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Foreword

Water is essential for existence of life; it seems to be in abundance on the
earth. Nevertheless, its 97.5% is saline, mostly in the form of oceans, seas and salty
lakes etc, whereas the freshwater just makes 2.5%. A predominant quantity of
freshwater (69.8%) is trapped as permanent snow covers, mountainous glaciers, soil
moisture and swamps etc, 29.9% exists as groundwater of which about 50% is at an
uneconomical pumping depth of 800 m. Therefore, the global renewable freshwater,
comprising of precipitation and resultant streamflow merely becomes 0.3% of the
freshwater or 0.02% of the global water, which is almost rejuvenated every year.
Even then, these meagerly quantified freshwater resources of the world are
sufficient to support more than five times the current global population, provided it
is uniformly distributed amongst inhabitants. In contrast, the geographical
distribution of freshwater is quite uneven ranging from more than 100,000 to less
than 50 m® per capita per annum. The countries having low freshwater availability
i.e. below 1700 m? are categorized as water stressed, while those less than 1000 m3
are considered water scarce. The current per capita freshwater availability in
Pakistan is around 1200 m® and is therefore categorized as a water stressed country.
It is expected to be soon included among water scarce countries due to rapidly
growing population.

Quality of water is of prime importance along with its availability, it is
inextricably linked with water quantity as per assimilation principles of water
resource management i.e. lesser the water quantity, the greater it is prone to
contamination. Water quality has therefore become a major concern and
fundamental cause of diseases in the last few decades in developing countries,
leading to reduced life expectancy. The issue has been considered so serious that the
theme for the World Water Day of 2010 has been chosen as, “Clean Water for a
Healthy World”.

The situation in Pakistan is rather worst where about 4 MAF (million acre-
foot) of industrial and domestic wastewater is produced every year, of which merely
3% is got treated while the remaining is directly discharged into freshwater bodies.
Similarly, in urban areas 60,000 tons of solid waste is generated daily, out of which
60% is got collected. All that is rapidly deteriorating the water quality in the already
water stressed country. It has been reported that almost 40% of diseases in the
country are water-borne and is taking a major chunk of the national health budget.
Individualistically, people have to spend substantial portion of their income on
tighting with these water-borne diseases which is further adding to the financial
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miseries of the poverty stricken citizens. Rising public and global concern over water
quality has been sensitized by the planners and policy makers to make necessary
arrangements for provision of safe water. However, planning and implementation
of projects for provision of safe water could not be realized unless baseline survey
data of water quality status is made available so that remedial measures could be
devised accordingly by the responsible agencies. PCRWR took the initiative for the
challenging job and launched numerous projects such as “National Water Quality
Monitoring”, “Rural Water Quality Monitoring” and “Arsenic Monitoring and
Mitigation”. The outcomes of those projects have led the government to launch
mega projects such as “Provision of Safe Drinking Water” and “Clean Drinking
Water for All”.

Improved Water Conservation Practices IWCP) is a project launched by the
PCRWR exclusively for northern mountainous areas of NWFP and the entire
Northern Areas (Gilgit-Baltastan) of Pakistan. These are remote, rugged and highly
poverty stricken areas; therefore required special attention. The report pertains to
water quality monitoring of the said area over the years 2004-06, highlights major
contaminants and identifies hot spots of poor water quality. The report summarizes
the findings of water quality survey, draw conclusions and gives recommendations
for interventions to improve water quality of the surveyed area. The study will
definitely be helpful for planners and policy makers for strategic move towards
provision of safe drinking water for the area. I would like to appreciate efforts of the
PCRWR scientists and supporting staff for carrying out this enormous task in highly
rugged and remote areas for betterment of Pakistan, the future of which lies in
water.

Dr. Muhammad Aslam Tahir
Chairman, PCRWR
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CHAPTER-1
INTRODUCTION

1.1 Background

Water is source of life and essential for survivBimankind on the earth. It is backbone of
agriculture and ecological balance. Developmertiwfizations ever remained dependent on
availability of reliable fresh water resources. dtglity and quantity are inextricably linked
and are equally important. However, that very sewed essential ingredient of life has now
become a cause of multiple health hazards. Apan fyeological origin, quality of water is
also related to population density, extent of alality, human activities, industrial growth,
and agricultural practices. The greater the pomralensity, the more is water quality prone
to degradation and deterioration. According to a &ibdy, while the world population is
surging, the availability of freshwater is on thechine, and in the next two decades, many of
the countries in South Asia, Middle East and Afnieauld face a crunch. While the water
guantity is becoming scarce, its quality is detatiog due to urbanization, industrialization,
deforestation, land degradation, global warmingpybation increase and diversified
domestic uses. As such, water quality issues apgimfe concern followed by air pollution
and solid waste management especially in develogogtries.

Water contaminated with fecal bacteria, parasites @her microbes, causes about 6,000
deaths of adults and children every day. Accordingthe World Health Organization,
diarrheal disease accounts for an estimated 4.18teototal daily global burden of diseases
and is responsible for the deaths of about 1.8anilbeople every year. It was estimated that
88% of that burden is attributable to unsafe waapply, sanitation and hygiene, and
children are most vulnerable especially in develgmountries. The public health decision-
makers in the developing countries are either redt aware of the gravity of the situation, or
not equipped with feed back infrastructure and dialeneasures. Even if they are, the lack
of proper management and professionalism, togetfitér financial constraints contributed
significantly to the water-borne health risks.

In Pakistan, per capita water availability, whichksamore than 5000%half a century before
has now fallen to about 1200* mand as such it is rapidly entering into whatcaked water
scarce countries. Increase in population density decrease in water availability has
become dual threat to water quality, and impactvbfch on public health is becoming
significantly visible. It has been estimated thraPakistan around 30% to 40% of all reported
diseases and deaths are due to poor water qudiireover, the leading cause of deaths in
infants and children up to 10 years age as weathagality rate of 136 per 1,000 live births is
reported owing to diarrhea, whereas every fiftizen suffers from illness caused by polluted
water. The situation in the North Western FronReovince (NWFP) is rather worst due to
being amongst the backward and poverty strickeasare
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1.2 North Western Frontier Province

The NWFP, which lies between latitude’3D’ to 36 57’ N and longitude 6919’ to 74 70’

E, mostly comprises mountainous terrain locatedhm lap of Hidukush and Hamalaya
Ranges, the world’s highest mountain ranges. Tinelldkush range extends along its western
border, whereas Hamalaya originates from its nedstern part. The southern boundary is
formed by the east-west tending Safaid Koh Chenage. The mighty Indus runs through its
northern part and below Harripur forms its eastevandary with Punjab. Geographical area
of the province including FATA is 10.17 million haces (NWFP 7.45 million hectares and
FATA 2.72 million hectares). However FATA comprigirseven agencies falls under
administrative control of Federal Government. AndAidnal Chief Secretary stationed at
FATA secretariat Peshawar coordinates its affaietwben provincial and federal
government. The NWFP with its capital at Peshavemnprises 24 districts, 48 tehsils and
986 union councils. The seven agencies of FATA awep43 tehsils. There is no local
government system in FATA.

1.3 Physiography and Climate

The landscape of the province presents variety hofsipgraphic features ranging from

deserts in the south, fertile valleys in the middie high altitude mountains in the north.
There are great number of inter mountainous baaitise central and southern parts of the
province. Some are no more than flat bottomed rxadleys. Others, like Peshawar valley
and the Bannu basin cover thousands of square &t Most plains are crossed by one or
more rivers, making it possible to irrigate sometteé soils. Moreover plains are the sites
with best ground water resources, for the coatsgial deposits make good aquifers.

Sharp variation in physiographic features andultital difference create a diverse climate in
the province. Therefore southern parts are aridneidwhereas north is humid and cold. The
northern mountains form a high altitude cold des®oimewhat temperate climate prevails in
the middle — the Peshawar valley. Average annumapégature varies between 5@ in the
north and 31.2C in the south. Snow fall is common at high altéscand winter frosts in
inter mountainous valleys. Kalam in district Swat the coldest point where winter
temperature frequently falls below zero. The averagnual rainfall ranges between 363 mm
in Peshawar to 1240 mm in Dir. Southern parts weceather less rainfall. Major tributaries
of the River Indus, which pass through NWFP, cos®ithe River Swat, Punjgor, Kabul,
Kurram and Tochi etc. The River Kunhar is the otriputary that drains into the River
Jehlum, which forms eastern boundary of NWFP

1.4 Demography and Water Resour ces

Population of NWFP according to the 1998 census Wa§ million, which has now
escalated to 22 million by the year 2007. Popaohatiensity accordingly is 288 persons per
sq. km as compared with the national density of f8Gsons per sq. km. In addition, 2.5
million Afghan refugees after the outbreak of warlB79 have settled in NWFP. Population
density wise, it is the second most thickly popediaprovince of Pakistan, Punjab has the
highest population density.
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This increase in population will have direct
impact on the water sector, which has to
cater the increased domestic, industrial and T
agricultural demands. The quality of
surface-water is already poor and is further  aghanisan &,
deteriorating  because the increased :
municipal, industrial, and agricultural uses
have boosted up yield of waste water, which g
is disposed of unchecked and untreated into BN Mo e
natural streams. Marble industry is rapidly >
growing along river banks and nullas and is
adding into natural water bodies the >
substantial amount of mineral impurities four
such as salts of calcium, magnesium and
sodium etc. Ground water is limited, and
where available is being over exploited
causing groundwater mining, which activate
oxidation of otherwise inactive minerals
resulting into mineralogical contamination
or intrusion of contaminated water into
otherwise fresh and sweet water aquifers.
Water quality monitoring and information  Figure 1:IWCP Project Area of NWFP
sharing is lacking, even though it is crucial

to any water quality management program.
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IWCP Project Areas of NWFP.
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1.5 Northern Areas of Pakistan
Geography and Demography

As the name implies, Northern Areas are situatatienextreme north of Pakistan. It borders
the Wakhan corridor of Afghanistan to the northwés¢ Xingjian province of China to the
northeast, the Indian held Kashmir to the east smatheast, the Azad Kashmir to the
southeast and NWFP to the south and west. Modteohtea comprises rugged mountains,
the higher elevations having permanent snow condrextensive glaciers. Northern Areas,
having total geographical area of 72971 sq. km, doeminated with one of the most
mountainous landscapes on earth, with an arm ofHineu Kush to the south-west, the
Himalaya to the south east, the Karakuram to thehremast and the Palmir range to the
north-west. It is junction of the three highest mi@in ranges in the world. More than half of
the Northern Areas is located above 4500 meterssamdral of the snow covered highest
peaks of the world are located therein — K2, NaRgebat and Raka Poshi are among the
highest in the area.
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According to the 1998 census, the population of area
was 0.88 million, which has now escalated to 1.8ioni
(2007), indicating population density of 20 perspes sqg.
km, of which only 10% is urban while the remainirsy
settled in rural areas. The population of the negis
scattered in small valleys along the riverbanks ragnie
high peaks of the Himalaya, Karakorum, and Hindskky
mountain ranges.

Figure 2: Geographical Map of NAs
1.6 Climateand Water Resour ces

Climatic condition varies widely in Northern Areasnging from the monsoon-influenced
moist temperate zone in the western Himalaya, ¢oatid and semi-arid cold desert in the
north Karakuram and Hindu Kush. Below 3000 met@rgcipitation is minimal, rarely
exceeding 200 millimetres per annum. However tieitrong gradient with altitude and at
6000 meters, an equivalent of 2000 millimetres ymar falls as snow. The NAs contain the
greatest area (22,000 sg. km) of perennial glametside the polar regions and estimates
are that as much as 28% of the region is glacidkedarea of winter snow cover reaches up
to 30-40% (Ahmed and Joyia, 2001). There are mue 100 glaciers that are over 10 km in
length and many go beyond 50 km. Hence glaciers ssagonal snow constitute a huge
reservoir of freshwater in the area and contrilg@&o to 80% waters of the River Indus,
which with its several tributaries such as the Ri@dgit, Hunza, Ishkoman, Yasim, and the
River Shiok pass through it.

Ground water is almost non existent. Therefore,ewatipply in Northern Areas depends
largely on surface water, which is conveyed throwglen channels and thus prone to
contamination. Although official statistics exhilitat over 40 per cent of the Northern Areas
rural population has access to piped water supgigsmany systems are out of order, and
actual coverage may be as low as 20 per cent. Hparity of the region has no proper water
supply and the people are bound to consume rawrwéatsprings, streams, khawars and
nullas. That is adversely affecting health of théabitants and precious man-hours are
wasted due to illness (IUCN 2003).

1.7 Water Quality Implications

Safe water is not only a vital health factor fdelibut has also an important role in socio-
economic development of population. The high death, sickness and poor standards of
health are mostly due to unsafe water. Water quislitherefore crucial for the prevention of
diseases and promotion of health of individuals eachmunities. In 1981, the %4world
Health Assembly in a resolution stressed that sialeking water is a basic element of
primary health care, which is the key to attainmartHealth for All”. PCRWR (1985) and
WHO (1972-73) reported that after installation efanwater supply pipes alone in 30 rural
settlements of Japan, communicable intestinal deseavere reduced by 72% and that of
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trachoma by 64% while the infants and young child@eath rate fell by 52%. Similarly in
Uttarpardesh (PCRWR, 1985) after carrying out improents in water works, sewerage,
and sanitation, the cholera caused death rate ak=xieby 74%, typhoid rate by 63.3%, and
dysentery by 23%. Additionally, 10% productive timieeach person, wasted due to water-
related diseases, was also saved. WHO estimatdsitekiat only in Asia some 500 million
diarheal cases occur every year. These figuresftirerreveal an alarming impact of unsafe
water on public health, thus demanding an immeditention.

1.8 Water Quality Monitoring of NWFP and Northern Areas

Previously, PCRWR collected data of surface andimpiovater quality only in a few districts
of NWFP, under “National Water Quality Monitoringdgram”. As such, no comprehensive
data set became available on quality of drinkingewpertaining to most parts of NWFP and
the entire Northern Areas. Different organizatiomduding Pakistan Council of Research in
Water Resources (PCRWR), Water and Power Developrfarihority (WAPDA),
Environmental Protection Agency (EPA) and some \igial consultants also have
conducted short-term water quality assessmentesutdut that too pertains to a few districts
only.

Pakistan Council of Research in Water ResourceR(PR) therefore launched an exclusive
project entitled “Improved Water Conservation Piaed for NWFP and Northern Areas of
Pakistan” on 1st July 2004. The program aims dgrimlia, undertaking water quality
monitoring in mountainous areas comprising fivetiem districts of NWFP (Mardan,

Bunner, Swat, Lower Dir, and Upper Dir) and entitAs (Diamer, Gilgit, Ghizer, Skardu,

and Ghanche).

19  Objectives

The general objective of water quality monitoringdar the project “IWCP” is to provide the
information on the level of pollution in the wat@sources of the project area. It is expected
that this information would help in identifying th@oblem areas for initiating appropriate
remedial measures. The specific objectives of themqguality monitoring under the project
are:

« To monitor the surface and ground water qualityhef mountainous areas, which so far
remained more or less out of the water quality nowimg network.

« To provide a feed back to the consumers and pohaiers for adopting precautionary
measures well in time.

« To prepare national water quality map for reseasclamd planners for conserving the
water quality in the upper tracts of the Indus Basi

1.10 Scope of the Study
To tackle the alarming scenario of water qualitywaarns in Pakistan, several studies to

monitor the drinking water quality have been careit, but the remote, rugged and poverty
stricken mountainous areas remained least monitoremimost neglected. After observing
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the gravity of the situation at national level, tRakistan Council of Research in Water
Resources (PCRWR) launched a project entitled “twgd Water Conservation Practices for
NWFP and Northern Areas of Pakistan” otiJuly 2004. Water quality monitoring of the
project area was one of the objectives of the ptojehe phase-I and phase-II of the program
have been completed over the years 2004-05 and-@®0bhis report pertains to both the
years of water quality monitoring. Analytical datas been incorporated and presented
covering five districts (Mardan, Buner Swat, Upjper and Lower Dir) of NWFP and the
entire Northern Areas of Pakistan (Gilgit, Skar@hanche, Diamar and Ghizer).

The information regarding water quality problenmdiss all over the districts would be

available free of cost on Water Quality WebsitePG@IRWR for researchers, policy makers,
planners and citizens for utilization in preparataf development schemes on water supply,
agriculture, livestock and fisherietc

1.11 Reationship of the Project to PCRWR

The PCRWR, with its headquarters at Islamabad,natenal research institution, which is
mandated to conduct, organize, coordinate and pmesearch on all aspects of water
resources including drinking water quality. The @alhas five regional offices stationed at
Lahore, Peshawar, Quetta, Bahawalpur, and Tand@gach 18 district water quality
laboratories to address regional problems relatiégtal water resources and give feed back to
policy makers. The central office at Islamabad leatablished National Water Quality
Laboratory, which has secured accreditation of 13@25. Regional Water Quality
Laboratories have also been set at all the regiofiees. The regional laboratories have
recently been strengthened with latest equipmedt state of the art technology such as
Atomic absorption spectrophotometers. All the |abores are capable of carrying out
analysis of parameters pertaining to issues of mgaiality assessment, water pollution, and
environmental and waste water management. ISOditatien of the regional laboratories is
also being sought. PCRWR has so far undertaken mumetudies and facilitated different
organizations including educational instituteshe area of water quality research. Recently
PCRWR undertook a mega project of consultancy deggmwater quality assessment survey
of the sites for installation of water filtratiodapts at Union Council level all over the
country under the project “Clean Drinking Water Adl.” Water supply schemes assessment
survey all over the country is also being carriatilny the organization under another project
entitled “Provision of Safe Drinking Water.”
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CHAPTER-2

LITERATURE REVIEW

The water quality parameters being studied by WRREshawar, for Water Quality

Monitoring in NWFP and Northern Areas of Pakistaxder the project “Improved Water

Conservation Practices for NWFP and Northern Arela®akistan” are reviewed in this

chapter which are mainly focused on natural sounte®ntaminations and the health effects
in respect of various Physical, Aesthetic, Chemidahce Elements and Microbiological

parameters.

21 Natural Sources of Contaminations and its Health Effects

In under developed and developing countries ofstbed; most of transmissible diseases are
water borne due to drinking of unsafe water whichuse morbidity and mortality. In
developing countries, the mortality rate especiatlythe infants is very high. In Pakistan
more than 1,100 children less than five years & dig everyday, about 600 of them are
under one month of age. This means that in Pakmtaastimated 423,000 children under
five years of age die every year. The most comnawses of death amongst children under
five, aside from newborns, are pneumonia and darrtSimply ensuring clean drinking
water, sanitation and hygienic practices for eveeyoan cut deaths by diarrhea by half and
prevent the spread of disease (UNICEF). Unfortupgteblic and decision makers of the
most developing world are not well aware of thevigyaof the situation. In all developed
countries drinking water quality is considered ayveerious issue and improvement
measures were taken about a century ago. For Hieatn of water pollution, water quality
parameters are used for analytical purpose andpasosion of safe drinking water to the
citizens or public. The general public of thesertdas are aware of water quality impacts on
human health, hence they are very conscience abokibr the reduction of pollution or
improvement in quality of water used for human eonption depend on reliable analytical
measurements of contaminants. So analytical watality parameters are utmost important
and are playing a key role for water pollution asseent. The prime objective of this chapter
is to know about natural sources of contaminatidreslth effects and guideline values of
some basic drinking water quality parameters.

2.2  Physical and Aesthetic Parameters

221 pH

The pH of a sample of water is a measure of the condsmiraof hydrogen ions.
Mathematically it is the negative logarithm of thedrogen ion (Fl) concentration and the
term pH was derived from the manner in which thdrbgenion concentration is calculated.
The term implies that at higher pH, there are fefsee hydrogen ions and vice versa, and
that a change of one pH unit reflects a tenfoldhgleain the concentration of the hydrogen
ions. ThepH scale ranges from 0 to 14. A pH of 7 is considered tméetral. Substances with
pH less that 7, argidic and those with greater than 7 are basic. The amadrelow reflects
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pH of various common solutions and substances. pHheof most raw water sources lies
within the range of 6.5-8.5. Chlorination tendsldwer the pH, whereas water softening
using the excess lime/soda ash process raisesHHewvel. A direct relationship between
human health and pH of drinking water is diffictdt ascertain because pH is also closely
associated with other aspects of water qualitgadrar as pH affects the various processes in
water treatment that contribute to the removal ofises, bacteria and other harmful
organisms, it can be claimed that pH has an indieffect on human health. WHO
recommended guideline value for pH is 6.5-8.5,@lth it is recognized that some problems
can arise within a distribution system with watewring pH level below 7.0 because the pH
of water determines thelubility of chemical constituents. In the case of heavyalagthe
degree to which they are soluble determines tloeicity. Metals therefore tend to be more
toxic at lower pH because they are more solubleadtalso been reported that drinking water
at high pH level acquires bitter taste. The efficie of coagulation and flocculation process
is also markedly dependent on pH (Kahlostnal.2006).

very akalie— 140 = poycenold e
= . =r—bleach
ammonia—g ,,, 3
e Wit —E 50 =g watr
swimming pool Water—= 70 = dictiled water
e rain—E | =—egg yolks
. beer—= 0 = orange juice
pickle processing—= ., 5 .
- = " —=—Vinegar
lemon juice—E. 20 3
very acid—E- o0 = battery acid

2.2.2 Electrical Conductivity (EC) and Total Dissolved Salts (TDS)

Pure water free of ions is an excellent insulaboit, even the deionized water is not free of
ions. As water is a good solvent, it almost alwhgs dissolved mineral salts in the form of
ions. These ions make it to transmit electric quirtey the phenomenon what is known as
ionic conduction. The electrical conductivity of teais therefore used as indirect measure of
ionic activity of dissolved mineral salts. The ditemal conductivity of ageous solution
depends on concentration of ions, their nature tamperature of measurement. The
measurement at 2& are used as reference. The unit of electricallgctivity is Siemen per
meter (S/m) but dS/m, or mS/cm, is commonly used etter covering the range of
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measurement in case of water. In dilute solutidi$al Dissolved salts (TDS) and electrical
conductivity are reasonably comparable. The TD& wfater sample based on the measured
EC value can be calculated using the following ¢équa

TDS (mg/l) = 640 x EC (dS/m) = 640 x EC (mS/cm)

The above relationship can applied EC rangeing @dsto 5 dS/m (Kahlown and Khan
2002). It does not however apply to wastewater.

Total Dissolved Salts (TDS) consist mainly of caraéies, bicarbonates, chlorides, sulfates,
phosphates, nitrates, calcium, magnesium, sodiwtaspium, iron, manganese, and a few
others. They do not include gases, colloids, sediiroe other minerals found on the earth’s
surface. The dissolved minerals can produce aneaspht taste or appearance and can
contribute to scale deposits on pipe walls. Therend consensus on the negaetive, or
otherwise, impacts on human health of TDS in excd#ss,000 mg/1.lt has been reported
elsewhere that excess TDS in drinking water maynelvave beneficial health effects.
Extremely low TDS level may also be unacceptablengwvo its flat insipid taste (Kahlown
et. al.2006). WHO however has recommended permissiblgerah 500 mg/l and admissible
range of 1000 mg/I for drinking purpose.

2.2.3 Turbidity

Turbidity is the cloudiness tiaziness of water caused by suspended individusaticles that
are generally invisible to theéaked eye and do not settle down easily, or may be cauyed b
growth ofphytoplankton. In drinking water, the higher the turbidity Iévéhe higher the risk
that people may develagastrointestinal diseases. This is especially problematic for immune-
compromised people, because contaminantsyiik@es or bacteria can become attached to
the suspended solids. The suspended solids irdewigh water disinfection witlthlorine
because the particles act as shields for the windsbacteria. Similarly, suspended solids can
protect bacteria fromitraviolet (UV) sterilization of water. In case of filtration plants, higher
turbidity also requires frequent replacement dfdtion material. The turbidity is therefore a
key parameter okater quality and is measured in terms of light absorbing ditlgrattering
property of water. It is expressed by US EnvirontaeMonitoring Standard unit what is
called Nephelometric Turbidity Units (NTU). Publicealth services drinking water
standards (1962) stated that turbidity excess efgindeline value of 5 NTU is generally
unacceptable to consumers. In water supplied ¢irquipe distribution system, presence of
high turbidity at consumer end as compared to #tasource may indicate on the way
intrusion of contaminants or corrosion of pipes(&ahlownet al).

2.24 Colour

Clean water is supposed to be clear without anicealble colour. Color of water may be
characterized as true or apparent. The appareet dblor of water bodies is owing to
selective absorption and scattering of light spautrThe true colors in water may be due to
suspended material, dissolved mineral salts sucteras hydroxide and manganese, and
dissolved organic substances such as humic acmispstve material, colored industrial
waste or other substances from anthropogenic seu@mour can also indicate the presence
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of certain runoff or discharges into the water. Séheolored impurities undermine aesthetic
value of drinking water. As reviewed by Kahlownagt (2006), Washington Administrative
Code for Public Water Supplies has set a maximumit [of 15 color units for physical
characteristics of water under use for drinkingpoge. WHO (1996) recommended level is
15 TCU above which consumer complaints start agibecause of unacceptable appearance.

225 Taste

Taste (or, more formally, gustation) is a form afedt chemoreception and is one of the
traditional fivesenses. It refers to the ability to detect thievor of substances such asd,
certainminerals, andpoisons. Traditionally identified taste sensations areesty salty, sour,
bitter, piguance (the sensation provided, among other things, iy pdppers) andavoriness
(also known asumami). Taste is a sensory function of thentral nervous system. The
receptor cells for taste in humans are found orstineace of theongue, along thesoft palate,
and in the epithelium of theharynx andepiglottis (Wikipedia). As reviewed by Kahlown et al
(2006), Taste threshold in distilled water for thajor cations of drinking water i.e. calcium,
magnesium, sodium and potassium have been reportael approximately 100, 30,100 and
300 mg/l respectively (National Academy of Sciend&s 3).

2.2.6 Odor

Pure water is odorless. An odor in water is causgdne or more volatilizedhemical
compounds, generally at a very low concentration, that husnan other animals cagense.
The most minimakoncentration of a substance that can be detected by a huwsnis
termed as odor threshold value. Odors are als@dadells, which are categorized both
pleasant andnpleasant Pleasant odor are primarily used in food and casnredustry. In
contrast, an unpleasant odor refers to malodotirk.sKahlownet. al. (2006) reviewed that
a great number of organic and some inorganic sabssacontribute to the odor of waters.
The non-specific fishy, grassy and musty odors mdlgmassociated with biological growth
tend to occur most frequently in warm surface watehe warmer months of the year. Odor
in potable water is almost invariably indicativesoime form of pollution of the water source,
malfunction during distribution or water treatme@hlorinated water may have some odor
due to residual chlorine which is rather indicatdrproper chlorination. Drinking water
should however have no observable odor to any eoes(WHO, 1984).

2.3 Chemical Parameters
2.3.1  Alkalinity (Alk)

The Alkalinity may be defined as the capacitiesafe of its components to accept protons
or to bind an equivalent amount of a strong acidhlgwn et al 2006). It is therefore a
measure of the ability of a solution to neutraboéds to theequivalence point of carbonate or
bicarbonate and is equal to tlR&ichiometric sum of thebases in solution. In natural
environment,carbonate alkalinity tends to make up most of the total alkalinity daethe
common occurrence and dissolutioncafbonate rocks and presence edrbon dioxide in the
atmosphere. Other common natural components thatcoatribute to alkalinity include
borate, hydroxide, phosphate, silicate, nitrate, diSsolvedammonia, the conjugate bases of some
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organic acids andsulfide. Limestone is rich in carbonates, so waters flgnthrough limestone
regions generally have high alkalinity — hence gtsod buffering capacity. Conversely,
granite does not have minerals that contributelkaliaity. Therefore, areas rich in granite
have low alkalinity and poor buffering capacity.kalinity is sometimes incorrectly used
interchangeably withbasicity. For example, the pH of a solution can be lowebpgdthe
addition of CQ which will reduce the basicity; however, the alkdéy will remain
unchanged. The common unit of alkalinity is m.E¢f#tilliequivalent per liter) but the other
unit as ppm (parts per million) still prevails.

Alkalinity is not a pollutant. Its measurements &vever used in the interpretation and
control of water and waste water treatment procesRaw domestic waste water has an
alkalinity less than or slightly greater than tloatthe water supply. Jaffer et al. (1985), as
reported by Kahlown et al (2006), gave the maxinpgmissible level/range of alkalinity as
50 to 500 mg/1 as CaCOa3.

2.3.2 Bicarbonate (HCOs)

The bicarbonate ion (hydrogenated-carbonate ioapianion with a charge of negative one
with empirical formula HC@ it is the conjugate acid of GO. The weathering of rocks
contributes to bicarbonate content in water as Iynaolsese are soluble in water. However,
their concentration in water depends on water pH iangenerally less than 500 mg/l in
groundwater. It is a principal alkaline constituentalmost all water sources, therefore
influences hardness and alkalinity of water. Maypet of bicarbonate are soluble in water at
standard temperature and pressure, particularlyiusodbicarbonate and magnesium
bicarbonate; both of these substances contributatabdissolved salts, a common parameter
for assessing water quality. The flow of bicarbeniains from weathered rocks by carbonic
acid in rainwater is an important part of the carlgcle.

Bicarbonate is vital component of the pH buffergygtem of the body (maintaining acid-
base homeostasis) as 70%-75% of,©DOthe body is converted into carbonic acid@ds)
with carbonic acid as the central intermediate gpdicarbonate, in conjunction with water,
hydrogen ions, and carbon dioxide forms this burffgisystem which is required to provide
prompt resistance to drastic pH changes in the bddys is especially important for
protecting tissues of the central nervous systethreart throb rate. Bicarbonate also serves
in the digestive system. It raises the internalgbtthe stomach, after highly acidic digestive
juices have finished their digestion of food. Ammun bicarbonate is used in digestive
biscuit manufacture. The blood value of bicarbonstene of several indicators of the state
of acid-base physiology in the body. The param&tandard bicarbonate concentration
(SBC) is the measure of bicarbonate concentratiorthe blood. The major intake of
bicarbonate into the human body is through drinkivger, however, there is no guideline
value set for concentration of bicarbonate in drngkvater.
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2.3.3 Carbonate (COs)

Carbonate is galt of carbonic acid, characterized by the presence of the carbonatéliey )
which originates from dissolving of carbonate mailer The carbonate minerals are
extremely varied and ubiquitous in chemically-pp&eited sedimentary rocks. The most
common arecalcium carbonate (CaCQ . the main constituent dfmestone), mollusk shells,
coral skeletonsdolomite, andsiderite etc. A carbonate salt forms when a positively ghdr
ion, attaches to the negatively charged oxygen stoihthe carbonate ion. Metal carbonates
generally decompose on heating. Calcium carbormatehurning in a lime kiln, liberates
carbon dioxide through a process called calcinatiod leaves behind an oxide of calcium
(Ca0) which is known as quicklime. The most carlbensalts arensoluble in water at
standard temperature and pressure With exceptions Ofsodium, potassium and ammonium
carbonates including manyanium carbonates.

In agueous solution, carbonate, bicarbonate, carbon dioxide, and céclecid exist together

in adynamic equilibrium. In strongly basic conditions, the carbonate ioedpminates, while

in weakly basic conditions, thecarbonate ion is prevalent. In more acid conditions, aqueous
carbon dioxide, IS the main form, which, with water is in equilifim with carbonic acid - the
equilibrium lies strongly towards carbon dioxidehuB sodium carbonate iS basic;sodium
bicarbonate is weakly basic, while carbon dioxide itself isvaak acid.

Carbonated water iS formed by dissolving COin water under pressure. When the partial
pressure of C@is reduced, for example when a can of soda isahethe equilibrium for
each of the forms of carbonate (carbonate, bicateorcarbon dioxide, and carbonic acid)
shifts until the concentration of G@n the solution is equal to the solubility of €@t that
temperature and pressure.

234 Calcium (Ca)

Calcium is soft gray alkaline earth metal, andhis fifth most abundant element by mass in
the Earth's crust as well as the fifth most abohdéssolved ion in seawater. Calcium is
essential for living organisms, particularly inlgahysiology and mineralization of bones and
shells. It is the most abundant metal by mass inymamimals. Approximately ninety-nine
percent of the body's calcium is stored in the ba®d teeth. The rest of the calcium in the
body has other important uses, such as some exagy@specially neurotransmitter release,
muscle contraction and cardiac action. Long-tertoiwan deficiency can lead to rickets and
poor blood clotting and in case of a menopausal agnit can lead to osteoporosis, in which
the bone deteriorates and there is an increaskeafrisactures. While a lifelong deficit can
affect bone and tooth formation, over-retention canse hypercalcemia (elevated levels of
calcium in the blood), impaired kidney function athecreased absorption of other minerals
however, vitamin D is essential for absorption @twm.

High calcium intakes or high calcium absorption evpreviously thought to contribute to the
development of kidney stones however, this notias Ibeen nullified by the latest research.
However, in most studies strong co-relation havenbéund between cardiovascular
diseases and exceeding calcium concentration. piésence of calcium in water supplies
results from deposits of limestone, dolomite, ¢alcgypsum and gypsiferous shale. The
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calcium minerals and compounds are not easily $oialpure water, the presence of carbon
dioxide readily increases their solubility and sms of water containing up to 100 mg/liter
are fairly common in arid regions having pH abov®. WHO (1996) and PSI (1987)
recommended 75 mg/l as permissible amount of cal@rudrinking water, whereas PSQCA
(2002) recommends 200 mg/l. However the body denoédad adult is 2000 mg/day.

235 Magnesum (Mg)

Magnesium is an alkaline earth metal and the eighdist abundant element in the Earth's
crust by mass and is the third most abundant elentissolved in seawater. It is the 11th
most abundant element by mass in the human bodyewd@% is in the skeleton, 39%
intracellular (20% in skeletal muscle), and 1% acdtlular. Its ions are essential to all living
cells, where they play a major role in manipulatingportant biological polyphosphate
compounds like ATP, DNA, and RNA. Hundreds of enegrthus require magnesium ions in
order to function. Magnesium is a common constitughnatural water. Michael (1981)
found that magnesium and calcium both produce trapgrty of hardness in water.
Magnesium (M&) hardness is usually approximated at 33% of thal tardness of a
particular water supply. Magnesium is found in mamynerals, including dolomite,
magnesite, and many types of clay. Acu-Cell (200ap reported that about 199 of
magnesium per 70kg human body weight is involvetha synthesis of protein as well as
acts as co-factor in 300 enzymatic reactions. W@ mmends the maximum permissible
limit for magnesium in water to be 150 mg/I.

2.3.6 Hardness

Hard water is water with high mineral contentspritnarily contains excessive calcium and
magnesium metal cations, and sometimes other dedalompounds such as bicarbonates
and sulfates. Hard water is generally not harmfulohe's health. The measurements of
hardness can be obtained through a wet titratidthoAgh water hardness usually measures
only the total concentrations of calcium and magmas(the two most prevalent, divalent
metal ions), iron, aluminum, and manganese may laspresent at elevated levels in some
geographical locations. Iron in this case is imgattfor, if present, it will be in its trivalent
form. Water becomes hard during its movement thnosigil and rock; it dissolves small
amounts of these naturally-occurring minerals aadies them into the groundwater. Hard
water forms precipitates on boiling or when soapdded to it. Total hardness is expressed
as mg/l of calcium carbonate because calcium arubpate are the dominant ions in most
hard waters. The following table gives the conadiin of CaCQ@ dissolved in water by its
degree of hardness.
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Degree of Hardness mg/l as CaCO3
Soft 0-60
Moderately Hard 60-120
Hard 120-180
Very Hard Greater than 180

Bokina (1965) found increased incidence of urcéitié due to hard water in the USSR where
the local domestic tubewell contained 300-500 mgcalcium per liter. Guidelines for
Canadian drinking water quality (1979) documenteat there is no firm evidence that water
hardness causes ill effects in man. Marier (191®eoved that there is a close association
between death rates from strokes and the aciditvef derived drinking water. Since that
time, a number of studies in various parts of tleeldvhave demonstrated that there is high
statistically significant negative association betw water hardness and cardiovascular
disease. Very hard water can cause household mipeking, scaling, incrustations on
kitchen utensils and increasing soap consumpti@nd kivater can create both nuisance and
economic burden to community. A hardness levelbafuad 100 mg/l provides an acceptable
balance between corrosion and the problems of station, although, from drinking
considerations 500 mg/1 is recommended as a gunaletlue.

2.3.7 Sodium (Na")

Sodium is a soft, silvery-white, highly reactive talewhich does not occur naturally in
elemental form on earth as it quickly oxidizes iinaad is violently reactive with water, so it
must be stored in an inert medium, such as liqwdrdcarbon. Sodium is present in
abundance or in less quantity in natural wateraw@eer contains relatively high levels of
sodium about 10 g/l (WHO, 1979). The sodium saléshaghly soluble in water and found
abundance in mineral deposits. Sodium is the gralaation (N3) in the extra-cellular fluid
(ECF) and it has several physiological roles inegigdmaintaining acid-base balance,
generating transmembrane gradients (which alloVs ¢eltake up nutrients) maintenance of
ECF volume and osmotic pressure and in the elgttysiology of nerve and muscle cells
(Healthnet, 2003). Acu-Cell (2003) reported thafiglency of sodium in the body may
appear as mental apathy, low blood pressure, fatidepression, seizures, dehydration etc.,
whereas overdose can cause edema, hypertensioke,stieadaches, kidney damages,
stomach problems and nausea. The co-relationdfisointake with cardiovascular diseases
and hypertension is so well established that serhoms are advised to desist from sodium
salts (sodium chloride). WHO (1984) reported tmatost of the countries, the majority of
water supplies contain less than 20 mg/l but inesaountries sodium levels can exceed 250
mg/l. According to WHO (1979) water treatment chesis such as sodium fluoride,
sodiumsilico fluoride, sodium hydroxide, sodiumlmamnate, sodium bicarbonate and sodium
hypochlorite can add significant amounts of Na (3/) in drinking water. WHO (1996)
recommended the 200 mg/l to be the maximum perbiésBmit for drinking water.
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2.3.8 Potassium (K")

Potassium is a soft silvery-white metallic alkaketal that oxidizes rapidly in air and is very
reactive with water. Potassium in nature occursy @y ionic salt. As such, it is found

dissolved in seawater, and as a part of many mmepatassium ion is necessary for the
function of all living cells, and is thus presentall plant and animal tissues. It is found in
especially high concentrations in plant cells amitd.

Though potassium and sodium are chemically sinyi&rtheir functions in organisms are
quite different, especially potassium content aking water varies greatly depending on its
source and it tends to be larger in mineral anevaesas than ordinary tap water. However,
on average the daily water consumption by aduits K intake is less than 0.1% of their diet.
Potassium abundance in drinking waters can reath 2 mg/l (APHA, et al., 1992). The
potassium is very significant body mineral impottamboth cellular and electrical function.
The total potassium in the body and blood serunesdrom 4-5 mg/100 ml. An amount of
1600 to 3500 mg of potassium consumption per daybleen recommended by Anderson &
Young (2002). Potassium deficiency causes irregalad rapid heart beat, hypertension,
muscle weakness, bladder weakness, kidney diseabeaasthma whereas over dose may
appear as irregular/rapid heart beat, cystitisjd#a infection, ovarian cysts, and weakened
immune system (Acu-Cell, 2003). An increased lefgbotassium in the blood is known as
hyper-kalemia appears as reduced renal functioraberormal breakdown of protein and
severe infection (Aparna, 2001). WHO recommend itheximum permissible limit of
potassium in drinking water as 12 mg/l.

2.3.9 Chloride (CI)

Chloride is an anion mainly derived from dissoaatof salts of hydrochloric acid such as
NaCl, KCI and CaGl originating from geological formations. It is alsmlded through
pollution with sewage, industrial waste, sea watesaline water intrusion. Surface water
normally has low concentration of chlorides as cared to groundwater. Chloride is a
chemical the human body needs for metabolism (tbegss of turning food into energy). It
also helps keep the body's acid-base balance.mbard of chloride in the blood is carefully
controlled by the kidneys. Chloride ions have intaot physiological roles. For instance, in
the central nervous system, the inhibitory actibglgcine and some of the action of GABA
relies on the entry of Clinto specific neurons. Also, the chloride-bicaratnexchanger
biological transport protein relies on the chlorid® to increase the blood's capacity of
carbon dioxide, in the form of the bicarbonate i@he normal blood reference range of
chloride for adults in most labs is 95 to 105 retjuivalents (m. Eq) per liter. The normal
range may vary slightly from lab to lab. Normal gas are usually shown next to your results
in the lab report.

The major source of chloride for humans is table(8&Cl) which is recommended to be 1 g
per person per day for normal health. For childupnto 18 years of age, a daily dietary
intake of 45 mg chloride per kg of body weight idfigient. The other major source of
chloride for human body is drinking water. The ga#tste produced by chloride depends on
the chemical composition of water. The salty tagith chloride concentration of 250 mg/1
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may be detectable in water containing sodium idng,the taste may be absent in water
containing 1000 mg/1 chloride when calcium and neagmm ions are predominant. High
chloride content has a deleterious effect on metglipes and structures. WHO (1984)
recommended 250 mg/1 as the maximum permissibleeval chloride for drinking water
(Kahlown et al 2006).

2.3.10 Sulphate (SOy)

Sulfate (SQ) is polyatomic anion mostly derived from the digation of the salts of
sulphuric acid Ng50Q,, Ca SQ, K>SO, etc and occurs in almost all natural water duleigb
solubility. Most sulfate compounds originate frohe toxidation of sulfite ores, the presence
of shales, and the existence of industrial wastsgfate is one of the major dissolved
constituents in rain, but one of the least toxicomas. The lethal dose for humans as
potassium or zinc sulphate is 45 g. The reportedmim lethal dose of magnesium sulphate
in mammals is 200 mg/kgFaust and Osman, 1983). The major physiologicéces
resulting from the ingestion of large quantitiessafphate are catharsis and gastrointestinal
irritation (Mckee and Wolf, 1963). Water containingagnesium sulphate at levels above
1000 mg/L acts as a purgative in adults. Lower eatrations may affect bottle-fed infants
and adults who have just been introduced to them@Vikipedia). Sulphates can interfere
with disinfection efficiency by scavenging residughlorine in the distribution system
(Arther, 1971). The presence of sulphate saltsrimkohg water could increase corrosion of
mild steel in the delivery system (Larson 1971) tBea, which attack and reduce sulfates,
causes hydrogen sulfide gas,8) formation. No symptoms of sulphate deficiencyehbeen
reported in humans. No optimum dietary intake farganic sulphate has been suggested.
Fingl (1980) reported the dehydration as a commada sffect due to the ingestion of large
amounts of magnesium or sodium sulphate. The tastshold concentrations of sulphate
salts are 250-500 mg/l for sodium sulphate, 25800 mg/l for calcium sulphate and 400 to
600 mg/l for magnesium sulphate (NAS, 1977). WHO9@) has set the sulphate level of
250 mg/l in drinking water above which consumer rfessf problem in taste (Kahlown et al.
2006).

2.3.11 Nitrate (NOs)

The nitrate is a polyatomic ion with molecular fafa NOs . Nitrogen trioxide is an
alternative name for nitrate. It is one of the impot diseases causing drinking water quality
parameter. The major sources of Nitrate are nitragele, nitrogenous fertilizers, decay of
organic matter, solid waste, domestic and industfifuent etc. Nitrate is reduced to nitrite
in the body. As early as 1940, it was recognizeat tonsuming waters with high nitrate
levels contributed to methemoglobinemia ("blue Badyndrome). This condition, usually in
infants, impairs the ability of blood to carry oxyg Nitrate toxicities in humans occur
through enterohepatic metabolism of nitrates to amiey with nitrite being an intermediate.
Nitrites oxidize the iron atoms in hemoglobin frderrous iron to ferric iron, rendering it
unable to carry oxygen. This process can lead nemgdized lack of oxygen in organ tissues
and a dangerous condition called methaemoglobireaemiants in particular are especially
vulnerable to methaemoglobinaemia due to nitratéabwdizing triglycerides present at
higher concentrations than at other stages of dpuent. Furthermore, pregnant women are
at greater risk as compared to other adults duétriate induced Methaemoglobinaemia. The
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disease can be treated with methylene blue, wigidhaes ferric iron in affected blood cells
back to ferrous iron. Gastric cancer as cause oifpeoatively high mortality rate has been
reported in China in the areas having high levélsitbates and nitrites in drinking water as
well as vegetables of the area. Maximum permisdibié for nitrate in drinking water, as
per WHO Standard (1986), is 10 mg/1 (Kahlogtnal, 2006).

24  TraceElements
2.4.1 Arsenic (As)

Arsenic is a metalloid, present naturally in suefand ground water due to erosion of rocks.
It is concentrated in shale, clays, phosphorites],sedimentary iron and manganese ores.
The chemical form of arsenic depends on its soufgsenic is notoriously poisonous
element and its toxicity depends on its chemicahfdt is more commonly found as arsenide
and in arsenate compounds. Arsenic and its comoanel used in pesticides, herbicides,
insecticides and in various alloys. Aqueous arsémithe form of arsenite, arsenate and
organic arsenicals may result from mineral dissotyt industrial discharges or the
application of herbicides.

The arsenic in the groundwater is predominantiyatiral origin, and is released from the
sediment into the groundwater owing to the anoxinditions of the subsurface. Arsenic
contamination of ground water has led to a massgpelemic of arsenic poisoning in
Bangladesh. Many other countries such as Vietnaamliodia, China, Thailand and South
East Asia have geological environments conducive generation of high-arsenic
groundwater. Arsenic has also been reported ingtbendwaters of the several states of
USA. PCRWR studies have revealed arsenic contaimmat several districts of Southern
Punjab and Central Sindh (Kahlowet. al. 2006). Presently 42 major incidents around the
world have been reported on groundwater arsenidaotnation. It is estimated that
approximately 57 million people are drinking growader with arsenic concentrations
elevated above the WHO standard of 10 ppb. Lastnal. (2006) after a study of cancer
rates in Taiwan suggested that significant incre@seancer mortality appear only at levels
above 150 parts per billion. Pakistan’s standardrsenic contamination is 50 ppb against
WHO standard of 10 ppb.

Early evaluations of the removal of dissolved aisé&y drinking water treatment processes
demonstrated that arsenic is very effectively reetbldy co-precipitation with either iron or
aluminum oxides. The use of iron as a coagulanpamicular, was found to remove arsenic
with efficiencies exceeding 90%. (O,Coner and QGlgk 1973). A methodology termed as
Subterranean Arsenic Removal (ARS) Technology fiositue remediation of Arsenic has
been introduced in West Bengal whereby arsenicefs ds an insoluble form in the
subterranean zone by recharging aerated watertioaquifer and thus developing an
oxidation zone to support arsenic oxidizing micrganisms (Wikipedia). Magnetic
separations of arsenic at very low magnetic fieladgent have been demonstrated in point-
of-use water purification with high-surface-aread amonodisperse magnetite ¢(Eg)
nanocrystals (Yavuz et al. 2005). PCRWR has regatgheloped a low cost household
Arsenic Removal Technology which has proved vefgative.
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24.2 lron (Fe)

Iron is fourth most abundant element on the earétking up about 5% of its crust. It is
essential to nearly all organisms. Iron in watecurs in the ferrous and ferric forms. The
solubility in natural waters is dependent upon pheand the oxidation-reduction potential.
In reducing conditions; iron exists in the ferraatate. On exposure to air oxidized to the
ferric form and with water hydrolyzes to insoluliigdrated ferric oxide that makes iron-
laden waters objectionable. As concentrations as@evisible orange/brown staining appears
and any increase in concentrations may create tonsliwhere complex insoluble oxides,
hydroxides and carbonates of iron start precipitatout producing a semi-gelatinous and
dense floc carpeting the river bed. Such conditiargsvery deleterious to most organisms
and can cause serious damage in a river systemirirvater can cause staining of laundry
and porcelain, deposit a slimy coating on the gpin

In drinking water a concentration above 1 mg/bjteersweet astringent taste is detectable. It
is an essential element in human nutrition andoistained in a number of biologically
significant proteins as hemoglobin and cytochronires also promotes the growth of “iron
bacteria” which derive their energy from the oxidatof ferrous iron to ferric iron. Iron
deficiency can lead to anemia and fatigue. Howen®rdlistribution is heavily regulated in
mammals, partly because it has a high potentiabifmogical toxicity. The higher iron intake
through drinking water/food may produce symptoms awforexia, dizziness, nausea,
vomiting, headache, weight loss, shortness of braatl possibly a graying color to the skin.
Therefore iron supplements are not considered a@pjpte unless iron deficiency is
diagnosed (Wikipedia). WHO (1996) have recommentied guideline value for iron in
drinking water as 0.3 mg/l (Kahlown et al. 2006).

24.3 Fluoride (F)

Fluoride is the anion F the reduced form of element fluorine. Compoundstaining
fluoride anions and in many cases those containmglent bonds to fluorine are called
fluorides. Fluorine containing compounds range frpatent toxins such as sarin to life-
saving pharmaceuticals (Wikipedia).Traces of fldes occurrence are widespread in waters
and higher concentrations are often associated gntluindwater sources in areas where
fluoride-bearing minerals are common. Edmunds anmedbey (1996) have found high
fluoride concentrations in groundwater from calcipoor aquifers and where exchange of
sodium for calcium occurs. In areas that are richfluoride containing minerals e.g.
flourapatite, the groundwater may contain up toni@ of fluoride per liter or even more
(Bulusu et al, 1979). Most of the waters contaifowel mg of fluoride per liter (WHO,
1970). Drinking water is typically the largest degontributor to the daily fluoride intake
(WHO, 1986). However, this is not necessarily truevery case. Optimal concentrations are
1 mg/l, however, chronic ingestion greater than @/l (WHO guideline value) is linked
with development of dental fluorosis and in extrecases, skeleton fluorosis. Linkage of
cancer to high doses of Fluoride have also beeortegh (Kahlown et al. 2006).

British Geological Survey (2003) has found thatinanconcentration of fluoride in drinking
water is beneficial due to having significant natiigg effect against dental cavities. Peterson
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and Lennon (2004) also reported that mild concéntraf fluoride reduces tooth decay and
cavities in both children and adults. Therefore tleveloped countries, such as USA, UK,
Canada and Australia etc, carry out water fluoragtwhich is the controlled addition of

fluoride to a public water supply. Fluoridation whter is, however, still controversial and
many developed nations have abandoned it. A 19940Vékpert committee suggested a
level of fluoride from 0.5 to 1.0 mg/l depending climate. Bottled water typically has

unknown fluoride levels, and some domestic watker§ remove some or all fluoride.

(Hobson et al. 2007).

25 Biological Parameters
251 Total Coliforms

Coliforms are facultatively anaerobic rod-shap@dam-negative non-spore forming
organisms of Enterobacteriaceae family and are caomymusedbacterial indicator Of sanitary
quality of foods and water. Coliforms are abundarnhefeces of warm-blooded animals, but
can also be found in the aquatic environment, il so vegetation, in decaying matter, and
can even grow in water distribution system. Totalif@rms includegenera that originate in
feces (Fecal Coliforms €.g. Escherichia) as well as genera not of fecal origin (non-Fecal
Coliforms e.g.Enterobacter, Klebsiella, Citrobacter). However, total coliforms are an indicator
of fecal contamination and subsequently of Esch&icoliform, which is an indicator
microorganism for othempathogens, such as viruses, protozoa and many multicellular
parasites that may be present in feces. Almostuathce waters have some form of bacteria,
but ground water is normally free of that unlesmscsort of contaminated or wastewater
gets intruded into it. Symptoms of exposure to Itaeteria include, inter alia, abdominal
cramps and diarrhea. For safe drinking water, WikDdard requires zero coliforms per 100
ml of water sample (Kahlown et al. 2006).

25.2 Fecal Coliforms

Fecal coliforms are sub set of total coliforms. {laee capable of growth in the presence of
bile salts or similar surface agents, oxidase megaand produce acid and gas from lactose
within 48 hours at 44 £ 0.5°C. The presence dadifeoliforms in aquatic environment may
indicate that the water has been contaminated thi¢hfecal material of concern. It is
considered an indicator of Escherichia coliformjchhs further indicator microorganism for
other fecal oriented pathogens. However, presehdecal coliforms in water may not be
directly harmful, and does not necessarily indictte presence of feces. In general,
increased levels of fecal coliforms provide a wagnof failure in water safety from possible
contamination with pathogens.

Fecal coliform bacteria can enter surface watendsothrough several routs such as direct
discharge of waste from mammals and birds, fronicajural and storm runoff and from
municipal sewage. Their presence may also be thdtref plant material, and paper mill
effluent. Failing home septic systems can allowfaohs to flow into groundwater aquifers,
drainage ditches and nearby surface water. Sewerggiem that carry both sewage and
storm water can cause intrusion of sewage intcasarfvaters during high rainfall periods.
Runoff from roads, parking lots, and yards canycanimal wastes to streams through storm
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sewers. Birds and waterfowl can elevate bacteaahts, especially in wetlands, lakes, ponds
and rivers. Allowing livestock grazing near watedies, spreading manures on fields, using
sewage sludge biosolids and watering livestock treasns can all contribute to fecal
coliforms contamination. Large quantities of fecaliforms bacteria in water are not harmful
according to some authorities, but may indicateghédr risk of pathogens being present in
the water. Some waterborne pathogenic diseasesnthgt coincide with fecal coliform
contamination include ear infections, dysenterphtid, viral and bacterial gastroenteritis,
and hepatitis A (Wikipedia, 2010).

25.3 Escherichia Coli (E.Coali)

Escherichia coliform are unicellular microorganismstually always associated with fecal
contamination of water. It appears as straight,reshgle or in pairs forms, and can grow on
simple nutrient media. It is the fecal coliformogp of bacteria found in much higher
concentration than other coliforms. Waite (1985)nested that E. Coliform could be 95%
of all coliforms found in human feces. Chiang (2pfigind that Escherichia coli is a specific
subset of thermotolerant coliform bacteria whiclsgess the enzymes B-galactosidase, B-
glucuronidase and hydrolyzes 4-methyl-umbellifédByl>-glucuronidase. Sewage, treated
effluents, all natural water which was subjectedaecent fecal contamination from humans
or wild animals will contain E. Coliform. Usually cannot multiply in any natural water
environment and is, therefore, used as specifiecator for fecal contamination (WHO,
1996). The presence of E. Coliform can cause dgarrhausea and other problems especially
for infants, children and those with weak immunstegns and may become fatal. An acute
disease caused by E. Coliform is Hemorrhagic solithich results in severe abdominal
cramps, watery diarrhea, and lower intestinal blegdwvith occasional vomiting and fever.
In severe cases, hemolytic uremic syndrome or réhlre can occur. E. Coliform is
transmitted through fecal-oral ingestion of thetbaa by direct ingestion (i.e. drinking),
primary contact recreation (i.e. swimming), or setary contact (i.e. fishing). WHO
standards require zero E. Coliform to be found I8 ml of safe drinking water (Kahlown
et al. 2006).

2.6 Causes of Water Pollution
2.6.1 Sanitation

Sanitation coverage in urban areas of Pakistarbéas reported as 92% including 42% with
sever connections. The coverage in rural areas ###% including 6% with sewer
connections. Situation is rather poor in NWFP amutiern Areas. Solid and liquid excreta
are the major source of water pollution in the douand resultantly fundamental cause of
widespread waterborne diseases (UNICEF & META-MEZOR9).

2.6.2 Massesand I ngtitutional Awareness
Contaminated or even turbid water is consumed fimkohg purpose in many rural areas of
Pakistan. That exhibit lack of awareness amongémeral public about water quality related

health risks. That awareness is lacking even ditutisnal level as per PCRWR (2006)
survey reports indicate. The concerned agencies aacPHED restrict themselves to the
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execution of development schemes for provision atewwithout bothering whether, or not,

it is safe. No doubt such institutions have theimowater quality laboratories, but such
laboratories are either not functional or ill equep with required apparatus and manpower.
Very often water supply operators are found not aeduainted with chlorination techniques
and dosage. Water in many rural areas is foundatafeurce but poor water handling due to
lack of aware ness renders it unsafe for drinkingppse. Widespread awareness campaign is
required for improving the situation.

2.6.3 Leakageof Pipelines

The water at the source is usually safe if groundwyaor fit for human consumption if
treated from surface water, but it gets contamuhated polluted in the transmission system
when pipelines are tempered for illegal connectionsvhen abandoned hydrants are not
properly closed or left unattended. The old, ruswdbstandard and exposed distribution
pipelines can trigger holes and cracks in the ndtvamd pave the way for intrusion of
sewage or polluted water.

2.6.4 Location of Pipelines

Drinking water supply lines are often laid closeparallel and beneath the sewerage system
or wastewater channels. That practice is very comespecially in unplanned towns and
localities. Resultantly, the seepage from sewesggtem being towards lower level envelope
the supply lines and intrude into it through holesicks or damaged parts especially when
back pressure develops in the system. Under ratiooi water compel consumers to pump
water from supply lines which promotes developmeinback pressure and contaminated
water intrusion. Personal experience has shown ghdlhe time of installation of service
supply lines, the consumers prefer to get the semine passed through wastewater disposal
drains holes instead of drilling a new hole for fhepose. Any damage or leakage in the
service line becomes a regular passage for eagg®of bacterial contamination.

2.6.5 Clogging of Sewerage System

Uncollected or improperly disposed off municipallidowaste makes its way towards

sewerage drains and manholes which, causes thatinch Very often sewerage serves the
dual purpose of wastewater and storm water dispasdl remains blocked due to poor
maintenance and overloading resulting in overflawsch gets mixed with natural water

channels and municipal water works. In severe stoonditions, polluted water may enter
into bore holes, open wells and domestic waterdaRkoper cleansing and disinfection after
such events is seldom carried out. Solid waste stodn water disposal require due
consideration right at the stage of planning argigieng sewerage systems.

2.6.6 Growing of Field Crops and Vegetables
In the urban peripheries, farmers adjoining murgcgisposal drains prefer to irrigate their
agricultural fields with untreated wastewater doéts easy, reliable, free of cost availability

and high fertility without awareness of health sskvolved and long term soil degradation
impact. Waste water is even used for fish farmshléian et al (2006) carried out a case
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study of Faisalabad and found that crops grownfehdraised with municipal and industrial
waste were highly contaminated with heavy metadsl f8rtility was also found degrading
by irrigation with the wastewater. Crop productiaith wastewater without its primary
treatment is restricted under United Nations Emmmental Programme whereas less than
one percent industries in Punjab are equipped witlstewater treatment facilities. The
authors further reported that about 20 million bhees in 50 countries are being irrigated with
raw or partially treated wastewater.

2.6.7 Groundwater Pollution

Groundwater is major source of drinking water irkiB@n and about 70% population relies
on it for domestic purpose. However, over the taste decades, agriculture has become the
major consumer of groundwater and strength of t@tlewvhich was one lakim 1970s has
now gone above ten lakh. Out of total groundwatgemtial of about 63 BCM, an estimated
amount of 50 BCM is being abstracted per annum Ig¢alm and Majeed 2004). Industrial
use of groundwater has also grown accordingly. H@mnegroundwater development is
largely un-managed and unmonitored activity in Biai. Resultantly serious threats are
emerging such as groundwater mining, saline watgression, secondary salinization and
sodification and rising levels of arsenic and flder Quality of groundwater is, therefore,
under sever threat and major concern. In many urbaas and around industries,
groundwater is polluted by wastewater, oil residuaid several heavy metal contaminants.
Arsenic and fluoride problem is rising in many areaf Sindh and Punjab. The most
widespread problem however is biological contanimateading to a high child mortality
rate of 128 per 1000 (UNICEF & Meta-Meta).

34



CHAPTER-3
METHODOLOGY

The methodology adopted for water quality monitgrunder the project “Improved Water
conservation Practices for NWFP and Northern Acdd%akistan” was more or less the same
as designed by Kahlown et al (2006) in National &/&uality Monitoring Programme. It
consisted of establishing a network for collectadrwater samples, monitoring stations, and
sample size and details of analysis etc. A briescdption of these components of
methodology follows.

3.1 Grid Sizeand Number of Samples

Grid size was designed keeping in view populatiensity, access, extent and ruggedness of
the area. As such grid size increased from finecdarse while moving from thickly
populated lower district of NWFP to thinly populdtand scattered districts of northern
NWFP and Northern Areas of Pakistan. Accordinglgral size of 16 krh for thickly
populated district of Mardan, 100 and 169%kwor scattered districts of Swat, Bunner and
Dir, and 225 krfi for thinly populated, remote and rugged Northemeas was adopted.
Sampling points were chosen preferably those uretgrdar public use. A minimum distance
of 3 to 4 km was endeavored to maintain betweenwieesampling points. Sample ID for
monitoring purpose was marked according to presdrgequence to avoid amalgamation of
collected samples. Following identifications as peevailing practice were marked on
samples collected for different analytical purposes each of the selected sampling points:

1. A for bacterial analysis; 3. C for Nitrate (Nanalysis;
2. B for trace element analysis; 4 foDother water quality parameters;

The details regarding grid size and sampling pqimzsnber) are shown in Table 3.1.
1.111
1.1.1.2 Table3.1: Details of Water Quality Monitoring Networ k

L L L 2 . No. of e,
Sr.# District District code Gridsize (Km“) | Grid No. samples samples
collected
1. Mardan MAR 16 70 70 36
2. Buner BUN 100 34 34 33
3. Swat SWA 100 30 30 30
4, Lower Dir L.DIR 169 11 11 12
5. Upper Dir U.DIR 169 10 10 11
6. Gilgit GLT 225 36 18 14
7. Skardu SKD 225 22 22 14
8. Ghanche CHE 225 15 15 8
9. Diamar DIM 225 21 21 9
10. |Ghizer GHR 225 24 24 8
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3.2 Monitoring Area

The water quality monitoring program under the @cbj(IWCP) covered five districts of
NWFP and the entire Northern Areas. The detailthefdistricts covered for sampling and
corresponding grid size, number of grids, samptiode and number of samples collected are
given in table 3.1. All samples were collected atada compiled by WRRC, Peshawar
centre. Samples for the first year (2005) of mamup were got analyzed from National
Water Quality Laboratory, PCRWR, Islamabad asHantthe Water Quality Laboratory at
WRRC Peshawar was not yet commissioned. Howevdysesafor the second year (2006)
were carried out at Peshawar after duly commissgpthe PCRWR Regional Water Quality
Laboratory over there.

3.3  Sample Collection and Preservation

Water samples were collected for physical, chemlzatteriological and for analysis of trace
elements. Sampling was carried out in bottles 6ft0.1 liter capacity. Due care was taken
that the sampling bottles are washed several tawits clean water followed by washing

with distilled water before collection of sample3he samples for bacterial analysis were
collected in duly sterilized containers of 100 nalpacity. Nitric acid as preservative was
used in sampling bottles for trace elements andlaim boric acid was used in sampling

bottles for nitrates. These preservations were cdaeluly marked respective bottles well

before sample collection. Furthermore, recommermtadtices and protocol were observed
for sample collection in the field.

3.31 Tap Water
For collection of water samples, the un-rusted andamaged taps were selected. The

selected taps were duly washed, cleaned and alltovegh for a couple of minutes before
carrying out sample collection.
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3.3.2 TubeWsdl Water

In case of tubewells, water samples were colleafeat running the tubewell for at least ten
minutes so that the best representative sampleoahgwater could be collected. Additional
data of tube well location and depth to water taixee also recorded.

Water Sample from Source (Tube Well)
3.3.3 Water from Distribution Network

Water samples from distribution network were cadecboth at source and at the consumer
end for evaluating the impact of distribution netlwvon water quality. Samples at source
were from the point where there was least possiloli contamination in original quality at
the source. The samples at consumer end were tealldrom the point the water was
supposed to have passed enough time or distanke system so that the functionality of the
system could be evaluated.

Sample Collection from Distribution Network and [Hig&esting

3.34 Hand Pump/Open Well Water

Samples from hand pumps were collected after amguhat water columns hanging in the
suction pipe and strainer has adequately been pimgie That was carried out adopting a
usual practice of at least ten full strokes pett feagth of the water column. The purpose
was to get best representative sample without tcdceorrosive material from pumping
system.
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Water Sample from the Hand Pump and Open Well
3.3.5 Stream Water

Samples from stream water were endeavored to bectad from cross sectional centeroid of
the stream. Neither too wide nor too narrow stremttion was selected to avoid floating
material or stream turbulence. Sampling bottlesewlezpt well above the stream bed to
minimize chances of intrusion of bed material itite sampled water.

Sample Collection from Stream

3.3.6 Spring Water

Water samples from springs were also endeavoraembltect from almost mid point of the
cross section of the spring pond but not exactir dle point of turbulence.

at i AT+ bl e - *

Water sample collection from the spring
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3.3.7 Microbiological Samples

For the microbiological contamination analysis, evasamples were collected in duly
sterilized clean plastic bottles. Sterilizationtaps was carried out by flame. Due care was
taken to avoid contamination during sampling ortpgampling. Therefore sampling was
avoided from taps which were damaged or leakingtdueadequate repair and maintenance
for avoiding the risk of secondary contaminatioricdbiological testing was carried out in
the field for presence of coliform, and E. Coli taa@ using Colitag test kits.

Sample Taking for Microbiological Analysis
3.3.8. Type of Water Samples and Preservatives

As stated earlier, four categories of samples weollected comprising those for
microbiological analysis, for trace elements, farates, and for other chemical water quality
parameters. Samples categories and preservatiedsfaseach of the category are detailed
hereunder.

- Type A — All sites — Sterilized sampling bottles foicrobiological analysis;

« Type B — All sites — 2+10 ml/litre HN{as preservative for trace elements;

« Type C - All sites — 1 ml/100 ml, 1 M Boric acid geservative for Nitrate (N); and
Type D — All sites — No preservative for other wajeality parameters.

These types of samples pertain to single samplongt.pitems required and things needed to
do before proceeding on sampling has been wellmdeated by Kahlown et al. (2006) which
was followed for sampling.

34  Analytical Methods

The collected water samples were analyzed eithewater Quality Laboratory, Water
Resources Research Centre, Peshawar, or in thendhtWater Quality Laboratory,
PCRWR, Islamabad. The methods of analysis adoptedirfdividual water quality
parameters are summarized in table below, wheteasldtails of a few in the subsequent
sections.
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Table 3.2: Water Quality Parametersand Methods Used for Analysis

S.# Parameters Test Method

1 Alkalinity (m.mol/l as CaCg) 2320, Standard method (1992)

2 Bicarbonate 2320, Standard method (1992)

3 Calcium (mg/l) 3500-Ca-D, Standard Method (1992)

4 Carbonate (mg/l) 2320, Standard method (1992)

5 Chloride (mg/l) Titration (Silver Nitrate), Stazad Method (1992)

6 Conductivity (mS/cm) E.C meter, Hach-44600-00AUS

7 Fluoride (mg/l) 8029, SPADNS Method (Hach) by &pephotometer
8 Hardness (mg/l) EDTA Titration, Standard Metha@892)

9 Iron (mg/l) TPTZ Method (Hach-8112) by Spectrofameter

10 Magnesium (mg/l) 2340-C, Standard Method (1992)

11 Nitrate Nitrogen (mg/l) Cd. Reduction (Hach-81B¢% Spectrophotometer
12 pH at 25C pH Meter, Hanna Instrument Model 8519, Italy

13 Potassium (mg/l) Flame photometer PFP7, UK

14 Sodium (mg/l) Flame photometer PFP7, UK

15 Sulfate (mg/l) SulfaVer4 (Hach-8051) by Spechrmpmeter

16 Total Coliform and E.Coli ONPG and MUG-Colitaigskby CPI International, US/
17 TDS (mg/l) 2540C, Standard method (1992)

18 Turbidity (NTU) Turbidity Meter, Lamotte, Mod2D08, USA

19 Arsenic (mg/l) AAS, varios Analytic AG,Germany

3.4.1 Alkalinity
1.1.2

1..1.3 Alkalinity can be measured by titrating a sampleéhwa strong acid until all the
buffering capacity of the aforementioned ions abdlve pH of bicarbonate or
carbonate is consumed. This point is functionadtyte pH 4.5. At this point, all the
bases of interest have been protonated to the leesd species; hence they no

longer cause alkalinity.

1..1.5 The method used for analysis of alkalinity parametas 2320 Standard Method

(1992). Chemicals used for the analysis included:

i Carbon dioxide free distilled water;
il Sodium carbonate solution, 0.05 mol/l;

iii.  HCI0.02 M;

iv.  Phenolphthalein indicator; and

v. Methyl orange indicator.

A 100 ml sample was mixed with 2-3 drops of phehtiplein indicator in a conical flask.
The alkalinity due to phenolphthalein was considezero in case no color was produced
after addition of few drops of phenolphthalein.chse of the otherwise, the phenolphthalein
alkalinity of the sample was determined by titrgtith standard acid (HCI 0.02 M) until the
disappearance of pink color. The methyl orangeliaika of the sample was determined by
titrating with standard acid (HCI 0.02 M) until tlkelor changes from yellow to orange. The

total alkalinity as carbonates was calculated by:
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Total alkalinity as CaCe(m.mol/l) = 1000 x B x C
Vv
where:

B = standard acid solution to reach the end pdimethyl orange (ml);
C= Concentration of acid in mol/l; and
V= sample volume (ml).

Using 100 ml of sample and 0.1 mol/l standard awtutions, the numerical value of
alkalinity is directly expressed in m.mol/l by thelume (ml) of titrant consumed.

3.4.2 Arsenic

Atomic Absorption Spectrometer (Hydride Generatinade) was used for the analysis of
arsenic in water samples. All samples were analgreHS 55 Mercury/Hydride system, an
accessory (AAS, Vario 6 Analytic Jena AG) for thatrix free determination of the hydride
forming elements such as As, Bi, Sb, Se, Sn andfie Hydride technique makes use of the
fact that hydrogen liberated in the reaction ofvleakly acidic sample solutions with sodium
boro-hydride combines with metal ions to form gasebydrides. These are carried to the hot
quartz cell by the carrier gas and decomposed ligioo processes in a series of steps, until
free As atoms were obtained. For the analysis &ferac the Atomic Absorption
Spectrophotometer (AAS Vario 6 Analytik Jena AG)emdury/Hydride System HS55
(Analytik Jena AG), and Argon Gas with 99.99% puritere used. The following common
reagents were used for the analysis;

i.  Sodium borohydride (NaBH98% purity)
ii.  Sodium hydroxide, NaOH
iii.  Hydrochloric Acid (Concentrated 37% HCI)
Iv.  Arsenic Standard (1007 mg/ml, As in 2% HNBDH)

In order to make reducing solution (Reductant)gEedium borohydride (NaBfjland 5 g of
sodium hydroxide were dissolved in 500 ml distillecter. This reagent was used as
reducing agent for Arsenic analysis. The HS 55 Mewtlydride system consisting of a
basic unit and the cell unit was operated and otiatt from PC. Basic unit consists of three
accessories. These include batch module, singlenethgeristaltic pump and gas valve box.
The gas valve box supplied argon gas for scaverayidgfor transporting the metal hydrides
to the system.

Pressure of the argon gas cylinder was adjust&iSabars. After attaining the necessary
temperature (956C), reducing agent was fed by the peristaltic puAd0 ml sample was
taken into reaction cell and 0.8 ml of concentrat&dl was dispensed into sample and
reaction cell was adjusted properly at its placalibZation standards of arsenic with
concentrations (0, 10, 20, 30, 40, 50 ppb) and §80,70, 80, 90, 100 ppb) were prepared.
New method of calibration was developed using th&s@dards under the operation of
software, and then the method developed was lotateahalysis of actual samples. HS 55
hydride system analyzes the water samples in fleviog sequences:
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« Pre-wash time
« Reaction time
«  Rewash time
The detection limit of this method is 0.1 ppb

3.4.3 Bicarbonates

1..1.6 The method used for this analysis was 2320 Staridatbod (1992).

1..1.8 The reagent used for the analysis included

I.  Methyl orange indicator; and
ii.  Standard acid (HCI) 0.02 N.

A 50 ml sample was taken in a flask and added oop df methyl orange. The sample was
then titrated against the standard acid until @®rcchanged from yellow to orange. The
volume of the acid consumed was recorded ag.“Roncentration of Bicarbonate was
determined using the expression:

Bicarbonate (mg/l) = Rx20-Rix20x2

where:

Ri1= Volume of acid used for phenolphthalein alkalinit
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CHAPTER-4

WATER QUALITY STANDARDS

The basic purpose of making guidelines or standards ensure safe drinking water to all
citizens. The World Health Organization (WHO) hasvided guidelines for drinking water,

which are advisory in nature, and are based omtsiite research and epidemiological

findings. The values of various water quality pagtens recommended by WHO are the
general guidelines. That is why; different courgri@ve established their own water quality
standards to meet their national priorities takingto account their economic, technical,
social, cultural, and political requirements. ThRERRVR and Pakistan Standard Institution
(PSI) have already drafted drinking water qualitgnglards; however, the enforcement of
these standards is still pending. This matter néedee addressed on top priority basis. The
WHO guidelines and standards proposed by natiogeh@es like PCRWR, Pakistan

Standard

Institution (PSI),

International

Bottled at® Association (IBWA),

Food

Development Authority (FDA), Environmental ProtectiAgency (EPA) and other countries

are given in this chapter.

41 WHO Guidedlines
1.1.81.1.1
1.1.81.1.2 A.

Biological Qualities

Source/Organisms

Guideline Value

» All water intended for drinking (E. Coli 0
thermo tolerant Coliform bacteria)

 Treated water entering the distributipn

thermo toleran
coliform and total coliform bacteria)

e Treated water in the distribution systg
(E. Coli or thermo tolerant coliform an

system (E. Coli or

total coliform bacteria)

=

—

23

Must not be detectable in any 100 ml samp

Must not be detectable in any 100 ml samp

In the case of large supplies,

e

e

where

sufficient samples are examined, must no{ be
present in 95% of samples taken throughout

any 12-month period.

B. Chemicals of Health Significance

Inorganic mg/| Inorganic mg/| Inorganic mg/|
Antimony 0.005 Copper 2.000 Molybdenum 0.070
Arsenic 0.010 Cyanide 0.070 Nickel
Barium 0.700 Fluoride 1.500 Nitrate(NO 0.020
Boron 0.300 Lead 0.010 Nitrite(ND 50.00
Cadmium 0.003 Manganese 0.500 Selenium 03.00
Chromium 0.050 Mercury 0.001 0.010
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C. Other Parameters

Inorganic mg/| Inorganic mg/| Inorganic mg/|
Colour 15TCU | 1,2 dichlorobenzene 1-10 | Hardness, pH -
Taste, Odour. - 1,4-dichlorobenzene 0.3-30 | DO
Turbidity 5NTU Dichlorobenzene 5-50 | Hydrogen sulfide 0.05
Toluene 24-170 | Synthetic detergents - Iron 0.3
Xylenes 20-1800 | Aluminum 0.2 Manganese 0.1
Ethyl-benzene 2.4-200 | Ammonia 15 Sodium 200
Styrene 4-2600 | Chloride 250 [ Sulfate 250
Monochlorobenzene 10-120 | Copper 1 TDS 1000

Zinc 3

D. Disinfectants and Disinfectant by-Products

Name Value Name Value
Chlorine chlorophenol 600-1000 2,4,6-trichlorophenol 2-300
2,4-dichlorophenol 0.3-40 2-chlorophenol 0.1-10

4.2  StandardsDrafted by PCRWR

A. Biological Standards (Urban and Rural water supplies)

Categories Standards
A. Piped Water Supplies
A-1 Treated water entering the distribution system
Faecal Coliform 0/100 ml
Coliform organisms 0/100 ml
A-2 Un-treated water entering the distribution syst
Faecal Coliform 0/100 ml
Coliform organisms 0/100 ml
A-3 Water in the distribution system
Faecal Coliform 0/100 ml
Coliform organisms 0/100 ml
B. Un-piped Water Supplies
Faecal Coliform 0/100 ml
Coliform Organisms 10/100 mi
1.1812 B. Standards for Inorganic Health Related Constituents
Constituent Unit [ HDL™ [ MPL™ Toxic Effects
Fluoride mg/l 1.000 1.500 Dental fluorosis in child, excessive
concentrative may cause crippling skelgtal
fluorosis.
Nitrate (NQ) mg/l | 45.000 45.000 Infantile methaemoglobinaemia.
Lead mg/l 0.050 0.050 Children particularly susii@ptto effects of leag
on central nervous system
Mercury mg/| 0.001 0.001 Neurological effects
" Highest Desirable Level. ” Maximum Permissible Level.
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C. Other Parameters

EX3

Constituent Unit [ HDL™ [ MmPL Undesirable Effects
Turbidity NTU 2.5 5 Un-aesthetic, decrease in édficy of disinfections
Colour PCU 5 15 Un-aesthetic
Taste & Odour - Unobjectionable Taste & Odour
TDS mg/| 500 1500 [ Fault or salty taste, corrosioimstruction
Iron mg/| 0.1 0.3 Taste, discoloration
Manganese mg/ 0.05 0.5 Taste, discoloration
Magnesium mg/| 30 150 Stomach disturbances
Copper mg/1 0.05 1.5 Taste, corrosion of pipeswedsils taste
Zinc mg/l 5 15.0 | Taste
Sulfate mg/I 200 400 Corrosion, Laxative effect
Chloride mg/l 200 600 Taste, Corrosion
pH - 7.0-85| 6.5-9.2 Taste, Corrosion
Hardness mg/l 200 500 Corrosion or scale formation
Phenolic substances mg/| 0.001 0.002 Taste

" Highest Desirable Level.

4.3 Pakistan Standard I nstitution

~ Maximum Permissible Level.

Drinking Water Quality Standards

A. Physical Requirements

S.# Characteristics Unit MAC MAC™

1. Turbidity NTU 5 25

2. Colour TCU 5 50

3. Taste & Odour - Unobjectionable

4, pH - 7.0-8.5 36.5-£9.2
B. Chemical Requirements

1. Total Dissolved Salts mg/l 1000 1500
2. Chloride (Cl) mg/l 200 600
3. Sulfate (S9 mg/| 200 400

4. Nitrate (NG) mg/| - 45

5. Total Hardness (Cag)O mg/| 20 500

6. Nitrite (NQ) mg/| Nil Nil

7. Magnesium (Mg) mg/| 500 1000
8. Total Ammonia mg/| 0.1 0.5
9. Hydrogen Sulfide mg/| Undetectable odor
10. Fluoride (F) mg/I - 1.5
11. Iron (Fe) mg/l 0.3 1.0
12. Zinc (Zn) mg/| 5.0 15.0
13. Manganese (Mn) mg/l 0.1 0.5
14, Copper (Cu) mg/l 1.0 1.5
15. Calcium (Ca) mg/l 75 200
16. Magnesium (Mg) mg/l 50 150
17. Phenolic Substances mg/| 0.001 0.002
18. Alkyl Benzyl Sulfates mg/| 0.5 1.0
19. Carbon Chloroform Extract mg/ 0.2 0.5
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C. Limitsof Toxic Substances

1..1.8.1.2.1

1. Arsenic (As) mg/I 0.01 -
2. Cadmium (Cd) mg/l 0.01 -
3. Chromium (Cr) mg/l 0.05 -
4, Cyanide (Cn) mg/l 0.20 -
5. Lead (Pb) mg/l 0.05 -
6. Selenium (Se) mg/| 0.20 -
7. Radionaclider 1] 1000 -
D. Biological Requirements (Chemical Indicators of Pollution)

1. Chemical Oxygen Demand (COD) mg/l 10 -
2. Biochemical Oxygen Demand (BOD) g/im 6 -
3. Ammonia (N§) mg/l 0.5 -
4. Grease mg/I 1 -
E. Limitsfor Biological Contaminants

Acceptable bacterial standardsfor potable water supplies:

i)

Standard plate count (SPC3/ml

No more than 100

i) Presumptive test for Coliform Negative
iii) Most probable number (MPN) < 101 subject to the frequency of opportunity for
water analysis.

1.2 * Maximum Acceptable Concentration. ** Maximum Allowable Concentration.

4.4 International Bottled Water Association (IBWA) Standards

A.  Chemical Quality

1.2.1 Characteristicql..2.2 Unit|1..2.3 Standard[1..2.4 Characteristicgl..2.5 Unit[l..2.6 Standard

Arsenic (As) mg/l 0.05 Mercury (Hg) mg/l 0.001
Barium (Ba) mg/l 1 Nitrate (NQ) mg/l 10
Cadmium (Cd) mg/| 0.005 Nitrite (NQ) mg/| 1
Chromium (Cr) mg/l 0.05 Selenium (Se) mg/l 0.01
Chloride (CI) mg/l 250 Silver (Aqg) mg/l 0.025
Copper (Cu) mg/l 1 Sulfate (SQ) mg/l 250
Cyanide (Cn) mg/l 0.1 Phenolic mg/l 0.001
Fluoride (F) mg/l 4 PCB mg/l 0.0005
Iron (Fe) mg/l 0.3 TDS mg/l 500
Lead (Pb) mg/l 0.005 Zinc (Zn) mg/l 5
Manganese (Mn) mg/| 0.05 Turbidity NTU 0.5
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B. Biological Quality
| Escherichia Coli | MPN/2OOmMI|  Nil | Coliform | MPN/100 Nil |

45 Food Development Authority (FDA) Water Standards

1.2.7 Characteristicql..2.8 Unit1..2.9 Standardfl..2.10 1..2.11  Characteristicg[l..2.12  Unit[l..2.13  Standard
Arsenic (As) mg/| 0.05 Nitrate (N mg/| 10
Barium (Ba) mg/ 1 Selenium (Se) mg/| 0.01
Cadmium (Cd) mg/| 0.01 Silver (Ag) mg/ 0.05
Chromium (Cr) mg/| 0.05 Sulfate (P mg/| 250
Chloride (Cl) mg/l 250 Phenolic mg/| 0.001
Copper (Cu) mg/I 1 Ra 226 activity (pCi/l) - 5

mg/l Total Beta activit -
Iron (Fe) 0.3 (pCi/l) 8
Lead (Pb) mg/| 0.05 TDS mg/| 500
Manganese (Mn) mg/| 0.05 Zinc (Zn) mg/| 5
mg/l Coliform (MPN/100 <2,20
Mercury (Hg) 0.002 ml)

4.6 National Environmental Quality Standards by EPA (Liquid Industrial Effluents)

Sr.# Parameter Standards
1 Temperature 40 °C
2 pH Value (acidicity/basicity) 6-10 pH
3 5-day Biochemical Oxygen Demand (BOD)@(2 80 mg/l
4, Chemical Oxygen Demand (COD) 150 mg/l
5. Total Suspended Solids 150 mg/I
6 Total Dissolved Salts 3500 mg/I
7 Grease and Oil 10 mg/l
8 Phenolic Compounds (as phenol) 0.1 mgl/l
9. Chloride (as Cl) 1000 mg/I
10. Fluoride (as F) 20 mg/l
11. Cyanide (as Cn) 2 mg/l
12. An-ionic detergents (as MBAS) 20 mg/l
13. Sulfate (Sg) 600 mg/|
14. Sulfide (S) 1.0 mg/l
15. Ammonia (Nk) 40 mg/l
16. Pesticides, herbicides, fungicides andcinsedes 6.15 mg/|
17. Cadmium 0.1 mgl/l
18. Chromium (trivalent and hexavalent) 1.0 mg/l
19. Copper 1.0 mg/l
20. Lead 0.5 mg/l
21. Mercury 0.01 mg/l
22. Selenium 0.5 mgl/l
23. Nickel 1.0 mg/l
24. Silver 1.0 mg/l
25. Total Toxic Metals 2.0 mg/l
26. Zinc 5.0 mgl/l
27. Arsenic 1.0 mg/l
28. Barium 1.5 mg/l
29. Iron 2.0 mgl/l
30. Manganese 1.5 mg/l
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31.

Boron

6.0 mg/l
32. Chlorine 1.0 mgl/l
1.213.1.1.1 47 Indian Water Quality Standards
A.  Physical and Chemical Standards
1.2.13.1.1.2
Sr. Characteristics : Sr. Characteristics :
" (mg/l) Acceptable Marginal " (mg/l) Acceptable Marginal
1 Turbidity (NTU) 2.5 10 7 Fluoride 1.0 1.5
2 Colour (TCU) 5 25 8 Nitrate (N) 45 45
3 Taste & Odour Unobjectionable 9 Calcium 75 200
4 pH 7-8.5 6.5-9.2 10| Magnesium 30 150
5 TDS 500 1500 11| Iron 0.1 1.0

- The figures indicated under the columicteptablé are the limits up to which
the water is generally acceptable to the consumers.

« Figures in excess of those mentioned under “acbkgitaender water not
acceptable, but still may be tolerated in absericgternative and better source

but up to the limits indicated under columMdrginal” above which the supply
will have to be rejected.

B. Biological Standards

Water entering the distribution system should haveoliform count of zero in any
sample of 100 ml.

* Water in the distribution system shall satisfy thié three criteria indicated
below:

» E.Coli countin 100 ml of any sample should be zero

» Coliform organisms no more than 10 per 100 ml sballpresent in any
sample; and

» Coliform organisms should not be detectable in 180 of any two
consecutive samples or more than 50% of the saropliescted for the year.

* Individual or small community supplies.

» E.Coli count should be zero in any sample of 10@nal coliform organisms
should not be more than 3 per 100 ml.

C. Virological Aspects

* Alevel of 0.5 mg/l of free chlorine residual fon@hour is sufficient to inactivate
virus, even in water that was originally pollutéthis free chlorine residual is to
be insisted in all disinfected supplies in areaspsated of endemicity of
infectious hepatitis to take care of the safetytr@ supply from virus point of
view, which incidentally takes care of the safetyni the bacteriological point of
view as well. For other areas 0.2 mg/l of free dhie residual for half an hour
should be insisted.

* The water quality standards developed and enfolpedarious countries are
given below:
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48 Water Quality Standards of Indonesia, Singapore, Malaysia, Thailand,
Philippinesand Brunei.
A.  Chemical Quality
S # Substances R.1 Unit| hdonesia Singapore | Malaysia | Thailand | Philippines [Brunei
1 | Arsenic (As) mg/l 0.05 0.05 0.05 0.05 0.05 <0.003
2 | Barium (Ba) mg/l - 1 - 1 - <0.0?
3 | Borate (BQ) mg/| - 0.03 30 - - 0.2
4 | Cadmium (Cd) mg/| 0.1 0.01 0.01 0.00% 0.01 <0002
5 [ Chromium (Cr) mg/l - 0.05 0.05 0.05 0.05 <0.p1
6 | Chloride (CI) mg/l 250 0.05 - 250 - -
7 | Chlorine (Cj) mg/| - - 1 1 - -
8 | Copper (Cu) mg/| 0.5 - - 0.1 1 <0.01
9| COD mg/! - - 0.01 1 - -
10| Cyanide (CN) mg/I 0.05 0.01 2 - 0.01 -
11| Fluoride (F) mg/| 1 2 - - 2 0.09
12| Hardness (CaCg mg/| 170 - - 100 - -
13| lodine (1) mg/| - 1 - 0.3 - -
14| Iron (Fe) mg/| 0.1 - - 0.05 1 -
15| Lead (Pb) mg/| 0.05 0.05 0.05 0.05 0.05 <0{01
16| Manganese (Mn) mg/| 0.05 2 2 0.00 0.1 0.01
17| Mercury (Hg) mg/l 0.001 1 0.001 - 0.001 <0.905
18| Mineral Oil mg/l - ND ND - - -
19| Nitrate (NQy) mg/| ND 45 45 4 45 <0.0]
20| Nitrite (NOy) mg/| ND 0.005 0.005 - 0.01 -
21| Organic Matter mg/| 1 0.003 3 - 5 -
22| Selenium (Se) mg/| - 0.01 0.01 0.01 0.01 E
23| Silver (Ag) mg/| - - - 0.05 - -
24| Surfactant mg/| - ND ND - 2 -
25| Sulfide (S) mg/| ND 0.05 0.05 - - -
26| Sulphate (SQ) mg/| 200 - - 250 - -
27| Phenolic mg/l - ND ND 0.001 0.001 -
28| Ra 226 activity pCi/l - 30 - - - -
29| Total Beta activity pCi/l - 1 - - - -
30| TDS mg/| 500 - - 500 - -
31| Zinc (Zn) mg/l - - 5 5 5 -
B. Microbiological Quality
1 [ Total Plate Count/ml CFU/ml [ Max 1x10 Max.1x10 - - - -
2 | Coliform(MPN/100 ml) | MPN/100m| <2.20 0/250 ml Max.10] <2,20 <2.pPONil
3 | Escherichia coli MPN/100ml 0 0 0 Negativg - Nil
4 | Salmonella/100 ml CFU/100m| - 0 - - -
Staphylococcus
5 | Aureus/250 m CFU/250ml - 0 - |
Pseudomonas
6 | Aeruginosa/250 ml CFU/250ml 0 0 ) i i i
7 | Fecal Streptococci/20 mIMPN/20ml - - - - |11oq -
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49  Water Quality Standards of Vietnam, Japan, China, Hong Kong, Korea and
Taiwan
A.  Chemical Quality
Unit
2.1 Sr.
# Substances Vietnam Japan China |H.Kong [Korea| Taiwan
1 Arsenic (As) mg/l 0.05 <0.2 0.05 0.01] 0.05 0.04
2 Ammonium (NH)| mg/l - <0.5 - 1.5 0.5 -
3 Barium (Ba) mg/l - - - 0.7 - -
4 Borate (BQ) mg/l 10 - - 0.3 - -
5 Cadmium (Cd) mg/l 0.01 <0.05 0.01 0.00B 0p1 0.0t
6 Chromium (Cr) mg/| - <0.05 0.05 0.05 0.05 0.05
7 Chloride (CI) mg/l - <350 250 250 150 250
8 Chlorine (C}) mg/| - - - - - 1
9 Copper (Cu) mg/| 1 <0.05 1 2 1 0.01
10 COD mg/I - - - - - 0.8
11 Cyanide (Cn) mg/| 0.01 <0.01] 0.01] 0.07 ND -
12 Fluoride (F) mg/| 2 <1.5 0.8 1.5 1 -
13 Hardness (CaGYy mg/l - 100-500 250 - 300) 250
14 lodine (1) mg/l - - - - - 0.3
15 Iron (Fe) mg/l - <0.1 0.3 0.3 0.3 0.05
16 Lead (Ph) mg/l 0.05 <0.1 0.05 0.01 01 0.0%
17 Manganese (Mn) mg/l 2 <0.1 0.05 0.5 0|3 0.091
18 Mercury (Hg) mg/l - - 0.001 0.001 N[O -
19 Nitrate (NQ) mg/l 45 <5.0 10 50 10 10
20 Nitrite (NG,) mg/| - - ND 3 - ND
21 Organic Matter mg/| 3 - 0.1 - - 0.1
22 Selenium (Se) mg/| - <0.05 0.01 0.0] 0.p1 0.0
23 Silver (Ag) mg/| 0.01 - 0.05 - 0.05
24 Sulphate (S mg/l - <250 250 250 200 250
25 Phenolic mg/l - <0.001 - - 0.005 -
26 Total Beta activity pCi/l - - - 1.0 Bq/l - -
27 TDS mg/I - <1000 500 1000 - 500
28 Zinc (Zn) mg/I 5 <5 5 3 1 5
B. Microbiological Quality
1 [Total Plate Count/m| CFU/ml <10 - [ 100 <100 -
2 [Coliform (MPN/100 ml) [ MPN/100ml - <15.100 3 <2.2 0 -
3 |Escherichia coli MPN/100m 2.2 - - - 0/100 mi
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4.10 Water Quality Standards of Saudi Arabia, Guam, Australia, Argentina, Mexico

and Canada

A. Chemical Quality

Sr.# Substances Unit | S Arabia | Guam | Australia [ Argentina | Mexico |Canada
1 | Arsenic (As) mg/l 0.05 0.05 0.05 0.05 0.05 0.0R5
2 Ammonium (NH) mg/l - - - 0.2 0.5 -
3 Barium (Ba) mg/| 1 1 1 - 0.7 1
4 Borate (BQ) mg/| - - 30 - - 5
5 | Cadmium (Cd) mg/I| 0.01 0.01 0.005 0.01 0.005 .40
6 Chromium (Cr) mg/| 0.05 0.05 0.05 0.05 - 0.0p
7 | Chloride (CI) mg/| 250 250 - 350 250 -
8 Chlorine (C}) mg/| - - 0.01 0.5 0.1 -
9 Copper (Cu) pCi/l 1 1 1 2 1 -
10 | COD mg/l - 3 - - -
11 | Cyanide (Cn) mg/| 0.05 - 0.1 0.10 - 0.2
12 | Fluoride (F) mg/l - - 1.5 2 2 -
13 | Iron (Fe) mg/l 0.3 0.3 - 2 0.3 -
14 | Lead (Pb) mg/| 0.05 0.05 - 0.05 0.07 0.1
15 | Manganese (Mn) mg 0.05 0.0% 2 0.1 0.0p -
16 | Mercury (Hg) mg/| - 0.002 0.001 0.001 0.00[L Q.0p
17 | Nitrate (NQ) mg/| - 10 45 45 10 45
18 | Nitrite (NG) mg/| - - 0.01 0.1 - 3.2
19 | Selenium (Se) mg - 0.01 0.01 - 0.05 0.q1
20 | Silver (Ag) pCi/l 0.05 0.05 - 0.05 - -
21 | Surfactant mg/| - - - - 0.5 -
22 | Sulfide (S) mg/| - - 0.05 - - -
23 | Sulphate (S mg/l 250 250 - 500 250 -
24 | Phenolic mg/l 0.001 0.001 - - 0.001 -
25 | Ra 226 activity pCi/ 3 5 1 - - -
26 | Total Beta activity pCi/ - 8 - - - -
27 | TDS mg/| - 500 - 1500 500 -
28 | Zinc (Zn) mg/I 5 5 5 5 3 -
B. Microbiological Quality
1 | Total Plate Count/ml CFU/ml - <1 500 1p0 100
2 I”Cnlc;iform (MPN/10( MPN/100ml | <220 Max.10 3 <3 i
3 Escherichia coli MPN/100m|l - - Negative - 0
4 Pseudomonas CFU/250ml | i i Negative i 0
Aeruginosa/250 ml
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CHAPTER-5

RESULTS & DISCUSSIONS

This chapter is pertaining to the results and disimn of IWCP Water Quality Monitoring

Program conducted over the years 2004-05 and 2605+ IWCP is a project of PCRWR,

covering water quality monitoring program in fiverthern districts of NWFP and the entire
Northern Areas. The five districts of NWFP includ¢ardan, Bunner, Swat, Lower Dir and
Upper Dir, and the Northern Areas comprising dissriof Gilgit, Skardu, Ghanche, Diamar
and Ghizer. The sampling water sources locationallirthe districts were selected from
where the people get water largely for drinkingpgmse. During 2004-05, altogether 186
locations from ten districts were selected for waampling, while in 2005-06 total 181
locations from the ten districts were chosen fotawaampling. Hence a total of 367 Nos. of
water samples were collected for water qualityingsduring the two years from five

northern districts of NWFP and Northern Areas okiB@an. Number of water samples
collected from each of the districts of NWFP and SN&re given in Table 5.1 and 5.2

respectively

Table5.1: No. of Samples Collected from Five Districts of Northern NWFP

S. Name of district No. of samples No. of samples Total No. of samples of
No. collected 2004-2005 collected 2005-2006 both the years
1 | Mardan 51 36 87
2 | Bunner 31 33 64
3 | Swat 30 30 60
4 | Lower Dir 11 12 23
5 Upper Dir 10 11 21
Total No. of samples 133 122 255

Table5.2: No. of Samples Collected from Five Districts of Northern Areas.

S. Name of district No. of samples No. of samples Total No. of samples of
No. collected 2004-2005 collected 2005-2006 both the years

1 | Gilgit 14 14 28

2 | Skardu 14 14 28

3 Ghanche 08 09 17

4 Diamar 09 14 23

5 | Ghizer 08 08 16
Total No. of samples 53 59 112

Distribution of water sources from where the samplere collected in each district are
given in Table 5.3 and 5.4. These water sourcedlynoslude groundwater, surface water,
community and public water supply schemes, handpsympen wells and springs etc. The
major water sources available in Mardan and Bumiisricts are domestic wells, in Swat
and Lower Dir are tube wells, while in Upper Dietinajor water sources are springs.
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Table 5.3: Digtribution of Samples Across Water Sources Among the Northern Districts of

NWFP
Domestic . Ta Surface
NSc.). District | Tubewell | Open well tube well Spring |Hand pump (WSpS) water
2004-05] 2005-06 | 2004-05 [ 2005-06 | 2004-05] 2005-06 | 2004-05 | 2005-06 | 2004-05 [ 2005-06 | 2004-05] 2005-06 | 2004-05] 2005-06

1. |Mardan 03| 09 - 06| 30 16 04 02 02 02 12 D1 - -
2. |Bunner 01| 02 - 02| 13 16 07 04 1 03 01 D3 P9 (03
3. |Swat 11| 12| 01] 01 02 03 08 0B g2 03 D4 05 -
4. |DirLower | 06 | 06 - - 02 04| 01 04 - - 02 d -
5. |Dir Upper - - - - - - 04| 08 - - 05 03 01 -

Total 21 | 29| 01 09| 47/ 39 24 24 02 Of 23 11 15 3

Glacier and snow deposits are the principal souotedl water in the Northern Areas. The
melted water enters streams, which subsequentty rfe@n-made channel -Kuhls- that bring
water into the settlements for agriculture, live&tand domestic requirements.

Surface water based water supply schemes are gotestrin most parts of the Northern
Areas except in Diamer where surface water is tr@onsumed. According to Muneeba et
al. (1994) most villages use the same channel rfagation and domestic use. In some
villages the people go up the channel to get wiatedrinking since they realize that water
passing through the village can be contaminatets fas a basis in fact since most of the
channels are open and wastewater from homes aesl ¢an flow into them, plus clothes and
domestic utensils are also washed in these channels

Table 5.4: Distribution of Samples Across Water Sourcesin all the Districts of Northern Areas

. . Tape (WSS based
NS(.) District Domestic tube well Spring On surface water) Surface water
) 2004-05 | 2005-06 | 2004-05 | 2005-06 | 2004-05 | 2005-06 | 2004-05 | 2005-06
1. |Gilgit - - 01 - 09 09 04 05
2. |Skardu - - - - 10 12 04 02
3. |Ghanche - 01 01 01 01 03 06 04
4. |Diamar - 01 - 01 - 02 09 10
5. |Ghizer - - 01 01 04 04 03 03
Total - 02 03 3 24 30 26 24

Water quality analytical parameters evaluated m water samples of the aforementioned
areas can be divided into following three categorie

1. Physical and Aesthetic Parameters:
Parameters evaluated under the name physical atidetie include qualitative and
guantitative examination of pH, Electrical Conduityi (EC), Turbidity, Colour,
Taste and Odour.

2. Chemical Parameters:

These include Bicarbonate (HgOCarbonate (C¢), Nitrate (NQ), Sulphate (SQ),
Hardness, Calcium (Ca), Alkalinity (Alk), MagnesiuiMg), Potassium (K), Sodium
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(Na), Chloride (C), Total dissolved salts (TDS), Arsenic (As), Flder(F), Iron (Fe)
and trace elements.

3. Biological Parameters:

Evaluation of bacteriological or microbiological rpmeters depicts qualitative
examination of Protozoan/Microbes present in watleich are the potential carriers
of various types of health hazards.

All the analyzed parameters were compared with ssibie limits given by PSI reproduced
in Table 4.3, to evaluate as “Safe” or “Unsafe” flsinmking purpose. Before presenting the
results of each district, a brief of the geograpigmography, climate, water resources and
land use statistics is given so that the resultddcbe seen and discussed in the context and
prospective of these indicators as they may haseeidimpact on ecology and water quality
of the area.

5.1 Mardan

The district lies at the longitude 748’ to 72°
52’ E and latitude 3405’ to 34 32’ N. Average
altitude of the district is750 m. Geographical
map of the district is given in Figure-5.1. As
evident from the Figure, Malakand and Bunr
are its northern neighbours, district Charsag
falls in the west, while Swabi and Nowshe
form its eastern and southern boundar
respectively. Geographical area of the district
1632 sq. km and its population according
1998 census was 1.46 million and populati
density of 895 persons per sg. km which n(
has escalated to 1.93 million in 2007. As !
the current population density becomes . Figure 5.1: Geographical Map of District Mardan
persons per sq. km.

Malakand
[ ]

ARDAN

Charsadda
L

Nowshera

Climatically Mardan can be divided into two shamnes, south-eastern part and north-
western part. South-eastern part falls under thhmatic range of semi arid subtropical
continental low land where annual rainfall is 34thyyimost of which (up to 60%) occurs in
winter. Maximum temperature is 41 in summer and minimum winter temperature is°€.5
The north-western part lies in the climatic rangesub-humid sub-tropical continental low
land, annual rainfall ranges from 500 to 1000 mand.use statistics of the district are given
in Table 5.5
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Tableb5.5: Land Use Statistics of the District Mardan

Land utilization Areain (000) hectares Percent_age of Percentage of
geographical area reported area

Geographical Area 163 - -
Reported Area 163 100 -
Cultivated 113 69 69
Irrigated area 80 49 49
Cropped area 125 77 7
Uncultivated area 49 30 30
Culturable waste 3 2 2
Forest area 8 5 5
Not available for cultivation 38 23 23
Cropping intensity: 112.2%
Land use intensity: 97.2%

Altogether 51 samples were collected in 2004-05 2&damples in 2005-06 from various
sources in the entire district. Sources of thesgpéas are given in Table 5.6, which indicates
that domestic pump, and WSS tube wells are the cmmsources from where the public
fulfil its domestic water requirements, whereas@ne places spring water is also used. Due
to availability of ground water at shallow depthdast acceptable quality, surface/river water
consumption for domestic purposes is not in pradtiidhe district.

Table5.6: Types of water Sour cesand Number of Samples Taken thereof in Mardan (2004-06)

Source No of samples Source No. of samples Total No. of samples
2004-05 | 2005-06 2004-05 | 2005-06 | 2004-05 2005-06
Tube well 08 09 Open well - 06
Domestic tube wel 30 16 Spring 04 02 51 36
Tap (WSS) 07 01 Hand pump 02 -

Analytical results of the samples are presentethenTable 5.7 and graphical representation
is given in Figure 5.2, which exhibit that majorntaminants in the area are bacteria,
calcium, nitrate and fluoride. Analytical result tbe water samples collected during the
year 2004-05 show that 88% water samples were biaogically polluted, 14% of the
water samples have turbidity beyond permissiblet lohWHO standard, 18% have slightly
more concentration of Nfagainst 10 mg/l acceptable level of WHO, 10% sasplave
higher concentration of Sodium (Na), 16% sampleseed in respect of calcium value,
whereas 2% samples were identified possessing Hilglvels of chloride and hardness
compared with international permissible water gyadtandards. Fluoride and TDS were
found beyond permissible range in 6% and 4% samplgsectively. On the overall basis,
92% samples were found to be unsafe for drinkingp@se with respect to the either tested
parameters.

However out of 36 samples tested in 2005-06, 67%& Wwmlogically contaminated, followed
by 15% samples having calcium excess of permis$ibie Each of fluoride and nitrate was
found having concentration beyond permissible Bnaibly in 3 % samples. On the overall
basis, 80% samples were detected as unsafe agaiys20% samples which were found
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safe. Combined results of 2004-5 and 2005-6 indi&t% samples unsafe and only the
remaining 13 % samples safe for drinking purposghasvn in Figure 5.3.

Table5.7: Water Quality Parameters Found Having Impermissible Valuesin Water Samples
Collected From District Mardan (2004-06)

S. No. of unfit samples| No. of unfit samples Percentage Overall
No. Parameters out of total 51 out of total 36 d %age
(2004-05) (2005-06) 2004-05 [2005-06| 2004-06
1 |[Bact. Cont. 45 24 88 67 79
2 |Calcium (Ca) 8 5 16 15 15
3 |Fluoride (F) 3 1 6 3 5
4 |Nitrate (NQ) 9 1 18 3 11
Total Dissolved
5 |[Salts (TDS) 2 0 4 0 2
6 |Chloride (CI) 1 0 2 0 1
7 |Sodium (Na) 5 0 10 0 6
8 |Hardness 1 0 2 0 1
9 |Turbidity 7 0 14 0 8

Mardan is one of the most populated areas and ptpualwise the second largest district of
NWFP. Overall geographical area is comparativelalsieind of which most of the area is
fertile and cultivated. Cropping intensity in Margavhich falls in Peshawar valley, is 112%
as given in Table 5.5, which is amongst the higive#ite country. Water table is shallow and
ground water exploitation is common. The leakagthiwithe distribution network and the
location of drinking water sources being closedpti& tanks etc. together with shallow water
table seem common reasons of contaminants intrsiSitio the water source and water
supply network. At the same time, high populatieengity and high cropping intensity
necessitate use of nitrate fertilizers, which adggpears to be the source feeding high
concentration of nitrate and hence bacteria thatn@ajor contaminants getting intruded into
the supply network. Low literacy level (36.45%) gywbr economic condition of the area are
apparent reasons of lack of awareness, poor hygamditions and improper maintenance,
which are certainly adding to contaminants yield amrusion.
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Figure 5.3: Graphical Presentation of Safe and WafeSwWater Sources in District Mardan.
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5.2 Buner

The district lies at the longitude 730’ to 72°
40’ E and latitude 3408’ to 34 29’ N. Average
altitude of the district i4500 m.As is evident
from thegeographical map given in Figure-5.4a,
that district Swat and Shangla are its northg¢s
neighbours, district Mardan lies towards i
west, while district Mansehra and Swabi fo
its eastern and southern boundaries respectiv

Geographical area of the district is 1865 sq.
According to 1998 census, its population wa<

0.51 million with population density of 2 Figure 5.4: Geographical Map of District Bunner
persons per sq. km which now has escalat.. ..

0.73 million in 2007. As such the current

population density becomes 393 persons

per sg. km

Climatically Bunner falls in sub humid and subtigdicontinental high land where average
annual rainfall ranges from 750 mm to 1000 mm. Bunis comparatively colder than
district Mardan. Maximum temperature is°@8n summer and minimum winter temperature
is 2C. Land use statistics of the district are giveiable 5.9.

Tableb.8: Land Use Statistics of the District Bunner

Land utilization Areain (000) hectares gegggg?]tiiglegea I:;g?gg%?g;
Geographical area 186 - -
Reported area 172 92 -
Cultivated 55 30 32
Irrigated area 16 9 9
Cropped area 100 54 58
Uncultivated area 117 63 68
Culturable waste 6 3 3
Forest area 41 22 24
Not available for cultivation 70 38 41
Cropping intensity: 181%

Land use intensity: 91%

In district Buner, altogether 64 locations wereestdd for water sampling during the two
years (2004-06) keeping in view the source wherstrabthe population consume water for
drinking purpose. Sources of these samples arengivéhe Table 5.9 which indicates that
domestic pump, and water supply schemes basedromgs@are the common sources from
where the public fulfil their domestic water regunrents. Whereas at some hilly terrain
surface water is also used as ground water exparét not possible in those areas of the
district.
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Tableb5.9: Typesof Water Sources and Number of Samples Collected from District Buner

No. of samples No. of samples Total No of samples
Source Source
2004-05 | 2005-06 2004-05 | 2005-06 2004-05 | 2005-06
Tube well 01 02 | Surface water 09 03
Domestic tube well 13 16 Spring 07 04 31 33
Open well - 02
Tap (WSS) 01 03 Hand pump - 03

Water quality results of the samples are presentdéble 5.10 and graphical representation
is given in Figure-5.5, which exhibit that majorntaminants in the area are bacteria,
calcium, hardness and turbidity. Processing andpdation of water quality data revealed
that out of total 64 samples (2004-06), 86% samplese found unfit for human
consumption either chemically or biologically aswsin in Figure 5.6. Out of 31 samples
collected during the year 2004-05, 71% samples Wened contaminated biologically; 19%
samples had turbidity higher than the admissibtegea 3% with high level of , calcium,
sodium and hardness, 13% samples had high contentcd Nitrate, whereas 6% samples
were found with objectionable muddy colour. On tiverall basis, 84% samples were found
as unsafe either biologically or chemically agathstsurvey of the year 2004-05.

Whereas 33 samples were collected from districtrBurduring the next year 2005-06, on
the overall basis 88% samples were found contaetneither chemically or biologically as
in Figure 5.6. However 70% samples were found comtated biologically; 27% samples
had turbidity higher than the admissible range; 128th high level of hardness, 30%
samples had high concentration of Calcium (Ca), @®¥hples had high concentration of
Nitrate, whereas 6% samples were found having sk@soncentrations of Potassium,
Total Dissolved Salts (TDS) or with objectionabladdy colour.

Table 5.10: Water Quality Parameters Found Having Values Beyond Permissible Limits in
Water Samples Collected from District Buner (2004-06)

No. of unfit samplesout| No. of unfit samples
,\SII)'_ Parameters of total 31p out of total 3?EJ ——— %Z,ngae“
(2004-05) (2005-06) 2004-05 | 2005-06 | 2004-06

1 Bact. Cont. 22 23 71 70 70
2 | Turbidity 6 9 19 27 23
3 Color 2 6 6
4 | Nitrate (NQ) 4 13 3 8
5 TDS 1 2 3 6 5
6 Calcium (Ca) 1 10 3 30 17
7 | Sodium (Na) 1 0 3 0 2
8 Hardness 1 4 3 12 8
9 Potassium 0 2 0 6 3
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Percentage of Samples Having Impermissible Valu@istrict Buner

Buner is one of the thinly populated district of IR, where almost entire population is rural
and population density is comparatively low. Almtse entire district is mountainous. Out
of total 0.17 million hectares reported area, 9%aol is irrigated. Cropping intensity in
Bunner, which falls in Swat valley, is 181%, whishamongst the highest in the country.
Generally ground water aquifer is deep. Due totepad population, water supply schemes in
the area are not well planned and well maintainiled; combined with low literacy ratio
(23%), poor hygienic condition and lack of awarenegem the probable reasons of
bacteriological contamination. At the same timettecad population and high cropping
intensity necessitate use of nitrate fertilizersioh also appear to be source feeding high
concentration of bacteria and nitrate which, argomeontaminants getting intruded into
water resources. Marble stone cutting is an impoitadustry of the district which seems to
be the cause of high concentration of calcium &dhass. Low literacy level and poor
economic condition of the area are apparent reasbmasck of awareness, poor hygienic
conditions and improper maintenance, which areagdéyt adding to contaminants yield and
intrusion.

Percentage of safe and unsafe water samples

Per centage of safe and unsafe water samples
2004-05

Safe 2005-06 safe
16% 12%

Unsafe Unsafe
84% 88%

Owerall % age of safe and unsafe water samples

2004-06 Safe

14%

Unsafe
86%

Figure 5.¢. Graphical Presentation of Safe and -Safe Water Sources in District Bun
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53 Swat
- - - H ) 0
District Swat lies at the longitude 719’ to 72 I Chitral

Northern
Areas

35’ E and latitude 3440’ to 35 20’ N. Average
altitude of the district i1500 m.Geographical
map of the district is given in Figure-5.7. As
evident from the Figure, Chitral and Northe| upper pir
Areas are its northern neighbours, Kohistan &
Dir lies on its east and west side respective
while Bunner and Shangla form its southerng
eastern boundaries respectively. GeographL'
area of the district is 5337 sg. km and
population according to 1998 census was 1
million which now has escalated to 1.74 mil”
in 2007. As such the current population de
becomes 326 persons per sq. km.

Kohestan

SWAT

Shangla

Saidu Sharif

d
Figure 5.7: Geographical Map of District Swat

Climatically Swat lies in sub-humid-subtropical tioental highland. Average annual rain
fall in district Swat is about 800 mm. Maximum tesngtures is 3% in summer, while
minimum winter temperature i@ in south-western part. North eastern part (Kadaea) is
much colder where temperature in winter frequefdlis below zero. Winter snow fall is
common in that area and melting of seasonal snak feeds river Swat from April to July.
Land use statistics of the district are given i Ttable 5.11

Table5.11: Land Use Statistics of the District Swat

Land utilization Area in (000) hectares gezgerr‘;g?]tiigfgea fggfgggfg
Geographical area 534 - -
Reported area 506 95 -
Cultivated 96 18 19
Irrigated area 90 17 18
Cropped area 185 35 37
Uncultivated area 401 75 79
Culturable waste 80 15 16
Forest area 135 25 27
Not available for cultivation 194 36 38
Cropping intensity: 193%

Land use intensity: 54%

Altogether 30 samples were collected each year4-B&) from various sources in the entire
district. Sources of these samples are given inebab2, which indicates that tube wells and
springs are the common sources used for domester waquirements. Most of the rural
population is scattered in mountainous areas aedwster from domestic water supply
schemes based on springs. Due to availability otigd water at affordable depth and of
adequate quality, surface water consumption for eltim purposes is not normally in
practice in south-western part of the district. ldoer in north-eastern Swat, spring or
surface water is commonly used.
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Table5.12: Typesof Water Sources and Number of Samples Taken Thereof in Swat

No. of samples No. of samples Total No. of samples
Source Source
2004-05 | 2005-06 2004-05 | 2005-06 | 2004-05 | 2005-06
Tube well 11 12 Open well 01 01
Domestic tube well 02 03 Spring 08 08 30 30
Surface water 05 -
Tap (WSS) 03 04 Hand pump - 02

Analytical results (Annexure-03-a) of the samples @resented in Table 5.13 and graphical
representation is given in Figure 5.8, which exhibat major contaminants in the area are
bacteria, calcium, nitrate and turbidity. Out of 88mples collected during 2004-05, 73%
were biologically contaminated, followed by 17% gd@s having nitrate excess of
permissible limit. Ten percent of samples were tbtmaving turbidity and calcium beyond
the permissible limits. Each of hardness and potassvas found having value beyond
permissible limits only in 3 % samples. On the alldoasis, 77% samples were detected as
unsafe against only 23% samples which were foufedldiring 2004-5 as depicted in Figure
5.9.

During the year 2005-06, altogether 30 samples wellected from various sources in the

entire district. It is evident from the analysipoets (Annexure-03-b) that 77% samples were
biologically contaminated, followed by 20% samples/ing calcium and nitrate excess of

permissible limit. Turbidity was found in excess1f% of samples. Each of hardness and
colour was found having value beyond permissilofet only in 3 % samples. On the overall

basis, 87% samples were detected as unsafe agalp$8% samples which were found safe

pertaining to the year as shown in Figure 5.9.

Table 5.13: Water Quality Parameters Found Having Impermissible Values in Water Samples
Collected From District Swat (2004-06)

No. of unfit samples | No. of unfit samples Overall

,\S|g_ Parameters out of total 30 out of total 30 Percentage %age

(2004-05) (2005-06) 2004-05 | 2005-06 | 2004-06

1 Bact. Cont. 22 23 73 77 75
2 Nitrate (NQ) 5 6 17 20 18

3 Calcium (Ca) 3 6 10 20 15
4 Hardness 1 1 3 3 3
5 | Turbidity 3 3 10 10 10
6 Colour 0 1 0 3 2
7 Potassium 1 0 3 0 2

Swat is one of the famous tourist resort and pdulavise third largest district in NWFP.
Overall geographical area is comparatively large ainwhich only 18% is cultivated. Water
Table is at moderate depth in inter mountainoukeyalwhere tube well is the main source of
water. Population is scattered in most of hillyasrevhere domestic water supply schemes
are installed on springs having no regular emplsyfee their maintenance. Water supply
lines at places are damaged or punctured allowitrgsion of pollutants, which is the main
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cause of poor water quality condition. Similarlyisg water is also distributed unplanned
locally with out due care of the schemes.
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Figure 5.8: Percentage of Samples Having Imperinigsialues in District Swat

Per centage of unsafe and safe water samples Per centage of safe and unsafe water samples
2004-05 2005-06
Safe

23% Safe

13%

Unsafe
87%
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7%

Overall % age of safe and unsafe water samples
2004-06

Safe
18%

Unsafe
82%

Figure 5.9: Graphical Presentation of Safe and LafeSWater Sources in District Swat.

64



54  Dir (Lower)

The district lies at the longitude 747’ to 72° 05’
E and latitude 3359’ to 34 58 N. Average
altitude of the district is 1800 m. Geographica
map of the district is given in Figure-5.10, which
shows that Malakand and Bajaur agency forms if
southern and south-western boundaries, distri
Swat and Upper Dir are its north-eastern an
northern districts respectively, whereas a sma
part of its western boundary forms Durand ling
with Afghanistan. Geographical area of thg
district is 1583 sq. km and its population
according to 1998 census was 0.72 million, whic
now has escalated to 1 million in 2007. As sk
the current popu|ati0n density becomes Figure 5.10: Geographical map of district Dir Lower
persons per sqg. km.

Climatically Lower Dir falls under the climatic rga of sub humid subtropical continental
highland, where annual rainfall is up to 875 mnf/68f which falls in late summer. Maximum
temperature is in the range of 32°88in summer, while average minimum winter tempegatu
is 3°C. Land use statistics of the district Dir Lowee given in the Table 5.14.

Table5.14: Land Use Statistics of the District Dir Lower

L and utilization Areain (000) Percent_age of Percentage of
hectares geographical area reported area

Geographical area 158 - -
Reported area 142 90 -
Cultivated 45 71 79
Irrigated area 41 50 56
Cropped area 54 80 89
Uncultivated area 49 31 35
Culturable waste 1 0.6 0.7
Forest area 8 5 6
Not available for cultivation 39 25 27
Cropping intensity: 120%
Land use intensity: 98%

Altogether 23 samples, 11 samples in 2004-05 andah2ples in 2005-06, were collected
during the two years from different sources inehére district. Sources of these samples are
given in Table5.15, which shows that domestic pamg tube wells are the common sources
from where the public fulfil their domestic watezquirements, whereas at some places
spring water is also used. Due to availability ebupd water at shallow depth and of
acceptable quality, surface water consumption f@mekstic purposes is not normally in
practice in the district.
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Table5.15: Typesof Water Sources and Number of Samples Taken Thereof in Dir Lower

Source No. of samples Source No. of samples Total No. of samples
2004-05 2005-06 2004-05 |2005-06| 2004-05 |2005-06
Tube well 06 06 Tap (WSS) 02 0 11 12
Domestic tube well 02 04 Spring 01 02

Analytical results of the samples are presentedahle 5.16, which is graphically represented in
Figure 5.11. The data revealed that major contamsniaa the area are bacteria, nitrate and calcium.
Out of 11 samples collected in 2004-05, all wereldgically contaminated, followed by 54%
samples having nitrate excess of permissible litlndn was found having concentration beyond
permissible limits in 18 % samples. One out of Hingles (9%) was found having calcium
concentration beyond permissible limits.

Over the year 2005-06, all the 12 samples (1009%g faund biologically contaminated, followed by
33% samples having calcium excess of permissibié. liEach of turbidity and nitrate was found
having concentration beyond permissible limits dnlg % samples.

Table 5.16: Water Quality Parameters Found Having Impermissible Valuesin Water Samples
Collected From District Dir Lower (2004-06)

s No. of unfit samples | No. of unfit samples out Percentage Overall
No. | Parameters |out of total 11 (2004-05)|  of total 12 (2005-06) 9 %age
2004-05| 2005-06 | 2004-06
1 |Bact. Cont. 11 12 100 100 100
2 [Calcium (Ca) 1 4 9 33 22
3 [lron (Fe) 2 0 18 0 9
4 [Nitrate (NQ) 6 1 54 8 30
5 [Turbidity 0 1 0 8 4

Lower Dir is one of the districts of the provincaving much scattered population. Out of
0.16 million hectares area, 71% is cultivated. W#dble is at affordable depth and ground
water exploitation is common. High cropping inténgiL20%) necessitate use of fertilizers,
which appear to be source feeding high concentratidacteria and nitrate, which are major
contaminants getting intruded into supply netwdtkason of high concentration of calcium
appears geological strata of the district. Lowréityy level (30%) and poor economic
condition of the area are apparent reasons ofdaekvareness, poor hygienic conditions and
improper maintenance, which are certainly addingottaminants yield and intrusion.
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Figure 5.11: Percentage of Samples Having Impetibls&/alues in District Dir Lower

55  Dir (Upper)

The district is one of the remote northe
districts of the NWFP which lies at longitu
71° 00’ to 72° 07’ E and latitude 3420’ to
34° 24’ N. Average altitude of the district
1800 m. Geographical map of the district
given in Figure-5.12, which shows that disti
Dir (U) lying on Afghanistan boarder. Distri
Chitral and Swat form its north-western &
north-eastern boundaries respectivi
whereas Dir Lower makes its south
boundary. Its total geographical area is 3

sq. km with rugged mountainous topogranhv
Figure 5.12: Geographical Map of District Dir (Upp)

S 7 } =
Birzin Pags - } -

Population of the district according to 1998 censas 0.58 million and population density
156 person per sg. km, which have now increased. 6 million 2007 with population
density 203 person per sq. km. Upper Dir falls unthe climatic range of sub humid
subtropical continental highland, where annualfediins up to 875 mm, 60% of which falls
in late summer. Maximum temperature in summer is382C while minimum winter
temperature is 3. Land use statistics of the district is summarizeTable 5.17.
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Table5.17: Land Utilization Statistics Among Various Sector s of District Dir Upper

e Areain (000 Percentage of Percentage of
ST LllATER hectar(% : geographicgl area Reportedgarea
Geographical Area 370
Reported Area 127 34
Cultivated 42 11 33
Irrigated area 22 6 17
Cropped area 49 13 39
Uncultivated area 85 23 67
Culturable waste 0.6 0.2 0.5
Forest area 80 22 63
Not available for cultivation 51 14 40
Cropping intensity: 118%
Land use intensity: 98%

Dir Upper has hard and rugged mountainous terfdiost of the population is scattered,
where well-planned water distribution infrastruetus not normally possible. Poor economic
condition, low literacy ratio (21%) and rugged mtainous topography persuade the people
to use easily available spring water sources.

Altogether 21 water samples, ten in 2004-05 andirl2005-06, were collected from
different sources in the entire district. Sourcéghese samples are given in Table 5.18,
which indicates that springs are the common soufices where the public fulfil their
domestic water requirements, whereas at some pleattes supply schemes are also in use.

Table5.18: Distribution of the Water Sourcesin District Upper Dir

Source No. of samples Total No. of samples
2004-05 2005-06 2004-05 2005-06
Tube well 05 03
Spring 04 08 10 11
Surface water 01 -

Analytical results of the samples are presentebainle 5.19 and are graphically represented
in Figure-13, which exhibit that major contaminaitsthe district are bacteria, nitrate and
turbidity. In 2004-05 out of 10 water sources, 8@8re found biologically contaminated.
Data processing revealed that all the water samptye contaminated biologically; 40%
samples were either turbid or with high concenprabdf nitrate.

While over the year 2005-06, out of 11 water sasirg®ne was supplying safe drinking
water. Data processing revealed that all the wsdenples were contaminated biologically;
9% (1 sample) were either turbid or with high cartcation of calcium and 27% samples had
excess of nitrate.
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Table 5.19: Water Quality Parameters Found Having Values Beyond Permissible Limits in
Water Samples Collected from District Dir Upper 2004-06

S No. of unfit samples out|No. of unfit samples out Overall
No.| Parameters | Of total 10 (2004-05) | of total 11 (2005-06) Percentage Y%age
2004-05 | 2005-06 | 2004-06
1 |Bact. Cont. 8 11 80 100 90
2 |[Calcium (Ca) 0 1 0 9 5
3 |Nitrate (NQ) 4 3 40 27 33
4 |Turbidity 4 1 40 9 24
1o 2004-0
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Figure 5.13: Percentage of Samples Having Impetibles&/alues in District Dir Upper

The deteriorated microbiological water quality imstdct Dir (U) seems due to poorly
maintained water supply schemes. Population iteseat and people mostly consume water
directly from springs which being open are pronedatamination. Water supply schemes if
exist have no regular employees for their mainteeaheaked and contaminated water was
found accumulated around the leakage points, hiemtdeer deteriorating the supply. Lack of
awareness and poor hygienic condition in such ged@nd remote area are other reasons of
highest level of contamination.

69



Gilgit

Gilgit, the administrative capital of NAs, is a
important city on ancient silk route, which is Afzhanista
famous passage from China to other countries

the world, lies at the longitude 747’ to 76 [,* %
50’ E and latitude 3555’ to 36 32’ N. Average
altitude of the district is 1700 m. Geographic
map of the district is given in Figure 5.14
which indicate that China and Afghanista
makes its northern and northern-east boundar
district Ghizer lies towards its west, whilg
district Skardu and Diamer makes its southg
boundary. Geographical area of the district
21300 sqg. km. According to 1998 cen<!
population of the district was 0.24 million an Figure 5.14: Geographical Map of District Gilgit

population density 11 person per sq. Kvtaximum summer temperature is 33 whereas
the minimum goes down to 1&, while maximum winter temperature is 28 and a
minimum of -11°C.

Altogether 28 samples were collected from differgmiirces in the entire district during two

years 2004-06. Sources of these samples are giva@able 5.20, which shows that direct
surface water and water supply schemes (basedréacsuwvater) are the common sources
from where public fulfil their domestic water recements. Due to rugged topography and
rocky underground strata, exploring of ground wadedlifficult and therefore ground water

consumption for domestic purposes is not normallgractice in the district.

Table 5.20: Types of Water Sources and Number of Samples Collected from District Gilgit

(2004-06)
Source No. of samples Total No. of samples
2004-05 2005-06 2004-05 2005-06
Surface water 04 05
Spring 01 - 14 14
Water supply scheme 09 09

Analytical results of the samples are presente@aible 5.21 and graphical representation is
given in Figure 5.15, which exhibit that major caminants in the area are bacteriological
contamination, turbidity and color. Out of 14 saeglcollected during 2004-05, 57%
samples show objectionable colour, taste and titybidllowed by 7% samples having
potassium excess of permissible limit, while biatadly all the samples were found
contaminated (see annexure-06-a). In the followyegr (2005-06), the same 14 No. of
samples were collected, analytical results of whglow that, 29% samples have
objectionable colour and taste, followed by 50% pas having turbidity excess of
permissible limit, while biologically all the sangsl were found contaminated (see annexure-
06-b).
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Table 5.21: Water Quality Parameters Having Impermissible Values in Water Samples
Collected from District Gilgit (2004-06)

No. of unfit samples | No. of unfit samples
[\S|:)'_ Parameters out of total 15 out of total 1£|10 Percentage | Overall %age
(2004-05) (2005-06) 2004-05] 200506 200400
1 |Bact. Cont. 14 14 100 100 100
2 |Turbidity 8 7 57 50 54
3 |Color 8 4 57 29 43
4 |Taste 8 4 57 29 43
5 |Potassium 1 0 7 0 4
110 7
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Figure 5.15:; Percentage of Samples Having Impetibls&/alues in District Gilgit (2004-06)

Glacier and snow deposits are the principal sounE@gter in the district. Groundwater use
for domestic purpose is not common except in samelying settlements in Gilgit town,
where people draw water from shallow wells. Peapd@end mainly on their irrigation
channels for the supply of water for domestic comstion. Water from these channels is
stored in small pits, which is generally reserved drinking and cooking purposes. The
supply during winter is reduced due to minimal srawd glacier melt, which affect water
quality of stored water. In summer months, thewaiter is replenished more frequently, but
turbulent flow and frequent landslides in the distinduce high turbidity and muddy colour
into the water. It was also noted that the contation levels in the delivery systems were
comparatively lower during the winter season. Tihmpartant factor affecting the water
quality is the human and the animal activities e surrounding of the water delivery
system. Water pits also contribute to the contatiwnaprimarily due to inappropriate
location and lack of proper disposal of animal hothan waste especially in rainy season.
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Skardu

Skardu is the capital of Baltistan, lying ~t
longitude 75°38'24” E and latitud
35°17°31" N, is situated at an altitude «
2438 meters above sea level in the lap|
the great peaks of the Karakura g
mountain range. Geographical map of t ¢
district is given in Figure 5.16, whicl
indicates that it borders district Gilgit an
the Xinjiang autonomous region of Chir e
to the north and northwest respective Tndisn Occupied Kashmir
the district Ghanche to the east, the In*i=r
held Kashmir to the southeast, the dis Figure 5.16: Geographical Map of District Skardu
Diamer to the west.

Most of the area consists of rugged mountainshieer elevation remaining snow covered
throughout the year. Geographical area of theidiss 18000 sq. km. Climate of the district
during summer is moderate (maximum®°Zj due its high altitude mountain setting, which
also block monsoon. Winter temperature can dropl®°C. Population of the district,
according to the 1998 census, was 0.21 million@omllation density 12 persons per sq. km.
Satpara Tso, Katzura Tso, Phooq Tso are the impold&es of the district. Skardu is the
district where Indus River enters the NAs from lin@ian occupied Kashmir.

Water quality survey was conducted in 2004-05 ab@b206. Altogether 28 samples were
collected from various sources in the entire disttbources of these samples are given in
Table 5.26, which indicates that surface wateregithirectly or in the form supply schemes
are the principal sources of drinking water in ttestrict. Due to unavailability of
groundwater at shallow depth and of acceptableitguajroundwater consumption for
domestic purposes is not in practice in the distric

Table 5.22: Typesof Water Sources and Number of Samples Collected from District Skardu

Source No of samples Total No. of samples
2004-05 2005-06 2004-05 2005-06
Surface water 04 02
Water supply scheme 10 12 14 14

Analytical results of the samples are presentdtienTable 5.23 and graphical representation
is given in Figure 5.17, which exhibits that magmntaminants in the area are bacteria,
calcium, turbidity, taste and fluoride. Out of ldngles collected during 2004-05, it was
found that all of the sample were biologically aaninated, 64% samples were found having
turbidity excess of permissible limit, followed 0% samples having objectionable color,
14% samples show objectionable taste, while onegkawut of 14 found having fluoride
concentration beyond permissible level. On the al/&asis, one or more parameter(s) were
found falling in the range of non-acceptable gurdelalues, Annexure-07-a.
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Over the year 2005-06, 14 samples were collectetl0O014 samples, 86% were biologically
contaminated, followed by 28% samples having tutpiekcess of permissible limit. Each of
fluoride, taste and colour was found having conegioin beyond permissible limits only in 3
samples (21%), (annexure-07-a).

Table 5.23: Water Quality Parameters Found Having Values Beyond Permissible Limits in
Water Samples Collected from District Skardu (2004-06)

Sr. No. of unfit samples No. of unfit Overall
No.| Parameters out of total 14|1O samples out of Percentage Y%age

(2004-05) total 14 (2005-06) [ 2004-05 | 2005-06 | 2004-06

1 |Bact. Cont. 14 12 100 86 93
2 |Turbidity 9 4 64 28 46
3 |Color 7 3 50 21 36
4 |Taste 2 3 14 21 18
5 [Fluoride 1 3 7 21 14

Glacier and snow deposits are the principal sous€adl water in the district. People depend
mainly on their irrigation channels for the supplywater for domestic purpose. Water from
these channels is stored into small pits, whiaheiserally reserved for drinking and cooking
purposes. The supply during winter is reduced dumihimal snow and glacier melt, which
affects water quality of stored water. In summemths, the pit water is replenished more
frequently, but turbulent flow and frequent landsk in the district induce high turbidity and
muddy colour into the water. Water pits also cdntie to the contamination primarily due to
inappropriate location, improper protection, clegnand maintenance, and lack of proper
disposal of animal and human waste especially imyraeason. It was also noted that the
contamination levels in the delivery systems wevengaratively lower during the winter
season probably due to the environment less coweldoi bacterial growth. The important
factor affecting the water quality is the human #mel animal activities in the surrounding of
the water delivery system.
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Figure 5.17: Percentage of samples having impeiiblssalues in district Skardu
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Ghanche

Ghanche district is the easternmc
district of the Northern Areas o
Pakistan. Average altitude of th
district is 1454 m. Geographical
map of the district is given in
Figure 5.18, which indicates that t
its northeast is China, to the nori
and northwest is Skardu district, t
its west is Astore district and to it
south is the Indian held Sate
Jammu and Kashmir.

Indian occupied Kashmir

The line of control along the eastern most regiébnGbanche district cuts through the
Siachen Glacier. This is the coldest district witRiakistan with winter temperature reaching
below -20°C. Geographical area of the district is 9400 sq. Aotording to 1998 population
census, population of the district was 88366, iatiing population density of 9 person per sq.
km.

Agriculture production is based essentially orgaition, with water supply from the streams
and rivers that are fed by snow melt from areas Imgthe mountain ranges. The area falls
just outside the monsoon rainfall system, in aiglarain shadow area, and receives an
annual precipitation of 100 to 500 mm, mainly asverduring the winter months. The
average household has more than 6 members, 1$@&damland, of which 60% is suitable
for annual crops.

From Ghanche district, altogether 17 samples welteated during the two years, keeping in
view the source where most of the population corswater for drinking purpose. Sources
of these samples are given in the Table 5.24, winidicates that surface water directly or in
water supply schemes are common sources from widskc fulfil their domestic water
requirements.

Table 5.24: Types of Water Sources and Number of Samples Collected from District Ghanche

(2004-06)
% No. of samples Total No. of samples
uree 2004-05 2005-06 2004-05 2005-06
Surface water 6 4
Sprin 1 1
pring 08 09
Water supply scheme 1 3
Domestic tube well 0 1

Water quality results of the samples are presentdéble 5.25 and graphical representation
is given in Figure-5.19, which exhibit that majemtaminants in the area are bacteria, taste,
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colour and turbidity. Out of the 8 samples collécte the year 2004-05, none of the source
was found safe for drinking purpose. After procegshe analytical data it was found that all

the samples were found contaminated biologicallyrbidity was found beyond permissible

level in 50% samples while 25% samples were fousmny objectionable colour and taste

(annexure-10-a).

Processing and compilation of water quality datasamples collected during 2005-06,
revealed that all the samples were unfit for hummansumption. Out of 9 samples, 44%
samples had turbidity higher than the admissibigea11% (one sample) was found having
objectionable taste and muddy colour. All the saspvere found microbiologically
contaminated (annexure-10-b).

Table 5.25: Water Quality Parameters Found Having Values Beyond Permissible Limits in
Water Samples Collected from District Ghanche (2004-06)

No. of unfit No. of unfit
[\S|g_ Parameters samples out of samples out of FEMEIETE %X)ngi}l
total 8 (2004-05) | total 9 (2005-06) [ 2004-05 | 2005-06 | 2004-06
1 |[Bact. Cont. 8 9 100 100 100
2 |Turbidity 4 4 50 44 47
3 [Color 2 1 25 11 18
4 |Taste 2 1 25 11 18

Ground water exploitation is uncommon in the distdue to rocky strata and deep water
aquifer. Glaciers and seasonal snow deposits arprthcipal source of surface water in the
district. Snow melt and seasonal torrential ragutein land sliding and resultant increase in
turbidity of water. Normally water flows in openarmels and pipeline system is seldom laid.
Nearby inhabitants fetch water for domestic consiondrom the channel and activities like

washing are carried out along the channel bank. Dukack of proper drainage system,

wastewater as well as grey water from householdgestly drained into nearby small water

rills and ultimately to water channels, which contaate the water body. Therefore,

intruding wastes are the causes of high microbioklgontamination
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Figure 5.19: Percentage of Samples Having Impeiiblsd/alues in District Ghanche
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Diamer

Diamer district was divided into Diamer at
Astore districts in 2004. The Diamer distri
is bounded by Astore district in the ea
NWFP in the south / south west (separa
by Babusar Pass or Babusar Top), Ghi[™;
district in the north / northwest and Gilg
district in the north / north eas
Geographical map of the district is given
Figure 5.20. Diamer valley has a moder
climate during summer. In winter it receiv
snow up to 6 inches in the main valleys and

up to 5 feet on the mountains. Geograp! Figure 5.20: Geographical Map of District Diamer
area of the district is 142861 sq. km.

Total population of the district according to tH#98 population census was 0.2 million with
population density of 1.4 persons per sq. km -ltleest in the area. Water quality survey
was conducted during two years 2004-06; altoge®rsamples were collected from
different locations covering major residential a&reéthe district. Sources of the samples are
given in Table 5.26

Table 5.26: Types of Water Sources and Number of Samples Collected from District Diamer

(2004-06)
Source No. of samples Total No. of samples
2004-05 2005-06 2004-05 2005-06
Surface water 09 10
Spring - 01
Water supply scheme - 02 09 14
Domestic tube well - 01

In 2004-05 water samples were collected from 9tlona covering the major residential
areas of the district. Being a mountainous areaallces were surface water and altogether
all the sources were found biologically contamidate

Similarly in 2005-06, all the 14 sources were founatrobiologically contaminated, 50%
samples had turbidity values beyond permissiblatsinl4% samples showed excessive
fluoride value than the highest desirable and 7fbpsas were found having calcium beyond
permissible limits and objectionable color. Theonmhation regarding percentage of samples
contaminated beyond permissible limits of differavdter quality parameters are given in
Table 5.27, whereas water quality status of distfimmer is graphically represented in
Figure 5.21.
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Table 5.27: Water Quality Parameters Found Having Values Beyond Permissible Limits in
Water Samples Collected from District Diamer (2004-06)

. No. of unfit No. of unfit Overall
[\S|:3_ Parameters | samplesout of | samplesout of total Percentage %age 2004-
total 9 (2004-05) 14 (2005-06) 2004-05| 2005-06 06
1 |Bact. Cont. 09 14 100 100 100
2 |Calcium 0 1 0 7 4
3 |Fluoride 0 2 0 14 8
4 | Turbidity 0 7 0 50 30
5 |Color 0 1 0 7 4
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Figure 5.21: Percentage of Samples Having Impeiibles$/alues in District Diamer
Ghizer
District Ghizer lies at the longitude
73°45'29” E and latitude 36°10'36” N

Geographical map of the district is given
Figure 5.22, which shows that Ghize. . g~
district lies in north-west part of the
Northern Areas of Pakistan. It joins wit
Wakhan strip on its north-west and China
its north most corner. On its west, there
Chitral district of NWFP; and towards ea
is situated Gilgit. Diamer and district Swauw
of NWFP are on its south. Population of
district according to 1998 census was
million. Total geographical area of uie
district is 9635 sg. km. with population
density of 13 persons per sg. km

Figure 5.22: Geographical Map of District Ghizer
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Altogether sixteen water samples were collectechfemtire district during the years 2004-
06, sources of which are given in Table 5.28. kv&lent that surface water, either directly
or through water supply schemes, is the main soafceater consumption for domestic
requirements in the district.

Table 5.28: Types of Water Sources and Number of Samples Collected from District Ghizer

(2004-06)
Source No. of samples Total No. of samples
2004-05 2005-06 2004-05 2005-06
Surface water 3 3
Spring 1 1 08 08
Water supply scheme 4 4

In 2004-05 water samples were collected from 8tlona covering the major parts of the
district. Out of the 8 locations no source was fbsatisfactory for supplying potable and
safe drinking water as all were found biologicattyntaminated and 25% samples had high
turbidity compared to WHO guide line values (anmexi0-b). However in 2005-06 same
locations were re-sampled to ascertain the watalitgwf the area. Again all the samples
were found contaminated biologically, 14% sampleswsed turbidity beyond permissible
limit and objectionable colour and taste (annexi@e’). The information regarding
percentage of samples contaminated beyond permeisismits of different water quality
parameters are given in Table 5.29, whereas watatity status of district Ghizer is
graphically represented in Figure5.23.

Table 5.29: Water Quality Parameters Found Having Values Beyond Permissible Limits in
Water Samples Collected From District Ghizer (2004-06)

S . No. of unfit No. of unfit Per centage Overall
No.| Parameters |samplesout of total| samples out of 9 %age

8 (2004-05) total 8 (2005-06) | 2004-05| 2005-06 | 2004-06
1 [Bact. Cont. 8 8 100 100 100
2 |Turbidity 2 1 25 14 19
3 |Color 0 1 0 14 6
4 |Taste 0 1 0 14 6
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Figure 5.23: Percentage of Samples Having Impesiblis VValues in District Ghizer
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In the district Ghizer, water channels which brimgter for irrigation also serve for supply of
water for domestic purpose (Muneediaal. 1994). These channels are open and prone to
contamination with feces and wastewater from redidearea. In addition to that, clothes
and domestic utensils are also washed in the sdraenels. To overcome uncertain and
scare availability of water, pits are used for at@ of water. The storage in pits facilitates
removal of turbidity, but poor maintenance and wieg of pits seems promoting bacterial
contamination, the major cause of unsafe watdneratrea.

Overall Water Quality Situationsin NWFP and Northern Areas

Over the years 2004-06, altogether 367 water sampkre collected from five northern
districts of NWFP and the entire Northern Area$akistan. Out of 367 water samples, 186
were collected in 2004-05 and remaining 181 wemapéad in 2005-06. Type of water
source, number of samples taken thereof and pagermtre given in table 5.30 and 5.31 for
the years 2004-05 and 2005-06 respectively.

Table 5.30: Type of Sourceand Number of Samples Taken from All over the 10 Districts during

2004-05

Source Number of samples Percentage
Tube well 21 11
Domestic tube well 47 25
Tap (WSS) 47 25
Hand pump 02 1
Open well 01 1
Spring 27 15
Surface water 41 22

Total 186
Table 5.31: Type of Source and Number of Samples Taken from All over the 10 Districtsduring

2005-06

Source Number of samples Percentage
Tube well 29 16
Domestic tube well 41 23
Tap (WSS) 41 23
Hand pump 07 4
Open well 09 5
Spring 27 15
Surface water 27 15

Total 181

Overall situation regarding the type of water seurmumber of samples taken thereof during
the two years in the project area is presentealitet5.32 and graphical representation is
given in Figure 5.24, which exhibit that domestibé well and public water supply schemes
are the major sources of drinking water in the gebarea followed by surface water, springs
and tube wells.
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Table 5.32 Overall Types of Source and Number of Samples Taken from All Over 10 Districts

during 2004-06

Source Number of samples Percentage
Tube well 50 14
Domestic tube well 88 24
Tap (WSS) 88 24
Hand pump 9 2
Open well 10 3
Spring 54 15
Surface water 68 19

Total 367

Open well Hand pump

2%

Tube well
14%

Tap (WSS)
23%

Spring
15%

Domestic tube
well
24%

y —

Surface water
19%

Figure 5.24: Overall Percentage of Sources Samglathg 2004-06

Number and percentage of safe and unsafe watecesoeither biologically or chemically
are enumerated in table 5.33 which show the exasteh biological contamination in all the
10 districts together with summary of contaminants.
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Table5.33: Overall Water Quality Situation of 10 Districts and Causes of Contamination (2004-06)

Sr. | District Total Safesamples | Unsafe samples Major causes of
No. No. of No. | %age | No. %age contamination
samples
NWFP
Bacteriological, F, Ca
1 Mardan 87 18 21 69 79 twrbidity and NG
Bacteriological, turbidity, Ca,
2 Bunner 64 19 30 45 70 hardness and TDS
Bacteriological, Ca, turbidity
3 Swat 60 15 25 45 75 and NQ
4 Dir (L) 23 0 0 23 100 Efécterlologlcal Ca, iron an
3
. Bacteriological, turbidityf
5 Dir (U) 21 2 10 19 90 and NQ
Bacteriological, (Ca), N©
Sub Total 255 54 21 201 79 and turbidity
NORTHERN AREAS
1 Gilgit o8 0 0 o8 100 Bacteriological, turbidity,
taste and color
5 Skardu o8 5 0 26 93 Bacteriological, turblqny,
taste color and fluoride
3 Ghanche 17 0 0 17 100 Bacteriological turbidity,
taste and color
4 Diamer 23 0 0 23 100 Bactgrlologlcal, turbidity and
fluoride
Ghizer 16 0 0 16 100 Bacteriological and turlyidi
Bacteriological, turbidity and
Sub Total 112 2 2 110 98 fluoride
Grand Total %7 | 21| 12 |160| 88 zas‘t:;e”o'og'ca" turbidity ang

Data analysis has also exhibited the fact that feater quality parameters i.e. Bacteria,
Nitrate, Fluoride, and Turbidity are found more lgemmatic than the rest of the physico-
chemical parameters as presented graphically umdi§.25.

O Bacter.Cont. ®Turbidity D Color ®mTaste ® Fluoride

@ Bacter.Cont. M Nitrate O Calcium B Turbidity @ Hard. 100
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Mardan Buner Swat Dir (L) Dir (U) Gilgit Skardu Ghanche Diamar Ghizer
District District

Figure 5.25: %age of Unfit Water Samples againgfdbént Water Quality Parameters (2004-06)
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On the other hand highest percentage of unsaferwatgces was found in Dir (U), Dir
Lower, Gilgit, Ghanche, Diamer and Ghizer where enafi the source was found safe for
drinking purpose mostly due to bacteriological emmihation or chemical contaminations as
indicated in figure 5.26

| msafe  ©unsafe o o ‘ ' l

Mardan Buner Swat Dir (L) Dir (U) Gilgit Skardu Ghanche Biar Ghizer

Per centage

District

Figure 5.26: Overall Water Quality Situation in NWRnd Northern Areas (2004-06)

Summing up the complete information generated ftoism monitoring make us to conclude
that only 14 % out of 181 water sources were “Saf&l the rest of the 86 % were "Unsafe”
as shown below in figure 5.27. Parameter wise sumesaof contaminants in all the
surveyed districts are also given in tables 3.3d &85 for NWFP and Northern Areas
respectively.

Figure 5.27: Water Quality Status of NWFP and NerthAreas of Pakistan (2004-06)
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Table 5.34: Summary of Over All Water Samples Collected the Five Districts of NWFP and Status of Contaminants

Bacteria Turbidity Nitrate Fluoride Calcium TDS Hardness Chloride Sodium Unsafe
S Total Samples
No. | District [ No.of [ g of o | Noof | o | Noof | o | Noof [ | Noof | , | Noof |, | Noof | o | Noof | o | Noof [, [No of|,
Samples | it ° | unfit | unfit ° | unfit ° | unfit > | unfit > | unfit ° | unfit > | unfit ° | unfit 0
age age age age age age age age age age
samples samples samples samples samples samples samples samples samples samples
1 | Mardan 87 69 79 7 8 10 1 4 b 13 |5 2 2 1 1 1 15 76 87
2 | Bunner| 64 45 70 15 23 5 8 * * 11 171 3 5 S 8 - - 1 51 80
3 | Swat 60 45 75 6 10 11 18 * * 9 15 * 2 3 * * * * 49 82
4 | Dir (L) 23 23 100 4 30 * * 22 * * * * * * * * 23 100
5 | Dir (V) 21 19 90 5 24 33 * * 5 * * * * * * * * 21 100
Sub Total 255
Table 5.35: Summary of Over All Water Samples Collected from Entire Northern Areas and Status of Contaminants.
. L . . . . Unsafe
Bacteria Turbidity Nitrate Fluoride Calcium TDS Potassium Colour Taste
5 Total Samples
No. | District | No.of | Noof o | Noof | o | Noof | o | Noof | | Noof | | Noof | , | Noof | , | Noof | o | Noof | , | Noof |
Samples unfit y unfit y unfit y unfit y unfit y unfit y unfit y unfit y unfit y unfit y
age age age age age age age age age age
samples samples samples samples samples samples samples samples samples samples
1 | Gilgit 28 28 100 15 54 * * * * * * * * 4 12 43 12 43 28 100
2 | Skardu 28 26 93 13 46 * * 4 14 * o * * * 10 36 5 18 26 93
3 | Ghanche 17 17 10D 8 47 * i * * * * * * * * 3 18 3 18 17 100
4 | Diamer 23 23 10( 7 3( * * 2 8 1 4 * * * 1 4 * * 23 100
5 | Ghizer 16 16 100 3 19 * * * * * * * * * * 1 6 1 6 16 100
Sub Total 112
Grand Total 367
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CHAPTER-6

FINDINGS, CONCLUSIONS & RECOMMENDATIONS

6.4  Findings

The water sources in all the districts were seteftem where the people were getting
water mainly for drinking purpose. The water saragdte analysis were collected from
altogether 181 different water sources (locatiol®gsed on the survey, water quality
status of the project area and findings thereobaremarized as below:

1. Bacteriological contamination (83% of samples) dndbidity (20% of samples)
are major problems of the area followed by minaceetage of Nitrate (2%), and
Fluoride (1% of samples).

2. Bacteriological contamination in the water souroégroject area was lowest in
southern foothill plain district of Mardan where vtas 67% of samples, but
increased to 100% in mountainous districts of Dawker, Dir Upper, Gilgit,
Ghanche, Diamar and Ghizer.

3. After bacterial contamination, turbidity was thejaracontaminant both in NWFP
and Northern Areas. The range of samples havirlgjdity beyond permissible
limits in NWFP varied from 8% to 23%, whereas tlaene varied from 19% to
54% in Northern Areas.

4. Significant percentage of samples was found hagoigur and taste (6% to 43%
of samples) beyond admissible limits in Northerre#s. The highest percentage
was found in Gilgit. These parameters were founttivadmissible limits in all
the five surveyed districts of NWFP.

5. Nitrate contamination was found only in the fivestdct of NWFP where
percentage of samples contaminated with it wakdsgin Dir Upper (33%)
followed by Dir Lower (30%), Swat (18%), Mardanlfs) and Bunner (8%).
Nitrate contamination was not detected anywheiédrthern Areas.

6. Similar to Nitrates, calcium beyond admissible tsnwas found only in the
surveyed five districts of NWFP where its concamrawas found 22%, 17%,,
15%, 15% and 5% in Dir Lower, Bunner, Mardan, Sveaid Dir Upper
respectively.. The same was not found in Northerea8 except 45 samples of
Diamer.

7. In all the 10 districts, out of 181 water sourges water source was found having
arsenic beyond permissible limits.

8. In NWFP, Fluoride contamination was detected only8% samples of Mardan,
whereas in Northern Areas the same was found in da#¥ples of Skardu and 8%
samples of Diamer only.



9. The survey findings revealed that 80% to 100% watenrces were unsafe for
drinking purpose in NWFP and 93% to 100% were irrthern Areas. Major
problem in the entire surveyed area was microbiodgontamination resulting
from water pollution, turbidity due to use of suawater and poor sanitary and
hygienic conditions.

6.2 Conclusions;

1. Chemical water quality of the five northern mountais districts of NWF and
Northern Areas were found generally good.

2. Nitrate contamination was found in all the fivetdds of NWFP which seems to
be due to high relief of the area causing high fiymoore erosion of top soil
bringing with it agricultural fertilizers into swa€e water bodies, which still
remain a substantial source of potable water.

3. Colour and taste were found the problematic esthlepiarameters in the drinking
water sources of Northern Areas. The reason wasoodly the complete
dependence, one way or the other, on surface watgces in the entire Northern
Areas of Pakistan.

4. Biological contamination was the fundamental reasbrrendering the water
unsafe in almost all the mountainous districts 9¥fP and the entire Northern
Areas of Pakistan. That seems to be due to unpectewater sources, poor
cleanliness and hygienic conditions, poor waterdhag, poverty, low literacy
rate and lack of awareness.

6.3 Recommendations

Following recommendations are made based on theegurarried pertaining to the
project area, and experience gained thereof amd &arlier national level studies carried
out by PCRWR:

1. Chemical quality of water is quiet fit in most Eamf the surveyed area, but
almost all the water sources have become bioldgicantaminated due to
increased level of pollution, poor sanitary andibgg conditions, and improper
water handling. An intensive awareness campaign, rtiegrefore, be launched
especially in remote and poverty stricken areasyfiyove the situation.

2. Strict legislation and its implementation may beriea for protection of water
bodies and relevant agencies must be strengtheswdangly to improve the
water governance.

3. Water supply agencies should not restrict themselvenerely provision of water
but provision of safe water must be ensured. Fat water safety plan for each
water supply scheme or consumer source must beatkaind implemented.

4. In mountainous areas, water supply agencies reltiemselves to construction of
community water supply tanks or construction ofwah. Fetching supply from
the source remains the responsibility of consum@chvis carried out with poor



material and workmanship. The relevant agenciesildhensure the permission
for laying self managed service lines only with enetl of standard specifications
and workmanship for avoiding contamination duriransmission.

5. Small water supply schemes should be implement#d duie participation of the
consumers for ensuring after construction operatmaintenance and repair.
Water rations and water tariff of safe water be lenmgented to generate finance
for efficient operation and maintenance of the sobe

6. Comprehensive plans should be made and impleméntedet the human needs
of safe drinking water and to prevent the occureenicall water-borne and water
related diseases.

7. Protection of upstream surface water bodies magiben special emphasis as
contamination of upstream water bodies have widsgpr water quality
implications both for upstream and downstream comss.

8. Growing urbanization and resultant price hike obamr residential plots has
compelled the public for making best use of avédabrban land. That has
developed a culture of construction of basemenueSage facility is difficult for
basements and therefore ground sink wells for dislpaf sewage are constructed.
That is highly objectionable practice and must bebed to avoid contamination
of ground water.

9. Municipal as well as industrial waste must be dégubof after due treatment
according to the prevailing regulation.

10.Uncollected solid waste is major source of blockafesurface drains which
inundate the residential areas during heavy raimsto and results in
contamination of community water sources. Therefoodlection and proper
disposal of solid waste must be improved.

11.Basic health, environment and hygienic educatiorstniné a mandatory part of
curriculum especially at school level. That shoaldo include development of
local level water safety plan.

12.Rapidly expanding poultry farms along the river kevare a major threat to the
bacteriological contamination of water sources pstteam mountainous reaches
of surface water bodies, because in those areds atiwvities remain confined
only to the valleys falling along the river banksedto unavailability of other
easily accessible lands.

13.High erosion rate due to high relief and terracathing coupled with substantial
annual precipitation bring agricultural fertilizedswn to the surface water bodies.
Controlled and well managed application of feréhz is therefore required to be
practiced in such areas.

14.Sand filters for removing sand and silt particlesl appropriate treatment for
microbiological disinfection of surface water ditext, or pumped, for drinking
purpose may be introduced to improve the qualitywater consumed by the
community.



15.Improving the conveyance of water in the Kuhl (Omgs) system constructed for
supply of water for drinking purposes by avoidingtrg of sanitary and
agricultural effluents and other wastes may be rasu

16.Water quality monitoring should not remain respbitisy of only the supply
agencies, rather a third party monitoring and eatedn must be obligatory for
ensuring provision of safe drinking water.

17.Economical and simple technologies, such as theseloped by PCRWR, for
water purification at household level should bedduced on war footing. This
may initially be subsidized by the government.
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