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ABSTRACT

Increase i the incidence of water-borne diseases in Kabul city, compelled 1o assess the
drinking water quality mn the ¢y Kabul city s divided into seven zones based on water
distribution syslem according to Afghanistan Urban Water Supply and Sewerage Corporation
(AUWSSC) division During the study total 85 water samples were collected from three types
of drinking water sources {water slorage tanks distribution networks and deep wells) at
different locations and were assessed for physicochemical and bacterial quahty
Physicochemical analyses were performed according to the Standard Methods while bacterial
analysis was performed by using DelAgua stngle incubator test kit The results obtained were
compared with WHO and Afghamstan National Standard Agency {ANSA) standards for
drinking water quality The study showed that 36 5 °o samples contained higher elecirical
conducuvity (EC) than the permissible hmits set by WHO and ANSA Similarly, bactenal
analysis showed that 1176 % of water samples were contammnated with total coliform
bacteria whereas 4 7 % of drinking water samples contaminated with fecal coliform bacieria
Coliform contamination indicaies the miang of drinking water with the sewage water due to
old rusty pipes and seepage of contaminants to the ground water Regular monsioring and
treatment ot the drinking water betfore use 1s recommended o avold waterborne diseases
while long term policy related to provision of clean drinking water by the local and national

level government may be devised
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CHAPTER 1
INTRODUCTION

Water 15 the basic necessity for all human beings In holy Quran it 1s stated "we have
kept alive everything from water' About the 70 ®o of the carth surface 1s surrounded by
water The 2 8 %o of fresh water 1s available for human needs The other 97 2 %o of water 15
very salty 1n oceans to use for more purposes But the most of the Iresh water are frozen

(vimanefal,2010)

Water pollution has two main sources |- Pomnt sourees and 2- Non point sources The
sum of these point and non-point pollutants sources arc represent the load of total waste in the
water Also the water resources may polluted by the one or more than one following sources
I-Atomospheric dissolved gases 2- weathering of so1l and rock minerals 3- decomposition of
animal and vegetable matenals, and 4- Industrial ¢fMluents sewage and mumncipal wastes

{Agarwal, 2009)

WHO considers that drinking-water should be suuable for human consumption and
for all usual domestic purposes including personal hyvgiene (Bartram ef af 2003) Drinking
water 1s more crucial than food for human survival trersone has access to the some sources
of water. but that water 1s not always safe and clean to use But natural sources such as
streams and open wells contaminated by ammals and human wastes (black & King, 2009)
However water can to be harmful to ife 1he health of individuals, populations and atso
whole ecosystem can be threatened by chemical and physical hazards through changes n
water quality (the properties of freshwater resources) and water quantity (access 10
freshwater) 11 the quahty and quantity of water 1s msutficient 1t has y/mpact on health There
are five nfectious diseases associated to water [-water borne diseases 2- waler carried

disease 3- water wash diseases 4- water based diseases 5= veclor based water related discases

Charactenzation of drinking water qualin 1o kabul Citv Vghamstan Page 1 of 71



Chapler 1 [ntroduction

All these types have potential to cause linesses and dcath anyvw here around the world (Slack,

2014)

Indeed, treatment of water can remove the three types of contaminants In wasle water
(microbial. norganic and organic comaminants} Waste waier composed of two components,
one 15 soluble and other one 1s particulate The particulate component 1s named the total
suspended solids (TSS) Both these soluble and particulate {ractions are witl be compound of
orgamc and norganic materials Potable water has two major sources such as surface waters
{(rivers and lakes) and ground water Surface water trealment need many stages, because of
open to direct environmental mpul, ground water 1> comparatively safe and clean and 1ts

treatment need fewer steps (Horan, 2014)

Surface waters include dissolved and suspended norganic and organic substances The
difference between dissolved and suspended substances 1s based on filtration Soil particies
(clay, s1lt and sand), algae, plankton, microbes and olher substances are components of
suspended sediments Suspended sediments, sized from 0004 mm (clay) to | 0 mm (sand)
When there are more amounts of suspended sediments on water 1t has the hugher measure of
turbidity The measuring of hydrogen 1on concentration in water body 1s called pH the pH
scale range from | to 14 When have low value of pht yre more acidic and with hugh values
are more atkaline Total dissolved solids { TDS} can be determuned by the measurement of

electrical conductivity (EC) (Chapman vf af 2014)

Ground water makes up the crucial component ol the hydrological cycle and derved
from precipitation, surface runoff and standing water bodies Groundwater resources are -
Recharge and discharge to groundwater 1- Raintall recharge 1u- Groundwater-stream
Interactions and 1v- Groundwater management Groundwater 1s also used for public

uttlization and 1t has high quahty {West & Odhng 2014)

C haractenzation of drmking water gualiy 10 kabul Civ - Adghanistan Page 2 of 71



Chapier 1 Introduction

Indeed, exact management of water sources and access to drinking water may decrease
child deaths’ and may mcrease on age average Approximartely, access to improved water
may decrcase 36 % human death on 2025 compare lo 2004 mn Afghamstan The central
statistical office information showed that 16 % kochi people 20 ®o rural families and 58 %
urban families use drikable water 1n Afghanistan (NEPA 2012) In 2011 estimation showed
that 768 mullion people around the universe do not use improved sources of drinking water
By year late 2011, 89 % people have used unproved potable water sources, 55 % people
enjoyed from comforts and associated health benefits (W11O-UNICEF 2013) According to
Khaama Press, (2013) reported, that 73 % people of Alghamstan have not access to safe
drinking water, Almost 95 % have not access o sulficent hygiene Even 25 % people of

Kabul have direct access to potable water (Jawad 2013)

The most important city 1n the study area (s Kabul the largest city capital of the country
with the lmghest water necessity One of the priorities ol the government should be the water
supply Drinking water for this city should be provided in medium and long term from both
groundw ater and surface water (Lashkaripour & Hussaim 2008) Currently eshimation shows
that 30%% of the population use public shallow wells with hand pumps, 20% receive water

from distribution networks and 50% use private shallow wells (Banks 2002)

Kabul has never had a global water supply system but rather several local systems, fed
by largely independent sources The first water supply network of Kabul City was designed
and constructed more than a hundred years ago (1890s) and was Paghman Water Supply
Networkh Karez in the Paghman district was the source of water, located aboutl5 km away
from Kabul city Water flowed by gravitation through some 18 km of cast-ren pipe te Kabul
Citv This water was distributed to the Royal Palace and as well to the main government
buildings, houses and some streets of the city At the present time this nerwork 1s not

functioming It 15 estimated that some 50-60°0 ol the network has been damaged durning the

Characterization of drinking water qualiy i kabul (v Atghamstan Page 3 of 71



Chapter | Intreduction

past 20 year's war, especially during the post-Soviet «1vil war Most of the people use their
own private wells, which have formed the basis ot supphy for the majority population over the

past 20 years (Banks, 2002)

Afghamstan Mortality Survey (2010} showed thal 54 % families have access to safe
drninking water The 77 % of urban families have access to improved drinkable water and 1in
rural areas this %age 15 about 49 % Onlyv one-fitth (20 %) {amilies have improved ioilets
facilities (APHI. 2010) Polluted warter cause many discases 1he eshmation showed that 26 4
% of Afghamistan children had diarrhea The 629 °o of the population used improved
drinkable water sources (Varhey ef o/, 2015) Some world health orgamization mvestigators
accepted that 80 % sources of human’s discases are polluted waier or transmitted by polluted

water Therefore we musi avold water contamination and 1ts useless use (Royan, 2014)

Kabul city has the highest diarrheal widespread rates about 34 %o Drarrheal diseases are
transmitied by polluted water soil and tood which have been polluted by human’'s
excrements There 1s no system for waste disposal in Kabul Kabul residents utilize 33 %
water from dnll wells for drinking and other purposes The winter of 2005 was lengthy and
had a heavy snow and recorded on the Hindu Kush 1n decades The result was floods and
sewage mined with spring water runofl 1ts” coptaminated the water table of Kabul and
around the country (Kahar ¢/ a/, 2008) An avoiding integrated managememt with
collaboration of all relevant agencies 1s the preterred approach to nsuring drinking water

safety (WHO 2004)

Characterization of drinking water quahiy m Kabul (v \fghanistan Page 4 0f 71



Chapier 1 Iniroduction

Objectives

» Assessment of phisicochemical charactenstics of drinking water sources 1n
Kabul cirs

» Assessment of bactenal contamnation (Total colitorm and Fecal cohtorm) in
drinking water samples

» To provide a document and intormation to the policy makers for future

management of drinking water sources in Kabul

Significance of the study

Access 10 safe drinking water 1s a fundamental nght [n this regard this study will help
n bringyng awareness among the masses as well as government otficials about the drinking

water qualiiy 10 the cny and will be able to devise proper policy and measures for its

treatment and provision of clean water to the inhabitants ol Kabul uity

C haractenization of dombang watar qualis i Kabul Cas o stghanisban Page Sot 71
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Figure 1{a.b.c) Some leakages in karta-e-Naw and Pul-e-khoshh areas

Page 6 of 71
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CHAPTER 2
LITERATURE REVIEW

Ahmed er al, (2015) mvestigated some physicochemical and bactenal characteristics of

drinking water and us potential health impacts in academic nstitutions of Abbottabad,
Pahistan According to their assessment 63 5 ®o ol the samples were beyond the permissible
himits of WHO standards for drinking water Cohtorms were found n 66 6 % of total water

samples and suggesied proper monitoring and purnification of the water

Oladipo & Adeboye (2015) performed physicochemical and bactenal analysis of well
water used for dnnking and domestic purposes in Ogbomosho Nigenia They analyzed the
water for turbidity, pH total hardness 1DS 1SS chlonde contents. biological oxygen
demand (BOD) and chemical oxygen demand (COD) as well as total bacteral counts The

result showed that the water were contammated and needed treatment belore use

Matre & Zodpe (2014) assessed the bacterial and physicochemical parameters of
drinking water in Akola district India Some physicochemical parameters such as color odor,
pH TDS. turbidity, hardness. pH, alkalimty  fluorides 1rons and nitrate were studied by
following Standard Methods Samples from hand pumps tap water bore wells tube wells
and open wells were collected According 1o their [indings the water was contamnated and

needed treatment before use

Damish & Rajesh (2013) studied some physicochemical characteristics of drinking water
sources 1n the Amravati district of, India Physicochemical parameters determined such as
pH EC, total hardness. temporary hardness BOD (O calcium magnesium and alkalinity
The bottles were treated with dilute muneral acid solutions lor two days before sampling

Most of the parameters were found 1n excess of the allowed limits

Digha & Ekanem (2015) assessed the water quality and effects of population density on

water i Calabar Municipality Cross River State Nigeria | he samples were collected from

Characterizanion of dnnking water guality in kabul Cits - Adgharustan Page 7 of 71



Chapter 2 Liermurc Review

06 boreholes and nvestigated color. turbidity HC and temperature, calcium, magnesium
potassium, sodium. fotal hardness nitrate nitnte sulphate  florid chlonde ammonium,
manganese, iron, lead, copper and zinc in the water [he siudy showed that groundwater was
suitable for 1rigation but water samples collected around Ldiba. Essien 1own, Ikot Omin and

Ikot 1ffanga were not suitable for drinking purposcs

Olukems (2013) analyzed the effect of Moringa oliefera seeds on bactenal quality and
physicochemical characteristics of drinking water in rural commumnities of Ondo southwesiern
of Nigeria and used the pour plate techmique o conclude the existence of bactenal pathogens
In this study analyzed some physicochemical patierns such as odor color temperature pH.
turbidity, chlonde and nitrate  From various streams  at different locations 1n rural
communities samples were collected within the three local government areas {lle OluyOke
lgbo, Odigbo and Ondo East) i the State In these rural communities the mamn sources of

drinking water were these streams The study showed that the water had low qualty

Babatuyi ef al , (2014), examined the bacterial and physicochemical analysis of Ochaja
natural spring water Water samples were collected in sterthized bottles The senal dilution
and plaung on Nutrient Agar (NA) detenmined the total viable count of bactena For
determination of total and fecal colitorm they used pour plate and spread plate methods The
total viable orgamisms and fecal coliform range was trom 2 3,103 cfu/ml and 125103
cfwml The fecal coliform and total wiable counts were no consequential distinguish
(P<0 05} There was low level of turbidity and mitrate also had the high level of phosphorus
The findings of the physicochemical characlerisbics were within the sansfactory himit of
WHO

Onojah ef al (2013) investigated physicochemical und bactenal assay of sachet water
samples marketed in Kogy state of University Compound Amyigba For thus study they used

sachet water samples and these samples were collected from five different sources in 100 ml

Charactenizanon of drimking water quabits n kabul Oty Atghamistan Page 80l 71
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amount stertlized plastic disposable bottles Bacterial examination of samples revealed the
presence of pathogens such as yeast. color odor taste b coli, Bacillus species etc
Chemical analysis revealed the presence of metals ranging from Pb. ke and Cr The study

showed that the water was not suitable for drinking

Sabae er al (2014) analyzed the seasonal and regional vanation of physicochemical and
bacterial parameters of surface water in El-Bahr Ll-Pherony Menoufia Egypt 28 samples
were collected for analysis during January -September 2013 Physicochemical parameters (¢
pH temperature, dissolved oxygen (DO) turbidity and BOD as well as total coliform, E-col
Fecal coliform. Fecal Streptococct (FS) and some pathogenic bacteria were analyzed For
bacterial analysis spread plate method was used [he result showed sewage poliution and

suggested regular monitoring for bacterial comamination of the water

Naji ef af {2011) analyzed the physicochemical and bacterial parameters of drmhing
water collected samples in Hilla Cuy Irag They collected water samples for bactenal
analysis according to APHA (1998) and using stenle borosilicate glass bottles tor water
sampling They used various culture media for isolation of bacteria such as Mac Conkey agar
(Hi-media) for cohform count, nutrient agar (Owide) tor total aerobic bacterial coumt and

bram-heart infusion agar (Hi-medsa) for fecal streptococis count

Hamid er @l (2013) mvestigated the intensive report of total analyses of drinking water
in Lahore, Pakistan  Investigations conducted by collected water samples from tube wells
and taps water from various locations/towns of [ ahore In this study some physicochemical
parameters of water were analyzed such pH temperatre color odor turbidny, TSS total
hardness, TDS, EC. chloride, fluondes nitrates arsenic and lead and from this assessment
curried out that physicochemical properties of drinking water arc appropriaie 10 the WHO

stanidard for drinking water 1n Pakistan

C haractenization of drmking water qualis 1n Kabul Cis A lghanistan Page 90l 71
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Diya'uddeen ef af (2014) assessed the physicochemical and bacterial quality of niver
Galma around Dakace industrial Estate, Zaria of Nigeria They used plastic bottles for water
samphng and those bottles were prewashed tor microbwlogical analysis they used spread
plate method Temperature and pH was determined on in situ Assessment showed that the
water 1s not sultable for agriculture and domestic use without some physical and chemical
purification Because of the total coliform and tetal heterotrophic bactenia (THB) crossed the
WHQ standard of drinking water In this analysis samples collected from four locations

during four months

Chrysanthus, {(2014) analyzed the bacterial quahty of aliernative water sources mn
Bambuwi and Bambili residential areas north-west region Cameroon In this analysis
estimated the bacterial quahty of spring water and well water sources, because this water
sources fulfill therr daily needs for water 8 water samples were randomly collected for thus
analysis n sterilized bottles and the samples were transported at 4°C in 1ce container In this
assessment multiple tube fermentation technique was used 1herefore they need pure water
and free of microbes and other orgamisms which are harmful 10 human beings This study
exhibited that 95 % well water samples have the Tow value of microbiological quahity and «t

does not match to the WHO standard for drinking water

Pavendan er a/ (2011) assessed the physicochemical and microbial properties of
drinhing water from different water sources ot Truchurappalh district of south India The
index. for healthy society ts water quality lhere are some factors that quantitatively and
quahtatively influence water resources such as Industnalization. modern agnculture
practices, and urbanizaion 60 water samples trom three different sources such as (bore
wells, open wells and corporation water o the study area) were collected The assessment
showed that open wells water 15 very contaminated and had the high value of total dissolved

solids, total hardness and total alkalinity 1he fluoride presence (n bore wells' water crossed

Charactensdtion of drinking water qualiy in kabub City - Atghanistan Page 10 of 71



Chapter 2 Literature Review

the WHO limit for dninking water, recorded the microbal contamination up to 12 %o of bore

wells, 11 | % of open wells and 6 3 % of corporation w ater samples

Alfa & Ajayr (2014) analyzed spring water of Osan-Ehit Nigena for knowing s
physicochemical and bactenal charactenisiies this analysis performed on five collected
samples of spring water from several sites Stenlized bottles were used for water sampling
pH and EC were measured with the help of conductivits meter From hygienic point ol view
the result of this study showed that spring water havc the trend to cause diseases and spring

water 1s not suitable for human used

Al-Bayatti ¢f al , (2012) studied the physicochemical and bacienal parameters of Tigns
River which 1s near to waler punification stations in Baghdad Irag The water samples for
baclerial analvsis were collected 1n 250 ml stenlized glass bouiles and for physicochemical
analysis collection of water samples were done with | hiter glass bottles They analyzed
some physicochemical characteristics such as pH twemperature EC, DO, TDS, BOD and
salimty total cohiform, fecal cohform, E coli and Pscudomonas acruginosa) were analyzed
as well The result curnied out from this study showed that counts of Total Coliform and E
coli are over the WHO permissible imut in all statons and at all seasons Therefore must try

to avoid contaminants discharged into Thgris River

Roohul-Amin ef al (2012) assessed microbial properties of the drinking water and water
distribution system 1 new urban Peshawar Samples were collected from 10 dillerent places
The physicochemical parameters such as (pH ¢ turbidity and TSS) and bactenal
parameters such as (Total & fecal cohform and | woll) were assessed mn this study Total
coliform bactena was analyzed by Most Probable Number (MPN) methed, fecal coliform
was done by noculation methed, E colt was determined by streaking method The chemicals
and microbes are the severe problem to the environment | stimation showed that 70 % rural

population of Pakistan have no access 1o clean potable water and 10-60 % of urban people

Characterization of dnnking water gualiny sn Kabul Cits Atghamstan Page 11 of 71
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have access lo clean water for drinking Almost there 1s not cxist the filtration system belore

distnibution of water, and they crossed the W110) standard of drinking water

Omoigberale er al , (2013) has studied the seasonal varation n bacterial quahty of
Ebutte River in ehor commumty EDO state Nigeria In this study they used the basic
microbiotogical techmque 30 samples trom 3 different locations were collected monthly
during s1x months in ramny seasons Pour platc method was used for Iotal coliform bactena
analysis, Fecal coliform bacteria analyzed swith most probable number (MPN) method Study
showed that the major sources of water pollution are ammal, human and agricultural

activities The result showed that Ebutte river water 1s not appropnate directly for human use,

because 1t cause a many diseases (o human health

Saxena ef of . (2011) analyzed the water qualiy under different environmental condition
and 1ts physicochemical and bactenial parameters in Ahmedabad, Gu)arat India Such as pH,
COD BOD TDS and DO The study also conducted to assess the changes in imtial
characteristics 1n the water samples over a sigmficant period of time, under several
environmental conditions composed unusual materials. study showed that several
environmental condtions such as sunlight causes the climmation of microbes from water due

o photo-degradation process

Obloye & Adiele (2014) carried out from physicuchemucal and bacterial study of ground
water of Ezinthitte Mbaise local government arca of Imo state, Nigena, water samples from
cleven boreholes of vanous fowns were collected For determination of heavy metals the
samples preserved by adding 5 mL HNO3, to prevent from adhering metals to the walls of
contamners Water samples were collected in 2 litter prewashed polvethylene containers
Several standard methods were used for the analvsis of gravimetric method for TDS total
alkalimity by polentiometric titration, total acidity by potentiometric luration. and total

hardness (TH). calcium and magnesium were analysed with EDTA utrations method

Charactenization of drinking water qualily 10 Kabul Cine Alghamstan Page 12 of 71
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Chloride was determined by Mohr's Argent-o-metric method nitrate was analyzed by
cadmium reduction method sulfate was determined by turbid-metric method and phosphate
was analvzed by reactine (ortho) phosphate ascorbic acid method Trace metals such
asicadmium chromwm copper 1ron mchkel lead and zine) determined using atomc
absorption spectrophotometer (AAS) At eight boreholes water was imparred by growth of

bacteria the study showed that water must boiled betore drmhing

I™NICEF esumated that only 12 6 of Afghan population have access to sanitation and 23
®, have access to improved drinking water (Rahim: 20110 Water i~ one ol the biggest
concerns comparing to the samtation at the same level because the groundwater 1able 15
reduced due to drought Few houses covered by connected water supply sustem  estimated
that about 16 °s of people have access ta water supply system The main sources ot water are
Jhallow wells but the biological quality 1s detenorated by waslewater hecause of no care o

avold miiltration

Figure 2 | evel of vulnerabihity to water access per mumicipaliny N ahia (distnet) of kabul ain

Source (ACFE 20061

¢ haracterzation of dronkog watee quahins i kabal i Aghanstan Page 13 ol 71



Chapier 2 Litcrature Reyview

Around half of the farmilies i Kabul used water trom piped sources and about 72 7 %
15 no drnking water treatment Most of the households (88 1%0) used open ground toilets
(Aluisto ef al , 2015) Ministry of public health reported 3 245 cases of acute water) diarrhea
in Kabul city alone from 25 May to 16 June 2005 Analysis of 228 water samples from
different locations of Kabul city showed that 28 5 of the samples were positive for fecal
coliforms (MPH 2008) As survey has shown that kabul city has the highest diarrheal
prevalence rate among six major urban areas Approximately 40 % of Afghan population has
access (0 clean potable water (Kakar et al 2008} About 500 000 people of Kabul found

access to an improved and newly installed water supply

DACAAR groundwater monitoring program operated the national groundwater
momtoring wells (GMWs) network of [20 stanons in 19 provinces of Afghamstan 11
GMW's network stations out of the 120 were in Kabul prosince In this study water level and
some physicochemical parameters such as pH lemperature and EC were measured They
determined bactenal parameters using photometer (8000} during every siv months Analysis
of drinking water points of Kabul Basin showed that only in 18 36% samples EC values were

higher than the WHO Limit of 1500 pS cm (Saffi 2011}

Assessment and mitigation of water related emvironmental health impacts 1n the Bagram
district of Kabul province has been done by 39 collected samples from five various locations
In vear 2003, 21 out of 37 villages had cholera u showed ®eage of 62 °% And n year 2006,
26 out of 37 villages had an outbreak of cholera it showed ®oage of 70 % This indicates thal
cholera outbreaks were widespread 1n Bagrami district 1he results showed that 56 5% water

samples contained high level of £ coh. indicating tecal contamination { Ahmadi, 2008)
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2.1. WATER QUALITY

Water quality includes the condition of water and s physicochemical and bactenal
characteristics, usually with 1ts suwitability fer a partucular purpose such as (drinking and
swimmmg) Some substances like pesticides or tertthzer atfect water quality and have ability
to negatively affect marine life when exist in certain amount Essential components of good
water quality are dissolved salts and minerals which they assist maintan the health and
liveliness of the organisms that depend on this ecosystem service (Genevieve & James,

2008)

The primary concern for developing countnies 15 microbiological contamnation of water
The major challenges for developing countries are inadequate water supply The result of
joint momnutoring program (JMP), which was implemented by WHO and UNICEF, reported
that all over the world 783 mullion people have not access to mmproved dninking water
Approximalely 187 million people utilize surface water tor drinking purposes (Sorhin e/ al
2013) Access to improved drinking water 15 crucial as a health and development 1ssuc at the
national, regional and local level (WHO, 2004) | or minimization of waterborne diseases and
to deal with all aspects of water qualny challenges, 1t 1s necessary to focus on water quality

management {Krenkel, 2012)

2.2. PHYSICOCHEMICAL CHARACTERISTICS OF WATER

Some important physicochemical parameters of drinking water qualuy are, color, odor,
pH temperature. turbidity and EC These characteristics and their impacts on water quality

are discussed below

22.1 Color

Whenever drinking water has color. 1t means suspended matters are present in Theretore

the more suspended matter in water the greater 1» the color In unusual conditions however,
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naturally color can anse from the presence of collowdal [ron Manganese in water {Sabo &
Christopher, 2014) Drinking-water must be colorless | or the purposes of careful observation
of community water supplies, 1t 15 simply usetul 10 note the presence or absence of seeable
color at the time of sampling Indeed. further mspecnion 1~ needed when changes occur in the
color of water and the appearance of new color (W HO 1997) Corrosion of copper plumbing
is caused green or blue water Certain metals such as lead or copper that can get into drinking
water {rom corrosion may cause a health problem Manganese in the water and sediments in
the pipes usually cause black and dark brown water Manganesc does not cause a threat to
health of human bemngs lron rust usually poses Brown red orange or vellow water The
main source of rusty water 15 galvanized ron cast or stez] ron pipes 1n home or business
Milky white or cloudy waler often caused by vers small air bubbles and 1t has not a human

health threat {US Fact Sheet, 2011}
222 Odor

The presence of organic substances n wdler may cause odor in water Increased
biological acuvity may cause some odors while others are indicative of tndustrial pollution
(WHO. 1997) Petroleum, gaseline, wrpentinc fuel or solsent odors are unusual but can be
potentially serious Occurring of hydrogen sulfide in water supply can cause sulfur or rotten
egg odor Adding chlorine to the water in plumbing sy~tem may cause the chlorine, chemical,
or medicinal taste or odors. commenkhy 1t 1s not an immediate health threat (US Fact Sheet,

2011)
223 pH

pH 1s one of the most important chemical factors of dninking water which determine the

suitability of water for different purposes including tovicity 1o ammals and plants
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(Venkatesharaju er af , 2010) The negatine common logarithm of the hydrogen on activity 1s

named the pH of solution pH = -log (H )

If the relative proportion of hydroxy| 1ons 1s greater than the hydrogen ions then the
water 15 basic while 1f hydrogen 10ons are dominant then the water 1s acidic (Genevieve &
James, 2008) The palaability of water can be aftected by highest degree of pH but the
corrosive effect on distribution systems 1s a more immediate problem (EPA 2001) The pH
of water 15 usually altered by soil before getting ino the stream It can be measured by using

pH meters, standard dyes or paper pH indicator strips {Singer ef al 2012)
2.24 Temperature

One of the most mportam physical paramecters of water 1n aquatic environment 1s
temperature, since 1 regulates bactenial and physicochemical activinies (Khan er al 2012)
Temperature determines the level of DO and bactenal activity 1n water (Ukpong & Peter
2012) It 1s mfluencing freshwater ccosyslems and managemem measures  spatial and

temporal distribution of organisms (Masood ef «f 2013)

Living organisms can be affected by changes in temperature Vanations 1In
temperature can cause changes to some of the hey components of water (form or their
concentration) (EPA. 2001) In aquauc emvironment one of the limiting factors 1s
temperature The organisms can be stressed and die when water temperature 1s outside the
range for long while The amount of oxygen which water can hold can be affected by
temperature Cold water has more ability 1o holds more oxygen than warm water and oxygen
IS necessary (o survive aquatic amimals [he rale ot photosynthesis reproduction and
metabolic activities can be affected by temperature A charactenistic annual cycle, with hagher
values during the summer (dry season) and lower values in the winter (rainy season) has

shown by water temperature (Omaka ef o/ 2014)
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2.25 Turbidity

Particulates 1n water cause turbidity Measurcment unit of turbidity 15 NTUs
(nephelometric turbidity umits) or sometimes 1s J1Us (Jackson turbidity units) (Satterfield,
2006) Measurement of cloudmess or murhiness of water through suspended particles 15
called turbidity Surface water and shallow wells sources of water have the high turbidity
QOrganic particles such as decomposed plant and animal matter and morganic particles such as
(s1lt, clay and natural chemical compounds Iike calcium carbonate ¢lc ) are the matn sources
to cause turbidity It 1s possible that turbidity can range Irom less than 1 NTU to more than
1000 NTU Water of 5 NTU, 15 visibly cloudy and wiil be murky with 25 NTU Drinking
turbid water can be msky for population especially risky tor people with compromised
ymmune systems ncluding people who have organs transplam cancer and are taking
chemotherapy or radiation therapy and HIV or AIDS (MWSMH 2011) To momitor the
effects of turbidity within local watersheds recommended that the correlation between
suspended sediment and NTUs be exammed by the range ol discharge recordings, 1o examine

local effects this be used as a baseline (Henley er !l 2000)

226 Electrical conductivity (EC)

The measurement of water capacity with which electrical current can pass 1s called EC It
can be measured accurately in the field using a portable conductivity meter The number of
1ons 1n solution can increase EC (Moore et a/  2008) Measurement of EC of surface water 1s
preferred 1o perform n situ, and for ground water s preferred down-hole or flow-through-
chamber measurements Transportation of wells water sample to land surface can change its

temperature and affect water EC (Radthe ef af  2005)

Different waters ke ground water, water drained from agncultural fields, municipal

waste water and rain water will have differens EC  Theretore groundwater seepage can be
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determmed by EC (CWT, 2004) The measuring unit for EC (s micro or mull

Siemens/centmeter (pS/cm or mS/cm)

2.3. BACTERIAL CHARACTERISTICS OF WATER

The water quahty charactenstics also depend on the presence of different
microorganisms 1 drninking water The main categories mclude cohform group 1otal
coliform and fecal coliform These microorgamsms and their impact on water qualty are

discussed below
2.3.1 Coliform

Large groups of various types of bacteria from the same farmily mcluding 10 coliform
bacteria Mosl of these bacteria are finding 1n soils surface water and vegetation Some
coliform bacteria resull from fecal sources Most colijorm bactena are harmless 10 humans,
but some of them can cause mild tllnesses and a few coliform bactena can cause serious

waterborne diseases (Saha er af , 2011)

Most of coliform bacteria do not cause illnesses However, m water testing these bacteria
are used as indicator, because their presence determines disease causing pathogens There is

some discase causing organisms or pathogens thal can present In w ater

* Bactena, that could cause diarrhea and yomiting
» Prolozoa, could cause dysentery
»  Vjruses that could case Poho and hepatitis

* Helminthes (tapeworm and roundworm) which could cause chromc diarrhea

For determmation of all disease leading organisms or pathogens in drinking water 1s
complex, time consuming and expensive (NCDHHH 2009) Whenever water contain of
coliform bacteria, water 1s not suitable for drinking purposes As a precautionary measure,

when extra festing confirms the safety of the water or advised by the authorinies, botling of

Characterization of drinking water qualine i Kabul Qi vighanistan Page 19 0f 71



Chapter 2 Literature Review

waler should be conducted, at a rolling boil for one minute before its consumplion
Reduction or elmination of bacteria and other harmful diseases causing microorganisms can
be performed, from water by disinfection and distsllabon In some cases addiion 1o
disinfection, filtration will be required (GoS 2008) There are three groups of coliform

bacteria (Total coliform, fecal coliform and b coli) Fach has a various level of risks
232 Total cohiform

Total cohlorm are common 1t the environment ¢(~o1l or vegetation) and are generally
harmiess If detect only 101al cobform bacteria in drinking water in the lab the source 15
probably environmental and fecal contaminauon 1s unlikely However when environmemal
contamination could te enter the system, pathogens can pet m also It 1s important to find and

determine the source of the contamination { WSDH 201 1}

Total coliform bactena are determiers and commonly casy to grow A margin of safety
has been provided by their testing When there are coliforms pathogens may not be present
but 1n some cases 1t 15 wise to look for problems ([revens, 2009) The main source of

pathogens n drinking water 1s due to contamination from human or animal waste

s unsuitably treated septic and sewage discharges
= Leaching of amimal manure

= Storm water runofl

= Domestic animals or wildlife

For Drinking Water maximum acceptable concentration = no total coliform or E coh

should be detected after test for every 100 ml ol dninking water sample

233 Fecal coliform

The subgroup of total coliform bacteria 1S fecal coliform bacteria They exast 1n the

intestines and excrement of human and animals Indeed the presence of fecal coliform often

Page 20 0f 71
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CHAPTER 3
MATERIALS AND METHODS

3.1 STUDY AREA

Kabul, a historical city 1s located n the admimistrauve province of Kabul 1s also the
capital of Afgharustan It is situated on the banks of kabul River at 34° 37 North 69° 10’
East with an alutude of 1800 meters This cleration makes 1t one of the highest capnal cities
m the world The area of Kabul city 15 3.4 km {CSOA. 2013) Kabu! in Afghamstan
occupies a landlocked territory [t 1s surrounded by lofiy mountains, in the east by Koh-e-
Paghman mountain range, 1n the west by (he Koh-e-Qrough mountain ranges, while trom
north-castern side by Koh-e-Shirdarwaza Mountains Kabul occupies a central and strategic

location at a crucial juncture where the east-west and north-south trade routes are intersecting
(Figure 3)

Kabul eity has 22 municipality distnicts or Nahia Kabul ¢ity has been divided o 7
water distnbutary zones (zone 1,2, 3,4, 5 6 and 7) by AUWSSC Water supply system of
Kabul city has three main water supply projects (Afshar project Logar project and Alaudin
project) Afghanistan population reported 1n 2015 was 325 million ot which almost 10 %
(3 6 mllion) hives 1n Kabul and makes 1t the only city n Afghamistan with more than |

mtlhon populations (WPR, 2015)
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water should be conducted. at a rolling boil for one minute before ts consumplion
Reduction or eiimination of bacteria and other harmful diseases causing microorganisms ¢an
be performed from water by disinfection and disullation In some cases addimion to
disinfection, filtration will be required (GoS 2008) There are three groups of coliform

bacteria (Total cohform, fecal coliform and F coln | ach has a various level of rishs
2.3.2 Total coliform

Total coliform are common in the envitonment (so1l or vegetation) and are generally
harmless [If detect only total coliform bacteria in drinking water in the lab the source 1s
probably environmental and fecal contamination 15 unbikely However when environmental
contamination could to enter the system pathogens can get in also 1t 1s important to find and

determine the source of the contamination ( WSDH 2011)

Total coliform bactena are determmers and commonly easy o grow A margin of safety
has been provided by their tesung When there are coltforms pathogens may not be present,
but 1 some cases It 15 wise (o look for probiems (1rexens 2009) The main source of

pathogens in drinking water 1s due (o contamination from human or animal waste

unsuitably treated seplic and sewage discharges

Leaching of animal manure
s Storm water runoff

»  Domestic animals or wildhfe

For Drinking Water maximum acceptable concentration = no 1otal coliform or E col

should be detected afier test for every 100 ml of drinking water sample

233 Fecal coliform

The subgroup of total coliform bacteria s fecal coliform bacternia They exist in the

intestines and excrement of human and arumals Indeed the presence of fecal coliform often
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pomnt out the recent fecal contamination in a drinking water sample It means, when

pathogens are exist there 1s a greater rish (WSDI| 2011)

Fecal coliforms bacteria usually found n the put of ammals Whenever determine fecal
coliform n water. 1 means that water contamination 1s resulled from sewage effluent
(Treyens, 2009} Many fecal coliform bacteria are unharmed, but some of them can cause

mild fo senous sickness (Saha et al , 2011)
234 Escherichia coh

E coliis a subgroup of the fecal coliform bacterta Many b coli bactersa are unharmed
and Live 1n the intestines of human and warm-blooded animals However, some strams can
cause sickness Recently, fecal contamination has been determined by presence of E coli in

drinking warer It means there 1s a greater risk that pathogens are present (WSDH, 2011)

E col 1s an abbreviation form of Escherichia coli o genus of bactena The reahty 18 that
its” ongmnates only in warm-blooded arumals makes | ol a betier determuner than total
coliform of the potenual for human sicknesses Therelore for both total coliform and E coli
the common relative nexpensive test for bacteria will has been shown the result (Saha ef al .

2011)
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MATERIALS AND METHODS

3.1 STUDY AREA

Kabul, a mstorical city 1s located in the administrative province of Kabul 1s also the
capital of Afgharustan It 1s situated on the banks of Kabul River at 34° 32 North 69° 1¢'
East with an alhtude of 1800 meters This elevation makes it one of the highest capital cittes
n the world The area of Kabul city 15 349 km (CSOA 2013) Kabul in Afghanistan
occupies a landlocked ternitory It 1s surrounded by loity mountains in the east by Koh-e-
Paghman mountain range, in the west by the hoh-c-Qrough mountan ranges, while from
north-eastern side by Koh-e-Shirdarwaza Mountains kabul occupies a central and strategic
location at a crucial juncture where the easi-west and north-south trade routes are mtersecting

{Figure 3)

Kabul city has 22 mumicipality districts or Nahia Kabul city has been divided mto 7
water distributary zones (zone 1.2, 3,4 5 6 und 7) by AUWSSC Water supply system of
Kabul city has three main water supply projects (Atshar project Logar project and Alaudin
project) Afghamistan population reported m 2015 was 32 5 milhon of which almost 10 %
(3 6 million) hves 1in Kabul and makes 1t the onls ity in Atghamstan with more than |

million populations (WPR 2015)
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3.2 WATER SAMPLING

Water sampling was carmied out from Oclober 10 December 2015 and subject to
physicochemical and bacterial analysis [he expenmental protocol included both chemical

and bacterial analysis of water samples collected Irom three tvpes of sources (Figure 4)

For drinking water samples collection total 10 locations were selecied based on
AUWSSC watery zones divisions and Kabul citv water suppls projects represented as zonel,
zone2, zone3, zoned zoneS, zoneS, zone? Afshar project Alaudin project and Logar project

(Figure 5)

Total 85 water samples were collected in 300 m! <lean bottles from three different sources
te deep wells, water storage tanks and water distribution networks or house connections
from selected areas of Kkabul city The selecled arca were Sayed Jamaludin Unnversity
Alaudm, Project office. Front of Mohsani Islamic Unnversits Near to Kabul Zoo Passport
office, Pul Artal, Nagash, Kart-e-Naw Pul hhoshh Bagh Bala Kart-e-Parwan 2, Kart-e-
Mamorin, Se Bangi, Fazel Bik, Zone office Khair Khana, Sarak Bidel 500 Family
Kharkhana 2nd phase, Kabul University Jamal Mena, Pul Artal Andrabi, Zone office
Paykob Naswar, Taimani Projah Taimant Qal-c-I athullah Sarak 5 projah Taimani Kart-e-
Naw, Kart-e-Naw, Tap-¢-Kart-e-Naw Familyhi Askari kart-c-Naw Bagram, Project otfice,
Bagrami, Logar niver. Ali Abad, Alaudin Project office Dehmazang, Near to Russian
Embassy, Front of Mohsani Islamic University Habiba High School Dehmurad Khan, Bagh
Bala, Kari-e-Aryana. Kart-e-Mamorin Zone olfice Khar Khana, Kaserulestefada School,

Kharr Khana, Khairkhana. 2nd phase Shahre kona Rot-c-Sangi Dehbori (Figure 6)
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Chapter 3 Saterials and Mcthods

Water sampling was carried out according to the Standard Methods Both for
physicochemical and bactenal analysis samples were collected m 500 ml stenle SCHOTT
Duran glass bottles and were properly labeled The samples were transported 1n cold box (£
4°C ) to prevent any physicochemical or biological change to AUW SSC laboratory for further

analysis

b During collection of samphin

« Cold Box d  SCHOTT Duran glass boftles

| Veater sample caollection

« Portable propane butane burner

Figure 7 Pictonial view of water sampling process and water collection equipment
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3.3 REAGENTS AND MEDIA

All chemicals and reagents used were of high qualny analytical grade High quality

deromized distilled water was used for reagents and media preparations

3.4 PHYSICOCHEMICAL ANALYSES

Temperature. color odor. pH, and EC ot water samples were measured on the spot by

using respective electrodes Turbidity was measured by using [ urbwdimeter (HACH 2100y
3.5 BACTERIAL ANALYSIS

Waler samples were analyzed for bacterial contamination by membrane filler method In
this procedure coliform density was reported conventionally as the membrane filter count per
100 mL and analysis was done by DelAgua single incubator test kit Bacterial data was

compared with WHO and ANSA standards

RN | Presumptive Tests for Total and Fecal Coliform

A direct count of total coliforms and fecal cohiforms present n a given sample of water
yielded by membrane filter method A measured 100 ml volume ol water was fittered. under
vacuum. through a gndded membrane filter (045 pym pore size) Bacteria were retained on
the surtace of the membrane which was placed on u suiable selective medium m a sterile
container and mcubated at an appropriate temperature (total coliform at 37 °C and fecal
coliform at 44 °C within 24 hours) When there was presence of total cohforms or fecal

coliforms 1n the water sample, characterisic colonies were tormed and were counted directly

352 Confirmation Tests for Total and Fecal Cohform

To confirm the membrane results for total coblorms each colony (or a representative

number of colonies) was sub-cultured n a tube o lactose peptone water and was incubated at
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37°C for 48 hours Gas production within this perniod confirmed the presence of total

cohiforms

For confimnation of fecal coliforms membranes each colony {or a representative number
of colonies) was sub-cultured 1n a tube of lactose peptone water and a tube of tryptone water
Tubes were incubaled at 44 °C tor 24 hours Growth with the production of gas in the lactose

peptone water confirmed the presence of fecal coliforms

Table | Standards for physicochemical parameters of drinking water

Parameters | WHO, 2011 ' " ANSA 2011
"Color | Nen C_)_tm;r_)ablce Acceptable | Non Objcctlonablc};\cccplaﬁlc
Odor Non Objecuonable Acccplhalﬁé_ | Non Objectionable/Acceptable
pH 6585 635-83
Turbidity <SNTU <SNTU
EC 1500 pS'em 1500 u$ em
Temperature : NA NA
Table 2 Standards for bacterial parameters
Parameters WHO, 2011 ANSA, 2011
Total cohform 0/100 m! 0 100 mL
Fecal Coliform 07100 ml ¢, 100 ml
E Coli 0 100 ml 01100 mk.
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Figure 8 DelAgus single mncubatar test lat

Figure 9 Bacterial analvsis instruments and equipmem
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 PHYSICOCHEMICAL ANALYSIS

Color and odor of all the water samples were found non-objectonable acceptable

411 pH

Mean pH values of collected water samples from Zone 1 were found in the range of 796
10 8 05 Lowest pH value was of waler storage lank of Kart-¢-Naw whereas highest pH value
was recorded for water distribution networh sample ot Famuityhay Askari Kart-e-Naw Mean
pH values of collected water samples from Zone 2 were found to range from 8 1-8 3 Mean
pH values of analyzed samples from Zone 3 were ranged from 7 1 to 8 1 with mavmum pH
recorded in deep well water sample of Pul-e-Artal and minunum pH was recorded 1n water
distribution network of Kart-e-Anana In Zone 4 the mean pH values were found 1o range
from 79-8 1 Mean pH values of collected water samples from Zone 5 were found 1o range
from 7 93-8 3 with mimmum pH recorded n water distrtbunon network of Kharkhana, 2n
phase and the maximum pH was recorded in deep well water of Zone otlice Khair Khana
pH values of collected water samples from Zonc 6 were ranged from 76 10 79 Mean pH
values of water samples from Zone 7 Whereas Mean pli values of collected water samples
from Afshar project were ranged from 7 73 to 798 theretore there were not significant
changes 1n all collected water samples Mean pHl values of analyzed water samples from
Alaudin project were ranged from 7 75-8 07 with the lowest pli was of deep well water of
Savid Jamaludin University and highest pH w as noted i the water storage tank of All Abad
Mean pH values of collected water samples from | ogar project were ranged from 79-81

(Table 3, Figure 10)
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Table 3 pH values of drinlang water samples of Kabul aity

Sources | Location pH  Sources '] ocation pH
WST Kart-e-Naw 799 DW Sc Bang1 Fazel Bik 7 82
'WST | Kart-e-Naw 796 DW " e Bangi, Fazel Bik 798
DN Tapa-e-Kart-e-Naw 798 Dw Se Bangr Fazel Bik 777
WST Karl-e-Naw 804 DWW Se Bang. Fazel Bik 773
WST Kart-e-Naw 799 DW Near to Kabul Zoo 782
. DN Tapa-e-Kart-e-Naw 803 Dw _ Saved Jamaludin University | 775
DN Familyhai Askari, 805  Dw " Alaudin Project office 777
WST Bagh Bala 81 W5 | alaudin. Project office 804
DN Kart-e-Parwan 2 32 DW Mohsam Liniversiny 79
DN Kart-e-Anyana 82 DWw . Passport office 784
' DN Kart-e-Mamorin 82 DW_ | Dehmurad Khan 79
WST Bagh Bala g2 DW | Dehmurad Khan 7 88
DN K art-e-Aryana 83 WS Al Abad 807
DN Kart-e-Mamorin 83 Dw Alaudin Project office 8§02
Dw Pul Artal 79 WSI _Alaudin, Project office 796
DW Pul Anal 779 DW Dehmazang 789
DN Naqash 801 DW "Near to Russian Embassy 79
DN Kart-e-Aryana 8 DW ' Mohsani University 793
DW Pul Artal 71 DW 1labibia High School 802
DW Pul Artal 78 DW Dehmurad Khan 801
DN Kart-¢-Aryana 81 WS Bagrami. Project office 798
| DN Andrabi 8 DW Bagram, Logar niver 798
DN K.abul University 79 DW Bagrami_Logar river 797
DN Shahre Kona 3 DW Bapram: Logar river 7935
DN Jamal Mena 79 DW Bagramy, Logar nver 797
DN Shahre Kona 8| Dw _ Bagramu,_ Logar niver 796
i DN Kot-e-Sangi 8 Dw , Bagrami, Logar river 79
DN Dehbort 8 DW  Bagrami Logar niver 7 86
DW Zone office, Khair Khana [ 8 1 DWw Bagram|, Logar river 7 85
DW Sarak Bidel, Khair Khana [ 808 DW Bapramu Logar river 79
DW 500 Family, Kharr Khana | 808 DW Bagrami, Logar nver 792
DN Khawrkhana, 2nd phase 793 WST  Bagrami, Project office 812
DW Zone office, Khair Khana {83  DW | Bagrami, Logar nver §09
DW Khair Khana 81 DWW | Bagram|, Logar nver 807
' DN Khairkhana, 2nd phase | 8 | DW "Bagrami, Logar nver § 07
DW Zone office, Taiman 78§ ' DW . Bagram, Logar nver 812
DW Projah Taimani 76 DW | Bagram, Logar nver 8 07
DW Qal-e-Fathullah 79 DW Bagram, Logar nver 8 04
DN Sarah 3 projah Taimani 78 DW Bagram: Logar nver §02
. DW Pul khoshk 78 DWw _ Bagrami, Logar nver g 02
| DN Kocha Emam Raza 78 DW . Bagrami, Logar nver 799
DN Kocha Sayda 8 DW | Bagrami, Logar nver 798
DN Kocha Rasalt 79

D\ Drstrtbution network D Deep well W31 water siorage tank
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The study showed that except few most of the samples pH values were within W HO and
ANSA permissible imus Few variations in pH values might be due to leahages n water
distribution network through which domestic waste water or sewage and other pollulants
enter the water distribution system and cause changes in pH values theretore make them

acidic or alkaline
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Figure 10 C ompanison of pH per each water collection zone and project
412 Electrical Conductivity (EC)

This study result showed that 31 out of 85 samples FC values exceeded the permissible
Limits of WHO standards Drnking water samples collected trom zonel mean FC svalues
were tn range of 1470 84-1942 2 pS ¢m  The highest FC vatue was recorded in water storage
tank of Karta-e-Naw whereas the lowest value was also recorded m water storage lank ot
Karta-e-Naw Mean EC svalues of collecied water samples trom Zone2 were found within the
range of 333 3-409 5 pSem The highest TC ralue was recorded in water distribution
network of Kara-e-Mamorm and the Jowest LC value was [ound i water slorage tank of

Bagh-e-Bala Drinkmg water samples collected trom Zone3 mean 10 vafues were reconded
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Chapter 4 Results and Dascussion

1n the range of 1103 52-1328 58 pS.em Mean t C values of wollecied water samples from
Zoned were in range of 832-1755 71 uS ecm The lowest FC value was recorded i water
distribution network of Dehbori whereas the highest U valug was found i water distribution
network of Kabul University Drinking water samples collected from ZoneS mean EC values
were found within the range of 772 73-1371 23 uS/em  The mimmmum EC value was recorded
in deep well water of Kaser-ul-estefada School Khairkhana and the highest EC value was

found in water distribution network of 2°? Phase Khairkhana (Figure 11

Table 4 EC values of drinkung water samples of kabul city

Sources | Location EC uS cm | Sources | Location EC pSiem
WST Kart-e-Naw 11536 7 DW Se Bangi, Fazel Bik 81872
WST Kart-¢-Naw 1470 84 DW Se Bangi, Fazel Bik 82229
DN Tapa-e-Kart-¢-Naw 1548 7 DW | Se Bang) Fazel Bik 82229
WST Kart-¢-Naw 942 2 bw Se Bang. Fazel Bik 81348
WST Kart-e-Naw 1937 DW Near to Kabul Zoo 8932
DN Tapa-e-Kart-e-Naw 1926 6 DW Sayed Jamaludin 13519
Ulniversity
DN Familyhar Ashar 1934 4 DW Alaudin Project office | 1146 88
WST Bagh Bala 3333 W1 Alaudin, Project office | 1155 84
DN Kart-e-Parwan 2 344 96 Dw Mohsant Uni ersiiy 1362 71
DN Kart-e-Aryana 35504 DW Passport office 1791 8
DN Kart-e-Mamorm 494 DWW Dehmurad Khan 112395
R Bagh Bala 4056 DW Dehmurad Khan 1138 72
DN Kart-¢-Aryana 1017 WSI Al Abad 1099 91
DN Kart-e-Mamorn 409 5 DW Alaudin. Project office | 1291 43
DW Pul Anal 1148 08 WS Alaudin, Project office | 1300
DW Pul Artal 1314 4 | DW | Dehmazang 1396
DN Naqash 1159 51 W Near to Russian 1761 5
bmbassy
DN Kart-e-Aryana 1130 88 DWw Mohsam University 15249
DW Pul Artal 1103 52 DW tlabibia High School 10192
DW Pul Anal 1278 97 DWw Dehmurad Khan 9802
DN Kan-e-Aryana 1328 58 WS Bagrami Project office | 1619 52
DN Andrabi 1289 86 DW Bagrami_Logar river 1794 24
DN Kabul Unmiversity 1755 71 DW Bagramu_Logar river 1850 24
DN Shahre Kona 1293 49 Dw Bagrami, Logar river 1870 4
DN Jamal Mena 148588 | DW _Bagrami, Logar river 1560 66
DN Shahre Kona 13589 Dw Bagrami, Logar river 1297 32
DN Kot-e-Sang 13845 DWw Bagrami Logar river 1214 }
DN Dehbort 832 DW Bagram Logar ther 1357 74
Dw Zone office Khair 897 26 DW Hagrami Logar river 134292
Khana )
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DW Sarak Bidel. Khair 1000 92 DW Bagrami Logar river 1356 6
Khana

DW 500 Family, Kharr 898 45 DW Bagrami Logar river 1576 62
Khana

DN Khairkhana, 2nd 1193 537 WS Bagrami Project office | 17329
phase

DW Zone office, Khair 1004 15 DW Bagrami Logar river 21346
Khana

DW Khair Khana 77273 DW Bagrami Logar river 21723

DN Khairkhana, 2nd 1371 23 DW Bagrami Logar river 2168 4
phase 1

DW Zone office, Taimam | 1786 89 DW Bagrami Logar river 1609 4

Dw Projah Taimani 3780 76 DW Bagrami Logar rver 1636 7

DW Qal-e-Fathullah 143096 | DW Bagrami Logar nver 1396 4

DN Sarak 5 projah 1581 Dw Bagrami Logar river 15873
Taimani

DW Pul khoshk g8 72 Dw Bagrami Logar river 1609 3

DN Kocha Emam Raza 81753 DW Bagrami Logar river 17589

DN Kocha Sayda 825 86 DW Bagrami_Logar rieer 1806 14

DN Kocha Rasalt 354 36 |

DN\ Distribution nemwork, DH Deep well WS Water storage turh

Mean EC values of collected water samples trom Zone6 were found m range of
1430 96 to 3780 76 uS/cm The lowest EC value was noted m deep well water of Qala-e-
Fathullah whereas the highest EC value was found in deep well water of Proja-e-Taimam
Drinking water samples collected from Zone? mean t C values were found within the range
from 817 53 to 834 36 uS/cm There were not sigruficant change among collected water
samples of Zone 7 whereas, the mimmum LC value was recorded n water distribution
network of Kocah-e-imamreza, Pul-e-khoshk and the masimum EC value was also found in
water distribution network of Kocha-e-Risalat Pul-c-Khoshk Mcan EC values of collected
drinking water samples from Afshar Project were tound to range from 81872 10 823 48
uS/cm The highest EC value was found in deep well water of Sibang). Fazalbig whereas the
lowest EC value was also recorded in deep well water of Sibang), Fazalbig Drinking water
samples collected from Alaudm project mean FC values were noted to range from 893 2-
1791 8 uS/cm The maximum EC value was found n deep well water of Passport oflice

whereas the mimmum EC value was recorded in deep well water near Kabul Zoo Mean EC
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Chapter 4 Results and Discussion

values of collected drinking water samples trom Logar project were ranged from 12141 to
21723 uS/cm The lowest EC value was found in deep well water of Bagrami, Logar river
and the highest EC value was also recorded in deep well water of Bagrami, Logar niver

(Figure 1)
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Figure |1 Waterv zones and projects with high EC values

It can be seen that the EC values of 31 47 %% drninking water samples were found beyond
the permussible hmit of WHO and ANSA Al drinking water collected samples from Zone2,
Zone 3. Zone5, Zone7 and Afshar project were found within the permissible limit of WHO
and ANSA whereas majonity of the samples collected trom Zonel Zoned, Zone6 Alaudin
project and Logar project were found 1n excess of the permussible imit of W HO and ANSA

{Table 4)
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413 Turbidity

The study showed that all the water samples were sitiin the permissible imit of WHO

and ANSA (Table 5)
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Figure 12 Companison of Turbidity per each water collection Zone and project

Drinking water samples collected from Zonel mean turbidity values were found 10
range from 0 176 to 0364 NTU Mean turbidity values of collected drinking water samples
from Zone2 were found within the range of 0216 1 0348 NTU Drinking water samples
collected from Zone3 mean turbidity values were found to range from 0 1-0 244 NTU
Analysis of collected drinking water samples from Zoned showed mean turbidity values

within the range from 0 108 to 0 204 NTU
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Table § Turbidity values of drinking water samples from kabul city
Source | Location Turtndity  Source | Locahion Turbwdity
(NTL) (NTL))

WST Kart-e-Naw 0 364 DW Sc Bangi, Fazel Bik 0216
WST hart-e-Naw 0 204 DW Se Bang, Fazel Bik 0 144
DN Tapa-e-Kart-e-Naw 0 308 DW Se Bangi, Fazel Bik 052
WST Kart-e-Naw 0176 DW Se Bangi Fazel Bik 0376
WST Karl-e-Naw 0224 DW Near to Kabul Zoo 0316
DN Tapa-e-Kart-e-Naw 0312 Dw Sayed Jamaludin Uruversity | 0376
DN Familyhai Ashar 0 248 DwW Alaudin_Project office 0 104
WST Bagh Bala 0 348 WSl Alaudin Project office 0132
DN kart-c-Parwan 2 0216 DW Mohsant L s ersity 0264
DN Kart-e- Aryana 0244 DW Passport office 0 368
DN Kart-e-Mamorin 0236 DW Dehmurad khan 012
WST | Bagh Bala 0224 DW Debmurad khan 0308
DN hart-e-Aryana 0312 WS Alh Abad 0 348
DN kart-e-Mamonn 0276 DW Alaudin Proyect office 0212
DW Pul Aral 0223 WSl Alaudin Project office 0272
DW Pul Artal 0182 _Dw Dchmazang 0176
DN Nagash 024 DW Near to Russian Embassy | 0139
DN Kart-e- Aryana 01 Dw Mohsani L s ersity 0376
DWw Pul Antal 0152 Dw Habibia High School o
DW Pul Artal 018 DW Dehmurad Khan 0176

_DN Kart-e- Aryana 0l WS1 Bagram, Project office 014

" DN Andrab 022 D Bagrami, Logar river 0092
DN kabu! University 0124 DW Bagrami Logar nver 0092
DN Shahre Kona 0 108 DW Bagram_Logar nver 0152
DN Jamal Mena 018 DW Bagrami Logar river U18
DN Shahre Kona 0168 DW Bagramt, Logar river 0152
DN Kot-e-Sang) 0204 DW Bagram Logar mer 0112
DN Dehbori 0152 D Bagrami, Logar river g1
Dw Zone office, Khair khana | 0 223 DW Bagrami Logar river 0 156
DW Sarak Bidel Khair Khana | 0 108 DW Bagrami Logar river 0172
DW 500 Farmly, Khair Khana | 0 384 Dw | Bagrami, Logar river 022
DN Khairkhana, 2nd phase {1 WSI Bagrami Project office 0104
DW Zone office, KNharrKhana | 0272 DW Bagrami_Logar niver 0136
DW Khair Khana 03 Dw Bagram_Logar nver 0 l6d
DN Khairkhana, 2nd phase 0392 DW Bagram, Logar niver 0384
DWW Zone office, Taimani 0216 Dw Bagramy_Logar nver 0212
DW Projah Taimam 0348 DW Bagramu, Logar river 0568
DW Qal-e-Fathullah 014 DW Bagrami Logar rver 036
DN Sarak 5 proyah Taimani 0312 DW | Bagramu Logarriver 0092
Dw Pul khoshk 0152 DW | Bagramu Logar river 0212
DN kocha Emam Raza 018 DW Bagramm Logar mver 0128
DN Kocha Sayda 0212 D Bagrami, Logar mer 0216
DN kocha Rasalt 014

DN Disiribunon network, DH - Deep well W31 Bater viorug hank
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Chapter 4 Results and Discussion

Mean turbidity values of collected drinkimg water samples from ZoneS were found to
range from 0 108 to 0 588 NTU Water samples collected from Zone6 mean turbidity values
were recorded within the range from 0 14 to 0348 NIU! Drinking water samples collected
from Zone7 mean turbidity values were found 10 range trom 0 14 to 0212 NTU Mean
turbidity values of collected water samples from Atshar project were reported from 0 144-
052 NTU Drinking water samples collected from Alaudin project mean turbidity values
were found within the range 0 104 o 0376 NTU Mecan turbidity values of drinking water

samples from Logar project were found within U 092 to 0 568 NTU (Figure 12)

The Safe Drinking Water Act (SDWA) regulates the level of turbidity in drinking
water, as higher turbidity levels are usually assvciated with higher levels of disease-causing

microorganisms such as viruses, parasites and some bacteria {Aron 201

4.14 Temperature

The mean temperature values of collected drinking water samples from Zonel were found
within the range from 15 1o 17 °C Drnnking waler samples collected from zone2 mean
temperature values were to range from 14 5 to 17 °C Mean temperature values of collected
drinkig water samples from Zone 3 were recorded to range from 14 50 165 °C (Table 6,

Figure 13)
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Table 6 Temperature yvatues of drinkiag water samples of habul city

Sources | Locauon I °C | Sources | Location T°C
WST Kart-e-Naw (S5 | DW Se Bangi Faze] Bik 157
WST Kart-e-Naw 17 DW Se Bangi Fazel Bik 15 8
DN Tapa-¢-Kart-e-Naw 16 DW Se Bangi, Fazel Bik 1537
WST Kart-e-Naw 13 DW Se Bangy, Fazel Bik 158
WST Kart-e-Naw 15 DWW ~ Near to Kabul Zoo 18
DN Tapa-e-Kart-e-Naw 16 | Dw ! Saved Jamaludin 19
University
DN Familvhai Ashkari, 165 | DW Alaudin Project office 19
WST Bagh Bala 17 WSl Alaudin, Project office 18 5
DN Kart-e-Parwan 2 16 [ DW Mohsani Unnversity 13
DN Kart-e-Aryana 16 DV Passport office 155
DN Kart-e-Mamormn 165 [DW | Dehmurad Khan 15
WST Bagh Bala 15 DW Dehmurad Khan 16
DN | Kart-e-Aryana ) 45 | WS Al Abad r

DN Kart-¢-Mamorin L5 DW Alaudin, Project office i3
DWW Pul Artal 16 WS1 | Alaudin, Project office 17
DW Pul Artal 155 [ DW Dehmazang 11
DN Nagash 16 DW Near 1o Russian Embassy | |18
DN kart-¢-Aryana 635 | DW . Mohsam University 121
DWW Pul Artal 145 | DW Habibia High School 122
DWW Pul Artal 153 | DW Dehmurad Khan 119
DN Kart-e-Aryana (49 | WSI1 Bagrami Project office 19 5
DN Andrab 152 | DW Bagram Logar niver 193
DN Kabul University 147 [ DW Bagrami, Logar river 18 8
DN Shahre Kohna 149 | DW Bagrami, Logar river 188
DN Jamal Mena 155 | DW Bagram, Logar river 18
DN Shahre Kohna 14 | DW Bagrami Logar river 181
DN Kot-e-Sang1 14 DWw Bagrami, Logar river 181
DN Dehbon 145 | DW Bagrami_Logar niver 18
DW Zone office khair Khana 165 [ DW Bagrami_Logar niver 182
DWW Sarah Bidel Khair Khana 185 | Dw ' Bagrami, Logar river 18
DW 500 Famly, Khair Khana lol | DW Bagramu, Logar river 182
DN Khairkhana, 2nd phase 162 | WSI Bagrami, Project office il 8
DWW Zone office, Khair Khana 08 | DW Bagrami, Logar nver 119
DW Khair Khana 107 | DW Bagrami Logar nver 119
DN Khairkhana, 2nd phase 114 { DW ' Bagrami, Logar nver 117
DW Zone office, Taimani 154 | DW Bagrami, Logar nver 121
DW Proyah Taimani 138 | DW Bagrami, Logar nver 17
DWW Qal-e-Fathullah 138 | DW Bagram:, Logar nver [7
DN Sarak 5 projah Taimam 139 | DW Bagrami, Logar nver 118
DW Pul khoshk 157 | DW Bagrami Logar nver 115
DN Kocha Emam Raza 156 | DW , Bagrami, Logar nver 116
DN Kocha Sayda 156 [ DW Bagrami, Logar nver 113
DN Kocha Rasall L

DN Disirthution networh DU Duoep wedd WST Whater vurage feink
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The samples from zone4 mean temperature values were found n a range between 14-
155 *C Mean temperature values of dnnking water samples collected from zoned were
noted 1n the range of 10 7-18 5 °C Collected samples trom zone6 mean temperature values
were found within the range from 133-139 °C Drinking water collected samples from
Zone7 mean temperature value were found to range trom 14 to 15 7 °C Mean temperature
values of water samples from Afshar project were not found within significant changes in
temperature values and range from 157 10 158 °C (lable 6 Figure 13) The collected water
samples from Alaudin project samples mean temperature values were noted within the range
[1-19 °C Drinking water samples collecied from [ ogar project mean temperature values

were found to range from 11 3-19 5°C

One of the most important physical parameters of water 1n aquatic environment IS
temperature, since 1t regulates bacterial and physicochemical acuvities (Khan et al . 2012)
Temperature 1s one of the important and major factors influencing freshwater ecosystems

and management measures spatial and temporal distributions of organisms (Masood et al

2015)
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Figure 13 Comparison of Temperature per each water collection zone and project
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4.2 BACTERIAL ANALYSIS

For the presence of total coliforms and fecal coliforms the bacterial analysis was done and

results are listed in Table 7

Drinking water samples collected from Zonel ot Kabul city were analyzed for toal
coliform and fecal coliform The result showed that all the samples 1n this Zone were found
free from fecal contamination whereas, only one water sample contained total coliform
colomes (4 CFU/100mL) In Zone2 water samples no fecal contamination was found whereas
the total coliform bacteria were found 1n range ot 63-130 CFU 100mL In Zone3 water

samples no coliforms were found
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Table 7 Bacterial anahsis of drinking water samples of Rabul aity (cfuw/ 100 mi)
Source | Location TC | FC | Source | Location TC | FC
WST | Kart-e-Naw 0 0 | Dw Se Bangi Fazel Bik 0 0
WST | kart-e-Naw 0 0 DW | Se Bangi, Fazel Bik 0 0
DN Tapa-e-Kart-e-Naw 4 0 DW Sc Bangt Fazel Bik 0 0
WST | Kart-e-Naw 0 0 DW Se Bang), Fazel Bik 0 0 |
WST Kart-e-Naw 0 ] DW Near to kabul Zoo 1] 0 !
DN Tapa-e-Kart-e-Naw 0 0 Dw Sayed Jamaludin 0 0 !
L mversity '

DN Familyha1 Ashart, 0 Y DW Alaudin Project office 0 0
WST Bagh Bala 33 0 WSI Aaudin Project office 0 Y
DN kart-e-Parwan 2 70 0 DWw “ohsam L nuversity 0 0
DN ., hart-e-Aryana 63 |0 | DW Passport office 0 0
DN | hart-e-Mamonn 720 DW Dehmurad Khan 0 0
WST | Bagh Bala 0 0, Dw Dehmurad Khan 0o
DN Kart-e-Aryana 150 | 50 WSl Al Abad 0 0 )
DN Kart-e-Mamorin 60 |28 | DW \laudin Project office 0 0!
DW Pul Armal 0 0 WS | Alaudin_Project office 46 7
D% Pul Aral 0 0 D Dehmazang 0 0
DN Nagash 0 0 i DW Near to Russian Embassy | 0 0 '
DN Kart-e-Aryana 0 0 D% Mohsam University 0 0
DW Pul Artal 0 0 | DW Habibia High School 0 0
DW Pul Artal 0 0 DW Dehmurad Khan 0 0
DN Kart-e-Aryana 0 0 Wel Bagrami Project office 0 0
DN Andrabi 0 0 DW Bagrami Logar nver 0 0
DN kabul University 0 0 DW Bagram Logar rver 0 0
DN Shahre kohna 0 0 DW Bagram Logar nver 0 0
DN Jamal Mena 0 0 C DWW Bagrami_Logar river ¢
DN Shahre hohna 0 0 | DW Bagramu, Logar river 0 0
DN Kot-¢-Sang1 40 2 DW Bagrami_Logar river 0 0 ;
DN Dehbon 0 0 DW BagrarmLogar niver 0 0 |
DW Zone office Khair Khana |0 0 DW | Bagramn Logar river 0 0
DW Sarah Bidel, Khair Khana [0 0 DW | Bagrami_Logar niver 0 0
DW 500 Famuly, Khawr khana [ 150 |0 | DW Bagrami Logar river ] 0
DN Khairkhana, 2nd phase 0 0 WSl Bagrami_Project office 0 0
DW Zone office, khasr Khana | 0 0 DW Bagram, Logar river 0 0
DWw Khair khana 0 0 . DW Bagrami_Logar river 0 0
DN Khairkhana, 2nd phase 0 0 DW Bagrami Logar nver 0 0
DW Zone office, Taimani 0 0 DW Bagram Logar niver 0 0 '
DW Projah Taiman 0 0 | DW Bagran Logar river 0 0
DW Qal-e-Fathullah 0 0 'DW Bagrami_Logar river 0 0
DN Sarak 5 projah Taimam 0 0 Dw Bagrami, Logar river 0 0
DW Pul khoshk 0 0 DW Bagrami, Lopar river 0 0
DN Kocha-e-Emam Raza 0 0 D% Bagram_Logar niver 0 0
DN Khocha-e- Sayida 0 0 DW Bagram, Logar nver 0 0
DN hocha-e-Rusalat 0 0 '

DN\ Disinbunion repaork, DIV Deep well BST Burer vioragu tunk
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Water analysis of Zoned showed that only one sample from Kota-e-Sangt
contaminated both fecal as well as totat coliform Samples from Zone3 were found free of
fecal contamination except one sample from water distribution network of K hairkhana-2"
Phase which contamed total coliform The analysis results of drinking water samples from
Zone6, Zone7, Afshar project and Logar project were found free from both fecal and total
contammnations Only one samples from Alaudin project contained both fecal cohform and

total cohiform (Table 7, Figure 14&15)
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Figure 14 Waler sample zones and projects with fecal eoltform coniamination

Present study results showed that 11764 °o of drinking water samples were
contamnated with total coliform bacteria whereas, the 4 7 o of the samples were found

contaminated with fecal coliform bacteria (I igure 16)
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Figure 15 Water sample zones and projects with L ot al colhiform contamination
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Figure 16 Diagram of contaminated water with (otal coliform and fecal coliform
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CHAPTERS
CONCLUSION AND RECOMMENDATIONS

a. Conclusions

The study showed more variation among physicochemical and biological parameters n
the samples collected from various locations ol Kabul ¢ty Based on the data oblamed from
analysis of deep well water, water storage tank and water distribution network, 1t can be
concluded that pH, turbidity and temperature were within the permissible mits of WHO and
ANSA for drinking water while EC for 36 47% of water samples from different locations tn
Kabul city was higher than the mits Sumlarly the bactenal analysis results showed that
1176 % drnnking water samples were found contammnated with total coliform bacteria
whereas, 4 7 % of drinhing water samples were found contaminated with fecal coliform

bacteria

The presence of fecal coliform 15 indicative of water recetving sewage effluents and fecal
materials Furthermore, lack of suitable sewage disposal facihities mostly causes fecal
contamimation of well, distnbution networks and water storage tanks The old water
distribution network 1s the main problem m drinking water contamination, because Kabul city
water distnbution network was installed about 40 xcars ago and due 10 leakages in water
distribution pipes and absence of suitable sewerage system for domestic waste water, mang
and contamination of dnnking water occurs In the study arca, water storage tanks were not
properly covered, water distribution pipelimes passing through wasie waters, presence of
septic tanks and absorbent wells, existence of poorly chloriation system, piles of garbage
were found n several pomts of Kabul city without anv proper management that can cause

water contamtnation Lack of proper laborators by NI'PA for measuring and monitoring of

Characlerization of dnnking water quahty m Kabul Civ Afghanistan Page 47 of 71
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water quahty and lack of professional staff tor water management system were found some

basic reasons for the deteriorating water quality

b. Recommendations

As a result of the above study and findings the following recommendations are given

» To achieve the goal of sustainable development cooperation between government and
public must be strengthened The government should mawntain proper water
distbution networh and they should mstall a new network all over the Kabul city 10
substitute the old one

» The responsible departments must mainmain the drinking water quabty withm the
recommended limits of WHO and ANSA standards

» Government should establish outfit laboratories for measurement of pollutants level in
water body They should also install water filtration plants and for distribution of safe
drinking waler they should perform well-imed chlorination

» Responsible departments should protect drinking water sources from waste water and
other contaminants And drinking water should be stored in well protected water
storage tanks

For waste water disposal they should apply suitable scientific methods

v/

Properly punfication of drinking water 1s neccssary before supplying to consumers

‘-{

Municipal waier supplies should regularls be analy zed for coliform bacteria, indicator
of fecal materials in drinking water Mimistry of public health must improve a data
regarding the epidemiological aspects of waterbome diseases

To build the awareness of consumers about the significance of water quality, media,

v

responsible department’s publications and educational snstitutions must be used
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