [13]. 

Hydride Generation Atomic Absorption Spectrometry (HG-AAS) 

Several elements are very toxic at even parts per billion (ppb) levels like Hg, As, Se etc. 
so there detection at lower level is desired. In this technique, hydride of As, Se, Te, Sb 
and Bi are generated by adding a reductant which is normally sodium borohydride 
(NaBH4) in acid media (HCl). The reaction of the reagents with analyte are shown in the 
chemical equation below[14] 
 

3 3 3 3 3 23BH aq  3H aq  4H AsO aq  3H BO aq  4AsH( ) ( ) ( ) ( ) (g  3H O  ) ( )l       

The volatile hydride are transferred to the burner slot made of quartz, for heating, 
through continuous supply of inert gas (argon) where hydride is decomposed and 
analyte is atomized.  In this way selectively analyte is atomized in the path of light 
coming from HCL and sensitivity of the technique for analyte increases. The detection 
limit through HG-AAS is enhanced 10 to 100 times[13]. 
 

III. Diffraction Grating 

In this device, light is diffracted into its component when strikes with its grooves on its 
surface. Very fine grooves are made either by laser (holographic) or diamond wire 
(master grating) on the surface of grating as shown in the Figure 3. The bending of light 
is known as diffraction and from which specific wavelength of light is imparted on the 
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detector[13]. It works on the principle of diffraction grating of which equation is given 
 
 2d sin n     

Where n = 1, 2, 3……  
d = distance between two grooves 
 = angle of incidence and angle of reflection 
λ = wavelength of light incident light. 
 

Figure  3: Schematic view of diffraction grating[13]. 

IV. Photomultiplier Tube 

Photomultiplier tube (PMT) is commonly used detector in the AAS. A schematic diagram 
of PMT is given in the Figure 4, which provides the idea about its working. Basically it 
works on the principle of photoelectric effect. It consists of a cathode, an anode and 
numbers of dynodes. Light falls on the cathode and electrons are emitted due to 
photoelectric effect. These electrons are made fall on dynodes. Each dynode is made 
positive than previous dynode. Dynodes are conductors which multiply the number of 
electrons and hence at the anode, the signal enhances. The PMT is housed in glass 
and evacuated. During the measurements PMT is not allowed to sense the light other 
than HCL [14]. 
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Figure 4 (a) Schematic diagram of PMT with nine application dynodes (b) Real image of 
PMT [13]. 

2.3  Advantages and Limitations of AAS 

 In fact each analytical technique has its own advantages and its own limitations 

as well.  

Advantages 

1. Atomic absorption spectrophotometry (AAS) is most likely the technique best 

suited for   

the routine quantitative analysis of trace metals in a variety of samples because of 

its 

• High sensitivity 

• Good accuracy 

• High selectivity 

• Widely used 

2. The operational  procedure is simple and fast. 
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3. The instrument is low-priced/economical as compared to other analytical 

instruments  

 
Limitations 

1) It is used for only quantitative analysis. It is not used for qualitative analysis. 
2) Non-metallic constituents cannot be measured by direct methods.  

3. Central Analytical Facility Division (CAFD), PINSTECH, Islamabad  
Central Analytical Facility Division (CAFD), PINSTECH  is the premier facility of 
Pakistan Atomic Energy Commission. It is equipped with a diverse range of advanced 
instruments and highly skilled manpower. CAFD provides technical support on 
characterization of materials and provision of analytical services to public and private 
sector on commercial basis.  
CAFD has two units of Atomic Absorption Spectrophotometer: 

i. Hitachi Z-8000 (Flame and graphite furnace) Figure 5. 

ii. GBC 932 plus. AAS (Hydride generation) Figure 6.  

The Atomic Absorption Spectrophotometer Lab at CAFD, PINSTECH is actively 
involved in routine water analyses (drinking water, waste water, water reservoirs etc.) 
for its quality including toxic heavy metals contents. 

 
Figure 5. AAS Hitachi Z-8000 
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Figure 6. GBC 932plus AAS 

 
4. Applications of Atomic Absorption Spectrophotometry  
Atomic absorption spectrometry (AAS) is used for accurate, quantitative trace metal 

analysis and to find out its toxic exposure to mankind. AAS finds applications in wide 

range of matrices like metals, high purity materials, water, industrial effluents, oil, food, 

pharmaceuticals, clinical analysis of metals in biological fluids and tissues such as 

blood, serum, plasma, urine, saliva, hair, nails, muscle tissue, environmental, geological 

and nuclear materials etc. 

Atomic Absorption Spectrometry is an accurate and widely used technique for analyzing 

the water samples including drinking water, waste water, sewage water, irrigation water 

and water reservoirs for its metal content particularly heavy metals. The results obtained 

are compared with the WHO safe guidelines and on the basis of these results, final 

recommendations are made. 

4.1 Heavy metals contamination study in soil and radish (Raphanussativus L.) irrigated 

by sewage water - A CASE study 

A research study was conducted at Tarlai farms, Islamabad, Pakistan during 2016-17 with 
the objective to examine the effect of sewage water applied to radish on heavy metals 
(Pb, Cd and As) content in soil and its accumulation in radish. The sewage water, soil and 
radish samples were collected at 7, 14, 20, 40 and 60 days after sowing (DAS) from 
farmer’s field. The use of sewage water for irrigation purpose was a regular practice of the 
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farmers in that site for last many years. The samples collected were analyzed at CAFD, 
PINSTECH using AAS technique. The results revealed that the concentration of heavy 
metals (Pb, Cd , As) in sewage water and soil were found in safe limits as set by the 
World Health Organization (WHO) safety Quidlines.  However, in radish, the 
concentrations of heavy metals (Pb and Cd) were above than the permissible levels (0.25 
mg kg-1, 0.1 mg kg-1) [15]. The highest concentrations of Pb (1.0 mg kg-1) and Cd (0.65 
mg kg-1) in radish were found at 7 DAS while maximum level of As (0.38 mg kg-1) was 
found at 40 DAS. Arsenic content in radish plant was under the threshold limit (0.43 mg 
kg-1) as mentioned by WHO (2004) [16]. The results further showed that Cd level in radish 
remained above safe limit till 40 DAS, after that it decreased sharply be due to dilution 
effect. Harvesting at early stage may cause more heavy metals contamination and 
greater health risk associated with the consumers for long term use [15]. 

 Conclusion 

The water quality assessment is an important tool for monitoring of healthy environment 
and its safe usage for industries, agriculture and human consumption. In this regard, 
Atomic Absorption Spectrophotometery (AAS) plays a vital role for water quality 
assessment as it is accurate, precise and widely used analytical technique for 
quantitative toxic metal analysis at ppb level. 
 
References  
[1]  A. Khan, S. Javid, A. Muhmood, T. Mjeed, A. Niaz, and A. Majeed, "Heavy metal 

status of  soil and vegetables grown on peri-urban area of Lahore district," Soil 

Environ, vol. 32, pp. 49-54, 2013. 

 

[2]   M. Qadir, D. Wichelns, L. Raschid-Sally, P. G. McCornick, P. Drechsel, A. Bahri, et 

al., "The challenges of wastewater irrigation in developing countries," Agricultural 

Water Management, vol. 97, pp. 561-568, 2010. 

[3]  Baker, J.C. and H.P. Johnson. 1981. Nitrate- nitrogen in tile drainage as affected by 

3fertilization. Journal of Environmental Quality. 4: 519-522. 

[4]  Bolan, N.S., S. Saggar, J. Luo, R. Bhandral and J. Singh. 2004. Gaseous emissions 

of nitrogen from grazed pastures: processes, measurements and modeling, 

environmental implications and mitigation. Advances in  Agronomy. 84: 37-120. 

[5]  Subbarao, G.V., O. Ito, K.L. Sahrawat, W.L. Berry, K. Nakahara, T. Ishikawa, T. 

Watanabe, K. Suenaga, M. Rondon, and I.M. Rao. 2006. Scope and strategies 



116 

 

for regulation of nitrification in agricultural systems - challenges and 

opportunities. Critical Reviews  in Plant Sciences. 25: 303 - 335. 

[6]  Subbarao,  G.V., M. Kishii, K. Nakahara, T. Ishikawa,  T. Ban, H. Tsujimoto, T.S. 

George, W.L. Berry, C.T. Hash, and O. Ito. 2009. Biological nitrification inhibition 

(BNI) - Is there potential for genetic interventions in the Triticeae? Breeding  

Science 59: 529 - 545.  

[7] Schlesinger, W.H.  2009. on the fate of anthropogenic nitrogen. Proceedings of 

National  Academy of Sciences. USA. 106: 203 - 208. 

[8] Singh, J., S.Saggar, N.S. Bolan and M. Zman. 2008. The role of Inhibitors in the 

bioavailability and mitigation of nitrogen losses in grassland ecosystems. Chapter 

15. Development in Soil Science. 32: 327-360.  

 [9]   Gupta, V.V.S.R., P.R.Grace and M. M. Roper. 1994. Carbon and nitrogen 

mineralization as influenced by long-term soil and crop residue management 

systems in Australia, in: Doran, J. (Ed.) Defining Soil Quality for a Sustainable 

Environment. (Ed. Doran, J. et al.), SSSA Spec. Publ. 35. Soil Sci. Soc. Am., 

Madison, WI, 193-200. 

[10]    L. Järup, "Hazards of heavy metal contamination," British medical bulletin, vol. 68, 
pp.   

        167-182,  2003. 
[11] W. H. Organization. (2017).Lead poisoning and health. Available: 

www.who.int/mediacentre/factsheets/fs379/en/ 
[12] W. H. Organization. (2016).Arsenic. Available: 

http://www.who.int/mediacentre/factsheets/fs372/en/ 
[13]    D. C. Harris, Quantitative chemical analysis: Macmillan, 2010. 
 

[14]     D. A. Skoog, F. J. Holler, and S. R. Crouch, Principles of instrumental analysis: 
Cengage   
            learning, 2017.  
[15] Muhammad Zeeshan. MS Thesis entitled Impact of Sewage Water on Soil and Radish 
(Raphanussativus L.) with Respect to Heavy Metals in Tarlai, Islamabad. 2017 
 
 
 
 

http://www.who.int/mediacentre/factsheets/fs379/en/
http://www.who.int/mediacentre/factsheets/fs372/en/


117 

 

4. Temporal Changes in the Underground Water Chemistry of Punjab, Pakistan 
 

Mumtaz Khan1, Waqas Khan2
,
 Abdul Jabbar1 

1. Health Physics Division, PINSTECH, Nilore, Islamabad 
2. Punjab Public Health Engineering Department, Lahore 

 
Total dissolved solids (TDS) represents all ions present in water. TDS 
can be used as precursor for monitoring any change in the underground 
water due to economic activities (industrial, agriculture or domestic). 
Punjab is one of the fertile province of Pakistan and share of Punjab 
agriculture GDP is 62% (Survey, 2017) of total agriculture GDP. Due to 
water shortage and speediness in agriculture land utilization, 
underground water chemistry is changing; therefore current study was 
conducted to determine chemical changes in underground water. TDS of 
the agriculture areas is higher as compare to the Pothohar region of the 
Punjab. Maximum values of TDS was found to be the 1406 mg/L, 1312 
mg/L, 1188 mg/L  of Faisalabad, Okara, and Sahiwal districts, 
respectively; while minimum values of 466.2, 495.8, 500.4, and 614.7 
mg/L were calculated for Chakwal, Jehlam, Mandi-Baha-ud-Din, and 
Rawalpindi districts, respectivly. Districts of Saraiki belt / South Punjab 
(i.e. in-between the central & northern Punjab) have TDS value between 
500-1000 mg/L. Underground water table is close to surface in certain 
locations of the central Punjab region than Pothohar region. Therefore it 
is concluded that economic activities (especially, industrialization & tube 
well drilling) have disturbed the water more in central Punjab than in 
other regions. The city (Faisalabad) with highest TDS can have 
contribution due to agriculture and industry, as evidenced by two humps 
shape unique histogram, as compared to single hump histogram of other 
districts. Most districts TDS is ~ 1000 mg/L which is alarming, as 
maximum WHO limit is 1000 mg/L. Values of Arsenic (As), Fluoride (F), 
Iron (Fe), Nitrite (NO2

-1), Nitrate (NO3
-1) were also determined for all 

districts and at certain locations, ionic values were higher than WHO 
limits. The possible changes in underground water chemistry can be 
attributed due to water wells irrigation, less recharge due to stoppage of 
three rivers water (Ravi, Satluj & Bias), industrialization of cities and 
cemented water canals. It is suggested that a detail project should be 
launched to investigate the role of micro & macro factors for underground 
water chemistry changes using radio-analytical & tracer tech. This study 
gives enough data which can be used by policy makers and researchers 
for further proceedings to maintain drinking water quality. 
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This study aims at to determine the quality parameters of drinking water 
in metropolitan cities of Gilgit-Baltistan. Contamination with harmful 
microorganism in water is one of the severe threats to anthropogenic 
health particularly in developing countries. Water quality evaluation such 
as physiochemical and microbial contamination of drinking water was 
determined. The major causes liable for physiochemical and microbial 
contamination created many health issues in Gilgit Baltistan. Thirteen 
samples were collected from different regions of Gilgit Baltistan 
particularly core cities i.e. Gilgit, Chilas, Skardu and Hunza. Entroccoci, 
E.coli and salmonella were determined through membrane Filtration 
Method where Total Bacterial Count (TBC) was determined through pour 
method and psuodominase, Fecal Coliform and Total Coliform were 
investigated  through Most Probable Number (MPN). Physiochemical 
Parameters i.e. Total Dissolve solids, Electric Conductivity and PH were 
determined through electrode method whereas Turbidity was analyzed 
through optical light method. The level of contamination for colony 
forming unit (CFU) for E. Coli 0-15 CFU/100ml for Entroccoci and TBC 
were between the 0-100 CFU/100ml whereas salmonella was found only 
in Chilas valley water. The ratio of turbidity in Hunza water samples were 
quite higher than the permissible limits i.e. more than 5 NTU. This study 
gives enough data which can be used by policy makers and researchers 
for further proceedings to maintain drinking quality water. 

     Keywords: Water Quality, Physiochemical and Bacteriology  

Introduction 
Water covers 70% of the total earth crust which contains 97 of its saline water and 3% 
is fresh and clean. Drinking water is available in all parts of the world where population 
exists, although its supply is not so sustainable sometimes (Cronk et al., 2015). The 
sum of freshwater accessible for anthropogenic consumption is just 0.01 %; the leftover 
is bound in ice and glaciers (Ahmed et al. 2014). Accessibility to safe drinking water is 
indicated by safe sources of water. The safe drinking water sources include household 
connection, public stand-pipe, borehole condition protective dug well, protective spring 
and safe rain water collection. The sources that encourage water unfit for drinking are 
unprotected well, unprotected spring, river, canals, ponds and tanker truck water 
(William, 2016). Most of the drinking water needs some kinds of treatment before using 



119 

 

it, even deep well and water from spring. The water treatment depends on the source of 
water such as spring water must be boiled to kill the microorganisms. 
 
The poor sanitation system and use of contaminated water in the society plays a major 
rule in the transmission of diseases such as cholera, diarrhea, dysentery, hepatitis A 
and C, typhoid, polio and tubercloses etc. The people are getting a high risk of diseases 
when there is inadequate system of sanitation or inappropriate management of water 
sanitation services (Kostyla et al., 2015). The drinking water of hundreds of thousands 
people globally are also contaminated by agricultural waste water which contains 
various types of harmful pesticides and industrial wastes which release hazardous 
chemical substances (Engell et al., 2013). Furthermore, Insects also play a major role in 
the contamination of drinking water. They live and breed on water and transmit diseases 
like malaria, dengue fever. Some of the insects act likes vectors and they breed in clean 
water rather than dirty water. It has been estimated that every year 842000 people are 
going to death due to unsafe drinking water, improper sanitation system or hand 
hygiene (Amini et al., 2008). Diarrhea is generally well recognized disease caused by 
unhealthy water and food. This ailment is controllable and the mortality of 361000 
children which happen every year in the globe can be evaded if such threat factors are 
mitigated (Rose et al., 2006). In this way schistosomiasis which is an acute and chronic 
disorder and 240 million inhabitants are affected every year due to this disease. Water 
borne ailments are considered as the most everywhere across globe and also a major 
cause of mortality as well as morbidity of human beings [13]. About 58% of mortality 
occur each year due to poor unhealthy water and supply of unhealthy water. Main 
deterioration  that affect human health is, untreated human waste bacterial pathogens 
and industrial waste in supply line. Poor sanitation and unhygienic water sources  also 
contributed a lot in developing water borne diseases. In Pakistan rate of infant deaths is 
12.6% and 7% hospital reports showed that most of these cases happened due to fecal 
contamination in drinking water. Physiochemical contamination is a 2nd most important 
cause of water contamination due to Industrial wastage and excessive use. 
 
In Pakistan, poor water quality is one of the main environmental and health-related 
concerns. Both surface and groundwater in the country are polluted with 
microorganisms and various toxic compounds (Azizullah et al. 2011). Bad living 
conditions and natural disasters coupled with mismanagement frequently contaminate 
drinking water in the country (Rasheed et al. 2009). Water treatment plants exist only in 
a few cities, but they are also not properly working and leave episodes of microbial 
contamination undetected (Hisam et al. 2014; WB-CWRAS 2005).As a result,a 
greatmajority of the population in the country is deprived of safe drinking water. National 
statistics reveal that 56 % of the total population in Pakistan has access to safe drinking 
water, but in rural areas safe water is hardly available to 45 % of the population (Farooq 
et al. 2008). Other statistics reveal that 70 % of the rural population in Pakistan has no 
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access to safe water, while in urban areas only 40–60 % of the people have access to 
potable water 
 
A variety of microorganisms belonging to diverse groups like bacteria, viruses, and 
protozoa can be present in water. However, it is not possible in a practical sense to 
frequently check, isolate, and identify every type of disease-causing microorganism 
present in water (New Hampshire Department of Environmental Services 2010). 
Therefore, indicator microorganisms (coliforms) are used to assess water for microbial 
contamination. Coliform bacteria may not be pathogenic by themselves, but can predict 
the possibility, but not the certainty, of the presence of pathogenic microbes that can 
cause hazardous diseases (Emmanuel et al. 2009). Due to factors like easy 
performance, cost effectiveness, and the ability to reliably predict the bacterial safety of 
drinking water, coliform tests are accepted worldwide as standard tests in water quality 
monitoring (New Hampshire Department of Environmental Services 2010; Odonkor and 
Ampofo 2013). Coliforms are gram-negative, not spore-forming rod shaped bacteria 
generally found in the environment. Monitoring of water quality is usually not available. 
Furthermore, coliforms are gram-negative, not spore-forming rod shaped bacteria 
generally found in the environment. Monitoring of water quality is usually based on the 
presence of these bacteria as total coliform (TC), fecal coliform (FC), and Escherichia 
coli (USEPA 2005). Each of them presents a different level of risk. Total coliforms 
generally occur in the soil and water under the influence of surface water and in animal 
or human waste. Total coliforms are used in the most basic water quality tests and give 
a general indication of the sanitary condition of a water supply. Fecal coliforms are a 
subgroup of the total coliforms that are present specifically in the intestines and feces of 
warm-blooded animals  are considered a more accurate indication of fecal 
contamination than the total coliforms (New Hampshire Department of Environmental 
Services 2010). E. coli is the major species in the fecal coliform group. E. coli bacteria 
are mostly harmless but some strains may cause serious illness (e.g., E. coli 0157:H7) 
(Odonkor and Ampofo 2013). This research work describes a survey carried out in 
areas of district Diamer   ( Chilas, Darele and Tangir )to assess the physiochemical and 
bacteriological quality of water sources used by village people for human consumption. 
Furthermore, it contributed to identify the quality of water of Himalayan and Karakoram 
ranges. The main water sources in that areas are lake ,spring and stream water. The 
drinking water samples were taken for quality assessment and to suggest appropriate 
solutions to reduce the observed contamination and to motivate the local public 
authorities to plan future engagement in these areas. To plan correct actions in selected 
districts, contaminating sources have to be treated before water consumption. 
Furthermore, only by identifying the sources of contamination it will be possible to select 
and implement the most correct and appropriate solutions to these quality issues. All 
necessary strategies have to be taken to avoid contamination, mainly due to exposure 
to external environment.  
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Material and Method 
Study Area 

The comparative study was conducted in Gilgit Baltistan with total area of 72,971 km2 
with population 180000. The Gilgit –Baltistan is located in the north of the pakistan and 
geologically bordered by the Hindukush Himalaya and Karakorum ranges of muntains. 
The area is  connected on the Xinjiang province North of China, on the west with Chitral 
(KPK) and Afghanistan (Wakhan Belt) on the south of Kalam, Kaghan and Kohistan 
valleys of Khyber Phtunkhwa (KPK), and on the east and south east with Kashmir 
seized Indian territory. 

The Gilgit-Baltistan consists of ten districts (Gilgit.Astore ,Skardu kharmang,shigar 
,Diamer Ghanche ,Ghizer and  Hunza and Naga. 831villages with a inhabitants bulk of 
12 persons per sq km anthropogenic  settlement are on tributaries and alluvial fans. 
Most area of Gilgit Baltistan   is rough and mountainous, 1% of the region is cultivated 
land whereas the remaining area is covered by glaciers,rivers and mountains 
(66%),rangelands (23%) and  forest (4%)  (IUCN, 2002). 

Water Sampling: 

Water samples (N =13) randomly samples were collected from core cities of Gilgit 
Baltistan. Some metropolitan cities of Gilgit Baltistan namely Gilgit city, Skardu city, 
Chills city, Hunza, Darele and Tangir. 

 500 mls and 1000 mls high density  polyethylene (HDPE) bottles were used for 
collection of water samples for the chemical, Microbial, physiochemical and heavy 
metals analysis. Disposable gloves, bags, labels, pencil,thermometer, GPS and cold 
boxes (40) were  used for this study. 

Sampling procedure 

Before sampling a cap and bottles were washed minimum three times. The bottles were 
filled in a way with no bubbles  formed. A sample was taken by head and gloves were  
with accessibility of arm at 50 - 60 cm from bacterial count and salmonella.Mambrane 
filtration technique (ISO 7704) used for analysis with 100mls of volume of samples to 
determine E. coli, Entrococci,coliform, total bacterial count and salmonella. For 
Escherichia coli (EC X –GLUC Agar) media was used (ISO 93081). The determination 
of Entrococci was carried by filtering 100mls of water sample from bulk sample and 
culturing on slanetz and Bartly Agar (ISO 7899-2). For Entrococci confirmation test Bile 
Aesculin Azide agar (BEA) was used. 

One liter Hekoen Enteric Ager, Rapp port Vasilaidis broth media was used for 
salmonella detection for enrichment in filter paper buffer peptone (ISO 6579-1981). 
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Total Bacterial Count (Heterotrophic plate count APHA 9215-B) was used and pour 
plate method was applied. 

In all cases analysis was performed by the most probable number (MPN) and 
membrane filtration MF methods. For quality of analysis control sample distilled water 
was used. 

Parameter that related to bacteriological parameters were analyzed at ISO certified Lab 
Environmental Protection Agency ( EPA ) Gilgit Pakistan Lab, and  EPA certified SEED 
Water quality Lab at the Department of  Biological  Science ,Karakoram international 
University ,Gilgit ,Pakistan. 

Bacterial Analysis 

Escherichia coli 

The identification and isolation E.coli were carried out using membrane filtration 
technique 100 mls water  sample  was filtered  through micro pore ,pore size 0.45 µm 
diameter 47 mm singly packed gridded  nitro-cellulose  filter Chromogenic  Agar (EC-x- 
GLUC Agar ,Ref :4019682)  selective media for E.coli detection in water. 51 grams of 
selected media was suspended in 1000 ml of distill water  heated to be boiled with 
frequent agitation  and  autoclaved at 121 °C for 15 minutes stabilized  and temperature 
between 40°C to 5°C  and poured  into sterilized mono 50 mm Petri dishes used. The 
filter membrane was placed on 50 mm Petri dish. The plate was incubated at 44±1 for 
2°C for 4 hours. After incubation all blue colonies were calculated. The control plates 
were also incubated in cycle with the sample, colonies were counted using a colony 
counting lens, the method  performed by Burlingame et al, 1984). 

Enterococci 

To identify and enumerate Enterococci, 100 mls water sample was filtered through 
Millipore 45 µm nitro cellulose and then transferred into 50 mm sterilized Petri dish and 
slanetz and Bartley agar selective media was used (Biolife Italy, Ref No 4020662). 41.5 
grams slanetz and bartley agar  dissolved in 1000 mls of distilled  water and heated with 
frequent stirring without autoclaving. Plates were incubated for 44 hours at 36 °C After 
incubation red maroon and brown bacterial colonies were appearing and identified using 
a colony counting lens and verified as presumptive for Enterococci presences (APHA 
1998 and WHO 1984b). For confirmatory test for Enterococci prepared Bile 
AesculinAzide Ager(BEA) Bio life Italy, Ref No 4010182) with ratio of 54.7 gram in 1000 
mls of distilled water heated with frequent stirring and autoclaved at 121 C˚ for 15 
minutes. Maintained temperature at 40-50 °C in water bath and poured  into sterilized  
Petri dish. The filter containing supposed colonies were shifted to freshly found BEA 
plates. Incubated for 2 hours at 40C and the confirmed colonies were counted with dark 
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brown appearance and shade as well. The method is described in reerence  
(Burlingame et al, 1987). 

Salmonella 

The sample water was filtered using membrane filtration technique and merged buffered 
peptone for identification and separation of salmonella spp (Recommended by ISO 
Committee 1993). The above mentioned buffer solution was made by suspending 25.0 
g peptone (Bio lab, Cerritos USA. REF No: MB002-040-B) in 1000 of distilled water and 
distributed into bottles and autoclaved at 121 and kept at 1°C for  5 minutes. The bottles 
having immersed filters were incubated for one day at 36 °C The method has been 
described in reference, (Burlingame et al, 1987). 

First Step 

The isolation and identification of colonies of salmonella, one-liter sample was taken 
from each locality drinking water sources, stream water, spring water and lake, water. 

Second Step 

Post incubation and expansion in buffered peptone solution, a selective media for the 
growth of salmonella spp Prepared Rappaport vassiliad is Broth added 30 g of powder 
media in to 1000 ml of distilled water. Heated slowly till melted fully in separated 10 ml 
volume into  capped bottles autoclave at 121 °C 15 minutes. 

 Third Step 

The incubated broths having the inoculated properties were further  treated to a new 
prepared agar medium, Hektoen Enteric Agar (Biolife Italy, Ref No 4015412). The 
mentioned agar media was made by selected formulated powdered contained in to 
1000 mls of distilled water heated to boil stirred to dissolve completely after maintaining 
temperature between 40°C to °C 50 the medium was poured into 90 mm sterile mono 
use petri dishes. Each plate for the respective sample was again cultured with 
inoculating loops pinched into previous incubated Broth media. 

Fourth Step 

After above mentioned steps typical black colonies appeared and numerated and 
isolated on Triptic Soya Agar (Biolife Italy, Ref No 4021502). 50 g of pre made amount 
medium dissolved into 1000 mls of distilled water.  Temperature was raised to boiling 
with stirring, sterilized by autoclaving for 15 minutes at 121 °C,  Cooled and poured into 
sterilize mono use plates. 
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Total Bacterial Count  

The bacterial count method consists of  the pour plate technique to isolate the bacterial 
population with in required sample of water taken from selected sources (WHO, 2004). 

One ml of sample was drawn out with micropipette. The 90 mm sterilize mono use 
plates containing the required volume was poured with newly 24 g yeast extract agar 
(Biolife Italy, Ref No 4022752) dissolved in 1000 mls distilled water. For each sample 
two plate were used, inoculated for 72 hours at 22 °C counted the bacterial colonies 
with colony counter lenses. For the number of colonies counting plate divided in four 
equal parts to count assessed colonies. The method is given in reference, (Burlingame 
et al, 1987). 

Pseudomonas: 

The identification and isolation Pseudomonas were carried out using most probable 
number (MPN) method. The method is specialized technique to detect the presence of 
viable contaminating microorganism, the whole process carried out in sterile under 
sterile laminar air flow, to avoid all type of contamination during test. The whole interior 
and exterior area and sample containers of rinsing solution diluents sanitized with 70% 
of isopropyl alcohol and test tubes are washed, wrapped in aluminum foil and sterilized 
by autoclaving at 121 °C for 30 minutes. For psuodominase detection asparagines was 
used as the selective media. 

For media preparation weigh 0.06 gm of asparagines, 0.2 gm K2HPO4 and 0.1 gm 
MgSO4 powder completely dissolved in 200 mls of distilled water by heating with regular 
stirring and then sterilize by autoclaving at 121 °C for 15 minutes. 

  After above mentioned process, prepared three sets of test tubes and each set, 
contains five test tubes and then added, 0.1 ml, 1 ml and 10 mls samples with dirham 
tubes in set I set II and set III. Mixed 10 mls of asparagine’s after this step transfer 
inoculation loops in whole sets, incubated at 37 °C for 24 to 48 hours and after 
recommended time period each positive tube observed, gas production, check and 
count the positive tubes and then again new media prepared for each new positive 
tubes. The whole procedure was carried out by employing MPN method as described 
by America Public Health Association (APHA), (2005) standard method for water 
analysis. 

Total coli form 

The identification and isolation of total coliform (TC) were conducted employing most 
probable number (MPN) method. The procedure is specific method to identify the 
existence of possible contaminating bacteria’s. The whole process carried out in germ-
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free under sterile laminar air flow, to avoid all type of contamination during test. The 
internal and external areas, sample containers of rinsing solution diluents were sterilised 
with 70% of alcohol and test tubes are washed, wrapped in aluminum foil and sterilized 
by autoclaving at 121 °C for 30 minutes. For TC determination Brilliant Green Broth 
(BGB) was employed as selective media. For media preparation weighed 2 gms of 
BGB, powder completely dissolved in 100 mls of distilled water by heating with regular 
stirring and then sterilized by autoclaving at 121 °C for 15 minutes. 

After above mentioned process prepared three sets of test tubes and each set, contain 
five test tubes and then added, 0.1 mls, 1 ml and 10 ml solution with dirham tube in set I 
set II and set III,  mixed 10 mls of BGB in each tube, after this step all sets, incubated at 
37 °C for 24 -48 hours and after recommended time period transferred inoculation loop 
check and counted the positive tubes and then again new media prepared for each new 
positive tubes. The procedure was carried out by using MPN method as described by 
American Public Health Association APHA (2005) standard method for water analysis. 

Fecal coli form 

The detection and separation of fecal coli form were detected using most probable 
number (MPN) method. The method is specific method to identify the existence of 
possible contaminating bacterias. The whole process carried out in germ-free sterile 
laminar air flow to avoid all type of contamination during test. The internal and external 
areas, sample containers were rinsed solution diluted  with 70% of alcohol . Test tubes 
were washed, wrapped in aluminum foil and sterilized by autoclaving at 121 C ˚ for 30 
minutes. For fecal coli determination EC media was used as selective media. 

For media preparation weighed 3.2 gm of EC, media completely dissolved in 100 mls 
distilled water. After above mentioned process prepared three sets of test tubes and 
each set, contained five test tubes and then added, 0.1 ml, 1 ml and 10 ml solution with 
dirham tube in set I set II and set III then mixed 10s ml of EC media in each tube.After 
this step incubated at 44 C˚ for 24 -48 hours and after recommended time period 
transferred inoculation loop checked and counted the positive tubes and then again new 
media prepared for each new positive tubes. The whole procedure was carried out by 
employing MPN method as described by American Public Health Association APHA 
(2005) standard method for water analysis performed by (Terry C. Hazen, 2006). 

Chemical and physiochemical Analysis 

The physiochemical parameters consisted pH, turbidity, electric conductivity, total 
dissolved solids, color and temperature were determined in the  valleys drinking 
sourcessaples  of selected research areas. 
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pH Value 

The pH of the samples was checked using a PH meter (Adwa, AD 1020) in water quality 
lab at Department of Biological Science, KIU.The pH meter and  calibrated with related 
buffer solution. The standard electrode was washed with de- ionized water and adjusted 
neutral PH value. The beaker and the electrode were rinsed  with distilled water to 
prevent contamination by other samples. For authentication triplicate PH value were 
taken. The method of PH analyzed through   ISO 10523 (international standards for the 
determination of PH) performed by (Ajaz et al ,2016). 

Turbidity 

Turbidity of the samples were assessed in Lab with turbidity meter (velp Scientific, 
Modal TB -1).The  turbidity is in water due to suspended particles such as clay,silt,sand, 
organic, inorganic matters and microorganism. For the  determination of turbidity  
Jackson candle Turbid meter (JCU) described by (Ajaz et al 2016) was used. 

Electric conductivity 

A conductivity meter (modal AD 3000, Adwa) was used to check electrical conductivity 
and equipment calibrated with relevant solutions. Triplicate value taken for each 
samples. In electric conductivity we assess the flow rate of current in water. The method 
followed by (Saif et al, 2016). 

 Total dissolved solids 

In Karakorum International University, water quality lab TDS was determined and for 
TDS assessment conductivity meter (modal AD 3000, Adwa) was used. 100 mls of the 
sample volume was poured into a 250 ml beaker. The probe of instrument was then 
dipped into the sample and the value was read on the digital screen. Triplicate value 
was taken.The method  was described by  (Ajaz et al 2016). 

Statistical analysis: 

The data was exported to SPSS 20 for analysis. T-test was conducted to analyze the 
experimental data to validate the significance of each physiochemical variable at 
significance level p<0.05. ANOVA test was performed to test the significance of 
bacterial characteristics of different areas and sources of water at p<0.05. In addition, 
multiple bar charts were used to display area wise the source of water, and their 
bacterial, physiochemical analysis. 

In order to take a general view and check out the initial response and environment for 
further survey, researcher performed a survey in all targeted areas through 
questionnaires. The survey questionnaire which was filled by 300 respondents about 
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water quality was analyzed. Tables are used to identify the percentages and 
frequencies of the answers. Descriptive statistics was performed and the responses of 
300 respondents were pictured through graph. 

Results and Discussions 

 Bacterial Analysis of Various sources of water in GB 

In this section Bacterial analysis has been carried out of the water samples collected 
from various sources of water in three cities of GB.  Following steps has been 
conducted and discussed in a systematic way. 

 Determination of Bacteria in drinking water of District Diamer (Chilas, Darel and 
Tangir) 

Water samples were collected from three different subdivisions of District Diamer 
(Chilas, Darel and Tangir). These samples were tested in KIU laboratory following WHO 
recommended protocols and results were compared with WHO standards. Chart given 
bellow summarizes results. 

Figure 1 below shows that E. coli and Enterococci in various sources (stream and 
spring) in Chilas are present at a range indicated in the figure. 

 

Figure 1: Bacterial Analysis of Various sources of water in District Diamer 

E. coli is found in Darel and Tangir water. It has also been confirmed that water was 
contaminated with TBC, Salmonella and total Coli in all sources of water in three major 
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villages of Diamer District. Fecal Coliform were found only in streams water of Darel 
valley and also pseudomonas found in Tangir spring. 

 Determination of Bacteria in drinking water of District Gilgit (Barmus,  Kargah and Jutial 
Stream) 

Samples were collected from three main water streams which provides drinking water to 
Gilgit City. Those three streams are Barmus stream, Kargah Stream and Jutial Stream. 

 

Figure 2: Bacterial Analysis of Various sources of water in Gilgit City 

Figure 2 above shows that in these three streams E. coli and Enterococci, Salmonella 
and Pseudomonas didn’t exist. TBC is higher in Jutial Stream followed by Kargah 
Stream and Barmus Stream. Total coliform was found in all three areas. This is because 
of open grazing pastures in those streams which contaminate the water. Pseudomonas  
were also not found in these areas. 

 Determination of Bacteria in drinking water of District Hunza (Sost and  Aliabad) 

Water Samples were collected from Sost and Aliabad and results of bacterial tests are 
presented in Figure 3 below. 
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Figure 3: Concentration of Bacterial presence in drinking water of Hunza 

Results revealed that E. coli, Enterococci, Salmonella, Fecal Coliform and 
Pseudomonas were not found in these areas. However, total coliform was found in 
Aliabad whereas TBC exist in both the areas. 

 Determination of Bacteria in drinking water of District Skardu 

Samples were collected from Satpara lake and Skardu Spring. Detailed results are 
presented in below graph self-illustrated. 
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Figure 4: Bacterial Analysis of Various sources of water in District Skardu 

Results show that no bacterial evidences were found in Skardu water which makes 
drinking water safe for human consumption. 

  Descriptive statistics of bacteriological tests with respect to locations 

 

N Mean Std. 
Deviatio
n 

Std. 
Error 

Minimu
m 

Maximum 

E.coli 13 7 9.4 2.6 0 28.0 

Enterococci 13 1.8 4.3 1.2 0 15.0 

TBC 13 32.7 36.8 10.2 0 100.0 

FCF 13 1.4 2.6 0.7 0 7.8 

TCF 13 4.6 3.5 1.0 0 7.8 

Salmonella 13 5.2 8.2 2.3 0 22.0 

Pseudomona 13 0 0 0 0 0 

       
 

Descriptive statistics of various bacteriological tests with respect to location are 
compiled in the table 4.2.4. above. Total samples size was 13 and 7 bacteriological 
tests. Mean value of E.coli, Enterococci, TBC, FC, TCF, Salmonella and Pseudomonas 
are 7(S.D 9.4), 1.8(S.D 4.3), 32.7(S.D 36.8), 1.4(S.D 2.6), 4. (S.D 3.5),5.2 (S.D 8.2) and 
0 respectively. 



131 

 

One-way ANOVA result of drinking water sources of various Bacteria’s 

One-way ANOVA showed that there is no statistically significant relation between 
location and various parameters of water quality Samples collected from various 
locations.  Laboratorial tests were carried out including E. coli, Enterococci, TBC, 
Salmonellae, Pseudomonas, TCF and FCF. Results were entered into SPSS to find  
whether location has an effect on water quality or not. One-way ANOVA was applied to 
find  whether location has an effect on parameters of water quality. Results of ANOVA 
confirmed that there is no statistically significant relation  between these parameters 
and locations. E. coli has p value 0.275, Enterococci has p value 0.911, TBC has p 
value 0.601, FCF has p value 0.384 TCF has p value 0.837 salmonella 0.64. These 
values are more significant than the value i.e.0.05 which confirms locations has no 
effect on water quality. 

One-way ANOVA result of drinking water sources of various Bacteria 

Water samples were collected from three different sources of various locations. Sources 
were stream, springs and lakes. The ANOVA result at Appendix-D indicates that 
sources of water has no effect on quality of water. Results of various laboratorial tests 
were entered into SPSS to carry out ANOVA test Group difference and analysis of 
variance among groups confirms that no statistically significant relation exist between 
sources of water and parameters of water quality. 

Physio-Chemical analysis of water in District Diamer 

Water samples were collected from springs and streams of Chilas, Darel and Tangir of 
district Diamer, which are the main sources of drinking water in these areas. Tests were 
carried out at KIU water quality Lab and PCSIR Lab Lahore and results are shown 
below in the tabulated form. 

Sources Locatio
n 

Turbidity 
(NTU) 

PH TDS 
mg/l 

E.C 
(µs/cm) 

Spring Chilas 0.38 7.2 260 91.34 
stream Chilas 1.47 7.4 106.8 69.3 

spring Darel 1.69 7.5 30.6 107.6 

stream Darel 0.62 7.8 34.6 29.2 

Spring Tangir 0.29 7.5 29.2 61.5 

stream Tangir 0.47 7.1 91.3 260 
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Figure 5: Physico-Chemical analysis of water of District Diamer 

Table 4.4.1 and Figure 15 above shows that the Turbidity of drinking water sources of 
Diamer district. In Chilas city spring water 0.38 NTU and Chilas city stream water 1.47 
turbidity was observed. In Darele spring water, 1.69 NTU and Darel stream water 0.62 
NTU, Tangir spring water 0.29 and Tangir stream water 0.47 NTU respectively. 
Turbidity increases due to rainfall, clay and glaciers melting. This also could be due to 
human activity around the drinking waters system. Turbidity in the samples of Chilas 
stream and Darel spring were higher than the prescribe limit. Hence, Chilas stream and 
Darel spring water are not fit for human consumption.  According to WHO standard 
maximum concentration < 5NTU is allowed for human consumption which is further 
authenticated by Maïworé et al., 2016. 

Results of pH value of drinking waters sources of Diamer district are shown in the same 
table and figure above. In Chilas city spring water has pH,7.2 , Chilas city stream  pH, 
7.4 and Darel spring pH =7.5 , Darel stream pH of 7.8, Tangier spring 7.5 and Tangir 
stream 7.1 as  observed respectively. All drinking water sources were found within the 
prescribed limit of WHO standard. According to WHO standard maximum permissible 
value of pH 6.5 -8.5 is okay for human consumption. 

The concentration of TDS of drinking water sources of Diamer district are; in Chilas city 
spring water 260 mg/l, Chilas city stream 106.8 mg/l and Darel spring 30.6 mg/l as 
recorded. Whereas, correspondingly  in Darel stream water 34.6 mg/l, Tangier spring 
water 29.2 mg/l and Tangir stream water 91.3 mg/l respectively. All drinking water 
sources were within the prescribed limit of WHO standard. According to WHO standard 
maximum concentration of 500 mg/l TDS is fit for human consumption. The  electric 
conductivity was found ranging from 29 µs/cm to 91 µ/cm as shown in Table 5 drinking 
water sources of Diamer districts. 260 µs/cm determined in Chilas spring, 69 µ/cm and 
in Chilas stream 107µ/cm. Whereas, in Darel spring water 29.2 µs/cm, in Darel stream 
61.5 µ/cm and Tangir spring 260 µs/cm respectively. All drinking water sources were 
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found within the prescribed limit of WHO standard. According to WHO standard 
maximum limit ≤ 400µs/cm electric conductivity fit for human consumption. 

Physicochemical Analysis of Water in District Skardu 

 

 

 

 

 

 

Figure 6: Physicochemical Analysis of Water in District Skardu 

Figure 6 shows the turbidity ranging from 4 NTU to 4.8 NTU in drinking water sources of 
Skardu district. 4 NTU was determined in Skardu Spring and 4.8 NTU was recorded in 
Skarduj stream. Both drinking water sources were within the prescribed limit of WHO 
standard. According to WHO standard, maximum limit <5 NTU turbidity is fit for human 
consumption. The pH value of drinking water was recorded from 7.3 to 8.3. Hence, 7.8 
pH was determined in Skardu spring water and 8.3 was recorded in Skardu stream 
water respectively. Both drinking water sources were found within the prescribed limit of 
WHO standard which is of 6.5 -8.5 pH fit for human consumption. 

The  TDS ascertained ranged from 40 mg/l to 38.5 mg/l in drinking water sources of 
Skardu distract. Results shows that 40 mg/l was assessed in Skardu spring water and 
38.5 mg/l asserted in Skardu stream respectively. Both drinking water sources were 

Source Location Turbidity 
NTU 

PH TDS 
mg/l 

E.C 
µ/cm 

shard spring 4 7.8 40 81.3 

Skardu stream 4.8 8.3 38.5 71 
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within the prescribed limit of WHO standard. According to WHO standard MPL is 1000 
mg/l fit for human consumption. The electric conductivity was found ranging from 81.3 
µ/cm to 71 µ/cm in drinking water sources of Skardu districts as 81.3 µs/cm determined 
in Skardu spring and 71 µ/cm in Skardu stream as recorded respectively. Both drinking 
water sources were within the prescribed limit of WHO standard. According to WHO 
standard maximum limit ≤ 400 µs/cm electric conductivity fit for human consumption. 

 Physicochemical Analysis of Water in District Hunza 

 

 

 

 

 

 

Figure7: Physicochemical Analysis of Water in District Hunza 

The turbidity was found ranging   from 238 NTU to 276 NTU as shown in Table 4.3.4 
and Figure 7 in the drinking water sources of Hunza district.  276 NTU determined in 
Sost and 238 NTU was recorded in PTDC hotel Aliabad. Both drinking water sources 
exceeded prescribed limit of WHO standard. As we know that the river, stream and 
other aquatic system of Hunza valley  flow with mud and clay and silt that is why 
turbidity is found high. According to WHO standard maximum limit <5 NTU turbidity is fit 

Source Location Turbidity 
(NTU) 

PH TDS 
mg/L 

E.C 
µ/cm 

SOST Hunza 276 8.1 38 38 

PDTC 
Hotel Hunza 

238 8.3 59 59 
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for human consumption. The pH value of drinking water sources of Hunza district was 
recorded from 8.1 to 8.3. In Sost water, pH 8.1 and 8.3  in PTDC hotel respectively. 
Both drinking water sources were within the prescribed limit of WHO standard. 
According to WHO standard water the pH  in range  6.5 -8.5  is fit for human 
consumption. The concentration of TDS was determined from 38 mg/l to 59 mg/l in 
drinking water sources of Hunza distract. 38 mg/l was found in Sost valley and 59 mg/l 
asserted in PTDC hotel respectively. Both drinking water sources were within 
prescribed limit of WHO standard as WHO standard permits 100 mg/l fit for human 
consumption. Furthermore, the electric conductivity was found ranging from 38 µs/cm to 
59 µ/cm in the drinking water sources of Hunza district. 38 µ/cm was determined in Sost 
and 59 µ/cm was recorded in PTDC hotel respectively. Both drinking water sources 
were within the prescribed limit of WHO standard. According to WHO standard 
maximum limit ≤ 400 µs/cm electric conductivity to be  fit for human consumption. 

 

                 Physicochemical Analysis of drinking Water sources in District Gilgit 

Source Location Turbidity 
NTU 

PH TDS 
mg/l 

E.C 
µ/cm 

Burmus 
stream Gilgit 

0.2 
7.8 

119 119 

Kargah 
stream Gilgit 

0.3 
7.6 

60 60 

Jutial stream Gilgit 1.2 7.5 42 42 
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Figure 8: Physicochemical Analysis of drinking Water sources in District Gilgit 

Three main streams namely Barmas, Kargah and Jutial which feeds the whole 
Gilgit city. The level of turbidity in district Gilgit water was ranging from 0.2 NTU to 1.2 
NTU. Hence, 0.2 NTU was recorded in Barmas stream, 0.3 NTU ascertained in Kargah 
stream and 1.2 NTU was determined in Jutial stream respectively. All drinking water 
sources were within the prescribed limit of WHO standard. According to WHO standard 
maximum limit  < 5NTU turbidity which can be fit for human consumption. The level of 
pH in drinking water sources of Gilgit district was ranging from 7.5 to 7.8.7.8 pH.  
Barmus stream water 7.6 pH determined in Kargah stream and 7.5 pH recorded in Jutial 
stream. All drinking water sources were within the prescribed limit of WHO standard. 
According to WHO standard maximum level of pH 6.5 to 8.5 acceptable for human 
consumption. Moreover, the concentration of TDS determined from 42 mg/l to 119 mg/l 
in drinking waters sources of Gilgit district. 119 mg/l assessed in Barmus stream, 60 
mg/l ascertained in Kargah stream and 42 mg/l ascertained in Jutial stream 
respectively. All drinking water sources tests indicate to be within prescribe limit of WHO 
standard. According to WHO standard MPL is1000 mg/l fit for human consumption. 

The electric conductivity was found ranging from 42 µs/cm to 119µ/cm  in drinking water 
sources of Gilgit districts. 119 µ/cm was determined in Barmus stream, 60 µs/cm 
recorded in Kargah stream and 42 mg/l ascertained in Jutial stream respectively. All 
drinking water sources were  with prescribed limit of WHO standard. According to WHO 
standard maximum limit ≤ 400 µs/cm electric conductivity to be  fit for human 
consumption. The concentrations of physico-chemical parameters in drinking water has 
summarized in above mentioned tables. The maximum pH (8.3) was found in stream in 
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Skardu and 8.3 pH found in PTDC hotel Aliabad whereas the minimum pH 7.1 was 
found in a stream of Tangir Valley. These findings were  consistent with those reported 
by Baig et al. (2009). The highest EC value (260 µs/cm) was found in stream water in 
Diamer District while the lowest EC value (0.25 ms/cm) was in Hunza strem watr. 
Potable water normally registers EC from 50–500 ms/cm, while mineral water registers 
over 1000 ms/cm as described by DeZuane, 1997. The turbidity of water falls from 
0.2.to 274 NTU, the highest concentration recorded 276 NTU in Hunza Sost valley. Also 
it is a generally thought that Hunza river is naturally turbid and suspended. These 
findings are  consistent with those accounted by Chowdhury et al. (2013). The (TDS) 
Total dissolved solids fluctuate from 38 mg/l to 260 mg/l. All drinking water sources 
were within prescribed limit of WHO standard. These findings were  consistent with 
those accounted by Osibanjo et al., 2012). 

Independent Sample T-test results for Physio- Chemical properties of Water 

 

T DF 
Sig. (2-
tailed) 

95% Confidence 
Interval 

Lower Upper 

Temperature -1.897 29 0.068 -1.66 0.06 

TDS 0.359 29 0.722 -10.19 14.53 

E.C 0.239 29 0.813 -20.84 26.34 

Turbidity 0.319 29 0.752 -0.85 1.17 

pH 6.723 29 0.002 0.19 0.35 

The t-test applied to test the significance of the physiochemical properties of drinking 
water. Temperature and pH are significant at p<0.05. TDS, E.C and Turbidity are not 
significant. Which suggests that temperature and pH is not same in these areas, i.e. 
Gilgit, Hunza, Skardu, Chilas, Darel and Tangir, and in different sources of water 
(spring, Stream and Lake). However, TDS, E.C and Turbidity are almost same in all 
areas and sources of water. 
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1. Water Resources of Pakistan: Demand, Supply, and Future Challenges 
 

Ijaz Ahmad, Muhammad Latif, Muhammad Saleemullah and Ghulam Mustafa 
Applied Systems Analysis Division, PAEC 

All the socio-economic sectors, i.e., agriculture, industry, residential and 
commercial, need an adequate and timely supply of fresh water besides the 
other water demand of the ecosystem. Agriculture sector consumes around 
91.6% of the total annual water consumption in the country; followed by 
environmental requirements of 3.3% (flow below Kotri); domestic 2.6% and 
industry 2.5%. Pakistan benefits from fresh water inflows of Indus Basin 
rivers, rainfall, and underground water. Average annual flow of three 
western rivers (Indus, Jhelum, Chenab) and eastern rivers into Pakistan, 
governed by the Indus Waters Treaty, is around 143 million acre-feet (MAF) 
while about 50 MAF is provided by the underground water resources.Global 
warming is increasing water demand of the country. The urban population 
in large cities is already facing water shortage with supply of around 50% 
against the total demand. On the other side, water supply is becoming 
vulnerable to climatic changes that have made rainfall more erratic leading 
to floods in some years and droughts in others. Limited water storage 
capacity and gradual siltation of dams, inefficient irrigation and inadequate 
linings of canals/ water-courses further compound the situation of water 
availability.This paper discusses the status of water resources in Pakistan, 
growing water demand with special focus on power sector and future 
challenges of efficient water resources management. The power sector 
water demand projections by 2050, discussed in this paper, have been 
analyzed in a study being conducted under a coordinated research project 
of International Atomic Energy Agency (IAEA) on “Assessment of Potential 
Role of Nuclear Energy in Climate Change Mitigation Strategies of 
Pakistan” using the MESSAGE model. The results show that water demand 
of the expanding electricity generation system of the country would increase 
from the current consumption of 0.22 MAF to 1.35 – 1.55 MAF by 2050. 

           Keywords: water, demand, supply, resources 

1. Introduction 

Water is the basic need of life as mentioned in holy Quran “And We created from water 
every living thing (Al-Anbiya: 30)”. The life is based on water and it has to survive and 
sustain with the help of this resource. So, all the socio-economic sectors, i.e., 
agriculture, industry, residential and commercial, need an adequate and timely supply of 
fresh water besides meeting the environmental requirement. Pakistan benefits from 
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fresh water inflows of Indus Basin rivers (primary source), rainfall, and underground 
water.  

Indus Waters Treaty between Pakistan and India governs the uses of waters of Indus 
rivers system. Under this Treaty, three western rivers of the system, i.e., Indus, Jhelum, 
Chenab, are reserved for Pakistan, whereas the most of water inflows of eastern rivers 
are reserved for India. Average annual flow of Western and Eastern rivers into Pakistan 
is around 143 MAF. The treaty allows India some limited use of water in western rivers 
without affecting the quantity and altering natural timing of flows in the rivers (SBP, 
2017).  

Increasing population, rapid urbanization and industrialization, expanding power 
generation systems, and global warming are increasing water demand of the country. 
The water supply is also vulnerable to climatic changes that have made rainfall more 
erratic, leading to floods in some years and droughts in others. Since the commissioning 
of Mangla and Tarbela dams in the 1960's and 1970's, respectively, the country has not 
developed any major water storage infrastructure. Consequently, water storage capacity 
has receded to around 30 days against the minimum recommended requirement of 120 
days. Limited storage capacity and its gradual siltation due to poor watershed 
management, inefficient irrigation and inadequate linings of canals/ water-courses 
further compound the situation of water availability. 

An integrated long-term water demand assessment for all the socio-economic sectors is 
required to allocate the limited water resources and formulate future action plans for 
water supply system. This paper shows status of country’s water resources, associated 
challenges, water demand of power sector and national actions/ strategies to meet the 
growing water demand. 

1. Present Status of Water Demand and Supply 

Pakistan is blessed with the world’s most extensive irrigation system. Agriculture sector 
consumes around 91.6% of the total annual water use in the country; followed by 
environmental requirements at 3.3% (flow below Kotri), domestic at 2.6% and industry 
at 2.5% (UNDP, 2016). 

Present water supply (surface and ground water) is around 191 MAF which is expected 
to remain stagnant (IMF, 2015). Water available at farm-gate is  
130 - 140 MAF (PBS, 2017). Net water requirement for crop consumptive use for 
existing cropping pattern in the Indus Basin Irrigation System is 102 MAF. Overall 
irrigation efficiency of crop consumptive use is less than 42% taking into account 
canals, water-courses and field application efficiencies. The net water availability for 
crop consumptive requirement is around 80 MAF indicating a shortfall of around 22 
MAF of which some deficit is met through rainfall water (UNDP, 2016). Similarly, in the 
residential sector, the urban population in large cities is also facing water shortage with 
supply of around 50% of the total demand (PEC, 2018). 
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2. Water Resources in Pakistan 

Pakistan’s rising water demand is met by the Indus River System, supplying around 180 
billion cubic-meters of water annually. The river system is sustained by glaciers in the 
Hindukush-Karakoram ranges, believed to be receding under influence of global 
warming. Around 75% of annual Indus river system supplies occur during three 
monsoon months and all excess water goes to the Arabian Sea due to inadequate 
storage capacity (Vision25, 2014). 

3.1. Precipitation 

Rainfall varies from 1,500 mm/year in northern Punjab to 150 mm/year in upper Sindh 
(IMF, 2015). Mean annual rainfall in Pakistan is around 238 mm (UNDP, 2016). 

3.2. River Inflows 

According to the Indus Waters Treaty 1960, between Pakistan and India, facilitated by 
International Bank for Reconstruction and Development (World Bank), three western 
rivers, i.e., Indus, Jhelum, Chenab, are reserved for Pakistan, whereas eastern rivers 
(Ravi, Sutlej and Beas) are reserved for India. As such, water resources of Pakistan 
depend highly on inflows of western rivers. Historical maximum and minimum flows of 
rivers are 207 and 93 MAF, respectively, indicating the distribution of floods and 
droughts (Figure 1) in the Indus basin (UNDP, 2016). 

 

Figure 1: Average annual rivers inflow of Indus Basin 

3.3. Water Availability 

During 1979-2015, data on average annual river flows and availability of water at farm-
gate have been reported in the Annual Report of State Bank of Pakistan (SBP, 2017), 
shown in Figure 2. 
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Figure 2: Distribution of river water inflows and availability at farm-gate. 
 

Water availability at farm gate has increased gradually since 1970 with construction of 
Tarbela Dam, lining of water-courses feeding canal water to farms and increased use of 
ground water (Figure 3). Ground water supply to agriculture has doubled in last 40 
years from 25.6 to 50.2 MAF with increased number of tube-wells. 

 
Figure 3: Water available at farm-gate (PBS, 2017) 

4. Future Challenges of Water Supply 

4.1. Water Crisis and Stress Level 

Per person water availability in Pakistan has decreased from 5000 cubic meters in 1951 
to less than 1000 cubic meters, fundamentally due to population growth. At this 
availability level, Pakistan is classified as “water-stressed” and is heading towards 
becoming a “water-scarce” country by 2025. Pakistan is among the world’s 36 most 
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water-stressed countries and per capita water availability is projected to decline further 
under the current infrastructure and institutional conditions (IMF, 2015). 

Key reasons accounting for growing water scarcity include sharp increase in population, 
declining storage capacity, effects of climate change, falling water tables, uneconomic 
cropping patterns, droughts, rapid urbanization, growing industrial demand, lack of 
standard laws for water usage and alarming growth in water contamination. The current 
storage capacity is limited to a 30-day supply, well short of the recommended 1000 
days for countries of comparable climate (Vision25, 2014). 

Pakistan’s groundwater tables are dipping quickly. NASA satellite data released in 2015 
revealed that the underwater aquifer in the Indus Basin is the second-most stressed in 
the world. Ground water resource is used by the countries as a last resort when surface 
supplies are exhausted (FP, 2016). 

4.2. Impacts of Climate Change 

Rapid climate change will hamper productivity owing to changes in crop boundaries and 
reduced length of the growing season. Extremes in droughts/ precipitation would be 
more frequent and severe, which will have negative impacts on productivity and 
sustainability of irrigated agriculture (UNDP, 2016). Frequent and intense floods will also 
cause rapid siltation of dams (NWP, 2018). 

The demand for water will increase as rising temperature would increase 
evapotranspiration of agriculture fields that consumes 92% of fresh water, and 
evaporation losses in the water supply system. A three-degree Celsius surface 
temperature increase would increase 8% in evapotranspiration (Ghazala et al., 2010). 
Conversely, the expected recession of Himalayan glaciers due to global warming will 
threaten river inflow pattern into Indus River System, resulting in initially high flows, 
causing floods, followed by decrease in flows due to reduced glaciers levels creating 
drought conditions (GOP, 2012 and AR5, 2014).  

4.3. Water Storages and Depleting Capacity 

Water-storage reservoirs are important to hold water during periods of higher flows 
preventing excess water escape to the sea, flood control and associated damages, and 
then permit gradual release of water to meet irrigation requirements. Presently, total 
storage capacity of Tarbela, Mangla and other storages is 18 MAF (WAPDA, 2018). The 
storage capacity of existing dams is reducing due to siltation requiring replacement 
storages. Original live storage capacity of Tarbela dam was 9.7 MAF (WAPDA, 2001) 
which has reduced to 6.2 MAF (WAPDA, 2018). Mangla reservoir capacity of 5.9 MAF 
also reduced to 4.7 MAF which has increased to 7.5 MAF after completion of Mangla 
raising project. 

Since 2010, Pakistan exposed to extreme weather conditions, severe episodes of floods 
and droughts that wreaked significant damage to human life and national economy 
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(agricultural, livestock, and water infrastructure). Much of these costs have been 
attributed to lack of adequate storage capacity and control structures. Historically, 
construction of storages has increased water availability and it can further be enhanced 
by constructing reservoirs of Basha and Mohmand dams.  

4.4. Water Demand Projections 

According to 11th Five Year Plan, an estimated additional 10 MAF of water will be 
needed at the farm gate by 2025. The current urban and rural water usage for the 
domestic and municipal purposes is estimated to be 4.5 MAF, which is expected to 
increase to 10.5 MAF by 2025. It is worth-mentioning that large cities of the country, i.e., 
Karachi, Lahore, Islamabad, Peshawar, and Quetta are already facing water shortage 
and around 50% of the demand is being supplied (PEC, 2018). While industrial 
requirement, around 3.5 MAF,  is expected to rise to 4.8 MAF by 2025 (11th GoP Plan). 
As such, the total additional water requirements are estimated to be about 17 MAF by 
2025. The water crisis is among the top four global risks in term of impacts ranked by 
World Economic Forum in the Global Risks Report 2019 due to increasing demand and 
water supply challenges being faced by different world regions. 

Population of Pakistan may increase to 344 million by 2050 (11th GoP Plan) from 208 
million presently. This would result in reduced per capita water availability from 1000 
cubic-meters to around 600 cubic-meters by 2050. This decreasing per capita water 
availability will be required for domestic/ commercial use, food production, industrial 
use, power generation, and environmental requirements of ecosystem. On the other 
side, storage capacity is declining and the water resources and its demand is being 
adversely affected by the global warming. Pakistan needs a long-term water demand 
assessment for all the socio-economic sectors to formulate future policies and effective 
action programmes for sustainable water supply.  

4.5.Water Demand Assessment Methodology 

IAEA’s MESSAGE16 model is used for medium to long-term energy/ electricity planning. 
This model can easily be used to estimate water consumption of the power sector 
during the assessment of energy and electricity supply options. In this paper, results of 
MESSAGE model have been discussed for water demand of power sector during the 
period 2017-2050. 

4.6. Water Demand Projections for the Power Sector 

A study is being conducted under the coordinated research project of International 
Atomic Energy Agency (IAEA) on “Assessments of the Potential Role of Nuclear Energy 
in Climate Change Mitigation Strategies of Pakistan” using the MESSAGE model. In this 
study, energy supply and power expansion is being analysed to meet the energy and 

                                            
16 Model for Energy Supply Strategy Alternatives and their General Environmental Impacts. 
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electricity demand by 2050 (Ijaz et al., 2018). Water demand of power sector has also 
been assessed by 2050 using the model. Water demand under two energy supply 
scenarios, Baseline and High Economic Growth has been discussed in this paper. 

5. Power and Water Systems and Consumption 

5.1.Power System Status 

Total installed capacity on 30th June 2018 was 33,554 MW; comprising 21.3% hydro, 
61.6% gas/oil, 8.0% coal-fired power plants, 4.3% nuclear and 4.9% renewable (HDIP, 
2018). Recently, Neelum-Jhelum (969 MW), Tarbela 4th extension (1410 MW), hydro 
power plants and 660 MW indigenous coal fired power capacity at Thar have been 
connected to the national grid. Now, the total installed capacity of the country has 
increased to more than 36,000 MW. 

5.2. Water Consumption by Thermal Power Plants  

Water is mainly consumed in cooling system of thermal power plants using steam cycle. 
Cooling water requirement depends on the ambient environmental conditions at the site, 
especially temperature and humidity. 

In steam cycles, mainly two cooling methods using water are involved, once-through 
and closed cycle also known as recirculating cooling system. Once-through system is 
simple, relatively efficient and cost effective cooling method used for thermal power 
plants, installed near the sea, a big river, or large inland water lake. In this method a 
large amount of water is passed through the condenser of the plant and discharged 
back into the water body a few degrees warmer. Some small amount of evaporation will 
occur off site due to the water being a few degrees warmer (WNA, 2019).  

If a thermal power plant does not have access to abundant water, cooling may be done 
by passing the steam through the condenser and then using a cooling tower, where an 
up-draught of air through water droplets cools the water. The cooling tower evaporates 
up to 5% of the flow which is effectively consumed, and must be continually replaced. 
This option consumes larger amount of water and is relatively inefficient and cost 
intensive cooling method for thermal power plants (WNA, 2019). Cooling tower in the 
closed cycle generally consumes more than double water of the once-through cycle as 
shown in Table 1. 

Solar photovoltaic large scale power plants are being installed in southern Pakistan 
where sites are dry and desert winds/ storms make frequently the panels dirty. Water is 
required to clean the panels at intervals of 10 to 15 days for efficient operation of solar 
power plants. Water required for one-time cleaning a solar panel is about one litre 
(Dawn, 2015). During the year each panel needs 24 litres of water for maintaining the 
desired efficiency. 
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Table 1: Water Consumption Parameters for Thermal Power Plants 

Plant type  Cooling  

Water Consumption Factors  

Litres/kWh  m
3

/MWyr 
Acre-feet 
(AF)/MWyr 

Nuclear Once Through 1.02  8919 7.2 

Coal  Closed Cycle 2.27  19850 16.1 

 
Once Through 0.67  5870 4.8 

Gas/Oil CC Closed Cycle 0.78  6797 5.5 

 
Once Through 0.38  3316 2.7 

Hydropower N/A 17.0  148906 120.6 

Biopower Closed Cycle 2.09  18336 14.9 

Solar PV (panel 
cleaning) 

N/A 0.06 520 0.42 

Source: NEPRA (2018), Macknick et al. (2012), Tianyi et al. (2018), and Dawn (2015). 

In the total installed capacity of 36,000 MW, 25,437 MW is thermal one based on 
gas/oil: 20,657 MW, coal-fired: 3,350 MW, and nuclear: 1430 MW. In total thermal 
capacity around 13,600 MW uses once-through cooling method while around 11,000 
MW uses cooling towers (NEPRA, 2018). The water consumption factors given in Table 
1 are used in the MESSAGE model according to cooling technology of existing fleet. 

For future electricity generation options, once-through cooling method is assumed for 
nuclear power plants which are flexible to be built near the load centres next to rivers 
and sea. Coal power plants under-construction/ planned in Thar coal field use closed 
cooling methods. While future coal-fired power plants on imported coal are assumed to 
be installed near the coastal areas using once-through cooling method. Future gas-fired 
thermal power plants are expected to use closed cycle for cooling purpose.  

5.3.Water Consumption by Hydropower Generation 

Water reservoirs/ large dams, usually multi-purpose projects, result in evaporative 
losses from the water surface. The water losses may be allocated among various 
purposes. Macknick has estimated losses of 17 litres of water per kWh for hydroelectric 
power generation (Macknick et al., 2012).  

Data of Tarbela lake shows, annual evaporative loss of 476 million cubic-meters (Table 
2). Assuming allocation of 50% losses to irrigation and other half to electricity 
generation purpose, water consumption factor results in 11 litres per kWh which is 
assumed for hydropower projects using large reservoirs, i.e., Tarbela, Mangla, Basha, 
Mohmand dams.  
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Table 2: Estimate of Tarbela Reservoir Evaporation Losses 

Parameter Unit Value 

Surface Area km2 222 

Annual Average Evaporation rate 
mm/day 5.9 

meter/year 2.14 

Annual water losses million m3 476 

Allocated to electricity million m3 238 

Generation (incl. 4th and 5th Ext) million kWh 21,583 

Water consumption factor 
litres/kWh 11.0 

AF/MW-year 75 

Sources: Hakan et al. (1994) and WAPDA (2019). 

6. Results of the MESSAGE Model 

Water demand projections have been assessed for two electricity supply scenarios, 
Baseline and High Economic Growth. In the Baseline scenario annual average 
economic growth of 6% has been assumed during the period 2018-2050 along with 
other several technical and economic parameters of all socio-economic sectors using 
the MAED model (Model for Analysis of the Energy Demand). In the High Economic 
Growth scenario, annual average economic growth is assumed 7% during the period 
2018-2050. In Baseline scenario, electricity demand by all sectors increases from 107 
billion kWh to 605 billion kWh during 2018-2050 with annual average growth rate of 
5.6%. In the High Economic Growth scenario, the electricity demand is expected to 
increase at average growth rate of 6.2% per annum (Ijaz et al., 2018). 

7. Power System Expansion 

Total installed capacity of the country is expected to increase from 36,000 MW in 2018 
to 135,000 MW in 2050 to meet the growing socio-economic demand of the country 
under the Baseline economic growth. Thermal power generation capacity is expected to 
increase to around 93,000 MW by 2050 from 25,000 MW in 2018. In High Economic 
Growth scenario, total power generation capacity would increase to 159,000 MW 
including coal, hydro, nuclear and renewable. In this capacity, thermal based (including 
coal, gas, nuclear), would increase to 113,000 MW by 2050 (Ijaz et al., 2018). 

8. Water Demand Projections for Electricity Generation 

With expansion of the power sector, water demand (consumptive use) will also 
increase to meet the cooling requirements of thermal power capacity and evaporation 
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losses from hydropower plants with large reservoirs. Table 3 shows the increasing 
water demand of power sector during the period 2017-2050. In Baseline scenario, water 
requirement of power sector increases from 0.22 MAF to 1.35 MAF with annual growth 
rate of 5.7%. In High Economic Growth scenario, water use by power sector would be 
around 1.55 MAF by 2050 with 6.1% annual growth rate. As described earlier, if total 
reservoirs’ evaporation losses are considered (including allocated to irrigation purpose), 
the total consumptive water demand could increase to around 2 MAF by 2050. The 
growth of water need for thermal power generation would be much higher with annual 
growth rates of 9.6% and 10.3% per annum in Baseline and High Economic Growth 
scenarios, respectively. 

 
Table 3: Water Demand Projections for Power Sector (Thousand Acre-Feet)  

 

Thermal Power Plants 
Hydropower 
Plants with 
Reservoirs 

Total Power Sector 
Demand 
(thousand acre-feet) 

Baseline 
Scenario 

High Economic 
Growth 
Scenario 

Both Scenarios 
Baseline 
Scenario 

High 
Economic 
Growth 
Scenario 

2017 44  44  176  220 220 

2020 75  73  231  306 304 

2025 136  143  231  367 374 

2030 160  174  391  551 565 

2035 287  310  468  755 778 

2040 510  547  468  978 1,015 

2045 712  813  459  1,171 1,272 

2050 905  1,104  445  1,350 1,549 

Water consumption intensity of electricity generation system is expected to 
increase in future in both scenarios due to more use of coal based electricity generation 
from Thar coal field. The water use intensity was 2.1 litres per kWh in 2017 which 
increases to around 2.5 litres/kWh by 2040 due to increased generation on coal, 
however, it decreases to the level of 2017 by 2050 with higher growth of nuclear power 
compared to coal power in electricity generation mix of the country. 
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9. Water Supply Strategies and National Action Plan 

Pakistan needs a comprehensive national action plan that must allocate limited water 
resources of the country in long-term perspective considering the increasing demand of 
all socio-economic sectors. Construction of additional water storages is becoming more 
and more critical in the future scenario of siltation of existing storage capacity, water 
scarcity, increasing demand, and worsening river inflow patterns due to climate 
changes. 

For access to an adequate supply of water for all, achievement of following goals 
described in the Vision 2025 (Vision25, 2014) and National Water Policy (NWP, 2018) is 
highly important. 

a. Increase water storage capacity from currently 30 days to 90 days by 2025. 

b. Invest in proven methods and technologies to minimize water wastage, promote 
conservation and gain efficiencies through rationalization of pricing with aim of 
“more crop per drop”. 

c. Improve efficiency of water usage in agriculture by 20%, and ensure access to 
clean drinking water for all. 

d. Building two dams (Basha and Mohmand dams), and to complete projects for 
water conservation, drainage, and flood control. Basha dam will add 6.4 MAF 
storage capacity and 4,500 MW power capacity to the national grid.  

Similar to water demand projections of the power sector, assessed in this paper, 
a comprehensive assessment of long-term demand for all socio-economic sectors 
should be made to allocate limited water resources of the country and to formulate a 
national action plan accordingly. 

Conclusions 

In Pakistan, present water supply (surface and ground water) is around 190 MAF which 
is expected to remain stagnant. Total annual flow from both western and eastern rivers 
is about 143 MAF and rest of supply is met through groundwater.  

Water availability in Pakistan has decreased to less than 1000 cubic meters per person, 
fundamentally due to population growth. The country is heading towards becoming a 
“water-scarce” country by 2025 from the present water-stressed category.  

Increasing population, rapid urbanization and industrialization, expanding power 
generation system, and global warming are increasing water demand of the country. 
Additional water requirements for agriculture, domestic and industrial sectors are 
estimated to be about 17 MAF by 2025. The country may face a big challenge in 
meeting the increased water requirements of all the sectors when per person water 
availability would decline to around 600 cubic-meters by 2050. 
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Around 75% of annual Indus river system supplies occur during three monsoon months 
and most of excess water goes to the Arabian Sea due to inadequate storage capacity. 
Moreover, the existing storage capacity of reservoirs is reducing due to siltation. Future 
expected climatic changes would make the rivers inflows more erratic. Under this future 
scenario of increasing water demand, siltation of existing storages, changing extremes 
of river inflows (floods/ droughts), the building of additional water reservoirs, i.e., Basha 
and Mohmand, is a fundamental need of time. These plans must be coupled with 
making the water conservation a highest national priority. 

Projections of water demand (consumptive use) for cooling of thermal power plants in 
the power sector show an increase from 0.044 MAF in 2017 to 0.91 MAF by 2050 in 
Baseline scenario which can increase to 1.1 MAF by 2050 in High Economic Growth 
scenario. Moreover, water losses from reservoirs allocated to electricity generation 
increase from 0.18 MAF to 0.45 MAF during the period 2017-2050. Full evaporation 
losses from the reservoirs (including allocated to irrigation and power generation) would 
increase from 0.35 MAF in 2017 to 0.89 MAF in 2050 with construction of Basha and 
Mohmand dams.  

A comprehensive assessment of long-term demand for all socio-economic sectors 
should be made to allocate limited water resources of the country and to update/ 
formulate the national water policy/ plan accordingly. The increasing water demand by 
thermal electricity generation and evaporation losses from the water reservoirs are 
required to be taken into account while balancing the water resources among various 
sectors.  
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2. Water Scarcity Problems in Pakistan: A Review 
 

Tariq Mahmood and Shabana Waseem 
Applied Chemistry Laboratories, Nilore Complex, Islamabad 

 
The article addresses water scarcity problems of Pakistan in view of 

available resources, water usage perspectives in domestic life, agriculture and 
indusry etc. Briefly, plausible strategies and actions for achieving different water 
quality standards for diversified uses of the national community have been 
discussed. Further, need for developing and applications of water technologies 
and sustainable power generation programs through nuclear and alternative 
energies etc. has been reviewed. Particularly,  in the present economic situations 
of the country and accordingly devising water conservation strategies through 
systematic education of inhabitants of Pakistan. Importance of education on 
water usage and thereby providing them suitable policies for agriculture and 
industrial uses to meet future challenges on water conservation through 
training on storage, preservation, re-cycling and reuse of water in every walk of 
life in Pakistan so that country could sustain the future water stress situations 
without suffering effect on economy and health of people in our dear country. 
 

***************************************** 
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3. Spatiotemporal Impact of Observed Temperature and Precipitation over the 
Cryosphere of Northern Pakistan in Changing Climate 

 
Waqas and H. Athar 

COMSATS University, Islamabad 
 
The spatiotemporal variability in the observed daily maximum temperature 
(Tmax), minimum temperature (Tmin), mean temperature (Tmean), diurnal 
temperature range (DTR), precipitation, total cloud cover and river discharge for 
a recent 30-year period (1986–2015) is examined from a total of 18 different 
weather stations over the Hindukush, Karakoram and Himalaya mountains of the 
northern Pakistan (HKNP), by employing probability distribution functions 
(PDFs), on annual and seasonal basis. The temperature based PDFs show a 

Tmin and Tmean, on annual basis, respectively. The regional DTR has 
increased significantly at a rate of 0.34 °C per decade on annual basis, at p ≤ 
0.05, based on Mann-Kendall test. The observed precipitation also shows a 
significant positive mean decadal shift of 0.13 mm/day from 1996–2005 to 2006–
2015 in the HKNP region, on annual basis. Interestingly, the observed river 
discharges based PDFs of the region show a mean negative decadal shift of 
−40.15 m3/s on annual basis. The negative decadal shift in the river discharge in 
warm and humid climate is discussed in terms of percentile based analysis which 
quantifies temperature and precipitation changes for each percentile, to 
understand impact of climate variability over the cryosphere of the HKNP region.  

 
***************************************** 
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4. Water Scarcity – A National Security Threat 
 

Syed Javaid Khurshid 
Centre of International Strategic Studies, Islamabad 

 
Water is essential for every aspect of life. It is the basics of health and 
hygiene, and it drives society’s most essential requirements; agriculture, 
energy and transportation.  In fact, water is essential to the stability of 
every country on earth. Understanding water security means looking 
beyond immediate supply to political, economic, social and environmental 
impacts. 
 
Water scarcity is the lack of sufficient available water resources to meet 
the demands of water usage. It is affecting every continent. Around 2.8 
billion people are affected whereas more than 1.2 billion lack access to 
clean drinking water which means more than one of every 10 people on 
the planet. At homes, women spend an estimated 200 million hours 
hauling water per day in the water scarce parts of the world.  Every day, 
more than 800 children under age of 5 die from diarrhea attributed to poor 
water quality. This condition is prevailing even after the MDGs and its 
successor SDGs has provided acces to about 2.6 billion people in the last 
25 years but, at present, still 2.1 billion are living without adequate water 
supplies.     
 
Water crisis is also posing a serious threat to the stability and security of 
Pakistan. According to IMF, Pakistan ranks third in the world, among 
countries facing acute water shortage. Pakistan touched water stress 
countries criteria in 1990 and even after that no plans are made and no 
actions are taken. Pakistan may cross the line of water scarce countries in 
2025 and there may not be any more water in 2040.  One of the main 
reasons is largest rate of water usage, which at present is 1017 m3 per 
capita per annum. The security threat can be imagined as Pakistan has 
only water storage of 30 days as compared to 190 days of India and 900 
days of USA.   

 
***************************************** 
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5. Irrigation Technologies and Solar Photovoltic Pumping System Integration for 
on Farm Water Productivity Improvement 

 
Muhammad Munir Ahmad, Munir Ahmad, Ghani Akbar and Muhammad Asif 

Climate, Energy and Water Research Institute (CEWRI), National Agricultural Research 
Centre(NARC), Islamabad 

 
Agriculture provides employment for 25 million people in Pakistan and is 
the main income source for economically active 34% of men and 74% of 
women in the country. Demand for water, food and energy to meet social 
and economic development of Pakistan is increasing.  Pakistan is 
becoming a freshwater scarce country due to reduced river flows and 
increased population. World Bank has reported that per capita water 
availability in Pakistan was 3000 m3 in 1981 which would decline to 1000 
m3 in 2035. Critical investments in improved seeds, farming technology 
and techniques, and water infrastructure are needed to tackle the 
emerging challenges to the agricultural sector, especially in the context of 
declining water availability and climate change impacts.  Rain fed 
agriculture has been playing an important role in providing food and 
livelihoods for ever-increasing population in Pakistan. In the rain-fed area 
of Pakistan, small dams exist in all provinces, 619 in Baluchistan, 81 in 
Sindh, 58 in Punjab and 16 in Khyber Pakhtoonkha. The total potential 
command area of these small dams is 274363 hectares, out of this only 
13.3 % is being irrigated and developed and 86.7 % is undeveloped.  The 
mini-dams/farm ponds are also existing in Punjab and Khyber 
Pakhtoonkha; 1853 in Punjab and 2288 in Khyber Pakhtoonkha. The total 
potential command areas under mini-dams is 19602 hectares, out of 
these the command area developed under mini-dams is about 20-30 %. 
Hence the cropping intensity and crop production in these command 
areas are extremely low.   
  
In the Potohar, Punjab rainfed areas, the government has developed 1853 
mini dams and government also invested on the lift irrigation schemes by 
providing diesel and electricity pumping units with drip and sprinkler 
systems to better useof  the stored rainwater. However, these lift irrigation 
schemes are not sustainable and the command area developed varies 20-
30% only. Therefore, Pakistan Agricultural Research Council through 
Climate, Water and Energy Research Institute, NARC, Islamabad piloted 
a research cum learning site though integration of irrigation technologies 
and solar photovoltaic pumping system for food crops production on the 
command area of a mini-dam in the Potohar, Punjab area. Solar 
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photovoltaic 5 hp dc pumping system coupled with irrigation technologies; 
drip and bubbler for fruit plants and integrated drip for off season 
vegetables in tunnel, micro sprinklers for seasonal vegetables, solid set 
and portable sprinkler system for supplementing irrigation water to wheat 
and maize crops, and ridge/bed-furrow bed for vegetable. The evaluation 
of solar pumping system and irrigation technologies were carried out at 
the farm. The daily average discharge of the pumping systems was 5.23 
litres per second. Results indicate that input solar energy was more 
variable than corresponding discharge rates and the pump was able to 
provide fairly uniform flow rates during the day. On farm evaluation of 
surface irrigation methods indicate that there is water application 
uniformity potential of 12-18 % under border and 21-23 % under furrow 
ridge/bed that can be achieved through management of cut off time and 
flow rate. The discharge of rain-gun sprinkler for supplemented irrigation 
of food crops varies from 2.21 to 2.69 lps at pressure head of 50-60 psi 
and irrigated area covered varies 0.30 to 0.35 acres in one setting. The 
water application uniformity of drip emitters for fruit plants varied from 
90.34 to 92.70 % and of the integrated drip line for vegetables was 94.76 
to 95.51 % at 15 psi pressure head. Results show that each irrigation 
technology has different irrigation efficacy, therefore, corresponding 
command area is being impacted by the choice of irrigation technology 
along with cropping pattern. Results also show that solar utility for 
agricultural purposes was heavily dependent upon the choice of irrigation 
technology selected for the integration. Water smart irrigation 
technologies; drip, sprinkler, bed/ridge–furrow, and supplemental irrigation 
not only significantly enhance command area of a mini-dam but also 
offers significant improvement in the water application efficiency. 
Moreover, solar based solutions have the potential as climate 
adaptation/mitigation to improve access to electricity for surrounding 
communities and can provide reliable, cost effective and environmentally 
sustainable energy for decentralised irrigation services. In an effort to 
contribute to a number of Sustainable Development Goals, these 
solutions are becoming increasingly widespread, as demonstrated by the 
initiatives of governments, development agencies, and the private sector. 

 
***************************************** 
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1. Membranes-based Water Desalination Processes: Phenomenon, Current 

Challenges and Future Prospects in Pakistan 

 

Hafiz Zahid Shafi and Arshad Mahmood 

National Institute of Lasers and Optronics, Nilore, Islamabad 

 

Careful statistics indicate that every third person in this world is deprived 

of clean drinking water. Although, approximately 97% of the earth is 

composed of water but only about 3% percent of the world’s water 
resources are present in the form of fresh water. Another alarming fact is 

that the global per capita water consumption is increasing significantly 

while the world’s water resources are becoming scarce. This situation has 
led to an acute water shortage globally. Water desalination of the 

available resources is a feasible solution to the increasing global water 

scarcity. There are two technologically viable methods to desalinate water 

either by thermal or membranes-based processes. However, the latter are 

lesser energy-intensive, simpler to design & operate, and easy to 

integrate with other processes. The global membrane-based water 

desalination and wastewater treatment technology market is expected to 

be $12.07 billion at a cumulative annual growth rate of 10.2% globally by 

2020. Nevertheless, membranes are prone to fouling (a phenomenon in 

which membranes are contaminated by the pollutant present in feed 

water). The fouling of membranes is considered as the major bottle neck 

for wide spread utilization of membranes.  

The article focuses on utilization of membranes for water desalination and 
wastewater treatment processes. Working principle and major operational 
challenges faced by membranes-based water filtration processes are 
discussed. The manuscript also highlights current global market for 
membranes and related materials and products. Finally, the urgency and 
importance of indigenous synthesis of membranes and desalination-
related materials in Pakistan is discussed. 

 
1. Introduction 

  
1.1. Global water scarcity and potential solutions to global water scarcity 

 
Careful statistics indicate that every third person in this world is deprived of clean 
drinking water [1]. In the past few decades, because of increasing population, 
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industrialization, urbanization, excessive use and increasing contamination of natural 
water sources, sustainable supply of clean water has become an alarmingly critical 
problem [2-4]. Moreover, the demand for drinking water in the world is increasing and 
regulations on drinking water quality have become a lot more stringent [5]. All the 
aforesaid factors have exacerbated world’s supply of fresh drinking water leading to 
global water scarcity. Fig. 1 displays global water consumption in billion m3/year. 
The fact that almost 98% of the world's water supply comes from seawater or brackish 
water has made desalination to be an important method to solve the global scarcity of 
fresh water [6]. There are two industrially viable methods of desalination, namely, 
thermal based and membranes based. However, the later processes offer several 
advantages over the former ones, including lesser energy-intensive, simpler in design, 
ease of operation and integration with other devices. Owing to these salient features, 
membranes-based desalination processes have gained wide spread industrial 
application. 
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Figure 12.  Global water consumption by  region, in billion mP3P per year. [http: // 
oceanmotionintl.com/water].  

1.2. Major bottlenecks during membranes-based desalination (from thesis proposal) 
 

Nevertheless, the performance of membranes is seriously hampered by fouling  a 
phenomenon in which membranes are contaminated by the adhesion of foulant species 
present in the feed water. Fouling is considered as the major bottle neck in membranes-
based water desalination processes [7]. Fouling negatively affects the performance 
parameters including decreased permeate flux, decreased salt rejection [8, 9]. In 
addition, more frequent cleaning required for the fouled membranes shortens 
membrane lifetime [10].  
 

1.3. International market for Membranes and desalination-related materials 
 

Membranes-based desalination and water treatment technologies can be classified into 
four groups: 1) microfiltration and prefiltration (low pressure membranes), 2) 
ultrafiltration (intermediate pressure membranes), 3) nanofiltration and 4) reverse 
osmosis; the last two being the high pressure membranes.  According to a report by 
Global Market for Membrane Wastewater Treatment 
[https://www.sbireports.com/Waste-Water-Treatment-6821719/], demand for 
membranes-based desalination and wastewater treatment technologies is expected to 
continue to expand, with global markets reaching almost $3 billion by 2021, equivalent 
to a 2012 to 2021 CAGR of 16%. Another published report by Grand View Research, 
Inc. [https://www.grandviewresearch.com/press-release/global-water-desalination-
equipment-market] stated that the global demand for water desalination equipment was 
USD 11.5 billion in 2016 and is expected to grow at a CAGR of around 9.1% from 2017 
to 2025. The global water desalination equipment market value is anticipated to reach 
USD 25.1 billion by 2025, according to the same report.  
 

1.4. Urgency of desalination industry in Pakistan  
 
According to a report by the international monetary fund (IMF), Pakistan is already the 
third most water-stressed country in the world, and with 31 million acre feet (MAF) 
deficit of water, will be water-deficient country by 2025. As mentioned earlier, that water 
desalination and treatment is a multi-billion dollar industry internationally. However, 
despite the acute water shortage and water crises all over Pakistan, development of 
R&D infrastructure in the field of water desalination and water treatment is overlooked. 
This is the right time to initiate and nurture R&D institutes and both small and big 
industries related to the desalination and related equipments in Pakistan. 
 

https://www.sbireports.com/Waste-Water-Treatment-6821719/
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2. Desalination processes 
  
2.1. Phenomenon: Water desalination techniques 
 

A variety of desalting technologies has been developed over the years and based on 
their commercial success, they can be classified into the major and minor desalting 
processes shown in the Fig. 2(a). A desalting device essentially separates saline water 
into two streams: one with a low concentration of dissolved salts (the fresh water 
stream) and the other containing the remaining dissolved salts (the concentrate/reject or 
brine stream) as shown in Fig. 2(b). The device requires energy to operate and can use 
a number of different technologies for the separation. This section briefly describes the 
various desalting processes commonly used to desalt saline water.  

 
 

Figure 13. Commercially available  desalting processes (a) and Schematics of a 
desalting device (b). 
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2.1.1. Thermal-based desalination processes 
 
About half of the world’s desalted water is produced with heat to distill fresh water from 
sea water. The distillation process mimics the natural water cycle in that salt water is 
heated, producing water vapor that is in turn condensed to form fresh water. In a 
laboratory or industrial plant, water is heated to the boiling point to produce the 
maximum amount of water vapor. To do this economically in a desalination plant, the 
applied pressure of the water being boiled is adjusted to control the boiling point 
because of the reduced atmospheric pressure on the water, the temperature required to 
boil water decreases as one moves from sea level to a higher elevation. Industrially 
employed major thermal based desalination processes include, Multi-Stage Flash 
Distillation (MSF), multi-effect distillation (MED) and vapor compression (VC) distillation, 
details of which can be seen in reference [11]. The following section summarizes 
various membranes processes used for desalination and water treatment. 
 

2.1.2. Membranes-based desalination processes 
 

Membranes are manufactured in a range of porosities tailored to address various 
applications. These span the range of salt removal from water to large particulate 
filtration in viscous fluids [www.kochmembrane.com]. Thus, depending on the pore size 
and structure, various membranes processes are used for desalination and water 
treatment applications, such as microfilitration, ultrafiltration, nanofiltration, reverse 
osmosis (RO) and electrodialyis (ED). However, for the water desalination purpose, 
membranes are used in two commercially important desalting processes: electro 
dialysis (ED) and reverse osmosis (RO). Each process uses the ability of the 
membranes to differentiate and selectively separate salts and water. Fig. 3, portrays 
comparative dimensions of various materials separable by a specific membrane. For 
further in depth review of membranes technology, the reader is advised to go through 
these references [12, 13]. 
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Fig. 14. Membranes used for the four separation processes: reverse osmosis (RO), 
nanofiltration (NF), ultrafiltration (UF), microfiltration (MF) and Conventional filtration. 
Relative size of different solutes removed by each membrane is depicted in this 
schematic, taken from reference  [12]. 

2.1.3. Hybrid desalination techniques 
 
Hybrid desalination technologies are generally the combination of two (or more) 
different desalting techniques (e.g. integration of RO with multi effect distillation). Hybrid 
desalination technologies combine the best features of each desalination technique to 
develop a hybrid desalination system/plant capable of achieving results which are not 
achievable by either of the desalination technology alone. Several authors [14-16] have 
reported that water production costs can be reduced by using a hybrid system 
consisting of two or more desalination methods, for instance,  Martinetti et al. [17] 
investigated a bench-scale study evaluating the potential of vacuum-enhanced direct 
contact membrane distillation (VEDCMD) and forward osmosis (FO) membrane 
processes for the concentration of brackish water RO brines. 
 

2.2. Current challenges to desalination industry: Fouling, Energy Recovery devices 
and concentrate management  

 
Membrane fouling is one of the major issues faced by membranes-based 
filtration/separation industry. Based on the type of foulants, fouling can be categorized 
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into: i) organic, ii) inorganic, iii) particulate and iv) biofouling. Fouling of membranes 
results in various issues associated to membrane processes such as flux decline, high 
operating pressure and increased cleaning frequency resulting in a shortened lifespan 
of the system, and the overall effect of all these factors is an increased cost of the 
desalted clean water [2].  
Among the various types of fouling mentioned above, biofouling is the most problematic 
and serious issue for membranes, and is therefore, considered as the Achill’s heel of 
RO desalination plants. According to a recent survey conducted in the USA, 70% of the 
seawater RO desalination plants suffered the serious membrane biofouling problem [18, 
19]. H. C. Flemming reported a loss of $ 125,000 /year due to biofouling in a 
desalination plant installed at Orange County, CA, USA due to biofouling [20]. Our 
recent studies demonstrated surface modification of commercial RO membranes as a 
potential mean of combating membrane bio and organic fouling [21-23]. 
 
Another stringent problem faced by the desalination plant operators is the concentrate 
(the reject of the desalination plant) management. As demonstrated by Mickley and 
Truesdall et al. [24, 25], concentrate disposal and management is becoming an 
increasing challenge and is very expensive nowadays, ranging from 5 to 33% of total 
desalination cost, complicating implementation of concentrate management [26]. 
Further details of concentrate management technologies, recent trends and future 
outlook can be seen in our recently published article [27].  
 
Another great challenge for the larger Seawater RO (SWRO) plant is the minimization of 
energy associated to the unit production cost of the product (the fresh water produced). 
It is worth mentioning here that about 80% of the total cost of desalinated water is due 
to energy consumption and capital amortization. Since the concentrate (or reject) 
produced during a desalination process has a high pressure, simply dumping it back 
into the sea is a waste of energy. This pressure can be reused and thus, the energy 
could be recycled. In 1970s, energy consumption of bigger SWRO (the plant that 
produce more than 25 million gallons per day) plants were approximately 11 kWh/m3 
without the use of an ERD. However, currently, with the use of efficient and suitable 
ERD, the energy requirements of conventional SWRO plants are presently as low as 
1.6 kWh/m3, making the process significantly cost effective and energy efficient than 
other technologies.  
 
It must be emphasized here that the ERDs vary widely depending on the design, size, 
energy cost, labor cost and interest rate in the region [28]. In addition, each of the ERD 
has its own advantages and disadvantages. The most suitable, efficient and cost 
effective device ERD for a desalination plant is not simple and requires a through 
consideration of the technical and economic data of the intended plant at the tendering 
stage. In order to maintain the economy of a desalination plant, there has been and will 
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remain a continuous development and improvement of ERDs in future.  Another 
important article discussing and comparing various ERDs for SWROs focusing on the 
efficiency and economical aspects, and prospective ERDs under R&D phase can be 
seen here [29]. 
 
3. Future of Desalination industry and related products in Pakistan 

3.1. Recently installed Desalination Plants in Pakistan  
As mentioned earlier that the major derivers for water-related R&D impetus globally are: 
high population growth, increasing water shortages, limited freshwater supplies, rapid 
urbanization, and industrial expansion. However, from the perspective of Pakistan, 
increasing population, urbanization, mismanagement of water resources, lack of water 
storage (due to inadequate number of dams) and geographic position are the major 
causes of the fresh water scarcity. Recent realization of growing water shortage by the 
government of Pakistan has resulted the installment of various desalination plants as 
described in Table 1. Further facts and figures of water scarcity in Pakistan and possible 
scenario of water scarcity in Pakistan is explained in the next section. To cope up with 
the increasing clean water scarcity throughout the country, more mega desalination and 
waste water treatment plants are under planning phase by the ministry of planning and 
development, Pakistan. 
 
Table 1. Recently installed/under development water desalination plants in Pakistan. 
 

Sr.# Place of installment Capacity Type of plant Funding 
Agency 

Start date 

1 Gwadar, Bilochistan 254,000 
Gallons/Day 

RO 
(membranes 
based) 

CPEC/China Jan., 2018 

2 Gwadar, Bilochistan 16.6 million 
L/day 

RO 
(membranes 
based) 

UAE+SWISS March, 
2018 

3 K2 power plant, 
Karachi 

Not known RO 
(membranes 
based) 

UAE+Pak ongoing 

4 DHA, KHI 5 million. L 
/day 

Cogeneration, 
thermal 

DHA, Pak Not known 

5 Gwadar, Karachi, 
Lahore and 
Islamabad.  

More mega desalination & waste water treatment plants 
are under planning phase by the ministry of planning & 
development, Pak. 



168 

 

3.2. Scenario of Water Scarcity in Pakistan: important facts and figures 
 

Currently, Pakistan has total water resources of 240.22 million acre feet (maf) (including 
146.95 and 93.27maf of surface and ground water sources, respectively). Whereas the 
total current water storage capacity of Pakistan is 12.366 maf (by the three major water 
reservoirs, namely, Terbela dam, Mangla dam and Chashma barrage). However, the 
major water consuming sectors in Pakistan include, irrigation, power generation, 
industry and drinking. Out of 141 maf water inflow to the Indus River annually, 106 maf 
is diverted to the irrigation system and the remaining 36 maf goes into sea unused; 
around 50% of 106 maf is lost during the channeling and the field application before it 
reaches the crop root zone. Thus a total of approximately 89 maf of water is lost through 
the Indus River that accounts for a total of ~63% loss of water through the Indus River 
annually.  
Several reports including United Nation Development Programme (UNDP) and Pakistan 
Council of Research in Water Resources (PCRWR) warn that Pakistan is likely to dry up 
by 2025. According to the IMF, Pakistan is already the third most water-stressed 
country in the world (extremely close to the scarcity threshold of 1,000 cubic meters 
[30].  
It is important to mention here that agriculture is the backbone of Pakistan’s economy 
and around 97% of the total available water is consumed for irrigation purposes. 
Agriculture also contributes 65% of our export earnings and contributes around 35 % to 
the GNP and employs about 44% of labor force. Lack of control over water sources (the 
Indus water treaty) with India has been and will lead to exacerbating water scarcity in 
Pakistan. The adverse effects of water shortage on agriculture would have a spiraling 
effect on the prevailing level of poverty [21].  For me, the nightmare is water scarcity, 
because in Pakistan it is very real and already upon us”, a Pakistani water-expert rightly 
said in a DW news report [30].  
 
3.3. Urgency of Indigenous development of membranes and desalination-related 

equipments in Pakistan  
 
Water and energy have always been crucial for the world's social and economic growth 
[31, 32]. The recent trend is the development of hybrid desalination plants (power/water 
hybrids) to bring down the cost of both power and water production, thus enhancing the 
efficiency and economy of the power/water hybrid [33]. Several such systems have 
been installed in the Middle East and are successfully working. It is worth mentioning 
here that membranes-based separation/filtration processes have widespread 
applications in a number of scientific and engineering fields including seawater/brackish 
desalination, water purification, municipal and industrial wastewater treatment, water 
reuse and reclamation, food, dairy, paper, chemical and biomedical industry. Various 
polymeric membranes are invariably used in almost all of these applications. 
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Exceedingly increasing rate of waterborne deaths in Pakistan, ever increasing demand 
for energy/power generation, depleting ground water resources and the urgency of 
minimizing consumption of municipal/industrial water call for urgent remedial action to 
be taken and implanted. These issues along with the current emphasis of government 
to cope up with acute water shortage in Pakistan make membranes synthesis, 
indigenous development of membranes-based desalination and water treatment 
processes favorable to the social and economic sustainability of Pakistan. 

 
It would be important to mention here that the current international membranes and 
desalination equipment market is expected to be $12.07 billion at a cumulative annual 
growth rate of 10.2% by 2020. To keep abreast with the international membranes 
market, and to remediate water purification/treatment related issues in Pakistan, the 
synthesis of membranes and components/equipments for desalination plants could play 
a pivotal role for the social and economic booster. Thus, urgency of establishing water-
related R&D research institutes, small and big enterprises for the production of 
materials, components and equipments for water production, purification and treatment 
systems/processes is warranted in Pakistan. 

 
4. Summary  

With the sprinting population, industrialization, urbanization and strict water standards 
worldwide, the access to clean drinking water is a global challenge. The potential 
solution to the global scarcity of clean water is desalinating the surface and ground 
water sources. Although, there are two industrially viable methods of water desalination, 
namely thermal based and membranes based, however the later techniques offer 
several advantages over the former methods, as they are lesser energy-intensive, 
simpler to design and integrate with other systems.  
Although, recently, few medium scale desalination plants have been installed in 
Pakistan, these are to follow the installation of even larger  desalination plants if 
Pakistan is to cope with acute shortage of clean drinking water. Given the fact that 
government bodies are active for preserving and better managing our water resources, 
the situation is ideal for mentoring and developing our human resource, establishing 
R&D institutes and creating links among small and big enterprises to produce materials 
(membranes, chemicals), components and equipments for sustainable water 
desalination industry in Pakistan. 
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2. Financial Gains for Strengthening Desalination Technologies 
 

Shah Muhammad Tanweer 
Sitech International, Karachi 

 
Many reasons have virtually drifted water stress into a crisis with severe 
economic and social repercussions. As a result, initiatives are directed to 
retrieve usable water from the largest aquatic resource i.e., ocean. The 
erection of thermal and mechanical desalination projects remains the only 
avenue to address this water crisis. Water desalination investments have 
expanded all over the world and specially in the region of the Middle East. 
The Mechanical & Thermal desalination share evaluating the cost 
associated with different technologies in the world production, its market, 
capital investment, capacities and supplies, the big potential user 
(countries) of these plants along with their capital investment have been 
analyzed. The recent contracts and forecasting the future requirement of 
desalinated water and market share for Middle East countries have been 
examined. It is duly feared that water stress may prevent infrastructural 
development from maturation in the coastal belt of Pakistan, where ample 
developmental activities are concentrated. It argues that a little fore-
thought for attaining and mastering the technology and training manpower 
for desalination industry can become an opportunity for earning foreign 
exchanges. It also provide recommendations for establishing and 
strengthening the desalination industry. 
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3. A Practical Approah for Safe Drinking Water to Karachi City 
 

Shah Muhammad Tanweer 
Sitech International, Karachi 

 
The price of safe drinking water from reputable suppliers is almost out of 
reach even for mediocre families. There supplies are limited to those areas 
where average paying capacity is enough to afford it. The Average drinking 
and cooking water requirement for each district of Karachi have been 
evaluated. The average water quality supplied at different districts and 
quality of different water bottles being supplied in the areas have been 
discussed.  
The self-sustainable and practical supplies through different NGO’s and 
CSR department of multinational companies at less privileged areas have 
been shown. The technical requirements, initial investment required, 
operational costs and job creation for implementing such projects have 
been carried. Involvement of local participation and their interest in such 
projects have been discussed. Recommendations for local, provincial, 
federal authorities, NGO’s and CSR departments of Multinational 
companies have been presented. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



175 

 

5. Bacterial Diversity and Bioremediation Potential of the Microbial Biofilms 
Harbored in As Contaminated Irrigation Waters of a Salt-affected Land 

 
Muhammad Ashraf and Muhammad Imran 

Soil and Environmental Sciences Division (SESD), Nuclear Institute for Agriculture and 
Biology (NIAB), Faisalabad 

 
Microbial biofilms and exo-polysaccharides (EPS) producing biofilm 
bacteria are implicated in bioremediation, mobility and transformation of 
organic and inorganic water pollutants. However, EPS-producing biofilm 
bacterial diversity and role of microbial biofilms in bioremediation and 
cleaning of brackish and polluted irrigation waters under salt-stressed 
conditions have rarely been investigated. The research work using 
conventional and molecular microbiology methods was conducted for 
microbial diversity and bioremediation potential of EPS-producing biofilm 
bacteria of soils (saline, saline-sodic and sodic) and water sources (fish 
ponds, city drain and tube-wells) of a salt-affected area, Bioslaine 
Research Station (BSRS), Pakka Anna. The main objective of the work 
was to find out a bioremediation and treatment strategy for brackish and 
polluted irrigation waters of salt-affected lands. Eelemental analysis of 
water samples showed that irrigation waters were contaminated with 
arsenic, lead and selenium. These elements have been linked to serious 
human and animal diseases including arsenicosis and selenioses diseases 
of liver, skin, lung and kidneys. Denaturing Gradient Gel Electrophoresis 
(DGGE) analysis of PCR amplified 16S rDNA showed highest and least 
bacterial species richness of fish ponds and tube-well waters, respectively. 
Clustering of DNA fingerprints indicated a close affinity of soil samples with 
fish ponds and drain than tube-well waters. The bacterial identification 
presented the Gram positive Bacilli and Microbacteria the dominant 
bacterial genera of water sources. The role of Bacillus sp. in advanced 
level sewerage and waste waters treatment is well established and 
practiced at commercial scale. The role of EPS-producing Microbacterium 
sp. in bioremediation of soil and water resources has rarely been 
investigated. Moreover, presence of toxic levels of heavy metals As and Pb 
in waters stressed the need of a continuous monitoring, treatment and 
cleaning of the water source. Bioremediation and detoxification of the 
contaminants by autochthonous microbial populations are the most 
effective practicable strategy to get rid of and overcome the problem of 
contamination of soil and water resources. Bioretention cells, the multifilter 
beds septic tanks with aesthetic look could be useful for application of the 
microbial biofilms for bioremediation treatment and cleaning of the waste 
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waters and factory effluents. 
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1. Turning Face of a White Land: Success Story of a Salt-affected Land, BSRS, 
Pakka Anna 

 
Muhammad Ashraf, Abdul Rasul Awan and Muhammad Imran 

Soil and Environmental Sciences Division (SESD), Nuclear Institute for Agriculture and 
Biology (NIAB), Faisalabad 

 
                                                      

Soil salinity and the shrinking water resources with increasing food and 
water supply demands by swiftly growing population are creating mess of 
socio-economic challenges for Pakistan. A major part of water aquifer of 
Indus-basin 16.2 Mha is already being suffered with and under the threat of 
enhanced extent of ionic toxicity and salinity. Efficient and productive use 
and management of waste-lands and the waste water resources are 
among some of the options which could help meet the challenges and 
overcome the problems of loss of agriculture lands and the water scarcity. 
Nuclear Institute for Agriculture and Biology (NIAB) acquired a piece of a 
salt-affected barren land to address the problem and succeeded to provide 
green cover to the area by integrated Bio-saline agriculture approach of 
growing salt-tolerant plants with brackish ground water. The biomass 
produced on Biosaline Research Station (BSRS) can be used directly as 
forage, feed/food, timber, fuel wood, green manure or as raw material for 
value added products. The salt-tolerant plants can also improve the soil 
and the environment. The research site BSRS,is located at geographic 
coordinates longitude 72°.49.188E and latitude 31°.14.685N, at Pakka 
Anna 50 km in South-West of Faisalabad at an elevation of 190 m from 
sea. The research station was established by the institute in 1992 on 400 
ha of salt-affected land for bio-saline agriculture and agro-forestry research 
experiments. Initially the whole area was barren land with sparse natural 
vegetation of Prosopis juliflora, Suaeda fruticosa, Aleuropus lagopoides 
and Eleusine flagelliflera but 20 years of extensive research efforts 
succeeded to bring a part of the area under forest plantation and crop 
cultivation. The climate of the area with an average annual rainfall of 325 
mm is semi-arid while the mean summer temperature ranged from 32-
37°C. The processes of salinization, sodication, decalcification and 
calcification have been contributing to formation of the soil from the mixed 
calcareous alluvium parent material derived from rocks of Himalayas. The 
bulk density of the soil varies from 1.15 to 1.32 g cm-3 and the soil texture 
with  50-57%  porosity is loamy sand to sandy loam soil. The ECe, pHs 
and the ESP values 10-20 dSm-1, 9.1-10.0 and 44-59%, respectively, 
present nature of the soil from slightly to moderately saline, strongly 
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alkaline and saline sodic soils. In addition to the soil salinity, the good 
quality irrigation water is not available while the ground water is brackish 
(ECe 4.8-7.1 dSm-1, SAR 40, RSC 21) and unfit for irrigation. The salts 
concentration in the ground water ranging from 4000 to 6000 ppm 
increases with depth.  
The bio-saline agriculture Technology developed and demonstrated at  
BSRS has  disseminated at National and international level. The success 
was not just a green face and standing trunks on a barren land, it was 
actually a fight against climate change, loss of biodiversity and poverty of 
the people. A scientific perception of environmental and social impacts of 
the success achieved step by step will be appraised and presented.  
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2. Effect of Irrigation Regimes on Growth, Yield and Water Use Efficiency of 

Barley under Salt-affected Soil 

 

Muhammad Atif Riaz and Wajid Ishaque 

Soil and Environmental Sciences Division, Nuclear Institute for Agriculture and Biology 

(NIAB), Faisalabad 

 

            Field trials were conducted to study the soil and irrigation water salinity on 

barley growth, grain yield (GY) and water use efficiency under different irrigation 

water regimes for two consecutive years (2015-16 and 2016-17). Treatments 

were comprised of five levels of irrigation application i.e. 150, 125, 100, 75 and 

50 % of crop requirement (ETc). Irrigation water applied was calculated with 

100%ETc irrigation level as reference using on-site calibrated neutron moisture 

meter. Carbon isotope discrimination (Δ) was analysed in grain samples 
collected at maturity. Water use efficiency for both biomass production (WUEb) 

and grain yield (WUEg) as affected by different irrigation treatments was 

calculated. Results showed that irrigation treatment effects for two years pooled 

data indicated significant (p≤0.05) effect on biomass as well as grain yield. 
Averaged across cropping seasons, highest reduction (39 %) in biological yield 

was recorded at 50 %ETc level and was relatively less at 100 %ETc (13% 

reduction) compared to 75 %ETc level (25 % reduction), whereas minimum 

reduction was observed at 125 %ETc level (4 % reduction). Two years mean 

GY also showed significant reduction at lower irrigation application under saline 

conditions. The yield declined from 150 %ETc treatment (3.34 t ha-1) was 

calculated as 52, 35, 19 and 13 % for 50, 75, 100 and 125 %ETc treatments. 

Averaged across cropping years, 125, 150 and 100 %ETc had non-significant 

differences with mean WUEb of 45, 44 and 43 kg ha-1 mm-1, respectively and 

difference for 75 %ETc treatment with mean value of 41 kg ha-1 mm-1 was 

significant. Lowest WUEb of 37 kg ha-1 mm-1 was recorded for 50 %ETc 

treatment. The mean WUEg for 75 and 100 % ETc treatment was 11 and 9 kg 

ha-1 mm-1 which were not only significantly different from on another but also 

from rest of the treatments. Water stress reduced Δ grain and it was maximum 
in 150 (20.4 ‰) and was lower in 50% ETc (18.2 ‰). Under stress conditions 

excess quantity of water (above 100% ETc) may be useful to get high biomass, 

grain yield of barley and better utilization of marginal lands 
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Introduction 

Soil salinisation of agricultural soils is one of the major processes resulting in low crop 

productivity. Yokoi et al. (2002) pointed out that in arid and semi-arid region of the world 

fifty percent of agricultural land is salt affected which is a strong intimidation reducing 

crop production (Munns, 2002). The countries in Africa and South Asia contain 183*10 

ha of salt-affected land (Khan & Glenn, 1996), of which 91*10 ha has EC of 1500 mS   

m-1 within the upper soil depth of 0.75 to 1.25 m. In Pakistan 6.8 million hectares of land 

is estimated to be affected by salinity to varying levels (Khan, 1998). In arid to semi-arid 

regions the availability significant amount of good quality irrigation water is main limiting 

factor for the extension of crop production (Beck, 1984 and Munns, 2002). In the arid 

and semi-arid areas poor quality irrigation water, along with low annual rainfall and high 

evaporation and transpiration, have resulted in accumulation of soluble salts in the soil 

solution and of cations (especially sodium ions) on exchange sites, which can disturb 

the structure and affect the soil hydraulic property. Increase in the human population of 

the world demands high amount of food whereas land deterioration is causing a 

significant reduction in yield. In the present situation the scientists should work out ways 

and means to recompense the deficiencies. If good quality water is not available, 

moderately saline water could be used for growing salt tolerant plants for food, fuel and 

fodder. Barley is one of the important cereal crops grown in variety of soils, water and 

climatic conditions in various parts of the world and classified as salt tolerant crop 

(Shannon, 1984). The studies on utilization and management of saline water on barley 

crop are scanty. The present study was aimed to evaluate i) the effects of saline 

irrigation water on barley growth and yield ii) to find out relationship between carbon 

isotope discrimination and water use efficiency of barley under different water regimes.   

 

Material and Methods 

The experiment was conducted for two years at Bio-saline Research Station (BSRS), 

Pakka Anna located at a distance of 50 km in the South-West of Faisalabad, Pakistan 

(longitude 73o.05’E and latitude 31o.24’N) with an elevation of 190 m above sea level. 
The climate is semi-arid (BWh) in Köppen–Geiger classification with an annual average 

rainfall of 325 mm, most of which (about 80%) falls during monsoon (July - September). 

The major constraint for crop production is unavailability of fresh water resources. 

Presently, the study area had no fresh/surface water supplies and the poor quality 
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groundwater commonly used for irrigation. The soil of the area is saline-sodic to sodic 

with medium to light texture. Soil salinity is highly variable; electrical conductivity (ECe) 

ranges mostly between 10 to 20 dS m-1. Barley cultivar Haider-93 was planted in the 2nd 

and 3rd week of November in different study years. Seeds were treated with fungicide 

and placed at 4–5 cm soil depth with a row-to-row spacing of 15 cm using a tractor 

mounted seed drill. Phosphorus as single super phosphate (SSP, 80 kg P2O5 ha-1) was 

applied at seedbed preparation. Nitrogen as urea (100 kg N ha-1) was applied in two 

equal splits at planting and with 2nd irrigation. All other agronomic practices (except 

irrigation treatments/soil moisture) such as weeding, intercultural practices and plant 

protection measures were kept uniform in all experimental plots and crop seasons. 

Irrigation treatments included five levels of irrigation water application that corresponded 

to i.e., 150, 125, 100, 75 and 50 % of the ETc in both 2015-16 and 2016-17 crop 

seasons. Irrigation water applied to other treatments was calculated using 100%ETc 

irrigation level as reference. To assess the changes in soil moisture content in the root 

zone during active crop growth period, moisture status at different soil depths was 

measured using on-site calibrated neutron moisture meter (NMM). At maturity, whole of 

the treatment/ replicate sub-plot was harvested and aboveground biomass was air dried 

to constant weight. After computing total aboveground biomass (straw and grain), grain 

was thrashed manually and subsequently measured. Harvest index (HI) was calculated 

as grain percentage of total biomass. Water use efficiency for both biomass production 

and grain yield as affected by different irrigation treatments were calculated as a ratio of 

biomass or grain yield produced per unit of water evapo-transpired (ETc) in respective 

treatment. The data for biomass, grain yield, HI, WUEb and WUEg were subjected to 

statistical analysis using computer based Statistix 8.1. 

 

Results and Discussion 

In general, aboveground biomass, grain yield, harvest index and WUEb and WUEg 

showed a decreasing trend with reduced and saline irrigation application (Table 1). 

Statistical analysis of both crop seasons showed a significant (p< 0.05) reduction in 

biological yield at 50%ETc irrigation level (8.3 and 5.7 t ha-1) compared to rest of the 

study treatments. Maximum biomass produced under 150 % ETc treatments was 

statistically similar to 125 %ETc treatments in both cropping seasons. Similar trend was 

observed for grain yield production with higher yield at higher irrigation application. 

However, the difference between 125 and 100 %ETc treatments was statistically non-

significant in year 2016-17. Moreover minimum grain yield was observed at 50% ETc in 

both seasons.   



183 

 

 

 

 

Table 1. Biomass, grain yield, harvest index (HI), Water use efficiency based on 

biomass (WUEb) and grain yield (WUEg) of barley in different irrigation 

treatments at BSRS Pakka Anna (Values are mean of 03 replicates) 

 

Treatment 

BY GY HI WUEb WUEg 

t ha-1 % Kg ha-1 mm-1 

2015-16 

150 %ETc 12.3 a 3.6 a 30 a 43 b 13 a 

125 %ETc 12.1 ab 3.0 b 25 b 49 a 12 a 

100 %ETc 11.2 b 2.9 b 26 b 46 ab 12 a 

75 %ETc 9.5 c 2.3 c 24 b 40 c 10 b 

50 %ETc 8.3 d 1.8 d 21 c 39 c 8 b 

2016-17 

150 %ETc 10.8 a 3.0 a 28 ns 44 a       12 ns 

125 %ETc 9.9 a 2.8 ab 28 43 a 11  

100 %ETc 8.7 b 2.5 b 29 46 a 12  

75 %ETc 7.6 b 2.0 c 27 43 a 11  

50 %ETc 5.7 c 1.5 d 26 39 b 10  

 

Harvest index, calculated as the ratio between respective grain yield and biomass, and 

also differed significantly among irrigation treatments. Relatively lower HI (21 % and 26 

% respectively) in both seasons in 50 %ETc treatment was recorded from rest of the 

treatments which were non-significantly different from one another particularly in 2016-

17 cropping season. Maximum biomass based water use efficiency (WUEb) was found 

in 100 %ETc  in 2015-16 while minimum was in 50% ETc. In 2015-16 year grain based 

water use efficiency was also statistically at par between 100, 125 and 150% ETc levels 

but significantly maximum as compared to 50 and 75% ETc. Generally, water use 
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efficiency based on biomass (WUEb) and grain base (WUEg) was found non-

significantly different among irrigation treatments in cropping season of 2016-17. 

However, water use efficiency based on grain yield was significantly lower in 50 % ETc 

treatment. Mean grain ∆ of two years showed positive linear relationship with irrigation 
treatments as shown in Fig. No.1. Higher value of grain ∆ was observed in 150 %ETc 
and lower was in 50 %ETc. Poor quality saline irrigation water contains appreciable 

quantity of salts that is conducive to enhanced crop production. In this experiment 

barley crop was grown under different water regimes of poor quality saline water. 

Overall water stress reduced the above ground biomass and grain yield. This reduction 

may be due to decrease in soil available water and amount of salt in applied irrigation 

water. Our findings are supported by earlier researchers like Aragues et al. (1994) 

observed reduction in grain yield by 50% with saline irrigation water of different EC. 

Abdul et al. (1988) stated that increase in irrigation water salinity from 0.5 to 10.0 dS m-1 

decreased plant height and number of leaves per plant. Koszanski and Karczmarczyk 

(1985) observed that sea water irrigation, undiluted or diluted with an equal amount of 

fresh water, decreased plant height, straw and grain yield of spring barley and oats. The 

data in Table 1 shows that water use efficiency of barley crop against saline irrigation 

water application and it was observed that WUE decreased for grain and biomass in 

both years. The obtained results are in line with Meysam, 2017 who indicated that WUE 

decreased sharply in wheat with application of saline irrigation water of 10 dS m-1EC. 

Grain ∆ decreased in less water application and was on higher side with application of 

150 %ETc treatment. Our results are in accordance with Akhter et al., 2008 reported 

that grain ∆ of different wheat genotypes increased under different irrigation water 
regimes and showed a positive relationship with medium and low water application. 

Conclusion 

Application of saline water in less quantity reduced the growth, yield and grain Δ of 
barley. Biomass and grain based water use efficiency also adversely affected with 

saline water application. A positive correlation between grain Δ and different saline 

water regimes may be useful to study the response of barley under salt affected soils. 
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Fig.1: Relationship between Grain (∆) of barley and irrigation treatments (values are 
mean of study years 2015-16 and 2016-17). 
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3. Water Crises for Livestock in Pakistan: Challenges and Future Strategies 
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         Water is a vital component of life. Allah has created every moving (living) 

creature from water (Surah 24, An-Nur, Ayet 45). Lack of fresh water is 
possibly going to be most serious resource problem of the world which will 
appear after few years. In view of growing rate of population and severe 
climatic changes, admittance to water poses as a dividing line between 
poverty and prosperity for millions of people belonging to the rural livestock 
sector of Pakistan. Due to these issues, serious water and food shortage 
could take place by the year 2025, if early consideration is not given to 
increase the capacity of water storage and execute strategies to reduce the 
wastage of water. Water shortage had alarmed the sustainability of irrigated 
agriculture in Pakistan. Livestock a sub sector of agriculture is the single 
largest sector of Pakistan’s economy, which accounts for a quarter of GDP. 
The existing fresh water for livestock production is influenced by several 
factors such as the type and physiological status of the animal, physical 
activity, type and amount of feed, temperature of the ambient environment. 
The animals having sufficient water produce double the amount of milk and 
butterfat as compared to the ones who have limited water supply. For 
livestock production, the maximum quantity of water is exploited towards the 
production of fodder. This water inconsistency resulted in the compromised 
production of milk, meat, and eggs. The environmental temperature also 
influences the animal’s water intake. The better strategies should be 
adopted in the form of water resources conservation, development and 
improvement of existing irrigation systems, judicious and efficient use of 
available water for livestock production, control of evaporation from water 
surface in reservoirs and canals, water requirements management.   

          Keywords: water resources, productivity, livestock, farming and feed 

Introduction 

Water is vital to life and a key factor in agricultural food production. Organization for 
Economic Co-operation and Development OECD (2010) reported around 70% of 
freshwater removal was used by agriculture in the world. It is estimated that more than 
90% of the water consumption in livestock is linked with the production of feed (Legesse 
et al., 2017; Mekonnen and Hoekstra et al., 2012). Water resources are considered as 
limiting factors in the capacity to food growing world population. There is struggle for 
water resources between the production of human food or animal feed in two ways: 
firstly, where animals are fed crops and crop products that can be directly consumed by 
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humans; and indirectly, where animal fodder and grazing are produced on land and 
using water that is also appropriate for the production of food crops etc.  Animal feed 
production can also be produced without inflicting any boom in competition with other 
production, as an example, in structures in which animals are grazed on marginal land 
that has few alternative uses and little socio-ecological cost. 

Humans, animals and plants are striving for water and it is the primary limiting factor in 
livestock production however.Fresh water resources are not equally disseminated in the 
world and are being depleted. Water is necessary for animals, it is as important as 
feedstuff for prolific livestock production. The feed and water which is taken up by the 
animals depend upon the availability to the animals. It is noticed that the distance 
between watering and feeding point should be minimized so that animals easily take it. 
When the ration of animals having more fiber and high in Dry matter (DM) contents is 
there, the intake of water will also increase. Depending on the age, species and stage of 
production, an adult animal may drink as much as 150 litres per day.  

Livestock and Water Use: 

Livestock water use includes ground water and surface water associated with livestock 
watering, feedlots, dairy operations, and other on-farm needs. The water may be used 
for drinking, cooling, sanitation, waste disposal, and other needs related to the animals. 
In addition, significant amount of water are used for the production of animal feed.  

Clean and fresh water are detrimental factors in the milk production, just as genetic 
makeup, health and the quality of feed. Milk as perfect diet contains 80% water, so 
water availability is necessary for the efficient milk production from dairy animals. The 
water intake of an animal is linked to feed intake, after feed intake the water balance in 
the rumen goes down and instinct urges the animal to drink. Rations containing more 
than 50% DM, then animal drink several times in between to get good rumen contents. 
It is generally speculated that 5 litres of water is necessary for 1 kg dry matter intake, 
similarly 3 litres of water is required to produce 1 kg milk (Willlem, 2009).  The 
temperature of the drinking water must not be too low, that will slow down the digestion 
in the rumen. 

Class of animals  Requirements (litre) 

Dry cows                30-60 litre/day 

Cow 10 kg milk       30-70 litre/day 

Cow 30 kg milk       90-150 litre/day 
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Tabe: 1-Necessary amount of water for different classes of animals: 

Source: (Willlem van der bent, 2009) 

Water resources are related to livestock production and play a major role in livestock 
production system. Large scale irrigation areas in world use underground water for 
livestock. In early 1980’s, underground water has declined by 1-4 m per year in China 
and India (Brown et at., 1985). Water availability and consumption have an impact on 
the livestock production. In South Asia, people who raise livestock move to those areas 
where they can find water resources. The availability of water effect livestock on soil 
cover and utilization effect water required for cultivating the land.  

In developing countries, there are problems such as supply of water and lack of 
technology for lifting water. Livestock is used as an energy resource in the form of 
draught power and their waste is used as a fuel for soil fertility. Livestock also supports 
in decreasing the use of fuel and other pesticides for land cultivation. Sustainability in 
water resource cannot affect direct livestock production system but they are part of 
production system (Wit et al., 1995). 

The water sources in Pakistan are adequate in some areas, but in other regions water 
sources are not enough for irrigation which did not allow farmers to cultivate their land 
on commercial basis so they keep livestock for the livelihood (Giles & Baig, 1992; 
Farooq & Ali, 2002). To attain sustainable resource management for livestock there is 
need to use efficiently these water resources. The livestock sector plays an essential 
role in agricultural and economic development as well as food security. 

Challenges  

More than half of all drinkable water is from rivers and lakes and about one-sixth of the 
Earth’s population depend on glaciers and seasonal snowfall for water supply. Though, 
the increase in surface temperatures is causing intense changes in the hydrological 
cycle, where water supply is dominated by melting snow or ice. Currently, overall 
livestock production demands about 30% of the global agricultural water requirement, 
including rain and irrigation water used for the production of feed and withdrawals for 
livestock husbandry (Mekonnen and Hoekstra, 2012). 

Cow 50 kg milk       100-200 lire/day 

Calves < 1 year        5-15 litre/day 

Calves 1- 2 year        15 - 25 litre/day 

 Sheep/goats            1.5-6 litre/day 
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Disappearing glaciers will negatively affect water supply in the next few decades in 
many parts of the world. This will have serious socioeconomic consequences due to a 
reduction in water supply for industry, agriculture and domestic use, along with 
reduction of hydropower generation in summer. 

Global warming is causing serious harmful effects to the environment. The maintenance 
of stable water temperature in oceans, lakes, and rivers is extremely important for 
aquatic animals. The minor temperature variations can affect feed availability, egg 
hatchability and survival; moreover, high ambient temperatures demand higher water 
consumption in humans and all terrestrial animals. 

The world is facing alarming food insecurity due to the adverse effects of climatic 
changes on livestock productivity, increased demands for water, use of grains in the 
production of biofuels, and reduction of cultivable land due to increasing urbanization.  

Two-thirds of the world population is expected to be suffering from water stress by 2025 
(FAO, 2007; Molden, 2007).The Food and Agriculture Organization (FAO) had indicated 
that one billion of the world’s 6.5 billion people face hunger and are “food insecure”. 

Future Strategies  

The key area for development in water use efficiency for livestock is through efficient 
livestock and feed base management to optimize production efficiency and safeguard 
better livelihood to livestock farmers.  

 

Figure: 1- Pakistan’s explosive population growth means less water for livestock 

In Pakistan being shortage of water sources for livestock there is dire need for 
improving quality and availability of local feeds which compensate the water deficiency. 
Formulation of improved quality rations, and to genetically improve the local species 
and breeds for optimum production while conserving their characteristics for adaptation 
to harsh environments and prevailing diseases. Large numbers of grasses and 
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leguminous pasture species has been evaluated and proved to be resistant to high 
humidity or prolonged periods of dryness, to acid or saline soils,  and are currently being 
used for feeding livestock ruminants by livestock farmers in Pakistan. Supply of good 
quality  water to the animals to meet their requirements. Check water sources regularly 
to see if quantity or quality of water has changed. 
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4. Sanitation Situation in Pakistan along with its Impact on Water, Health and 

Economy 
 

Sher Jamal Khan 
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Sciences and Technology (NUST), Islamabad 
 

Water scarcity is not just about its inaccessibility but lack of provision of 
potable quality water is also the accompanying issue. Human health is 
directly threatened by water polluted with chemicals and pathogens. In 
Pakistan more than 50% of the drinking water is contaminated with fecal 
coliforms. Lack of access to basic sanitation facilities leads to water borne 
diseases due to addition of waste streams directly into fresh water 
resources. This results in poor water quality of already inadequate water 
resources. In Pakistan, inadequate sanitation results in 4% GDP loss per 
year in terms of health effects, water issues and welfare aspects. Basic 
sanitation services are accessible to 58% of Pakistan’s population only. 
Out of these, lone 23% is connected to centralized sewer based networks 
in urban areas. All of the remaining population is using on site sanitation 
techniques including septic tanks and pit latrines etc. Fecal Sludge (FS) 
coming out of these facilities is high in organic content, nutrients and 
pathogens. Therefore, FS requires proper handling, treatment and 
reuse/disposal. FS has the potential to digest anaerobically along with 
production of biogas. The result will be not only treatment of FS along with 
biogas recovery but completing the sanitation service chain as well. 
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1. Water Related Vulnerability of Agriculture Sector to Climate Change in Pakistan 

 

Amir Raza, Muhammad Imtiaz and Wisal Mohammad 

Nuclear Institute for Food and Agriculture, Peshawar 

 

 Agriculture sector, being the dominant user of fresh water (70%) is highly 

vulnerable to climate change in Pakistan. Increase in frequency of floods 

and drought, rising temperatures and changes in rainfall pattern across the 

country during the recent years are clear indicators of changing climate. 

Climate change has serious repercussions on national food security as 

farmers have limited knowledge and technologies for mitigating the adverse 

effects of climate change on crop productivity. This situation is expected to 

decrease yield of major food crops by up to 50%. There exists dire need to 

make an intensive analysis of situation to identify existing knowledge and 

technology gaps and suggest doable measures for multiple stake holders 

like policy makers, scientists and farming community accordingly. This 

review paper covers the impact of climate change on water resources and 

agriculture and presents strategies to adapt to climate change.  Strategies at 

policy/government level include increased funds for research, improvement 

of national capacity building (training of trainers) and development of a 

localized smart early warning system for climate change related events. Key 

research areas being identified to address water related vulnerability include 

development of innovative water use efficient technologies, zone specific 

agronomic research, applied root research, organic farming to increase soil 

resilience and research on ground water recharge and quality using 

simulation models. Farmers shall be sensitized about the issue of climate 

change through education and every effort shall be made to make proper 

use of existing farm resources (with special emphasis on water) and 

technologies to live with the changing climate so that national food security 

is not compromised.  

        Key words: Climate Change, Food Security, Issues, Pakistan, Water 

 

1- Introduction 

Pakistan ranks among top ten countries most affected by climate change and it can 

have serious repercussions for national food security and economic growth as 

agriculture is exposed to nature. Agriculture sector contributes up to 25% towards 
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Pakistan’s Gross Domestic Production (GDP) but changing climate may reduce this 

share drastically. Events induced by changing climate like floods, heavy rains, drought 

etc. have negatively impacted growth of agriculture sector, particularly over the last two 

decades, with consequences of extra pressure on agro-based economy of Pakistan 

(World Bank and ADB, 2010). Agriculture sector needs special attentions if country 

needs to meet the food requirement of its rapidly growing population that is expected to 

be 350 million by 2050 (Kugelman and Hathaway, 2010).  

 

Water is going to be a limiting factor for agriculture  as per capita water availability in 

Pakistan may decline up to 1,000 m3 (water scarce) by 2030 (Briscoe and Qamar, 

2005).  Agriculture sector uses up to 93% of national water resources (Afzal and 

Ahmad, 2009). Due to rising temperatures, glacial retreat will generate extra water and 

existing storage capacity and infra-structure may be inadequate for handling the water 

(Qureshi, 2011) so country’s ageing water infrastructure requires re-alignment (Memon 

and Thapa, 2011). Poor water governance, lack of conservation measures and low 

water use efficiency are other key issues that need to be addressed to ensure food 

security (Raza et al., 2012). 

 

Water shortages are the greatest threat to food security. Water shortage are expected 

to exceed 100 billion cubic meters by 2025 (Toufiq et al., 2004). Water flow of rivers 

originating from India may also decline in future (World Bank, 2005) as India is building 

new water storage reservoirs on these rivers (Shakir et al., 2011). Ground water is 

rapidly turning saline due to sea water intrusion and poor soil and water management 

practices. In Punjab, 23% and in Sindh, 78% of the soils have hazardous ground water 

quality (Haider, 2000). The lowering of ground water table and high cost of pumping 

may further reduce water availability at farm level and may aggravate the problem of 

water scarcity. 

 

Arid to semi-arid climate prevails in major parts of the country (Government of 

Pakistan, 2010). Occurrence of droughts had been a regular feature over the last few 

decades across various parts of the country. Due to changing climate, we may have 

monsoon rainfall lower than usual level particularly in hot spots of Sindh and 

Baluchistan and this may lead to more frequent droughts in coming decades. It is 

predicted that by the year 2100 temperatures may increase by 3-4oC in Pakistan and 

region (Pakistan Meteorological Department, 2012). Frequent occurrence of drought 

and rising temperatures may have serious implications for crop production.  
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Poor soil health is another major issue that threatens sustainability of agriculture sector 

in the context of climate change. Soils have undergone deterioration due to intensive 

cropping patterns that had caused extensive mining of nutrients (Lal, 2009). Organic 

matter is inherently low in Pakistani soils (less than 1%) and we need to develop 

farming practices that help to raise organic matter contents in soils as it serves as buffer 

against adverse effects of climate. Current farming practices are less effective in 

increasing soil organic matter. Due to poor health and low organic matter contents, our 

soils are less resilient to climate change.  

 

We need to identify management interventions that can sustain productivity and 

increase soil resilience. The current situation necessitates to undertake a critical review 

of the  impacts of climate change on natural resources and agriculture sector and 

suggest measures for all concerned stakeholders. This paper will provide a brief 

account of the impacts of climate change on agriculture sector, will identify research and 

technology gaps and suggest solutions for various stakeholders (policy, research and 

management) so as to reduce water related vulnerability of agriculture sector to climate 

change.  

 

2.  Impact of Climate Change on Agriculture Sector 

2.1 Water Resources 

Water is pivotal to the sustainability of agriculture sector but its supply is expected to be 

erratic under changing climate. Strategic importance of water increases particularly for 

Pakistan as surface water flows depend on rivers (Jhelum, Chenab and Ravi) 

originating from India who has already started construction of reservoirs on rivers and is 

violating Indus Water Treaty. The gravity of water scarcity issue increases as we have 

storage capacity of only 30 days of average demand against standard value of 120 

days. We do not have effective mechanism for storage of extra water available through 

glacial retreats induced by rising temperature particularly during summer months. This 

may lead to wastage of water and may end up in serious shortage of water for winter 

crops. Besides having inadequate water storage capacity, we are not properly 

maintaining the world’s largest gravity driven canal irrigation system (Memon and 
Thapa, 2011).  

 

Water may become a limiting factor for sustainable agriculture as due to rapidly 

increasing population, water demands by other sectors (industry, domestic, recreation 
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etc.) may increase and share of water for agriculture sector may decrease. Poor water 

quality, high cost of pumping water, water conveyance losses and low water use 

efficiency are other key issues that may intensify the problem of water scarcity 

particularly for developing countries like Pakistan (Qadir et al., 2003). Majority of 

farmers do not have knowledge and technology to raise crops under erratic rainfall 

patterns, high temperatures, so, we must focus on increasing use efficiency of available 

water. 

 

2.2 Soil Resources 

5 million ha (24% of the total cultivated area) in Pakistan is rain-fed (Government of 

Pakistan, 2010) and is highly vulnerable to climate change as limited water availability 

and poor economic conditions of farmers do not allow the adoption of technological 

interventions. Climate change may impact soils through droughts and floods. Impact of 

climate change on soils may vary depending on the magnitude of the climate-related 

event, soil cover, soil management history and technology and knowledge available with 

farmers to adapt to climate change. Floods may render the soil unfit for cultivation due 

to damage to the soil structure by erosion, loss of top productive soil layers, water 

logging and anoxia (Misra, 2013). 

 

2.3 Livestock 

Livestock sector contributes about 11% to GDP. The importance of livestock under rain-

fed areas lies in the fact that animals serve as security against crop failure. Climate 

change may indirectly affect performance of livestock sector by affecting the availability 

of water and fodder to the animals. Droughts adversely affect the water and fodder 

availability to animals under rain-fed conditions. Floods may disrupt fodder availability in 

coastal areas and can cause the outbreak of diseases leading to mortality of animals. 

Livestock production is constrained by non-availability of suitable fodder crops and crop 

varieties. Diversification and sustainable intensification of fodder production systems 

offers great prospects for improving the livestock component in an integrated farming 

system under the changing climate. 

 

2.4 Food Security 

National food security is at high risk due to climate change, rapidly increasing 

population and degradation of land and water resources. Pakistan will require over 33 

million tons of wheat to meet its domestic requirements (Rajaram et al., 1998). Pakistan 

is under immense pressure to ensure food security because besides wheat the country 
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needs to produce fiber, sugar, oil seeds, horticultural crops, and dairy and meat 

products. The two key options to increase food production include increase in area 

under production or increase in existing crop yield from available land resources. The 

option of increasing land for production requires huge investment in terms of 

development of infra-structure for expansion of agriculture sector. This will be done at 

the expense of clearing forest lands that may trigger climate change and evoke 

resistance from environmental protection groups. The second option of increasing crop 

yield from available land resources seems viable but is constrained by input availability 

at critical stages of production and attitude of small farmers who do farming activity for 

subsistence. 

 

3. Measures to Address Water Related Vulnerability of Agriculture Sector 

3.1 Research Related Measures 

3.1.1 Zone specific agronomic research 

Climate change will alter the environmental conditions as in future farmers will be 

growing crops in an environment much different than from today so crop management 

practices will have to be adapted to a new climate (Laux et al., 2010; Lehmann, 2013). It 

is critical to develop packages of production technologies for the farmers to sustain crop 

production under changing climate. This can be achieved through zone specific 

agronomic research coupled with use of simulation models. By using simulation models, 

we can analyze multi-dimensional scenarios simultaneously for guiding mitigation and 

adaptation strategies to sustain productivity under climate change. Breeding programs 

across the country shall focus on improving use efficiency of applied inputs with 

particular focus on fertilizers and water to ensure sustainable production.  

 

An improved understanding of effects of elevated levels of carbon dioxide (CO2) on 

plant production, is critical as there exists research gap on this aspect (Shimono and 

Bunce, 2010; Zhang et al., 2013). Research on nitrogen (N) management of crops 

under varying levels of water and CO2 should be conducted to develop reliable 

recommendations for farmers. Research on identification of cover crops, soil 

management practices and conservation agriculture shall be conducted to develop a 

climate smart package of practices for optimal utilization of farm resources with minimal 

environmental foot print.  
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3.1.2 Applied root research 

Efficient plant roots are vital for better performance of plants under adverse climatic 

conditions on account of their key roles in absorbing water and nutrients from soil. 

Higher costs of  chemical fertilizers necessitates the development of crop varieties with 

modified root architecture so as to favor plants for better uptake of applied fertilizers. 

One viable option to ensure food security under changing climate would be to raise 

efficiency of applied inputs to crops at farm level. This can be achieved through 

undertaking applied research on roots as these  hidden half of plants had been ignored. 

Studying response of plants to high temperatures and CO2 concentrations under 

varying levels of water and nitrogen availability offer exciting research avenues to get 

insights into behavior of plants towards changing climate and findings may be used to 

identify management interventions for sustaining productivity.  

 

3.1.3 Application of simulation models 

Simulation models are analytical tools to identify agronomic practices for ensuring food 

security under changing climate. By using these soft wares, we can study the impact of 

several combinations of variables (crop, soil, weather, and management/agronomy) on 

the crop bio-dynamism (Dettori et al., 2011). We may use simulation models to develop 

educated guideline for devising strategies to achieve sustainable crop production under 

a multitude of climate change scenarios. Simulation models can also be applied to 

predict the effect of a changing climate on quality and recharge of ground water and 

glacial retreat and information generated can be used to develop policy guidelines for 

proper use of available water. 

 

3.1.4 Organic farming to increase soil resilience  

Soils in Pakistan have poor resilience capacity on account of their low organic matter 

contents. Current farming practices are not suitable for sustainable agriculture as they 

tend to reduce soil fertility. We need to identify such farming interventions that may 

contribute towards buildup of soil organic matter contents if we want to make our soils 

more resilient (able to resist or recover to healthy state in response to destabilizing 

influences) to changing climate. Soils in a given farming systems are more resilient if 

they are less dependent on external inputs as is the case with organic farming systems 

(Gupta and Nair, 2012). There exists research gap on locally conducted organic farming 

research that needs to be bridged by public sector research entities so as to develop 

reliable recommendations for farmers for making their soils more resilient.  
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3.1.5 Research on Water Footprints 

Research on the water footprints of key crops and products shall be conducted at 

national level to generate information on how much amount of water is being required 

for each utility and service by common people. This data can then be utilized to 

sensitize the end users about utilizing the water efficiently. 

 

3.2 Agronomic Measures 

3.2.1 Soil Management Practices 

Soils are key to sustainable food production and national food security. Aim of soil 

management practices shall be to buildup of soil fertility by making efficient use of 

available farm resources with minimal negative impact on environment. Tillage practices 

shall be reduced to minimal level and based on recommendations of local extension 

agents/agronomist, farmers shall be educated to adopt conservation tillage. We shall 

follow principles of organic farming systems for proper management of our soils if we 

intend to conserve our soils for future generations on account of documented benefits of 

these systems. Organic farming systems help conserving and improving organic matter, 

water holding capacity, porosity, biodiversity and productivity. These systems 

encourage minimum losses of nutrients by working within closed nutrient cycles and 

encourage maintaining a good vegetative cover to protect the soil from extreme 

weather. Organic farming systems may contribute towards increased soil resilience due 

to their documented positive effects on soil health (Sandhu et al., 2010). We must 

consider to partially shift from conventional to organic farming systems for preserving 

natural resources for coming generations. 

 

3.2.2 Crop Management Practices 

Crop management practices shall be adjusted under changing climate. Practices to be 

modified based on climate change may include crop varieties, crops, cropping patterns, 

sowing dates, fertilizer and irrigation management practices etc. (Abraha and Savage, 

2006). Modifications in crop management practices shall be made keeping in view the 

weather extremes, farmer preferences, market volatility and technical guidelines from 

experts. Objective of crop management practices shall be to improve the efficiency of 

input use at farm level so that net returns from farming business can be increased to 

improve socio-economic conditions of the farmers. Wheat–fallow–wheat is the dominant 

rotation in many rain-fed areas of the country, and needs to be replaced with legume-

based rotations to build up long-term soil fertility and improve soil water conservation.  
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3.2.3 Water Management Practices 

Water management is critical in devising strategies to minimize the impacts of climate 

change on crop production. A greater emphasis shall be placed on increasing water use 

efficiency at the field scale with the core idea of obtaining more crops per drop of water. 

Improvements in irrigation water use efficiency are likely to come by adjusting the 

amount, method and time of irrigation. A detailed overview on improving water use 

efficiency for sustainable agriculture is given by Raza et al. (2012). Advances in 

irrigation technology should be used and farmer shall be encouraged to use more 

efficient irrigation methods like sprinkler and drip irrigation to save water. Irrigation 

should be based on the needs of the soil and crop. An overview of improving irrigation 

efficiency by using sensors and wireless technologies is given by Greenwood et al. 

(2010).  

 

If Pakistan has to ensure national food security, it has to act wisely and promptly to 

increase the water use efficiency of the entire irrigation system. Successes in water use 

efficiency are more likely to be achieved by simultaneously improving (i) available water 

supplies (irrigation system), (ii) varieties (research and development) and (iii) 

management practices. Hsiao et al. (2007) demonstrated that an overall increase in the 

water use efficiency of the system is likely to come through improvements of these three 

components along the chain. Addressing any of these three components in isolation will 

not bring a remarkable increase in the system’s water use efficiency. 
 

3.2.4 Tree Plantation and Maintenance of Newly Planted Sapling 

A key intervention to mitigate the adverse impacts of climate change is tree plantation. 

Trees have a moderating effect on the environment and can help plants and humans 

withstand warm temperatures. Trees also assist in mitigating the drivers of climate 

change by removing CO2 from the atmosphere during photosynthesis, storing carbon 

above and below ground. It should be a priority to plant and protect trees at each level. 

 

3.3 Policy Related Measures 

3.3.1 Allocation of funds for research  

Pakistan spends 0.29% of its GDP on research, compared to developed nations (5%). 

The Government current expenditures on climate change are not adequate in context of 

magnitude of problem. The government needs to allocate more funds for ministry of 

climate change besides exploiting the possibility of funding from foreign donors. The 
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country needs to prioritize research on key issues of food, water and energy security in 

the context of changing climate.  

 

3.3.2 Increase in storage capacity  

Pakistan shall focus on increasing national water storage capacity for storage and use 

of seasonal peak water flows. Building big dams like Kalabagh has become 

controversial and may become a source of contention among provinces. It would be 

better to construct several small and medium dams at appropriate places across the 

country to increase water storage capacity. This will help to overcome seasonal water 

shortages for main crops.  

 

3.3.3 Capacity Building  

Pakistan needs to develop an effective and sustainable master trainers program for 

training communities to withstand the adversities of climate change. This can be done 

either by establishing an academy dedicated to develop master trainers or already 

existing rural development academies can be assigned this task. Experts from 

universities and research institutes could develop training modules and materials for 

dissemination to end-users. This national capacity building program on climate change 

should be sustained through funding from the public sector initially and later on public-

private partnerships should be evolved to sustain this much needed activity.  

 

3.3.4 Strengthening of early warning system  

Early warning on the possible occurrence of extreme weather events enables 

concerned departments and communities to make necessary arrangements to reduce 

the impact of floods and droughts. Early warning systems have been effectively used in 

many parts of world to minimize damage from climate-related vulnerabilities and such 

systems need to be strengthened in Pakistan as well. Early information that drought or 

flood is likely to occur in a given area could allow disaster management departments to 

make relevant arrangements accordingly.  

 

3.3.5 Awareness at Community Level 

Well informed communities can create the public opinion needed to encourage policy 

makers to make necessary policy adjustments for enhancing capacity to cope with 

climate change. Communities need to be informed and educated about climate change, 

how it can affect their lives, and how they can survive and adapt to climate change. An 

effective communication strategy needs to be developed for disseminating information 
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related to climate change using print and electronic media. A master trainers program is 

needed to educate communities on withstanding water related vulnerabilities of climate 

change.  

 

As we are mainly concerned with vulnerability of agriculture sector to climate change 

and expect a decline in per capita water availability in coming years, we need to put a 

great focus on increasing awareness among the masses on the need to avoid wastage 

of water and water related products (given that water is needed for almost every 

agricultural and industrial application). A reliable solution lies in determining the amount 

of water consumed in the production process, especially in the agriculture sector at it is 

a dominant user of freshwater resources. However, a knowledge gap exists between 

water consumption and water availability that hampers policy formulation dedicated to 

sustainable management of water resources. Water footprints are a potential indicator 

of sustainability and can be used for environmental impact assessment. It is vital that 

responses to climate change must focus on water. 

 

Conclusions 

Performance of the agriculture sector is at high risk due to climate change induced 

water-related adversities like high temperature, droughts and floods etc. Keeping in 

view water-related incidences and future extreme weather projections, it is inevitable 

that Pakistan must identify doable measures to sustain the productivity of the agriculture 

sector by devising strategies that make efficient use of available water. We presented a 

brief overview of the impacts of climate change on food security, livestock sector, soil 

and water resources in this paper. We suggest that the key research and policy gaps 

presented in this paper should be made part of a national research and policy agenda 

after extensive discussions with relevant think tanks and stake holders. 

 

Management guidelines pertaining to soil, crop and water should be followed by farmers 

to enhance farm production and net profits. Rain-fed areas need special attention both 

from policy makers and researchers to exploit their agricultural potential. Organic 

farming practices are recommended to increase soil resilience and to withstand water-

related vulnerabilities of climate change besides focusing on improving the efficiency of 

input use in crop production. In order to conserve soils for coming generations, a partial 

shift needs to be made from conventional chemical farming practices to a blend of 

chemical plus organic farming to optimize yields with minimal or no losses to the 

productive potential of soils. 
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Water is a highly vulnerable component (input) for crop production under climate 

change? An integrated approach needs to be developed to ensure its efficient 

utilization. Sustainability of current irrigation practices (flood irrigation) has become 

highly questionable and the issue needs to be addressed through identification and 

adoption of site specific interventions for improving conservation and efficient utilization 

of available water. The country must focus on increasing its water storage capacity, 

renovate ageing water infrastructure and ensure scientific water management in all 

sectors of production to minimize the impact of the water-related vulnerabilities on its 

agriculture sector. On top of all these suggestions, a commitment by the government is 

required to allocate more funds for research and national capacity building on a 

sustainable basis to address water-related vulnerabilities of agriculture sector to a 

changing climate.  
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2. Application of Fallout Radionuclides in Soil Erosion and sedimentation Studies 
in Pakistan 

 
Muhammad Rafiq, Manzoor Ahmad and Naveed Iqbal 

Pakistan Institute of Nuclear Science & technology (PINSTECH), Islamabad 
 

Pakistan is an agricultural country but falls in the category of dry-land 
where 80 percent of its land area is arid or semi-arid, 12 percent is dry sub-
humid and the remaining 8 percent is humid. More than 51% of its 
inhabitants support their livelihood through agro-pastoral activities. Water 
is the lifeline factor for the agricultural country like Pakistan and this sector 
is under high stress because of soil erosion and sedimentation, insufficient 
water supplies, impacts of climatic change, and mismanagement of the 
precious natural resource. Our biggest water reservoirs Tarbela and 
Mangla have already lost more than 28.3% and 20.5% of their storage 
capacities due to sedimentation from the upper catchment areas.  It 
indicates the loss of 5.54 billion cubic meters (BCM) of water every year. 
Estimation of erosion rates from highly eroded areas and ultimate 
sedimentation rates in reservoirs is a big challenge for water management 
authorities. The conventional techniques require a long period of 
observation to collect a representative set of measurements. However, 
some radionuclides like Caesium-137, Berrylium-7 and Lead-210 (Cs-137, 
Be-7 and Pb-210) may provide quick estimation of sedimentation in 
reservoirs as well as redistribution rates within a catchment. Fallout Cs-137 
has been used successfully for evaluation of watershed management in a 
subcatchment of Mangla, Pakistan. The sedimentation rate upstream of 
the check-dam was higher (7.5 cm/y) before 1974, and declined (to 6.0 
cm/y) thereafter, probably due to revegetation of sediment sources areas 
in parts of the sub-catchment. The methods and findings of the study can 
help policy makers understand the extent of erosion and locate target 
areas within a catchment that may need immediate action to reduce 
adverse erosion impacts in a timely manner. 

 
***************************************** 

 
 
 
 
 
 
 



210 

 

3. Variation in Isotopic Composition of Precipitation with Identification of Vapors 
Source Using Deuterium Excess as Tool: Isotopic Study at Tarbela site in 

Pakistan 
 

Saira Butt, M. Azam Tasneem and Fariha Malik 
Isotope Application Division, Pakistan Institute of Nuclear Science & Technology 

(PINSTECH), Nilore, Islamabad 
 

An assumption regarding the different source of moisture in winter and 
summer was developed and tested on the basis of isotopic contents of 
precipitation and d-excess parameter.  Precipitation samples were 
collected at Tarbela site in Pakistan.  These samples were analysed for 

18 2H and d-excess was calculated to justify our assumption. In this 
article we report 10 years isotopic data, comprising 232 rain events at this 
site. This data is used to explain the source of vapor origin responsible for 
precipitation in this region. Seasonal variations in the isotopic composition 
of rain and d-excess parameter associated with winter/summer rains are 
linked with vapor source. Variations are clearly associated with different 
source regions i.e. Arabian Sea/Bay of Bengal in summer and 
Mediterranean Sea in winter. Inverse relation is observed between 
humidity and temperature at the site of precipitation.  

 
***************************************** 
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4. The Use of Chemical and Biological Indices to Enhance   Sediment   quality 
Assessment 

 
Tayyaba  Bibi 

DIT, FOCAS research centre, Nanolab, Ireland 
                    

Sediment contamination is a major source of ecosystem stress and has 
received significant attention from the scientific community. Both the 
Water Framework Directive (WFD) and Marine Strategy Framework 
Directive (MSFD) require a robust set of tools for biological and chemical 
monitoring. For the MSFD in particular, causal links between contaminant 
and effects need to be assessed.  Appropriate assessment tools are 
required in order to make an accurate evaluation. In this study, a range of 
recommended sediment bioassays and chemical measurements are 
assessed in a number of potentially impacted and low impacted locations 
around Ireland. Previously, environmental quality indices have been 
developed on individual compartments i.e. contaminant levels or 
biomarker/bioassay responses. A number of assessment indices are 
applied to chemical and ecotoxicological data from the Seachange project 
(PBA-ME-07-001) and compared with the Metal Pollution Index (MPI), 
Pollution Load Index (PLI) and Chapman index (RTR) for chemistry. The 
benefits and drawbacks of the use of indices and aggregation techniques 
are discussed. 

 
                          ***************************************** 
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5. Analysis of National Climate Change Policy in the Context of Water Sector 
Adaptation 

 
Amina Irshad Khan and Muhammad Irfan Khan* 

Department of Environmental Sciences, Quaid-i-Azam University, Islamabad 
*Department of Environmental Science International Islamic University, Islamabad 

 

The water resources of Pakistan are intricately linked with climate change 
and are very vulnerable to its impacts, this is why the projected climate 
change has such serious implications for Pakistan’s water resources. The 
most critical element in coping with climate change and climate variability 
from a water resources perspective is the water resource governance. 
The two documents, National Climate Change Policy, 2012 of Pakistan 
and Framework for Implementation of Climate Change Policy (2014-2030) 
launched in 2013 constitute the first tier of governance of water resources 
under changing climate. This study presents the results of an analysis of 
these two documents to the extent of water sector adaptation strategies 
using SWOT analysis technique. The SWOT analysis of each of the six 
goals set for water sector adaptation and the strategies with actions to be 
taken in short, medium and long terms for achieving the objectives of 
policy were individually carried out. Conclusions derived from the results 
present the overview of the status of achievement of each objective over 
the last five years. Recommendations for each of the objective present a 
lay out of the future goals and expected outcome. It is hoped that this 
study will be useful in assessing the performance of National climate 
change policy (2012). 
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6. Microbial Treatment of Red S3B Contaminated Water Reverts Its Adverse  
Effect on Growth and Nitrogen Uptake of Mungbean 

7.  
Maryam Shakeel, Muhammad Imran, Muhammad Ashraf, 

Nuclear Institute for Agriculture and Biology, Constituent College of Pakistan Institute of 
Engineering and Applied Sciences, Islamabad Pakistan 

  
         Textile industry effluents originated from dyeing of fabrics contain huge 

quantities of azo-dyes which reduce the quality of water. Moreover, irrigation 
of the edible crops with textile wastewater by farmers during water shortage 
periods contaminate and damages fertility of soil, reduces growth and yields, 
and deteriorates quality of food crops. Microbial biodegradation of azo-dye 
contaminant of effluent would help overcome the problem of ethical and 
social issues, reduce phyto-toxicity impacts, improve quality of water and 
provide an additional source of mineral N for plants. Laboratory and growth 
chamber studies were carried to observe the effect of 10 different types of 
azo-dyes commonly used in textile industry on growth of mungbean 
seedlings. Growth and N content of mungbean irrigated with azo-dye 
contaminated water treated with microbial consortium was determined after 
14 days of sowing. Among the textile dyes, Red S3B was most inhibitory to 
germination and growth of mungbean seedlings. Irrigation of mungbean 
seedlings with Red S3B contaminated water treated with NIAB-FB510 
consortium improved plant growth and N contents. The microbial consortium 
was comprised of Shewanella sp. NIAB-BM15 and Aspergillus terreus strain 
NIAB-FM10. The findings thus suggested that co-inoculation of bacterial and 
fungal consortium could be useful bioremediation treatment strategy for azo-
dyes containing textile effluents.   

 
Keywords: Azo-dyes; Shewanella; Aspergillus; Consortium; N uptake 
 
Introduction 
In textile industry, a major proportion of dyes used for dyeing fabrics belongs to azo-
dyes. These nitrogen containing synthetic dyes are differentiated from other textile dyes 
by the presence of azo bond (-HN=NH-) in their structural formula. Nitrogen content of 
dyes varies depending upon number of azo bonds and N containing functional groups 
around the aromatic rings. For instance, pure Direct Blue 71 contains three azo bonds 
and 10.2% N. Textile effluents may contain up to 1500 mg L-1 azo-dyes (Pierce, 1994), 
thus having sufficient quantity of N. In many developing countries, a huge volume of 
such un-treated coloured effluents is produced on daily basis. Due to uprising global 
water scarcity, use of such effluent for irrigation purpose is a common practice in 
several developing countries including Pakistan (Ahmed et al., 2016; Arif et al., 2016). It 
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has been found that irrigating crops with such effluents seriously inhibit plant growth and 
reduces crop yields (Hayyat et al., 2013). Naturally azo-dyes are quite stable and 
degraded slowly in soil and cause soil health deterioration (Imran et al., 2016). For 
instance, average concentration of azo-dyes reported by Zhou (2001) for surface soil 
near dyeing and printing units is 456 mg kg-1. Recently it has been reported that these 
dyes also suppress microbial growth and their activities in soil (Topac et al., 2009; Imran 
et al., 2016). This suggests that textile effluents must be treated for azo-dyes to detoxify 
them and release N with subsequent improvement in the quality of this water for raising 
crops under water shortage conditions.  
 
Various chemical methods have been employed in the past to get rid of dye residues 
from textile effluents (Pearce et al., 2003; Esteves and Silva, 2004; Bilal et al., 2018). 
The chemical treatment of textile effluents is not encouraged worldwide because of a 
number of limitations including high treatment cost, toxic breakdown products, chemical 
pollution and no direct release of mineral N from dyes. According to Selcuk (2005), 
ferrous sulfate at 500 mg L-1 and aluminum sulfate at 750 mg L-1 did not reduce toxicity 
level of dye contaminated water. However, higher concentrations of both chemicals 
reduced the toxicity but were not economical due to high sludge production and cost of 
the chemicals. Ozone treatment of Remazol Black-B resulted in the production of 
metabolites which were even more toxic than parent dye (Ulson et al., 2010). Like 
chemical methods, physical approaches to remove dye residues from waters are also 
not very much popular among scientific community because of disposal issue of 
adsorbents after treatment (Gupta, 2009). Alternately, use of microorganisms for 
degradation of azo-dyes and release of their structural N seems an attractive approach. 
It is environmental friendly approach which can completely breakdown azo-dyes 
resulting in reduction of their growth inhibitory effects and release of structural N. 
Previously bacteria-fungi consortia have been employed for biodegradation of various 
organic compounds due to cooperative catabolism; the first organism transforms 
organic pollutant to products/metabolites which are then used by the second organism 
(Ellegaard-Jensen et al., 2014). A very limited information is available regarding 
potential of bacteria-fungi consortia to minimize phyto-toxic effects of azo-dye 
contaminated waters (Saratale et al., 2010; Su and Lin, 2013). However, there is no 
report regarding N status of crop plants being irrigated with azo-dye contaminated water 
after treatment with bacteria-fungi consortium. Moreover, no information is available 
regarding ability of crop plants to utilize N from azo-dyes directly through root absorption 
and subsequent breakdown within plant tissues; without microbial assistance. 
 
This research is aimed at to analyze N content and phyto-toxicity of various textile dyes 
to mungbean, development of bacteria-fungi consortium capable of degrading azo-dyes, 
role of developed bacteria-fungi consortium to reduce dye induced growth inhibition of 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ellegaard-Jensen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23973535
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mungbean seedlings and improve N uptake. Moreover, ability of mungbean seedlings to 
use N of azo-dyes without microbial assistance is being scrutinized.  
Materials and methods  
UV-visible spectrophotometer (Hitatchi, U-2800), centrifuge machine (Sigma 3E-1, 
Germany), thermo-balance (ORMA, BC-150), oven (Mammart), mini centrifuge (Hermle 
Z 233 M-2), incubator (THELCO), orbital shaker (Gallenkamp), laminar air flow hood 
(Telstar AH-100), distillation unit (Gerhardt), autoclave, digestion tube,  pipettes, 
digestion unit (Gerhardt), flask, titration burette, sand, stirrer, plastic pot and mungbean 
seeds.  
 
All the chemical used were of analytical grade including concentrated H2SO4, NaOH,  
H3BO3, K2SO4, CuSO4, Se, HCl, azo-dyes [Violet 8 RL, Yellow 124, Yellow GL, Scarlet, 
Black 182, Congo red, Black china, Blue 115, Reactiv Red S3B (RR S3B), Reactive 
orange] NaCl, KH2PO4, Na2HPO4, CaCl2, MgSO4.7H2O, yeast Extract, peptone, KCl, 
CaCl2, Fe-EDTA, MgSO4, NH4NO3, MnSO4.2H2O, ZnSO4.7H2O, CuSO4.5H2O, 
Na2MoO.2H2O and KH2PO4. 
 
Phytotoxicity evaluation of textile dyes  
Pyto-toxicity of ten locally used textile dyes including Violet 8 RL, Yellow 124, Yellow 
GL, Scarlet, Black 182, Congo red, Black china, Blue 115, Red-S3B and Reactive 
orange to mungbean was evaluated using germination inhibition and seedling growth 
test in a sand jar experiment (Rani et al., 2014). Sand was washed thrice with 10% 
hydrochloric acid, and then washed four times with distilled water to remove any acid 
residues. Sand was dried at 70 oC in an oven before filling into plastic jars. The solution 
of each dye (1000 mg L-1) was prepared in distilled water and stored at 4oC before use. 
Ten seeds of munbean were sown per jar filled with 200 g sand and experiment was 
laid out according to completely randomized design (CRD) with three replicates. About 
50 ml of dye solution (1000 mg L-1) were added in each pot; while 50 ml distilled water 
was added in control jars. After seven days, germination, root length and shoot length 
were measured, then root and shoot samples were oven dried at 70 oC to constant 
weight. Dry biomass of shoot and root of mungbean seedlings was weighed. Based on 
the results of phytotoxicity assay, Red S3B (highly toxic) was used in bioremediation 
experiment. 
 
Sand jar experiment  
A sand culture experiment was conducted to assess the role of bacteria-fungi 
partnership in retrieving Red-S3B induced growth inhibition of munbean seedlings and 
improving nitrogen uptake. Glass jars containing 370 g sand were sterilized by 
autoclaving at 121 °C for 20 min. Fifteen seeds of mungbean were sown per pot. 
Nutrients were provided through Hoagland solution (Table 1). Plants were irrigated for 
14 days with DW (T1), 1000 mg Red-S3B L-1 DW (T2), MSM-II (T3), 1000 mg Red-S3B 
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L-1 MSM-II (T4) and 1000 mg Red-S3B L-1 MSM-II+ Consortium-NIAB-FB510 (T5). In 
case of T5, about 1250 ml broth of MSM-II (Table 2) was sterilized in 2 L conical flask. 
Filter sterilized dye was used to make final concentration as 1000 mg Red-S3B l-1. After 
inoculation with consortium flasks were incubated at 37 oC for 24 h under static 
condition. Once the color disappeared flasks were placed in shaking incubator for next 7 
days at room temperature. After that clear supernatant was collected by centrifugation 
at  6000 rpm (Sigma 3E-1, Germany). This supernatant was used as irrigation water 
(T5). The same was done in case of T3 except Red-S3B was not spiked into MSM-II. 
After 14 days, root length, shoot length, root dry biomass and shoot dry biomass were 
determined.  

Nitrogen content (%) in the shoot of mungbean seedlings was determined by 
Kjeldhal distillation method and its uptake was determined according to following 
formula;  
 

  

 
Data analysis  
Data of different studies were statistically analyzed for significant effect of various 
treatments on studied parameters using PC based statistical package (Statistix 8.1, 
Analytical Software, Tallahassee, FL, USA). Significant treatment means were 
compared using least significance difference (LSD) test at 5% probability level (Steel 
and Torrie, 1986).  
 
Table 1: Composition of Hoagland Solution 

Salt Stock solution (g 
100 ml-1) 

ml stock solution per liter 

2M KCl 20.2 2.5 

1M CaCl2 11.1 2.5 

Fe-EDTA 1.5 1.5 

2M MgSO4 49.3 1 

1M NH4NO3 8.0 0 

H3BO3 0.286 1 

MnSO4. 2H2O 0.181 1 

ZnSO4. 7H2O 0.22 0.1 

CuSO4. 5H2O 0.051 0.1 

Na2MoO.2H2O 0.12 0.1 

1M KH2PO4 13.6 0.5 
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Table 2: The composition ofMSM-II used for screening of bacteria and fungi 

Salt Concentration (g l-1) 

NaCl 1.0 

KH2PO4 1.0 

Na2HPO4 1.0 

CaCl2 0.1 

MgSO4.7H2O 0.5 

Yeast extract 2.0 

Peptone 2.0 

pH 7.2 
 
Results 
Phytotoxicity of Azo-dyes to Mungbean 

Table 3 shows the toxicity of ten individual azo-dyes to mung bean germination and 
seedling growth attributes (root length, shoot length, root biomass, shoot biomass and 
seedling biomass). Congo red direct suppressed the germination of mung bean the 
most as 20% germination was inhibited. The other dyes including Violet 8RL Disperse, 
Yellow GL Direct, Scarlet Disperse, Black 182 Direct, Red Reactive S3B and Orange 
Reactive also significantly (p<0.05) suppressed the germination. However, three azo-
dyes including Yellow 124 Reactive, Black China Disperse and Blue 115 Direct did not 
reduce the germination of mung bean. All azo-dyes inhibited the root and shoot growth 
of mung bean seedling. However, extent of growth inhibition varied among the dyes. 
The minimum root length (2.34 cm) was measured in case of scarlet disperse which 
was statistically at par with Red S3b Reactive (2.43 cm). In case of shoot length, Red 
S3b Reactive reduced the shoot length the most as evident from Figure 1. The shoot 
length of control plants was 12.73 cm that reduced up to 2.97 fold on exposure to Red 
S3b Reactive. Likewise root biomass, root biomass and plant biomass were 
substantially reduced by Red S3b Reactive. Root biomass, shoot biomass and plant 
biomass were reduced up to 2.5, 1.66 and 0.54 fold, respectively. Overall Black 182 
Direct was found as least toxic to growth attributes of mung bean. 
 
Table 3: Effect of different azo-dyes on germination and seedling growth of mung bean. 

Textile Dyes Germination 
(%) 

Root 
length 
(cm) 

Shoot 
length 
(cm) 

Root 
biomass 
 (mg pot-
1) 

Shoots 
biomass  
(mg pot-1) 

Plant 
biomass 
(mg pot-1) 

Control 100 a 5.01 a 12.73 a 105 a 177 a 282 a 
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Violet 8RL Disperse 90 b 2.93 f 6.61 cde 57 g 139 c 196 f 
Yellow 124 
Reactive 

100 a 3.62 e 6.32 de 67 e 177 a 244 bc 

Yellow GL Direct 90 b 4.26 d 6.37 de 83 d 133 c 216 de 
Scarlet Disperse 90 b 2.34 g 4.71 f 52 h 108 de 160 g 
Black 182 Direct 90 b 4.82 ab 5.98 e 61 f 165 a 245 bc 
Congo red Direct 80 c 4.85 a 7.22 c 108 a 123 cd 231 bcd 
Black China 
Disperse 

100 a 4.46 cd 8.47 b 89 c 156 b 226 b 

Blue 115 Direct 100 a 4.63 bc 4.95 f 84 d 127 c 211 ef 
Red Reactive S3B 90 b 2.43 g 4.28 f 42 i 106 e 148 g 
Orange Reactive 90 b 3.79 e 6.8 cd 93 b 135 c 228 cd 
LSD 6.44 0.21 0.72 3.75 16.66 16.58 

Data are show as mean of three replicates. Values within the column showing different 
alphabets are statistically (p<0.05) different from each other. 
 

  
Figure 1: Effect of high-toxic and least-toxic azo-dye on mung bean 

 

Phytotoxicity of Treated and Un-treated RR S3B to mungbean 

Table 4 shows the effect of different irrigation treatments on growth attributes (root 
length, shoot length, root biomass, shoot biomass and total biomass) of mung bean. 
Root length, shoot length, root biomass, shoot biomass and total biomass reduced up to 
54%, 52%, 18%, 25% and 24% when irrigated with RR S3B (1000 mg l-1) prepared in 
distilled water as compared to plants irrigated with distilled water only. Similarly when 
irrigated with Red S3B (1000 mg l-1) prepared in MSM-II, it also suppressed the growth 
mung bean as compared to MSM-II alone. The extent of inhibition of different growth 



219 

 

attribute such as root length shoot length decreased about 24% 33% whereas, root 
biomass, shoot biomass, and total biomass also suppress up to 17%. However, results 
also shows that MSM-II itself had some negative effect on munbean as seedling growth 
was reduced compared to distilled water treatments (with and without Red S3B). The 
comparison of MSM-II+RR S3B and MSM-II+RR S3B+NIAB-FB510 clearly exhibited 
that the developed microbial consortium alleviated the phyto-toxic effects of Red S3B. 
Root length, shoot length, root biomass, shoot biomass and total biomass were 
increased by 28%, 45%, 13%, 22% and 20%, respectively by treating the RR S3B with 
NIAB-FB510 consortium. Thus treatment of RR S3B by NIAB-FB510 consortium 
completely detoxified the wastewater. 
 
Nitrogen Content of Shoot of Mungbean 

Data regarding effect of treated and un-treated RR S3B on shoot N content are 
presented in Figure 2. It was found the un-treated RR S3B azo-dye had negative effect 
on shoot N content. Nitrogen content of plants irrigated with distilled water was 3.96% 
which decreased to 3.66% by RR S3B azo-dye. The shoots of the plants irrigated with 
MSM-II had high N content compared to distilled water treatment. Similar to distilled 
water, RR S3B azo-dye in MSM-II also reduced the shoot N content. Moreover, it was 
found that irrigating the plant after treatment of RR S3B azo-dye by developed microbial 
N content of mungbean shoot significantly (p<0.05) increased.  
 
Table 4: Effect of treated RR S3B on growth and biomass of Mung bean plant 

Treatments Root  
length  
(cm) 

Shoot  
Length 
 (cm) 

Root  
biomass  
(mg plant-1) 

Shoots 
biomass  
(mg plant-1) 
 

Plant  
Biomass 
 (mg plant-1) 

Control (DW) 0.22 a 0.71 a 6.51 abc 23.33 a 29.84 a 
Red S3B  0.10 d 0.34 c 5.33 c 17.36 cd 22.69 b 
MSM 0.17 b 0.48 bc 7.67 a 19.93 bc 27.60 a 
MSM+Red S3B 0.13 c 0.32 c 6.36 bc 16.51 d 22.87 b 
MSM+Red+S3B+NIAB-
FB510 

0.18 b 0.58 ab 7.33 ab 21.16 ab 28.49 a 

LSD 0.030 0.19 1.29 2.93 2.91 
DW: distilled water; RR S3B concentration: 1000 mg l-1 
Data are shown as mean of three replicates 
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Figure 2: Effect of irrigation with treated Red S3B by NIAB-FB-510 microbial consortium 

on N content of shoot of mungbean seedlings 

 
N Uptake by Mung Bean Plant 

Figure 3 shows data regading nitrogen uptake by mung bean plant under different 
irrigation treatments. Graphical representation of data shows that N uptake decreases 
due to RR S3B both in distilled water and MSM-II. In distilled water around 30% 
decrease observed. Whereas, 20% N uptake reduces in plants irrigated with RR S3B 
dissolved in MSM-II. Moreover, N uptake increases significantly (p<0.05) up to 26% 
when irrigated with MSM-II + RR S3B + NIAB-FB510. 
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Figure 3: Effect of treated RR S3B by NIAB-FB510 on N uptake by mungbean plant 

 
 
Discussion    

  
The environmental impact assessment is becoming one of the major factors in the 
sustainability of industries in different countries. The present study evaluates the growth 
inhibitory effects of different textile dyes to mungbean and elucidates the ability of 
bacteria-fungi partnership to detoxify a highly phyto-toxic Red-S3B. It also reports 
changes in shoot N content of plants irrigated with Red-S3B after biological treatment.  
Textile dyes inhibited germination and retarded growth of mungbean seedlings; Red-
S3B  
exhibited more growth retardation than other dyes (Table 3). Previous researchers also 
reported similar variability in phyto-toxicity among textile dyes (Moaward et al., 2003; 
Ademola et al., 2012). This variation in growth retardation by different textile dyes might 
be linked to their degree of cyto-toxcity and geno-toxicity impacts. Phugare et al. (2011) 
observed root growth retardation of Allium cepa exposed to Red HE3B; this decrease in 
growth was found to be associated with chromosomal aberrations and changes in DNA 
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of root cells. Waghmode et al. (2012) found that Rubine GFL reduced root cell viability 
and increased mitotic index, chromosome breaks and total number of alterations in A. 
cepa root cells. All textile dyes were found growth inhibitory in spite of having fairly high 
content of N. This high content of N is associated with a number of azo bonds (-
HN=NH-) and N containing functional groups around the aromatic rings. This N could 
only be released and made available to growing plants after the biodegradation through 
microbes. The chemical approaches fail to release N as complete breakdown is rarely 
achieved. It has also been found that products of breakdown of dyes by chemical 
treatments are more toxic than parent dye molecule (Selcuk, 2005; Souza et al., 2010). 
Along with providing N to growing plants, cyto-toxic and geno-toxic effects of azo-dyes 
could also be removed by their biodegradation using potential microbes.  
 
A plant study was conducted to assess the role of bacteria-fungi partnership in 
retrieving Red-S3B induced growth inhibition of mungbean seedlings and examine 
changes in nitrogen uptake on irrigation with treated and un-treated Red-S3B. Irrigation 
with distilled water and MSM-II (decolorizing medium), both spiked with Red-S3B, 
reduced the growth of 14 days old mungbean seedlings compared to the respective 
non-spiked controls. The growth of plants irrigated with MSM-II was more hampered. 
This might have happened because of soluble salts used in decolorizing medium and 
their high availability to plants from sand rooting medium. However, growth inhibitory 
effect of Red-S3B was completely eliminated after treatment with developed consortium 
(Table 4). In accordance to our results, Lade et al. (2012) observed no growth inhibition 
effect of Rubine GFL to Sorghum vulgare after treatment with bacteria-fungi consortium. 
However, a consortium comprising of Aspergillus niger and Bacillus sp. failed to 
completely retrieve Red 120 induced root growth inhibition of Vigna radiate; it minimized 
the root growth retardation (Su and Lin, 2013). Similarly, consortium of Proteus vulgaris 
NCIM-2027 and Micrococcus glutamicus NCIM-2168 reduced phyto-toxicity of Green 
HE4BD to Phaseolus mungo but root growth was not same as control plants (Saratale 
et al., 2010). The detoxification results achieved in the present study depicted that either 
mineralization of Red-S3B had occurred or degradation metabolites were non-toxic to 
mungbean. The sequence of anaerobic-aerobic  conditions during biodegradation of 
azo-dyes facilitate degradation of metabolites generated by reductive cleavage of azo-
bond to simpler products (Tan et al., 1999). As color disappeared as a result of 
breakdown of azo-bond, the further degradation was continued under aerobic conditions 
for six days by the oxidative enzymes of consortium partners, which might have resulted 
in further breakdown of initial metabolites. 
 
Red-S3B irrigation altered shoot N content and shoot N uptake of 14 days old 
mungbean seedlings (Fig. 4). It was found that irrigation with DW and MSM-II, both 
spiked with Red-S3B, did not improve shoot N content and shoot N uptake of 
mungbean seedlings, instead a decrease in both parameters was recorded compared to 
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respective non-spiked controls. This decrease could be linked with retarded root growth 
of seedlings in the presence of dye. In contrast, Eucalyptus spp. has the ability of azo-
dye absorption through roots as various metabolites of azo-dyes were detected in leaf 
extract (Sureshvarr et al., 2010). In addition, we found that shoots of mungbean 
seedlings irrigated with Red-S3B after biological treatment had high shoot N content. 
This is the first report that azo-dye contaminated water after biological treatment may 
improve N content. The possible reasons of this increase are; (1) may be microbial 
consortium was able to release N from azo-dyes that was subsequently absorbed by 
plant roots, (2) consortium broken down Red-S3B to simpler metabolites that were 
absorbed by plant roots (3) Red-S3B treated water resulted in root proliferation as a 
result roots absorbed more N.  
 
Conclusions 
Textile dyes suppressed mungbean growth owing to their phyto-toxic effects, however, 
level of growth inhibition varied among dyes. Red-S3B retarded growth of mungbean 
seedlings the most in spite of having fairly high content of N. Instead shoot N uptake 
was declined in the presence of Red-S3B around the roots in a sand jar experiment. 
Irrigation with Red-S3B subjected to biodegradation for 7 days in anaerobic-aerobic 
cycle by developed microbial consortium-NIAB-BF510 exhibited no growth retardation 
of 14 days old mungbean seedlings. The irrigation of plants after biological treatment of 
Red-S3B improved shoot N content compared to control plants. However, there is need 
to elucidate the metabolites of biodegradation by HPLC studies to confirm the potential 
of the consortium to mineralize azo-dyes. It is concluded that treating Red-S3B with 
NIAB-FB510 eliminated growth inhibitory impacts to mungbean and improved plant N 
content. 
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1. Impacts of Climate Change on the Water Availability, Seasonality and Extremes 
in the Upper Indus Basin (UIB) 

 
Asim Jahangir Khan 

Department of Environmental Sciences, COMSATS University Islamabad, Abbottabad 
Campus, Pakistan 

 
Projecting future hydrology for the mountainous, highly glaciated upper 
Indus basin (UIB) is a challenging task, because of un1certainties in 
the future climate projections and issues with the coverage and quality 
of available reference climatic data and hydrological modelling 
approaches. This study attempts to address these issues by utilizing 
tranche semi-distributed hydrological model SWAT with new climate 
datasets with better spatial and altitudinal representation as well as a 
wider range of future climate forcing models (GCM_REG) from the 
CORDEX- project, to assess different aspects of future hydrology 
(mean flows, extremes and seasonal changes). Contour maps for the 
mean annual flow and actual evapotranspiration as a function of the 
downscaled projected mean annual precipitation and temperatures are 
produced which can serve as a “hands-on” forecast tool of the future 
hydrology. The overall results of these future SWAT- hydrological 
projections indicate similar trends of changes in magnitudes, seasonal 
patterns and extremes of the UIB- streamflow’s for almost all climate 
scenarios/models/periods -combinations analysed. In particular, all but 
one GCM_REG- model – the one predicting a very high future 
temperature rise -  indicate mean annual flow increases throughout the 
21st century, wherefore, interestingly, these are stronger for the middle 
(2041-2070) than at its end (2071-2100). The seasonal shifts as well 
as the extremes follow also similar trends for all climate 
scenarios/models/periods – combinations, e.g. an earlier future arrival 
(in May-June instead of July-August) of high flows and increased 
spring and winter flows, with upper flow extremes (peaks) projected to 
drastically increase by 50 to >100%, and this with significantly 
decreased annual recurrence intervals, i.e. a tremendously increased 
future flood hazard for the UIB. The future low flows projections also 
show more extreme values, with lower than nowadays-experienced 
minimal flows, occurring more frequently and also with much longer 
annual total duration. 
 

***************************************** 
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2. Exploring Linkages between Seasonal Variations and Waterborne Diseases in 
Islamabad and Rawalpindi City 

 
Fahad Zafar 1, Ali Hasnain 1 and Muhammad Usman2 

1 Dept. of Env. Sci. University of Haripur, Haripur, KP, Pakistan 
2 National Institute of Health (NIH), Park Road, Islamabad, Pakistan 

 
Water is an essential component of life-remained a debatable issue in the 
developing world in general and in Pakistan in particular. According to the 
Government of Pakistan about 50 million people are deprived from safe 
drinking water and nearly about 27.2 million peoples have no access to 
adequate sanitation .However, some of the waterborne diseases are 
spreading because of variations in seasons. These seasonal variations 
have impacts on biological and physico-chemical properties of water, thus 
triggering waterborne diseases. Due to seasonal variations and water 
cycle will challenge water availability in Islamabad and Rawalpindi and will 
affect biological, physical and chemical components of water through 
different paths thus enhancing the risk of waterborne diseases. Therefore, 
a comprehensive study is needed to understanding this complex 
relationship between water qualities and emerging waterborne diseases in 
seasonality context. For this data collected through water sampling, 
laboratory analysis and field surveys and will be presented. 
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3. Household Response to Blanket Testing and Well -Switching to Mitigate 
Current Arsenic Crisis in Punjab, Pakistan 

 
Ishtiaque Hussain and Abida Farooqi 

Hydrogeochemistry lab, Department of Environmental Sciences, Quaid-i-Azam 
University, Islamabad 

  
Arsenic (As) contamination in groundwater is common in Pakistan, 
especially in Punjab Province, where majority of rural population is 
exposed to arsenic contaminated drinking water. For the first time, 
blanket testing of arsenic was done in the study area to identify wells 
with low arsenic concentration through blanket testing and promote well 
switching as an immediate mitigation measure. This is because arsenic 
distribution in Pakistan is highly variable spatially like other regions of 
South and South-East Asian countries which makes well switching a 
viable option. In the preliminary phase, a total of 875 wells were tested 
for As by Econo-Quick (™) (EQ) kits from selected villages. A year after, 
retesting and response survey was conducted in the similar villages. 
Concentrations of arsenic in 82 % (670/812) of wells exceeded 10μg/L 
arsenic concentration guideline given by WHO for drinking water. In 59% 
(485/812) of the wells, it exceeded the country threshold of 50 µg/L. 
Response survey data suggested that 64% of the households with 
unsafe wells switched to another well with low arsenic. Additionally, 
periodic well testing in arsenic contaminated areas enhance level of 
awareness about the risk of unsafe water. The study demonstrates the 
role of arsenic field kit used in mass testing of wells very effectively. 
Therefore, blanket testing should be expanded in other rural areas of 
country to explore the extent of arsenic contamination. 

  
***************************************** 
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4. Status of Arsenic and Fluoride in the Aquifers of the Indus Basin, Punjab, 
Pakistan, and mitigation strategies 

 
Junaid Ali Khattak, Abida Farooqi and Shehla Batool 

Department of Environmental Sciences, Quaid-i-Azam University, Islamabad 
 

Naturally elevated levels of arsenic and fluoride in groundwater are known 
to cause drastic impacts on human health. Arsenic and fluoride along with 
other field parameters were tested in over 20,000 wells with a field kit for 
in the Punjab plains covering both the floodplains as well as doabs 
between the rivers Indus, Jehlum, Chenab, Ravi and Sutlej. Results 
reveal that the floodplain of the Ravi River is particularly affected by 
elevated As in well-water. Widespread elevated concentrations of fluoride 
are located mostly in the slightly elevated doab regions between the 
rivers, apart from a section of the Ravi River floodplain. Results from this 
large well-testing campaigns shows that groundwater can pose significant 
health risk, particularly along the Ravi River in the case of arsenic and 
fluoride mostly in the doabs. As an immediate remedy, we propose well 
switching can significantly reduce exposures, simply by sharing a safe 
well with neighbors. Moreover, as a step towards remediation of this 
alarming public health concern, a treatment system is developed for the 
affected communities: HWTS - a low-cost household treatment unit which 
can removes arsenic (3.7mg/L), Fluoride (less than 5 mg/L), turbidity and 
Bacteria up to their respective WHO limits, hence this treatment system 
can prove to be economically viable mitigation option. 

 
***************************************** 
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5. Contextual Analysis of Irrigation Water Management System in Punjab: 
Challenges and Way Forward 

 
Muhammad Abid 

Centre for Climate Research and Development, COMSATS University, Islamabad 
 

This study assesses the overall situation of the water sector in Punjab 
(Pakistan) providing an insightful review of current and future challenges 
and potential solutions to water problems in the province. The study 
consulted historical reports, data bases, government statistical reports for 
desk review. Different statistical approaches are used to analyze the 
collected information e.g. descriptive statistics, correlation-graphs and pie-
charts will be used to depict the temporal changes in water supply from 
different sources and consumption (demand) by different sectors 
(industry, agriculture, household) and existing gaps in water demand and 
supply. The sustainability of the water sector in the Punjab is assessed 
considering ongoing and future challenges, through analysis of the 
potential impacts on water availability and use amongst different sectors. 
For this purpose, a systematic literature review is conducted to produce 
objective results based on high-quality research evidence relevant to the 
sustainability of water sector in Punjab. Different scenarios are developed 
to see how the ongoing and future challenges of urbanization, climate 
change, rural-urban migration, population growth and other 
socioeconomic and demographic changes has affected the future water 
supply and demand. Moreover, the study also conducted a stakeholder 
analysis to map the important stakeholders in water sector and highlights 
their important roles in the management of water systems in the province. 
Further, potential solutions to key water challenges is presented and 
discussed.  
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6. Synthesis, Characterization and Modification of Gum Arabic Microgels  for 

Waste Water Treatment 
 

Muhammad Farooq 
Department of Chemistry (DChy), PIEAS 

 
This study describes the successful syntehsis of Gum Arabic (GA) 
microgels of 5-30 µm size range, and thereafter chemical modification 
with diethylenetriamine (DETA) for environmental application. The 
recorded FT-IR spectra revealed some new peaks due to DETA 
modification of GA microgels. The zeta potential measurements confirm a 
positively charged surface for GA microgels upon DETA modification at 
neutral conditions.  The DETA modified GA  microgels (GA-DETA) were 
used as adsorbent to remove some organic contaminants such as, methyl 
orange (MO), eosin Y (EY) and congo red (CR), and some toxic metal 
ions, such as, chromate (Cr(III)), dichromate (Cr(VI)), arsenate (As(V)) 
from aqueous environment. The absorption studies revealed that 0.05 g 
feed of GA-DETA microgels possesses 69.8, 99.3, 40.0, 91.0, 84.1, and 
73.0 % removal capability for As(V), Cr(VI), Cr(III), MO, EY and CR 
respectively with 2 h contact time. Some well known isotherms, such as, 
Langmuir, Freundlich and modified Freundlich isotherms were determined 
with the obtained adsorption data. Modified Freundlich model exhibits 
relatively practical fit for almost all removed pollutants giving R2 value 
nearer to unity. Furthermore, maximum adsorption capacity (Qm) was 
determined for all the six pollutants with the numerical values of 217, 256, 
271, 143, 130 and 116 mg.g-1 for As (V) Cr(III), Cr(VI), MO, EY and  CR 
respectively. The GA-DETA microgel is a talented material for 
environmental application as a removal of toxic metal ions and some of 
the positively charged organic pollutants.   
 

***************************************** 
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7. Applications of Nanotechnology for Clean Drinking Water 
 

Rabia Shabbir and Muhammad Hamza 
Preston Institute of Nano Science & Technology (PINSAT), Preston University Kohat, 

Islamabad Campus 
 

Nanotechnology is the most modern technology of immense applications 
in all types of Industries, may it be Medicine, Energy, Clean Drinking 
water, Auto Industry, Defense, Textiles, Oil & Gas Industry  and so on . It 
is regarded as an Industrial Revolution of 21st Century. Already in  2013 
the  nano-based products have global marketing of about 1 trillion dollar  
and experts of US National Science Foundation(US NSF) estimate   such 
global marketing of nano-based industrial products to the tune of about 3 
trillion dollar by 2020 
Here at present we concentrate on the application of Nanotechnology for 
clean drinking water and how does it compete technically and 
commercially the with present techniques of Reverse Osmosis and other 
filtration techniques. Recent studies have also been reported for water 
purification by using nanotechnology applications including nano-
membranes, nanoparticles, nanotubes , Nanocomposites and 
nanoceramics for bacterial ,chemical and particulate removal to produce 
clean drinking water. For space flights special program for bacterial free 
water for drinking purposes was developed in the space ship program of 
the United States. In the present paper the current use of Nanoparticles 
and Nanocomposites will be discussed. 

 
***************************************** 
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8. Impact of Water Quality on Mosquito Population Dynamics 
 

Toqeer Ahmed, Hazrat Bilal and Zeeshan Haider 
Centre for Climate research and development (CCRD), COMSATS University 

Islamabad 
 

Mosquitoes are the one of the most important vectors responsible for 
major vector borne diseases like Malaria, Dengue etc. which cause 
millions of deaths every year. It is vital to eradicate the mosquito from the 
larval stage by several larval control measures/strategies. In order to 
execute the control strategy, population dynamics play a vital role, 
mosquitoes usually breed in water and water quality index can be an 
important factor in mosquito population dynamics. Water Quality Index is 
an important parameter to classify the water into the cleanliness which 
provides a clear picture on overall state of the water including, chemical 
oxygen demand, biological oxygen demand, total suspended solid, pH, 
dissolved oxygen and ammonia nitrogen presence in the water. 
Association among the species of mosquitoes and with other animals is 
also play vital role. Larval nutrition is another important factor responsible 
for completion of life cycle of mosquitoes. Acidic pH of water in not in 
favor for mosquito breeding as it effects on metamorphosis. The 
Anopheles and Aedes mosquitoes generally are known to prefer breeding 
in clean, shaded, unpolluted water while Culex prefers polluted water. 
Currently, there is insufficient information on the study of association 
between mosquito larval population and water quality in Pakistan and 
Entomologists/vector biologists have been reluctant to study larval 
ecology because of the difficulties involved in larval sampling from aquatic 
habitats in the field, especially when many larval habitats are not 
permanent as in the case of Aedes. The available information may be 
helpful in underestimating the situation. Furthermore, climate change, 
particularly the effects of toxins produce by factories, may have influenced 
population dynamics and can increase insecticide resistance, but there is 
no concrete evidence for this yet. Recommendations for sustaining the 
progress made in mosquito borne diseases control using insecticides and 
other control strategies will be presented. 

 
***************************************** 
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3.1. Conference Summery 

Dr. Muhammad Ashraf Chaudry 
President, Pakistan Nuclear Society 

 
Conference on Water Problems in Pakistan and Their Solutions was held in Islamabad 
Hotel, Islamabad from 15th to 16th April 2019. It was organized by Pakistan Nuclear 
Society in collaboration with Pakistan Atomic Energy Commission, Pakistan Academy of 
Science, Pakistan Science Foundation COMSATS University  and  Pakistan Council for 
Research in Water Resources. Mr. Parvez Butt, former chairman, PAEC and Ex-
Secretary MOST, Dr. Shaukat Hameed, Former  Coordinator General, COMSTECH, 
Engr. Iqbal Hussain, Director general PINSTECH, Dr. Sakhawat Shah, former Vice 
Chancellor, Hazara University and Professor Emeritus, Q.A. University, Mr. Ahmad 
Kamal, Chief Engineering Advisor and Chairman, Federal Flood Commission, Dr. Riffat 
Qureshi, from PAS, Ms. Farhat Waqar, Secretary General. PNS,   Mr. Waqar Ahmad 
Butt, Executive Members of PNS, Council Members ,PNS and a large number of 
Members of PNS, speakers and guests from Quid-e-Azam University, NUST, PARC 
and other many technical and professional organizations, and different agriculture and 
biological sciences  from PAEC  and Institute of Oceanography were there. 
 
The objectives of the conference were to  seek input from experts on multiple aspects of 
water-related issues and frame viable solutions and recommendations for the 
Government, national and international institutions, related to water field and general 
public in Pakistan, at large. The scope of the conference was to  cover the following 
themes with emphasis on viable solutions and recommendations. 
 
Water and nuclear industry, water quality, water resources, water treatment, water 
conservation, water usage for agriculture and industry and cross disciplinary areas like 
that of water and sanitation; water-borne diseases; water, power and land nexus; water 
and environment; water cost economics; water sector management; hydro-politics; 
water economics; water policies and diplomacy etc. Nuclear techniques for water 
resource evaluation; radiochemistry for pollution monitoring; isotope hydrology; reverse 
osmosis  for water conversion by using nuclear energy;  water requirements of nuclear 
power plants were the preferred topics for this conference. 
 
The conference proceedings started with the recitation from Holy Quran. Mr. 
Shamsulmulk(HI} former Chief Minister KPK and ex-Chairman WAPDA was invited as 
chief Guest, who inaugurated the conference and he in his address said, ‘’ I want to 
congratulate PNS for providing this forum to address the water problems in Pakistan in 
order to seek  solutions to the same. The efforts rendered by the organizing committee 
members to arrange this conference and particularly Dr. M. Ashraf Chaudry deserve 
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commendation”. He further said that man has been tempering with the natural 
ecosystem in the quest of improving life standards and  their sustenance. The 
population explosion during recent past few decades has further worsened the situation 
and has led to water crisis in the world. In Pakistan scarcity of suitable water is a 
problem due to lack of timely available fresh rain water and excessive water flooding for 
which new dams could not be built. He quoted the  comments of President Muhammad 
Ayub Khan at the occasion of signing Indus Basin Treaty between India and Pakistan 
telling that  it was not the best but the best possible treaty. 
 
The President Pakistan of Nuclear Society informed that  water quality is deteriorated 
due to industrials effluents entering the water bodies. Water quality in urban and rural 
water supply has also been compromised in Pakistan. The bacteriological status of 
drinking water,  arsenic and other toxic elements and excessive doses of fluoride in 
drinking water detection  in underground water and other water sources of water supply 
are the other serious issues to be addressed in this conference, which  is highly 
appreciated. There are problems of an appropriate trained manpower coupled with 
compromise in  efficiency. The nonrevenue  water  is up to 45%  in Karachi, 40% in 
Lahore, Multan and Faisalabad. This figure is 45% in Rawalpindi and 50% in Peshawar. 
Manpower on the average is in the order of   13 employees per 1000 connections for 
meter reading and checking.  So 50 % water  goes unaccounted.  The situation needs 
improvement. 
 

He further indicated that we in Pakistan  do not care for water saving per our prevalent 
culture. We have to educate society and to seek the support of community .  Our 
coastal areas could not develop, as no fresh water supplies   were  and   are not still 
there.  
 
He further said that Nuclear desalination to supply potable water to coastal belt  is  an 
important option, which is to be  considered at an appropriate level in the government  
for implementation. He further said that  the Membrane Technologies Institute to 
develop, design and fabricate  the water treatment plants in Pakistan is an important 
proposal which has been brought to his notice  and is to be  brought under the 
consideration of our Honourable  Prime Minister, Muhammad Imran Khan. 
Water and energy are interlinked. The focus of the present government to construct new 
dams  indicate the will and priority for  the adequate supply of required quality and in 
sufficient amounts to the common people living in Pakistan. 
 
 After the inauguration of this conference there had been planned a  special session on 
water  and the following experts  related to various disciplines of water field  presented 
their talks. 
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Engr. Parvez Butt, Former Chairman PAEC 

Engr. Shams ul Mulk, Former Chairman WAPDA 

Ambassador (Rtd) Shafqat Kakakhel, Chirperson, Board of Governors, SDPI 

Mr. Ahmad Kamal, Chairman Federal Flood Commission 

Mr. Ali Toqeer Sheikh (CEO LEAD Pakistan) 

Dr. N.M. Butt, Former Chairman PSF/PINSAT 

Dr. Syed Arif Ahmad, Former DG DOS, PAEC 

 
Invited honourable speakers from different disciplinary areas shared their life long 

earned knowledge and experience with the participants of the conference. Historical 

water issues and related problems were discussed in detail. 

The guest speakers mentioned that Pakistan naturally is a blessed country endowed 

with plenty of water, energy and food. Presence of High Himalayas is a blessing in the 

region, which not only store water in the form of glaciers for sustainable supply to the 

adjacent countries but also store potential energy of about 8000 meters. That could be 

converted to hydroelectric power at cheapest rates.  Problems of water security after 

creation of Pakistan were highlighted.  Indus Water Treaty, its benefits, compulsions, 

pitfalls and drawbacks were discussed. Trans boundary water flow issues and future 

prospects with the neighbouring countries India and Afghanistan were mentioned.  

Indigenization in water development and its use was stressed.  Water viability and 

benefits of world over dams were highlighted. Water governance and water justice was 

also emphasized. Different areas of water development, water quality, water 

management and water use were singled out.  Role of WAPDA and Pakistan Atomic 

Energy Commission for development of water resources was discussed. State of the art 

use of nano-technology was introduced to the audience to get potable water from 

polluted and more saline water. 

On the basis of already collected abstracts, scientific talks were categorized into 

different disciplines. A brief description of the oral presentations is provided in the 

following paragraphs. 

Water and Nuclear Industry 
Water desalination has been used in the world to produce potable water for drinking and 
industrial use.  Nuclear energy use for the purpose was addressed by the speakers 
from PAEC. Sea water desalination to supply drinking and potable water to coastal 
areas was presented to be an option. Economic comparison with other water 
desalination techniques such as RO membrane process and thermal desalination 
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systems was presented wrt energy consumption, technical and practical viability and 
economic production of desalinated water for the coastal areas. Requirements and 
prospects of cooling water for NPPs were highlighted also. The use of small and smart 
nuclear reactor to carry out water desalination from the waste heat available and to 
pressurise reverse osmosis plants were suggested to overcome the water supply 
shortage on the coastal sites including Karachi and Gawadar. 
 
Water Resources      
Historic availability, accessibility and sustainability of water resources  were marked and 
discussed by the speakers. Rainfall patterns, effect of climate change; flash floods were 
brought to surface.  Demand , supply and future challenges in Pakistan were  
considered  to be  the focal points for water policy by the concerned authorities.  
Judicious use of water in homes  for rural and urban areas were also considered. 
Scarcity of water and its pressure on public and industrial use was highlighted. Plausible 
strategies and actions to achieve wise and sensible use of water were put forward.  
 
Water Conservation              
Water metering and pricing was suggested to control careless use of water in the 
homes. Lining of water courses and canals for transportation of safe and usable water 
were suggested by the concerned speakers in their presentations. On farm 
management techniques were taught to avoid undue wastage of water. Water saving 
agriculture methods of zero tillage and mulching were presented to be introduced in the 
agriculture sector. 
 
Cross Disciplinary Areas         
Water assessment and use in cross disciplinary areas was described.  It was told by the 
speakers that integrated use of hydrochemistry and isotopes are the  useful tools for 
delineation of recharge areas , residence time in the aquifers and surface water 
groundwater interaction.  Regional moisture movements from Indian Ocean and 
Mediterranean Sea were evaluated using state of the art isotopic techniques by the 
speakers in their papers presentations. Soil erosion and sedimentation processes were 
described using fall out nuclear tracers. Assessment of chemical and biological indices 
to enhance sediment quality were discussed in the talks. Vulnerability of agriculture 
production to climate change was brought to light. Formulation of National Climate 
Change Policy was recommended. 
 
Water Quality                    
Water quality is very important aspect of water for drinking, industrial, animal husbandry 
and agriculture use. Salinity, toxic elements like As, Pb, Hg, F  and biological waste 
pollution are needed to be controlled for safe use of water in these areas. All these 
aspects and  treatment of water processes and related systems  were discussed in the 
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presentations by the speakers.  It was shown that  arsenic and fluoride are found to 
exceed WHO recommended limits and even national water standard limits. Very useful 
information about their concentration level in all the areas of Pakistan and how to cope 
the situations measures have been put forward by the eminent speakers of this 
conference. 
 
Suitable recommendations to deal with the water pollution have been put forward by the 
experts during their presentations. 
 

3.2. Recommendations 

3.2.1. Panel Recommendations 

1. It was recommended that the brackish or salty water pumped from  the tube wells 

installed on saline water channels be used for running efficient RO system which 

can be run on pumped pressurised water. In this way part of the  water can be 

desalinated to get fresh water  at the tube well sites. It is also recommended that 

small hydro turbines  be  coupled at the tube well  outgoing pumped water streams 

to recover part of the energy from the pressurised water. A comprehensive feasibility 

study  to do an economic analysis of this is recommended to be carried out. 

2. So far there is not a single membranes and membranes process institute in 

Pakistan. Such institutions in  India, China, Europe and USA are in hundreds.  It 

is recommended that an Institute of membranes  and membrane processes be 

established in Islamabad for membrane research, membranes fabrication and  

membrane module manufacturing in Pakistan. The work on membranes is of 

same nature for water desalination, gas purification and for fuel cells to produce 

electricity. So it will benefit all these areas related applications.The work done will 

have applications in defence  as well. 

3. Reverses osmosis has been considered as a  viable solution to desalinate sea 

and brackish water . In CEPEC  RO plants are being suggested  to convert sea 

and brackish    waters. It is recommended that at the time of procurement , the 

provision of  the transfer of technology to Pakistan be added in  all the contracts. 

4. High membranes area to volume ratio is an important parameter, which is to be 

considered at the time of selection of membranes modules to save capital as well 

as running costs which are linked to foreign exchange  expenditure. 
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6.Pakistan  lacks in trained manpower in desalination processes. HEC is 

recommended to include this in their manpower education and training programs. 

 

7.Reverse engineering of  various water related systems such as RO, MED, MSF. 

ED be encouraged in universities and technical research institutions. 

 

8.Biology cum engineering coherence is need of the day. New microbial filters have 

been developed  to convert polluted and saline water to fresh water. It is  

recommended that such projects be started in PAEC and other agriculture institutions 

to indigenise the technology. 

 

 9.Transboundary sharing, mutual development and water quality issues with India   and   

Afghanistan are not only of surface waters but also ground waters, as India is exploiting 

ground water at highest accelerated rates in the world and as a result water table is 

lowering and quality is deteriorating at Pakistan side. 

 

10. It is recommended the  use of telemetric and GIS techniques to acquire real time 

information and data inter and intra-country to manage flood waters and monitoring of 

other activities  going on across the boundary. 

11.Management of ground waters of the country through acquiring water table and 

quality data by installation of piezometers at shallow and deeper levels in a defined 

mesh in the whole country is also to be there. 

 

12.Lining of water transportation channels, water courses and canals to save water and 

on farm management of water by installing storage facilities for access water. Use of 

smart irrigation methods like drip and sprinkle water supply to the plants/crops. 

 

13.Indigenization of water related instrumentation like water meters, desalination plants 

and laser water levellers and nano-technology for the treatment for microbial pollution/ 

contamination and to improve the water quality especially treatment of Arsenic, lead etc. 

 

14.Use of nuclear technology for desalination of sea water for development of coastal 

areas. 

15.Raising awareness and dissemination of knowledge through print, TV channels and 

social media among the general public to conserve water for all. 
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16.For conservation of water, water metering and pricing must be implemented at 

industrial and household level. 

 

17.Training of managers for the management of projects in collaboration with PNS is 

also recommended. 

 

18.Implementation of renewable energy techniques like solar energy, potential energy 

etc. 

19.Industrial water in different cities must be treated and recycled. 

20.Rain water harvesting, recharging of aquifers, control of over-pumping of ground 

water and construction small dams to control flooding and regulating the sustainable 

supply of water in future. 

21.Guidelines for RO and other processes are recommended to be prepared in 

consultationWith PNS and other experts for the RO and other systems specification  to 

be followed by all purchasers in the government and other organisations to get rid of 

cheating by the suppliers.  

 
3.2.2 Some Other Special Recommendations (by M. Ashraf Chaudry) 

1. Reverse osmosis  and ion exchange membranes materials be synthesised in 

Pakistan 

2. At the time of ordering desalination membrane  or thermal systems technology 

transfer provision conditions be included in the contract with the foreign or local 

suppliers. 

3. Reverse osmosis and ion exchange membranes and membranes modules be 

manufactured in Pakistan 

4. Nano technology membranes and water purifying materials like nano graphene   

be synthesised and manufactured along with thin layer nano material coated  

porous substrates based modules in Pakistan. 

5. A membrane and other desalination system based institute be established in   

Islamabad for R&D and providing training of technical staff and producing 

desalination scientists and engineers. 

6. Biological filtration R&D of contaminated water baed on special bacteria and    

microbes be started and biological filters be produced and manufactured in 

Pakistan. 
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7. Chinese, Japanese and German or other advanced countries manufacturers  of 

desalination and filtration plants  be invited and encouraged on share bases with 

local manufactures. 

8. Nuclear power plants and fossil fuel power plants be coupled with RO and the 

waste heat from power plants be utilized to desalinate sea  and brackish water 

after  proper feasibility studies per area and site requirements. 

 

9. High flux membranes and modules be selected while selecting  membranes and 

membranes modules  for RO and ultrafiltration (UF) plants. This will save energy  

to run the system  as well as capital cost. 

10. Nuclear energy based  desalination is viable option  for coastal areas,scarce of 

fresh    water. 

11. Small scale smart nuclear reactors be designed, produced or assembled in 

Pakistan     for desalination of water. A group of scientists and engineers be 

deputed for the purpose. 

12. For brackish water conversion RO and IX systems are recommended  upto 

10,000PPM. For sea water desalination  high flux sea water membranes are 

recommended. 

13. Guidlines from the experts of field be sought for specifications to be included in 

the bid document and interest of the buyer  and specifically that of Pakistan be in 

preference always. 

14. Coagulation plus filteration technologies oxidation of  arsenic content be got done 

by using ozone induction,hydrogen peroxide induction or potassium 

permanganate addition after water analysis study to remove  arsenc content of 

feed water. 

15. UV water treatment systems and activated carbon and related filtersbe produced 

in Pakistan. 

16. Toxic elements like,Cr,Cd,Mn,AS and Sn are dangerous for health and advice of 

Pakistani experts be sought without any prejudice and deciding judiciously. 

17. Regarding disposal of waste waters  or where  arsenic threat  is intensified and 

toxic dissolved metals and inorganic and organic contaminants are in waters 

strict regulations  are to be there by the concerned governments,Provincial as 

wellas Federal. 

18. Storage of water in dams is recommended and dams are to be built in the North 

Midlands and South of Pakistan in provincial and capital territories. 
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19. A water sharing settlement with Afghaistan on Kabul river and with India for both 

surface river and underground water is the need of the day, which is 

recommended to be perused efficiently and with wisdom for future water 

availability and use. 

20. Present water standards are defective. New standards  to limit toxic metal and 

non-metal organic mater in water  are to be made to save human and animal 

health. Pakistan Nuclear Society can help by providing experts advice in this 

connection. 

21. PNS can extend its services  and cooperation to produce trained manpower and 

can design courses in water treatment and desalination inclusive of RO systems  

to train manpower  and can provide guidelines  for RO and other water 

desalination systems. 

22. Iron oxide material and filters be produced in Pakistan after R&D to get rid of  

arsenic threat. 

23. Coagulant and flocculent materials be also produced in Pakistan. Iron and  

aluminium based materials can be produced in Pakistan. 

24. Disposal of arsenic concentrated water be made after its precipitation and 

filtration, 

25. Big cities need special considerations to purify water for domestic and industrial  

pre and post use waters. A comprehensive water treatment and supply of clean 

water program is essential on priority basis. 

27. Fuel cells and biological strains virus filtration system  for climate saving 

technologies be introduced. 

28. Aboard of experts consisting of membrane experts, mechanical engineers and 

chemical engineers in addition to civil engineer experts be constituted to address 

the varied and difficult problems to get and converge their ideas for suitable 

solutions related to  water field. 

29. Water conservation taps be produced and introduced and air mixing with water 

be considered   for saving water when taps are opened to restrict pouring water 

quantity. 

30. Bottled water is not totally safe and needs special monitoring of such supplies at 

the factory and supply points. 
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3.3. Outcomes of the Conference 

 This conference has been different from most of the water related conferences in the 

following respects. 

i. The professionals of water related fields were brought together for information 

sharing. 

ii. Nuclear desalination has been addressed for the first time and proposed as one 

of the option to convert sea water on the coastal sites. 

iii. New technologies to desalinate water, to  get rid of toxic elements and 

pollutants have been proposed.   

iv. Awareness among cross disciplinary working persons have been created.  

v. Useful recommendations have been made in the interest of Pakistan and 

Pakistani people. 

vi. It has enhanced an inter and intra organisational contact. 

vii. This conference has attracted experts of water field   who have provided 

solutions to conserve and recycle water etc. 

viii. PNS  has demonstrated that the conference cost of  this stature can be 

reduced, if work is carried out with honesty and dedication.                

viii. New water treatment technologies have been introduced. 

ix. Economic comparison of thermal and membranes techniques  is  useful 

information provided though this conference, for PAEC and other water related 

organisations.  
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                                3.4. Concluding Remarks 
 

 
Dr. M. Ashraf Chaudry 

President Pakistan Nuclear Society 
 
Respected participants  of this conference, 
Guests , Dignitaries, professionals from PAEC and other  organisations,  
participating students, Ladies and Gentlemen, 
 

It is a matter  of satisfaction that this conference   went through in a respectable and 

professional manner.Delegates took keen interest in this conference from beginning to 

the end of all the presentations. 

The purpose of this conference was to have inputs from experts of water field from 
Governmental and nongovernmental organisations on the water issues and to  find 
solutions. The seminar summary indicates that the main objective has been achieved.  
The recommendations have been made by the WC panel and will be passed on to   
respective corners for their execution by concerned departments. 
 
PAEC Chairman, Mr. Naeem Ahmad(SI,HI) has supported this activity to a great extent 
by providing logisticand some financial support. We in PNS owe him a great regard. 
Pakistan Science Foundation provided financial support also. Our thanks are due to Mr. 
Mahboob Sahib who has been instrumental in that and helped PNS a lot. 
 
 Allah Subhana hu wa Taala told us through Quran( Surah Jinn), “Ask for forgiveness 
from your sustainer(Rabb). He will pour water continuously from sky and will help you 
with money and sons, and bless with gardens and will let the rivers flow for you.’’ So 
now we have to act accordingly to have rain water and His other blessings. 
 
The delegates are mostly from PAEC. Many of them have retired from their service after 
a lot of contribution to their respective establishments and to Pakistan. We are proud of 
them. They are asset to PAEC, Pakistan and PNS. 
 
It is forecast that this and the next century will be defined by biology (Peter Agre at John 
Hopkin University). Aqua Porin A/S has invented a protein water channel based on 
biological ideas. I propose to PAEC agriculture and biological institutes to peruse the 
same ideas to introduce this in Pakistan.  PARC is also proposed to work on that. 
Angela Becker at MIT suggested to engineers to work on batteries to work on room 



249 

 

temperature free from toxic  by-products and based on convergence of engineering and 
biology. 
 
Distillation of water requires thermal energy. Scientists in Russia and USA produce heat 
energy through nuclear fission  and fusion in cavitation bubbles. Here the heat energy 
produced is manageable  and can be used for various purposes.  We in Pakistan has to 
take note of that and work to  use  for thermal distillation. 
 
It has been told by Mr. Hassan Daud that RO plants of 29500 GPD  and another of 
some other capacity has  started functioning in CPEC projects for water. It is a good 
news. 
 
The materials, columns, and modules used in desalination are to be produced in 
Pakistan. Our every project on water should include the term of technology transfer as 
well. This is also to be mentioned in our recommendations. 
 
At the end I shall say that we do have the capability to solve all our water issues but we 
need the honest teams of professionals, with the will to do for the purpose in all 
governmental sectors. 

Thank you very much. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



250 

 

 Acknowledgements 
 
The support provided by Pakistan Atomic Energy Commission Chairman, Mr. 
Muhammad Naeem (HI,SI) and PAEC other concerned  authorities to hold this 
conference successfully is highly appreciated by the PNS Council  and President PNS. 
The financial support, transport and other services provided by   PAEC for this 
conference execution  is gratefully acknowledged. The support and role of PINSTECH 
administration and Director General PINSTECH for this conference is of   great value to 
all of us in   PNS.  
 
Member Science Dr. Mahmood ul Hasan and Dr. Qamar Mahmood, Member Materials 
provided all the due support possible from them  to this PNS conference   activities.  I 
personally  appreciate this and extend my feelings of indebtedness to them. 
 
Dr. Mahmood ul Hassan and Secretary, PAEC, Engr. Muhammad Munir extended their 
full support during this PNS activity. Their help and support is highly acknowledged.  
 
The financial support from Pakistan Science Foundation extended to PNS for this 
conference is also thankfully acknowledged. The part played by Mr Mahboob Ahmad 
Khan, Mm Umber and the other related authorities of PSF during processing of the PSF 
grant is highly  appreciated. 
 
The collaborative support by COMSAT and COMSAT University, especially of   CCRD 
for the posters session and the hard work rendered by Dr. Tauqueer and his team 
members and Dr. Riffat Hussein Qureshi from Pakistan Academy of Sciences has 
played a great part to make this event successful. 
 
 Mr. Waqar Ahmad Butt, Dr. Imtinanan Elahi, Syed Zahid Husain, MR Ghlulam Sarwar, 
Dr. Muhammad Niaz and Dr. Mushin were the key persons to make all necessary 
arrangements of this conference. All the PNS council members worked very hard as 
well. The role and support of Mr. Zeeshan Haider and Fawad Mohyuddin during the 
conference in different aspects is also appreciated. 
 
Dr. Niala, Mr, Noor ul Islam and Dr. Shahid contributed in conference arrangements. 
Their role and support is highly appreciated and acknowledged. 
 
The support of collaborating partners of this conference is and has always been of great 
value to PNS.  Prof. Qasim Jan, the PAS President, extended his full support to hold 
this conference and PNS expects the same in future as well.  Dr. Aslam Baig, the 
Secretary General PAS has always been supporting PNS activities and PNS owes him 
thanks. 



251 

 

 
 
Author Index 
 
A.A. Arif, 46  
Abdul Jabbar,117 
Nasir, 45 

Abdul Rasul Awan,178 
Abida Farooqi, 231,232 
Agha Nadeem Ahmed ,60 
Ali Hasnain,230 
Amina Irshad Khan,212 

Amir Raza,195 
Arshad Mahmood,160 

Asim Jahangir Khan,229 
Fahad Zafar,230 
Fareeha Malik,210 
G.Ghaus,45 
Ghani Akbar,157 
Ghulam Mustafa,42,43 
H. Athar,155 
Hafiz Zahid Shafi,160 
Hazrat Bilal,236 
HifzaRasheed,94 
Ibrahim zia,44 
Ijaz Ahmad,43,140 
Ishtiaque Hussain, 230 
Junaid Ali Khattak, 231 
Kashif Rashid,33 
M. Azim Tasneem,210 
Manzoor Ahmad,209 
Maryam Shakeel,213 
Muhammad Abid,233 
Muhammad Ashraf,175,178,213 
Muhammad Ashraf Chaudry,2, 23, 72, 248 
Muhammad Asif,157 

Muhammad AslamTahir,94 
Muhammad Atif Riaz,180 
Muhammad Farooq,234 
Muhammad Hamza Ayub,60 
Muhammad Imran,175, 178, 213 



252 

 

Muhammad Irfan Khan,212 
Muhammad Imtiaz,195 
Muhammad Latif,42,43,140 
Muhammad Munir Ahmad,157 
Muhammad Shahnawaz,118 
Muhammad Usman,230 

Muhammad Usman Mazhar,187 
Mumtaz Khan117 

Munir Ahmad,157, 
Naveed Iqbql,215 
Omar Tauseef Ahmad Ashraf,72 
Rabia Shabbir,235 
Razia Begum,118 
SaleemUllah,42,43,140 
Saira Butt,210 
Samreen Shehzadi,105 
Shabana Waseem,154 
Shafqat Kakakhel,8,240 
Shamsul Mulk,2,5 
ShaukatHameed Khan,13 
Shah mahmood Tanweer,174 
Shehla Batool,232 
Sher Jamal Khan,193 
Syed Javaid Khurshid,156 
Tariq Mahmood,154 
Tayyaba Bibi,211 
Toqeer Ahmed,235 
WajidIshaque,180 
Waqar M. Butt ,71 
Waqas,155 
Waqas Khan,117 

Wisal Mohammad,195 
Zeeshan Haider,236 
 
 

 

 
 

 


