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Abstract

The study was conducted in Chandpur district ofgiaatesh to assess the status of pond, supply &ednall water quality
parameters and identify water collection and distibn system. Twelve water quality parameters gnpél, TDS, TS, SS, DO,
COD, BOD, conductivity, hardness, chloride, arsemd iron were analyzed according to standard &bor method. The mean
value of pH, TDS, TS, SS, DO, COD, BOD, conducyiviardness and chloride for pond water of all ipaavere 7.41, 169
mg/l, 193.26 mg/l, 32.85 mg/l, 5.56 mg/l, 79.07 M§6.28 mg/l, 335.1§s/cm, 86.15 ppm and 34.57 mg/l respectively. The
mean value of pH, TDS, TS, SS, DO, COD, BOD, cotifg, hardness, chloride, iron, and arsenic fadoe well water of all
upazilas were 8.01, 111.81 mg/l, 122.36 mg/l, 551, 46.98 mg/l, 14.81 mg/l, 249.}s/cm, 131.23 ppm 108.09 mgl/l,
0.55mg/l and 0.078 mg/l respectively. The meanealupH, TDS, TS, SS, DO, COD, BOD, conductivitgrdness, chloride and
iron for supply water of all upazilas were 7.83142 mg/l, 155.03 mg/l, 6.19 mg/l, 66.56 mg/l, Brrhg/l, 248.1us/cm, 126.07
ppm 167.6 mg/l and 0.65 mg/l respectively. Studyeaded that pond water quality was suitable in geohpH, DO, TDS, TS,
SS, chloride and hardness and not suitable in tefr@©D, BOD and conductivity for different prodive uses. Tube well water
quality was in desired level in terms of pH, DO, DTS, SS, chloride, iron and hardness and natldeitn terms of COD,
BOD, conductivity, and arsenic for different protiue uses. Supply water quality was in acceptabiés in terms of pH, TDS,
TS, SS, chloride, iron and hardness and crossegptatie limit in terms of COD, BOD, conductivitynda DO for different
productive uses. It was found that all the parametary significantly with the types of water. Waiguality management
program should be initiated under supervision ofegoment to maintain the acceptable limit and propater supply scheme

should be followed for effective water collectiomdadistribution system.
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1. Introduction

Water is a very complicated and vitally important
substance. It is the medium which gave birth to fire
primitive living molecules and without it no lifean exist
[1]. Throughout history the quality and quantity wéter
available to man have been vital factors in assgrhis
well being [2]. Water is a chemical compound andy ma
occur in a liquid form or in a gaseous form. Alegle three
forms of water are extremely useful to man, prawgdihe
luxuries and comports, in addition to fulfilling shbasic
necessities of life [1]. Water is absolutely essgmtot only
for survival of human beings, but also for animakants
and all other living beings [1]. The great solveotver of
water has been making the creation of absolutelse pu
water a theoretical rather than a practical goakrEthe
highest quality distilled water is being is havidigsolved
gases and to a slight degree solids. The probleenefore,
has been one of the determining what quality ofewhgas
been required to meet a given purpose and thenngnd
practical means of achieving that quality [3].
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The total water resources of the world amount t® 26
trillion tons. Approximately 94.7% of this huge aonmb
volume of water can occur in the lithosphere, itajon
parts being bound to minerals which constitutertiok bed
[2]. Water resources are one of the most criticatl a
valuable components of the resources of a natidn [4
Everyday water is needed for drinking and othersiebold
purposes. With marked rise in population the demfand
pure water is gradually increasing. Still now, hgawo
thirds of the population does not have reasonatdess to
safe and ample water supply [5]. The surface water
resources continue to be contaminated with runagaffer
from agricultural fields, containing pesticidesrtieers,
soil particles, waste chemicals from industries aedage
from cities and rural areas. If the water is torbesed, it
must be purified [6]. The quality of water is orfettee vital
concerns for mankind since it is directly linkediwhuman
welfare. It is a matter of history that fecal paiun of
drinking water caused water-borne diseases whigiedvi
out entire population of cities. At present, thenaee of
water-borne diseases and epidemics still loom=largthe
horizons of developing countries. Pollution of watethe
culprit in all such cases [6]. There have been majo
developments in technology along with improved
implementation and enhanced funding of pollutiontoal
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programs around the globe. Most important, theualdi of
professionals and public has undergone radicatssHifat
reflect national demand and expectations for imedov
water quality. But unfortunately in the case of eleping
countries like Bangladesh; remarkable progressnbaget
been made. It is serious for the surface water hwhic
includes pond water the important fresh water sowt
Bangladesh. Availability of water is a paradox. @raof
usable quality and in adequate quantity is oftert no
available. Many people in developing world do naivé
enough water for drinking, let alone for other uggs But

as the population increased, towns and cities dpeel and
the habits of people improved. Trades and indisstsiere
established and as a result the demand for watezdeed
considerably. The original small water sources bera
insufficient and large water sources became ineMat§8].
Water collection and distribution system is the amant
two elements for water resource management [9].
Distribution of water is done either by intermittear
continuous system. In the intermittent system, agestof
water may be controlled but the main disadvantaghat
during non supply hours, water in pipe line rustoegards
the lower reaches, thus creating partial vacuurpipes,
resulting in the sucking of impurities and gasesthe
pipeline. This may cause health hazards. Continuous
supply, though preferable in every way, but canbet
functional in every town [1]. In early days, sudawater
was consumed by human beings for drinking, bathing,
washing, etc. In those days man did not have ttlenieal
knowledge for purifying contaminated water. As aulg
man had to suffer water-borne diseases like dysgnte
cholera, etc. and innumerable village were destiolyg
epidemics [8]. With the growth of civilization and
development of towns or cities, man began to thomkr
the issue of pure water for drinking, safety o liénd
healthy environment [8]. The distribution systerays an
important role in the water supply scheme. Distiiiu
should be done in such a way so that the waterbean
supplied evenly to the consumers and it can retevery
corner of various Zones [8]. Water pollution is Bve
impact which changes the quality of our surface sutasolil
waters to such a degree that its suitability eifoehuman
consumption or for the support of man’s naturak lif
processes with decrease or cease [1]. Water ghtseubif

it has been not of sufficiently high quality to &gitable for
the highest uses people wish to make of it at ptesein
the future [2].

1.1. Background of the study area

Chandpur district (Figure 1) is one of the most
important districts in Bangladesh. About 2.6 millipeople
live in this district. Most of the people live ihd rural area.
Population pressure is increasing day by day is #nea.
For this, water resource management has come actesf
issue recently. Collection, distribution and guattatus of
water are three important tools for water resource
management. The only dependable sources of water in
Chandpur district are ground water and surfaceedos
water like river, pond, lake etc. In most areadlshatube
wells provide turbid water which is not suitabler fo
consumption. For drinking purpose only tube weltaras
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used and for other purpose pond and river watasésl in
large scale. In urban area supply water also alailfor
washing, bathing and drinking purposes. The pojmrat
depends on river, pond, and tube well and supptemfar
all household and traditional uses. In this conipactit is
essential to know the quality status of pond watdre well
water and supply water before using for variougppses.
Observing these circumstances the present study was
carried out to assess quality status of pond, twblé and
supply water to prevent from further deteriorat@frpond,
tube well and supply water quality in Chandpur riti&t
The objectives of the present study were to agbesstatus
of quality in pond, supply and tube-well water;nté the
collection and distribution system of water in Ctipar
district, and make a comprehensive evaluation loé twell,
pond and supply water quality in Chandpur distrét
Bangladesh.
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Figure 1: Study area map (Source: Banglapedia)

2. Materialsand Methods
2.1. Chemicalsand equipment used

The chemicals which were used for parameter test
include Kl and MnSQ@ concentrated 80, stretch as
indicator, NaS,0O; (0.005), Alkali-iodide-Azide, buffer
solution. The equipment which were used for paremet
test include pH meter, pipette, burette, conicasKl
cylinder, beaker, filter paper, evaporating disésidcators,
electrical balance, BOD bottle, COD incubator, htzte
etc.

2.2. Field collection and sample analysisin laboratory

Five ponds, five tube wells and three points fqupu
water have been selected randomly from every upazil
(sub-district). After that five samples from ponfive
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samples from tube well for each upazila and thrgmply
water samples from selected three places of eaahilap
have collected and taken to laboratory. Total pinamte
(91) samples were collected randomly from severzilg=

of Chandpur district in January 2010. Containergewe
thoroughly cleaned before use by distilled watetl A
samples were analyzed immediately in Department of
Environment, Chittagong, Bangladesh to determimeptd

, chemical oxygen demand (COD), biological oxygen
demand (BOD), total solid (TS), total dissolved igol
(TDS), suspended solid (SS), conductivity, hardness
dissolved oxygen (DO), chloride, iron (Fe) and aise
(As). Water quality parameters were analyzed falaw
standard analytical procedures.

2.3. Data analysis
All data were analyzed using MS excel and Duncan’s
Multiple Range Test (DMRT).

3. Resultsand discussion
3.1 Results
3.1.1pH

The study revealed that quality of pond, tube-vaeld
supply water vary significantly §0.05) in terms of water
pH. In pond water, highest (8.1) pH was found iradipur
Sadar upazila. This may have due to excessive fusenal
for different purposes. Soap, detergents and atlashing
material mixed with pond water and give alkalinéueaof
pH. However, lowest (6.8) pH in pond water was fium
Motlob upazila. This may have due to throwing of
household wastes, decomposition of leaves, foodnat
and carried floating materials during storm rungbt
mean value of pond water was highest (7.8) in Cpand
Sadar upazila and lowest (7.2) in Faridgonj upaziH
mean value of pond water of Kauchua, Hazigonj, &isth
Motlob and Haimchar upazila were 7.4, 7.3, 7.2, &3
7.4 respectively (Figure 2). In case of tube weliter
maximum (8.4) pH was detected in Haimchar Upazild a
minimum (7.6) in Shahrasti upazila. The mean vabfie
tube well water pH for Haimchar upazila was high&sB)
and for Shahrasti upazila was lowest (6.8). Thewthean
value of tube well water for Kachua, Chandpur sadar
Motlob, Hazigonj, and Faridgonj upazila were 8.2, 8.1,
7.9 and 8.0 respectively. The mean value of supgalier
for Shahrasti upazila was highest (8.0) and for IMot
upazila was lowest (7.6). The other mean valueupply
water for Kachua, Chandpur sadar, Hazigonj, Farnfigad
Haimchar upazila were 7.7, 7.8, 7.9, 79 and 7.8
respectively. Figure 2 shows comparison of suppdyew
pond water, and tube well water pH among sevenilgsaz
The mean value of pond water pH for all upazilas of
Chandpur district were 7.41 and tube well wated&€d
supply water 7.84 respectively. pH levels of pondtexr
(7.41) were suitable for bathing, washing or other
productive uses according to EQSB (acceptable Ifonit
productive uses is 6.5-8.3). pH levels of tubel welter
(8.01) were not suitable for drinking (acceptalgeel 7.0
to 7.5) bathing and washing according to Envirortaen
quality standard of Bangladesh [10]. pH (7.8) levef
supply water were suitable for all productive uségure 2
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revealed that Shahrasti upazila shows the bettederwa
quality status than other upazilas in Chandpurridtst
Therefore, tube-well water quality status was deteted
due to decomposing of waste, over use of grounéneatd
many geological causes. For proper water resource
management, it is needed to maintain the qualagustof
pond, tube well and supply water at productive lleveH
value of pond water and supply water vary signiftba
(p<0.05) in respect of different locations in the same
upazila and tube well water not vary significar(jx0.05)

in respect of different location in the same ugpazil

M Pond
water

"mTube well
water
& &
& %@é‘% Supply
X water

Figure 2: Comparison of supply water, pond wated, mbe well water pH
among seven upazilas of Chandpur district

3.1.2 Total Dissolved Solid (TDS)

TDS of water samples ranged from 130 mg/l to 220
mg/l. Highest TDS found in pond due to indiscriniznase
of water for fish culture and dumping of waste. Thean
value of pond water TDS was highest (198 mg/l) ackua
and lowest (145.4 mg/l) in Faridgonj upazila. Theam
value of pond water TDS for Chandpur sadar, Motlob,
Hazigonj, Shahrasti and Haimchar upazila were 168,m
176mg/l, 170 mg/l and 150.2 mg/l and 177.4 mg/l
respectively (Figure 3). In tube well water, high€k50.0
mg/l) TDS was found in Chandpur sadar, whereasesdw
(86.1.0 mg/l) in Haimchar upazila. The mean valtigibe-
well water TDS was highest (123.84 mg/l) in Chandpu
sadar and lowest (97.03 mg/l) in Haimchar upaZilae
other mean value of tube well water for Kachua, Ibmt
Hazigonj, Shahrasti and Faridgonj upazila were 932.
mg/l, 101.7 mg/l, 115.7 mg/l and 121.6 mg/l and .8@9
mg/l respectively (Figure 3). In supply water, hégh
(224.2 mg/l) TDS was observed in Chandpur sadar and
lowest (84.2 mg/l) in Motlob upazila. The mean \ealof
supply water TDS was highest (152.17 mg/l) in Fgoig
and lowest (104.97 mg/l) in Motlob upazila. The med
TDS for Kachua, Chandpur sadar, Hazigonj, Shahrasti
Haimchar upazila were 136.9 mg/l, 148.2 mg/l, 135.0
mg/l, 145.93 mg/l and 130.73 mg/l respectively.ureg3
shows the comparison of supply, pond and tube-water
TDS among seven upazilas of Chandpur district. y5tud
reveals that Shahrasti upazila shows better TDZI lev
among other upazilas in Chandpur district. The loWeS
level indicates good water quality status and vieesa. In
the study area, tube well water revealed higher @1
mg/l) water quality compared to supply water (123.4
mg/l) and pond water (169.09 mg/l).
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Figure 3: Comparison of pond water, tubewedter and supply water TC
among seven upazilas 6handpuidistrict.

3.1.3 Suspended Solid (SS)

The study revealed thagiond, tube well and supp
water quality vary significantly ¢0.05) in terms 0SS. In
pond water, highest (57 mg/l) Sas found i Chandpur
sadar, whereas, lowest (20 mg/l)Raridgonjupazila. The
mean value of pond wate8S was found highes(45.6
mg/l) in Chandpur sadar and lowe20(mg/) in Faridgonj
upazila. The mean value gond waterSS for Kachua,
Motlob, Hazgonj, Faridgonj and Haimcheupazila were
37.6 mg/l, 31 mg/l, 29.3 mg/l, 28 mg/l and 33.3
respectively. In tube well watehighest (11 mg) SS was
found in Motloh on the other hand, lowest (4 mg/l)
Kachua upazila. The mean valuetalbe well witer SS was
found highest (9.4 mg/in Motlob and lowes(4.4 mg/l) in
Hazigonj upazila. The mean valuetobe well wateSS for
Chandpur sadar, Kachua, Shahrasti, Faridgonj
Haimchar were 7.4 mg/l, 5 mg/l, 6.6 mg/l, 5.8 rmagitl 5.2
mg/l respectively. In supply watemaximum (8 mg/l) S!
was found in Chandpur sadar, whereas, lowest (1) ring
Hazigonj upazila. The mean value aafpply wateiSS was
found highest (7mg/l)in Chandpur sadar and lowe
(Amg/l) in Hazigonj upazilaThe mean value asupply
water SS for Kachua, Motlob, Shahrasti, Faridgonj
Haimchar were 6 mg/l, 2 mg/l, 4 mg/l, 6.10 mg/l &hd7
mg/l respectively. Figure 4 shows the comparisopaid
water, tube well wi@r, and supply water SS among s¢
upazilas of Chandpur districthe mean value of por
water, tube well water and supply water of SS fibr
upazilasof Chandpur district were 32.85 mg/l, 6.25 nr
and 3.7 mg/l respectively.
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Figure 4: Comparison of pond water, tubell water ancsupply water
among seven upazilas 6handpur distric

3.1.4 Total Solid (TS)
In pond water highest (232 mg/l) T was found in
Chandpur sadaand lowest (156.0 mg/l) iShahrasti. The
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mean value for pond water TS was highest mg/l) in
Chandpur sadar and lowest (155.0 mg/l) in Shahrakg
other mean value gbond waterTS for Kachua, Motlob,
Hazigonj, Faridgonj, and Haimchar Upazila were 29
mg/, 205.67 mg/l, 183.50 mg/160.26 mg/l, and 206.70
mg/l respectively. In tubwell watel, highest (157.6 mg/l)
TS was found irChandpur sad:and lowest (100.2 mg/l) in
Haimchar. The mean value of tube well water TS v
found highest (137.94 mg/l) in Chandpur Sadar amekst
(103.13 mg/l) in Haimchar. The other mean valug¢ube
well water TS for Kachuayiotlob, Hazigonj, Shahrasti ar
Faridgonj were 123.47 mg/l, 116.6 mg/l, 122.4
123.93 mg/land 134.02 mg/l respectivelin supply water,
highest (231.1 mg/l) T®as found inChandpur sadar and
lowest (86.4 mg/ljn Motlob. Highest (200.67mg/l) mean
value of TS was found in Kachua and low(124.76 mg/l)
in Motlob. The other mean value supply water TS for
Chandpur sadar, Hazigonj, Shahrasti, Faridgonj
Haimchar were 193.93 mg/l, 141.5 mg/l, 164.26 n
172.93 mg/l and 155.03 mgkspectively. The mean value
of TS for all upazilaof pond water, tube well water, a
supply water was 193.25 m, 122.31 mg/l and 164.68
mg/l respectively. Highest TS level indicate deteated
water quality and it may happen in pond wr due to
dumping of waste from near household. It may hagpe
supply water and tube well water due to undergrc
impurities. In the study area tube well water gyalvas
better than other types of water. Different typé$aatory
like biscuit, soap, mig, salt and pesticides throw th
wastes into near water bodies which cause higheralig.
The TS value of tube well water not vary signifitgr
(p<0.05) in terms of different locatis in same upazila.
But TS value of pond water and supply watery
significantly (p<0.05) in terms of different location in tl
same upazila (Figure 5).
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Figure 5: Comparison of supply water, pond watdsetwell water T¢
among sevenpazilas o Chandpur district.

3.1.5 Dissolved Oxygen (DO)

In pond water highest (.8 mg/l) DO was found in
Kachua and lowest (3.2 mg/l) inChandpur sadar.
Moreover, he mean value for pond water DO was higl
(6.6 mg/l) in Kachua and lowest (4 mg/l) in Chandpur
sadar The other mean value of DO for Motlob, Hazigc
Shahrasti,Faridgonj and Haimchar were 5.8 mg/l, 5
mg/l, 5.8 mg/l, 5.52 mg/lanc 5.3 mg/l respectively. In tube
well water highest (6.9 mg/ DO was found in Shahrasti,
whereas, lowest (4.1 mg/l) iHaimchar. In addition, the
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mean value of tube well water DO v found highest (6.6
mg/l) in Shahrasti and lowest (4.86 mg/l) in Haimchin
supply waterhighest (6.8 mg/l) DO was found Hazigonj
and lowest (5.4 mg/in Motlob. The mean value supply
water DO was found highest (6.6 mgf Chandpur sadar
and lowest (5.67 mg/l) in Shahrastihe mean value ¢
supply wateDO for Kachua, Motlob, Hazigonj, Faridgol
and Haimchar upazilwere 6.4 mg/l, 5.87 mg/l, 6.5 mg
6.1 mg/l, and 6.17 mg/l respectively. The meanuwabf
DO for all upazilas of pond waterybde well water an
supply water were 5.5 mg/[5.6 mg/l and 6.1 mg/l
respectively. Figure 6 shows the comparison of ku
water, pond water, tube well water DO amoseven
upazilas ofChandpur district. Lowest DO level indica
deteriorated water qualitand it may happen in pond wa
due to decomposing of organic waste and excreta feed
items of fish. It may happen in supply water anoetwell
water due to underground impurities. In the studyaaube
well water was good for drinking but supplyater (6.1
mg/l) crossed the limit (acceptable limit for pratiue uses
4-6 mg/l, EQSB). Pond water quality status was n
deteriorated compared to tubell and supply wat. The
DO level of pond, tube well and supply water v
significantly (p<0.05) interms of different locatics in the
same upazila.

2 Haimchar
@
o Faridgonj
E- Shahrasti Supply water
E Hazigon) B Tube well water
g Maotlob
=} u Pond water
= Chandpur sadar
E Kachua

Q 100 200

DO{mg/l)

Figure 6: Comparison of supply water, pond watef e well water DC
among seven upazilas 6handpur distric

3.1.6 Chemical Oxygen Demand (COD)

Study revealed that CO&bncentratiorranged between
38.6 mg/l and120.2 mg/l. In pond wat, highest (120.2
mg/l) COD was found in Kachuand lowest (52.86 mg
in Haimchar upazila. Moreoverhé mean value for por
water COD was highest (106.5 mgfi)Kachua and lowe:
(62.75 mg/l) in Haimchar upazil@he other mean value f
Chandpur Sadar, Motlob, Hazigonj, Shahrasti
Faridgonj were 73.67 mg/l, 67.86 mg/l, 78.47 mgl,44
mg/l, and 92.77 mg/l respectivelyn tube well wate,
highest (97.3 mg/I[COD was found i Kachua and lowest
(38.6 mg/l) inHazigonj. The mean value of tube well we
COD was found highest64.67 mgj) in Shahrasti and
lowest (46.98 mg/l) in Haimcharpazile. The other mean
value of COD for Kachua, Chandpur sadar, Mot
Hazigonj and Faridgonj were 60.3 mg/l, 51.5 1, 54.2
mg/l, 49.94 mg/l and 57.8&g/l respectively (Figure 7 In
case of supply watehighest (90.0 mg/l) COD was fou
in Chandpur sadar and lowe0.1 mg/l) in Haimchar
upazila. Highest (75.4 mg/bnean value osupply water
COD was found in Chandpur sadar and the 10y(58.20
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mg/l) in Haimchar upazilaThe mean value supply water
COD for Kachua, Motlob, Hazigonj, Shahrasti
Faridgonj were 68.9 mg/l, 70.2 mg/l, 64.2 mg/l,Bing/|
and 67.8 mg/l respectively. The meealue for all upazilas
of pond and tube well and supply water were 79.1f3
and 55.08ng/l and 66.56 mg/l respectively. Figure 7 shi
the comparison of supply water, pond water and tubk
water COD among differerupazilas of Chandpur district.
Higher COD level (acceptable limit for productive us
according to EQSB is 4.0 mg/l) indicates deteried water
quality. Different types of organic waste, inorgamiaste
industrial wastes, suspended impurities and flge
materials may induce higher COLvel. It may happen in
supply water and tube well water due to undergrc
impurities. In the study area tube well water wakdy thar
pond and supply watelThe COD level of pond and supy
water vary significantly (90.05) in terms of differer
locations in the samepazilabut tube well water not vary
significantly (p<0.05) in terms of different locatis in the
same upazila.

Haimchar

Faridgon;j

Shahrasti

Hazigonj

Motlob

Chandpur sadar

Kachua

0 20 40 60 80 100 120 140 160 180

W Supply water W Tubewell water W Pond water

Figure 7: Comparison of supply water, pond watet tabe well water COL
among sevenpazilas o Chandpur district.

3.1.7 Biological Oxygen Demand (BOD)

Study revealed th&OD varied from 4.2 mg/l to 60.2
mg/l. In pond waterhighest (60.20 mg, BOD was found
in Kachuaand lowest (24.52 mg/l) Haimchar upazila.
The mean value gbpond water BOD was highe(49.36
mg/l) in Kachua and lowes(28.38 mg/l) in Haimchar
upazila The other mean value for Chandpur Sadar, Mo
Hazigonj, Shahrasti and Faridgonj were 35.60 n8§l10
mg/l, 39.20 mg/l, 34.50 mg/l and 33.80 mg/l resjvety
(Figure 8). In wbe well wate, highest (27.2 mg/l) BOD
was found inChandpur sadaand lowest (4.2 mg/l) in
Haimchar. The mean value tube well water BOD was
found highest (23.23 mg/in Chandpur sadar and lowt
(10.16 mg/l) in Haimchar. The other mean valuetube
well water BOD for Kahua, Motlob, Hazigonj, Shahra
and Faridgonj were 13.78 mg/l, 12.84 mg/l, 15.9 In
12.98 mg/l and 14.85 mg/l respectively (Figure B8).
supply water highest (25.40 mg/l) BOD was found
Hazigonjand lowest (10.30 mg/l) iFaridgonj upazila. The
mean value of supply wat&OD was found highe(20.20
mg/l) in Hazigonj and lowes(14.9 mg/l) in Faridgonj
upazila The mean value of BOD for Kachua, Chanc
sadar, Motlob, Shahrasti and Haimchar were mgl/l,
16.46 mg/l, 15.60mg/l, 15.4( mg/l and 19.20 mg/l
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respectively. The mean value of BOD for all upazitf
pond, tube well and supply water were 36.28 mgllg1
mg/l and 17.13 mg/l respectively. Higher BOD level
indicates deteriorated water quality. Dissolved erdts,
decay of vegetation, aquatic growth, storm runaffimal
waste, fertilizer pesticides, irrigation returnvil® and open
sanitation on the bank of pond also causes organi
inorganic load in the pond bottom which lower th©B
level. It may happen in supply water and tube welter
due to underground impurities. In the study arebetwell
water crossed the permissible limit (acceptableit lifor
drinking water according to EQSB, 0.2 mg/l) forrnking
water. Supply and pond water were also crosseddhieed
limit for different productive uses. The BOD lewal pond,
tube well and supply water quality vary signifidgnt
(p<0.05) in terms of different locations in the sarpazila.
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Figure 8: Comparison of supply water, tube wellevand pond water BOD
among seven upazilas of Chandpur district.

3.1.8 Conductivity

Conductivity in the study area was found to be ediri
from 116:s/cm to 53@s/cm. In pond water, highest (536
us/cm) conductivity was found in Kachua and lowd€5
us/cm) in Shahrasti upazila. The mean value for poatbr
conductivity was highest (432.40s/cm) in Kachua and
lowest (232.4Qus/cm) in Shahrasti upazila. The other mean
value for Chandpur sadar, Haimchar, Motlob, Hazigon
and Faridgonj upazila were 353i&83cm, 319.3@s/cm,
402.29is/cm, 346.04s/cm, and 260.3i&/cm respectively
(Figure 9). In tube well water, highest (3&fcm)
conductivity was found in Motlob and lowest (116s:m)
in Hazigonj upazila. The mean value of tube welteva
conductivity was found highest (301.¢4/cm) in Motlob
and lowest (201.6&/cm) in Hazigonj upazila. The other
mean value of conductivity for Kachua, Chandpurasad
Shahrasti, Faridgonj and Haimchar upazila were 6266.
us/cm, 275.02us/cm, 250.38us/cm, 233.78us/cm and
225.41s/cm respectively (Figure 9). In supply water,
highest (31hs/cm) conductivity was found in Kachua and
lowest (17@s/cm) in Motlob upazila. The mean value of
supply water conductivity was found highest (36%m) in
Kachua and lowest (20@2s/cm) in Motlob upazila. The
mean value of supply water conductivity for Chandpu
sadar, Hazigonj, Shahrasti, Faridgonj and Haimahare
262us/cm, 24s/cm, 27hs/cm, 21%s/cm and 233s/cm.
The mean value of conductivity for all upazilaspfnd,
tube well and supply water were 33%u$/em,
249.17s/em and 248.1%/cm respectively. Higher
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conductivity level indicates deteriorated water lgua
Dissolved minerals, storm runoff, animal wastetilfeer
pesticides, irrigation return flows, leaching franottom
deposits and household uses increase conductexif. It
may happen in supply water and tube well water @ue
underground impurities. The acceptable limit of
conductivity for drinking water is 4.7-5.8s/cm, for
livestock 8-10us/cm. In the study area, tube well water
crossed the permissible limit for drinking wateupgly
and pond water quality were also crossed the dbsimet

for different productive uses. Therefore, all typpdsvater
quality status were not good in terms of conduttivi he
conductivity level of pond and tube well water weret
vary significantly (g20.05) in terms of different locations in
the same upazila.
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Figure 9: Comparison of pond water, tube well wated supply water
conductivity among seven upazilas of Chandpuridistr

3.1.9 Hardness

In pond water, highest (110.20 ppm) hardness was
found in Shahrasti and lowest (68.20 ppm) in Hazjgo
upazila. The mean value for pond water hardness was
highest (104.30 ppm) in Shahrasti and lowest (7@;8®)
in Hazigonj upazila. The other mean value of poratew
hardness for Haimchar, Motlob, Faridgonj, Kachua an
Chandpur sadar upazila were 88.32 ppm, 77.42 ppr648
ppm, 89.90 ppm, and 86.70 ppm respectively (Figue
In tube well water, highest (275.0 ppm) hardness feand
in Shahrasti and lowest (45 ppm) in Haimchar upadihe
mean value of tube well water hardness was foughesit
(163 ppm) in Shahrasti and lowest (88 ppm) in Haianc
upazila. The other mean value of tube well watedhess
for Kachua, Chandpur sadar, Motlob, Hazigonj and
Faridgonj upazila were 110.68 ppm, 123.54 ppm, 982
ppm, 158.52 ppm and 141.60 ppm respectively (Fig0je
In supply water, highest (174 ppm) hardness waadadn
Shahrasti and lowest (63.7 ppm) in Haimchar upaZite
mean value of hardness was found highest (167.69 pp
Shahrasti and lowest (82.40 ppm) in Haimchar upaZihe
mean value of hardness for Kachua, Chandpur sadar,
Motlob, Hazigonj and Faridgonj were 97.87 ppm, B08.
ppm, 129.27 ppm, 15240 ppm and 137.20 ppm
respectively. The mean value of hardness for pdizilas
of pond water, tube well water and supply wateren®8.14
ppm, 131.23 ppm and 126.07 ppm respectively. Fidlre
shows the comparison of supply, pond and tube weatér
hardness among different upazilas of Chandpur iclistr
Higher hardness level indicates deteriorated watedlity.
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Carbonate and bicarbonate of calcium, sulfate

magnesium and chlorides may increase hardness. lig
may happen in supply water and tube well water i
underground impurities. In the study ¢, tube well water
quality was not crossed the permissible limit foinking

water standard (WHO). Supply and pond water wese

not crossed the desired limit for different produetuses
Therefore tube well water quality status was ineptable
limit and pond and supply water were also the accef
limit for productive uses in terms of hardness. Tiaednes:
level of pond, tube well and supply water were \
significantly (p<0.05) in terms of different locatis in the
same upazila.
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Figure 10: Comparison of pond water, tube well water and syplter
hardness among seven upazila€bandpur distric

3.1.10 Arsenic

The study revealed thatibe well water quality var
significantly (p<0.05) in terms ofarseni. In tube well
water, highest (0.18ng/l) arsenic was found Shahrasti
and lowest (0.03 mg/l) in Motlobpazile. The mean value
of arsenic was found highest (Omg/l) in Shahrasti and
lowest (0.05 mg/l) in Motlob upazilafrhe mean value ¢
arsenicfor Kachua, Chandpur sadar, Hazij, Faridgonj
and Haimchar were 0.086 mg/l, 0.6%y/, 0.0t mg/l, 0.09
mg/l and 0.08 mg/l respectivelfFrigure 11. The average
value of arsenic of all upazilaa Chandpurdistrict was
0.078mg/l, which indicates that the tube well watenot
suitable for drinking according tBQSE (acceptable limit
for drinking is 0.05mg/l). Arsenic value of tube well wat
vary significant (p<.05) in the respect of differéocatiors
in the same upazila.
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Figure 11: Arsenic concentration inbte well watein seven upazilas of
Chandpur district.
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Notes: *Values in the graph followed by the saniteteare
not significantly different (p<.05) according to Bean’'s
Multiple Range Test (DMRT

3111 Fe” [Fe*

It was found that tube well ansupply water quality
vary significantly (g0.05) in terms ofiron. In tube well
water, highest (1.80mg/l) iron concentration wasni in
Kachua and lowest (0.1mg/l) irHazigonj upazila. The
mean valueof Fe in tube well watewas found highest
(2.3mg/l) in Kachua and lowes(0.2mg/l) in Hazigonj
upazila The mean value of Fe for Chandpur sadar, Mo
Shahrasti, Faridgonj and Haimchar were 0.72n
0.34mg/l, 0.52mg/l, 0.46mg/l and 0.3mg/l respedyivén
supply watey highest (1.80 mg/l) and lowest (0.1 mg/l)
were found in Shalasti and Motlobupazila respectively.
The mean value of Fim supply wate was found highest
(2.16mg/l) in Shahrasti and lowes(0.2mg/l) in Motlob
upazila The mean value of Fe for Kachua, Chandpur s:
Hazigonj, Faridgonj and Haimchupazila were 0.6 mg/l,
0.3 mg/l, 0.7 mg/l, @6 mg/l an 0.9 mg/l respectively.
Figure 12 shows the comparison of Fe between tuile
water and supply water amoseven upazilas of Chandpur
district. The average value of Fe in tube well waiad
supply water for all upazilas Chandpur district wer0.55
mg/l and 0.65 mg/tespectivel. The Fe level both tube-
well water and supply water were suitable for dirigkand
different uses according tEQSB (acceptable limit for
drinking is 1mg/l). The value of Fe of tube wwater and
supply water vary significant (p<.05) in the regpet
different locationsn the samwpazila.

14 -
12 4 M Tube well
14 water
0.8 -
0.6 -
04 A
02 A

o -

Fe (mg/1)

W Supply
water

Figure 12: Comparison of tube well water and supgayer iron amon
seven upazilas @@handpur district.

3.1.12 Chloride

Chloride concentratiom the study area was found
be variel from 52 mg/l to 220 mg/l. litube well water,
maximum (185 mg/liconcentration of chloride was foul
in Motlob and minimum %2 mg/) in Hazigonj upazila.
Highest (175.0 mg/ljnean value of chloride was found
Motlob and lowest §8.8 mg/) in Hazigonj upazila. The
mean value of chloridén tube well waterfor Kachua,
Chandpur sadar, Shahrasti, Faridgonj and Hairrupazila
were 88.4 mg/l, 122.4 mg/l, 110.2 mg/l, 108.2 mayid
83.6 mgl/l respectively. In supply wr, highest (220 mg/I
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concentration of chloride was found in Motlob gowest

(112 mg/l) in Kachua upazil@he mean value of chloric

in supply water was found highe®0(.0 mgj) in Motlob

and lowest (120.67 mg/l) iKachuaupazila. The mean
value of supply waterchloride for Chandpur sad:

Hazigonj, Shahrasti, Faridgonj and Haimcupazila were
146.67 mg/l, 166.67 mg/l, 186.6 mg/l, 188.3 mg/ld

163.3 mg/l respectivelyln pond water, maximum (€

mg/l) chloride was found i€handpur sadeéand minimum
(15 mg/l) in Motlob upazila Highest (49.8 mg/limean

value of chloride was found in Chandpur sadar dme

lowest (26.8 mg/l) in Shahrasti upazilthe mean value ¢

chloride for Kachua, Motlob, Hazigonj, Faridgonjde

Haimchar were 30 mg/l, 27.2 mg81.6 mg/l, 29.6 mg;

and 47 mg/l respectively (Figure 13).
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Figure 13: Comparison of pond water, tube well wated supply wate
chloride among seven upazilas@fiandpur distric

3.1.12 Water quality statusin Chandpur district

The standard value of pfdr productive uses is €-8.3
[10] and for drinking purpose is *+7.45 (WHO). The
standard value of TDS for drinking and other prdihec
uses is 500 mg/l [11]The standard value of TS f
drinking and other productive uses is 1000 n[11]. The
standard value of SS for bathing purposes is 150[12].
The standard value of COD for drinking and ot
productive uses is 4.0mg/l [10The standard value of BC
for drinking is 0.2 mg/l [10nd for productive uses is +
10 mg/l [11]. The statard value of DO for drinking ar
other productive uses is 4-6 mg/l [10]he standard vall
of conductivity for drinking is 4.%.8 us/cm and for othe
purpose is &0 ps/cm (EPA). The standard value
hardness for drinking and other productives is 200 ppm
[11]. The standard value ofhloride for drinking anc
productive purposes is 600 mg/l [LThe standard value «
arsenic for inland surface water and tube well wage0.2
mg/l and 0.05 mg/l [10] The standard value of Iron f
drinking water purposes is 2 mg/l [10].

Figure 14 shows the overall water quality param
status of Chandpur district. In the present stutlyyas
found that pond water quality was suitable in teohpH,
DO, TDS, TS, SS, Chloride and hardness and noalde
in terms of COD, BOD and condivty for different
productive uses. Tube well water quality was deslexel
in terms of pH, DO, TDS, TS, SS, Chloride, Iron
hardness and not suitable in terms of COD, B
conductivity, and Arsenic for different productiveses.
Supply water qualy was acceptable limits in terms of
TDS, TS, SS, Chloride, Iron and hardness and otk
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acceptable limit in terms of COD, BOD, conductiyignd
DO for different productive use
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Figure 14: Overall water quality status of pondevatube well wter and
supply water in Chandpur distri

3.1.13 Collection and distribution system of water in
Chandpur District

In the study area, it was found ttin every upazila of
Chandpur district a comprehensive distribution exysiof
water exists. The distribion system is controlled k
Pourashava water supply section (PWSS)
technologically and financially supported by depamt of
public health and engineering (DPF. For distribution of
water to the consumer’s taps, pumping system wdrage
followed. In this system the excess of water pumped dt
periods of low consumjain was stored in elevated te. At
the time of high consumption the stored water ie
elevated tanks augments the pumping and peak deis
fulfilled. Pumps have not to be run at varying sfsebut a
constant speed, thus reducing the wear of pumpereTdre
four methods of laying distribution pipes in a lbiga In
Chandpur town dead end system was followed
distribution of water. The are three elevated tanks
(capacity 66000 gallon) in Chandptown for water
distribution purpose which are situated in Ramicollege
road and academyPWSS supply water to the househt
government or non government institutions and itrgh
etc. Watersupplied to the consumers in Chandpur Towi
intermittent supply system. For distribution purpagater
was collected from underground sources. The methfc
collecting water from surfaces sources for the wsitgply
scheme is termed as intake. But type of collection
system did not exist in the study area. Supply m
sometimes contains turbid, bad smell and too much
contains water. In the end point of pumps needetevash
per one month but it was not maintain in the stada anc
due to ths fault different impurities comes to consume
tap. Leakages of pumps also causes turbid and roet
water supply to consumer tap

3.2 Discussions
The study reveals thatean value of Chandpur distr

pond water pH, TDS,SS, TS, DO, COD, BOC

conductivity, and hardnessere 7.41, 169.(mg/l, 32.85
mg/l, 193.26 mg/l, 5.57 mg/l, 79.06 mg36.28 mg/l,

335.17is/cm, and 86.1Fm respectivelyThe mean value
of Chandpur district tube well watpH, TDS, SS, TS, DO,
COD, BOD, conductivity, hardness, oride, arsenic and
iron were 8.01, 111.8mg#.25mg/l, 122.36mg/l, 5.!mg/I,
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55.05mg/l, 14.81mg/l, 249.1%/cm, 131.23ppm, 108.09
mg/l and 0.55mg/l respectively. The present stutho a
revealed that mean value of Chandpur district supgiter
pH, TDS, SS, TS, DO, COD, BOD, conductivity, harske
iron and chloride were 7.45, 133.42 mg/l, 3.7myfi4.64
mg/l, 6.19 mg/l, 66.56 mg/l, 17.13 mg/l, 248.18/cm
126.07 ppm, 167.6mg/l, and 0.65mg/l respectively.

A study reveals that mean values of parameters were
conductivity 84—-80miscmi; DO: dry-5.52 mg/l, monsoon-
5.72 mg/l; BOD: dry-1mg/l, monsoon-0.878 mg/l; Tota
Solid: dry-149.4 mg/l, monsoon-145.7 mg/l. Althoutife
phosphate concentration has been found withininhie $et
by DOE for fishing, irrigation and recreational pases,
however ammonia nitrogen has been found to exdeed t
limit [13]. A study reveals that the mean valueswafter
temperature, TSS, TDS, TS, turbidity, DO, BOD, COD,
pH, conductivity and total alkalinity were %3, 365.87
mg/l, 8018.8 mg/l, 8518.33 mg/l, 31.54 FTU, 1.55/Img
6.65 mg/l, 13961 ps/cm, 247.47 mg/l, 560.27 mgd 4r8
mg/l respectively [14].

Another study reveals that the mean values of SS in
pond, tube well and supply water are 497 mg/|, 9l rzugd
99.21 mg/l respectively [15]. Total hardness hasnéb
132.5 mg/l as a mean value in one studies [15] edserit
has found 49-61 mg/l in another study [16]. A stadythe
pond water quality of Chittagong University showmsmitt
average pH 6.18 [17]. Another study revealed thme t
highest pH of Chittagong city area was 7.17 anddhest
was 5.59 with the mean value of 6.56 [15]. A stuelyeals
that in rainy season DO varied from 7.15 mg/| ®68mg/I
and COD from 15 mg/l to 75 mg/l and in dry seadwosirt
concentration varied from 6.65 mg/l to 7.66 mg/dah
mg/l to 48 mg/l, respectively [18].

4. Conclusions and recommendations
4.1 Conclusions

The water quality parameters of pH, TDS, SS, TS,
COD, BOD, DO, conductivity, hardness, iron, chleriahd
arsenic were varied significantly<p.05) among sampling
sites and also varied significantly<(@05) among pond,
tube well and supply water. Water quality statusswa
comparatively better in tube well water. Becauseetwell
water comes from underground sources which haw les

chance to mixed suspended impurities, dissolved
impurities, floating impurities and natural induce
pollutants. But the pond water quality status was

deteriorated due to its indiscriminate uses likeshiag of
cattle’s, utensils and patients dirty clothes, dumgpof
household wastes, decay of vegetation, animal waste
fertilizer pesticides, irrigation and fish culturSupply
water quality status was also deteriorated due dor p
maintenance of collection and distribution systent.is
mentioned here that, only these parameters camnma&e
water suitable for domestic uses as biological patars as
well the other physical and chemical are imporfastors
for drinking as well as other uses of water. Fa gnoper
water resource management the existing water bbdies

to be protected from all types of pollution and evajuality
parameters have to be maintained acceptable lHQSB

for different productive uses. Water collection and
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distribution system are another two important tofis
proper water resource management. In Chandpuratlistr
comprehensive collection and distribution systeftofged
under supervision of Paraushava water supply sectio
(PWSS).

4.2 Recommendations

It may recommended that necessary steps and cavddsh
be taken by the concerned authority immediatelythi®
maintenance of pond, tube well and supply wateiityua
status and for the proper collection and distidrusystem
of Chandpur district. The following recommendaticare
suggested:

1. The drinking water sources and it's nearby ateauld
be kept clean and regular cleaning be done.

2. Stop the practice of dumping waste into the Imearater
bodies.

3. Fish culture should be done in a demarcatedaréaise
different chemicals and feed items with appropréiises.

4. Chemicals such as potassium permanganate agadspr
regularly in order to protect water from microorgan's
contamination.

5. Use of pesticides in agriculture should be kditand
only standard quality pesticides be used.

6. Seepage pits, refuse dumps, septic tanks, wenapd
with diverse agricultural, chemical or biologicadljpitants
should be maintained appropriately so that grourderv
cannot be polluted.

7. Regular monitor the samples of underground water
different depth of suspected areas and find outethkages
of water supply pumps and wash the pumps at leasper
month.

8. Pesticides, fertilizers and organic compounss &nd to
enter the water table through percolation, so dusth be
controlled by appropriate management technique.

9. Water works engineers should detect the possdises
of contamination of water sources and also takeapiate
action to minimize the problems.

10. The government needs to give special atterfiimn
proper water resource management and take compighen
water quality management program and more reseaahe
water quality, collection and distribution systene & be
initiated.
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