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INTRODUCTION

Abstract

Purpose of the study: The study aimsto provide an overview ofirban water
quality and the degree of eutrophication bhak adés f r e s landaa
discusscontrol strategieto combateutrophication.

Methodology: The paper systematically reviews availabthddarly and non
scholarly materialsand simmarizes the findings from redefield investigations.
This review paper is based on data and informatiolected from sixtyfour
previously published papers on the subject matter.

Main Findings: Owing to rapid urbanization and increased industrializat
Dhaka faces various wateesource management challenges and struggle
provide adequate water for its residemstrient enrichment (e.g., phosphorus a
nitrogen) of D higa & sefiauis tlwemtt te overdil ovakar euali
Future climate conditions are expected teate favourable conditions for algal a
potentially toxic cyanobacteria growth in water bodies.

Applications of this study: The findings of the review may be usedidentify in
situ treatmentechnologiesf o r t he remedi ati on. Tod
gathered information may also aidimplementing and enforcing wateollution
regulations, and provide a coordinated focus for environmental policy.

Novelty/Originality of this study: The study highlightshe potential consequenct
of changing climate o the water environment of Dhaka, with a specific emph
on water quality and nutrient pollution. The paper summarizes the ct
knowl edge of the possible effects
presents masures to control eutrophicati

Eutrophicationis defined as an unwanted growth pfants and algaefrom the accumulation of nutrientse[g.,
phosphorus (Pand nitrogen (N)] in lakes or other water bodieEutrophicationoccurs due to aombination of
environmental factors, including nutrieavailability, temperature, sunlight, ecosystem disturbance, hydratong
water cheristry (Smith, 2003 Paerl, 201} Sources of atrients toinland and coastalvater bodiexome froma variety

of sourca, including agriculture runoff, septic tanks, urban wastewater, gtioamwaterrunoff, industry along fossil

fuel combustion Chislock et al., 2013 Globally, rapid population growth coupled with intensive agricultise¢he

leadingcauseof eutrophication related water quality degradatiomainywater bodies\ithers et al., 2014 In many
emerging economies, direct drivers of eutrophication include increased energy consumption and apyflicadmical
fertilizer andchanges in land use/land coyBoesch et al., 200 Khan and Ansari, 20031aque, 202).

Eutrophicationcancausedensealgal bloom reductionin water clarity and water qualityeteriorationandcauseserious
damageo biotic components of the natural ecosystéhislock et al., 201:3Dorgham, 201} Harmful algal blooms
hypoxic zonesor dead zonesandfish Kills are alsothe results of eutrophicatiofSonak et al., 2018Haque, 202)L

Harmful algal bloomsre the rapid growth of algae or cyanobacttré produces toxinswhichare harmful to humans
and other organismaNhen the dense algal blooms die, subsequent microbial decay severely lowers the levels of

dissolved oxygefDO). In lakes andhew o r | d & sDOdewetslass than 2 mg:tleads tatheformation ofa hypoxic
o rdead zone' thatitksa sufficient amount 0DO to support most aquatic liveBiaz & Rosenberg, 200&ampbell et

al., 2019. Excessive growth of algaand photosynthetic bacteria can limit light peation and oxygen absorption
essentiafor aquatic organism#dditionally, prolific algal blooms can lower the success of predators, which need light

to chase and capture prelyefitiniemiet al, 2005 Turner & Chislock 2010. Moreover eutrophication carstrongly

impact thesurvival and developmemif mosquitoes Johnson& Townsend, 2008Schrama et al., 20).8Globally this
hasimportantconsegencesfor the spread ofnosquiteborne diseasesuch ascholera, West Nilefever and malaria

(Johnsor& Townsend, 2008

Bangladesh is scheduled to officially become a developing country in @0@Bhaka, the capitabf Banglalesh, is a

major betaglobal city with a population of over 18 million residents. recent decadeghe natural increase of
populationandinternal mass migration from rural areas across the countey/ldieen the main foreb e hi nd

booming poplation. As such, Dhaka City has emerged as one ofatestgrowing cities in the worldlIt is predicted
that by 2025, Dhaka will become one of thp-rankingmegacitiesvorldwide with a populationof 22.9 million Dewan
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& Corner 2019. The rapid growth in populatiocoupled with increasedrbanizationhavecreated enormous stress on

the city and have serious implicatios for freshwater usage, sanitation and drainage isar@swater management
(Hagwe, 2020. Over the pasiew decades, numerous surface water bodies in and around the city have been subjected to
increased pollutiodue toindiscriminate disposal of untreated or partially treated waste by municipal, industrial and
agricultural source¢e.g.,Karim et al., 2015Haque et al., 202@arker, et al., 2090Eutrophicationis a leading cause

of impairment of many of its surface water bodiEsture climate conditins will potentially createmore favourable
conditions for the growth of algae and potentially toxic cyanobacteria.

Globally, Bangladesh is one of the most vulnerable countries to climate change owing to its flat geography and low
lying topography, high g@pulation density; dependence of numerous occupationsliorate-sensitivesectors (e.g.,
agriculture and fisheries) and institutional challendésg( 2001 Rahman and Alam, 200Hug and Avers, 2007
According to the Intergovernmental Panel on Climate Change (IPCC), the global average surface temperature has
undergone warming of 0.85°C between 1880 and 202, 2013 A warmer climate is exgrted to influence the
hydrological cycle and change patterns of precipitation, temperature and evaporation|F&t€s 00), and
subsequently influence water quality by intensifying various types of water poll@ii £t al., 201:4Haque, 202).

Water temperatures over 25°C,-27°C and 1722°C are optimal fothe growth of cyanobacteria, dinoflagellates and
diatoms, respectivelyP@erl, 2014 Giannuzzi, 2018 Additionally, higher water temperatures in tropical regions may
cause cyanobacteria blooms, which persist-yeand.

Dhaka has numerous interconnected canals and rivers that are highly susceptible to thmeaedhlgéfect of
urbanization, environmental degradation and climate change. In particular, due to the projected changes in temperature
and precipitation patternBhakadés water bodies are expected to exper.ie
issues Alam and Duti, 2012Hossain et al., 2030Further, the impacts ofiohate change may cause increased water
demand due to rising temperatures and evaporation while decreasing water gqu@ltititeteinducedsevere flooding

events Hossain et al., 200 have already hindered many of Dhakads
occupations considerably. In additidhge negative impacts of changing climate amal areas have caused increased
migration to Dhaka in search of nagricultural employment, creating further pressure on its already stressed water
resourcesDhaka attracts between 300,000 and 400,000 new migrants anfiuady¥\orld Bank, 200Q The shrinking

freshwater resources agcowing demand wilhaveanimpacton water supply sustainabilitAlam and Duti, 201

In recent years, the breadth and depth of eutrophication research havestgraglty. Alarge bodyof bothscholarly and
nonscholarly materialss availableontheeffectsofe ut r ophi cati on on Dh&hk priharygealr f ac e
of this paper is teystematicallyreview available literaturendsummarizethe findingsfrom recentfield investigations

and discusshe environmentaimpacts and consequenaafseutrophication o h e  &rdshwgtér system3.he paper

also includesa discussion orthe influence ofchanging climate othe eutrophication oD h a k wab&rs wate bodies.

Further, hepaper also highlightgossible eutrophication control strategiesombat the problem

GEOLOGICAL SETTING

Bangladesh idocated at thelowermostreaches of theGangesBrahmaputraMeghnariver basin Bangladesh lies

bet weehad2 063¢318at i tude, a a9 D¢l Imgirde (F&e DA a mega delta, the
country covers the greater parttbk current Bengal Basin witlh huge thicknesef fluvio-deltaic sediments, being
formed by the merging deltas of the rigdPadma, Jumuna amdeghna [slam, 20.6). Most parts of Bangladesire
geologicallybuilt up of sediments deposited by these river systems, which originate from the Himalayan Mountains to
the north and Burmese hills in the east

Dhaka | ies between | atitudes of 23e¢e43' and 23eb54" North
of 336 knf (Siddhartho et al., 20)%ndconsist of alluvial terraces of the southern portion of thés@leene uplands

known as the Madhupur tragflam, 1999. The land surface represents uniform geomorpieiaturesand the
topography is flatCentral Dhaka is 6 to 7 m above mean sea level, whereas the neighbouring floodplahd an

above mean sea level. The peripheral rivers are Tongi Khal (north), Buriganga River (south), Turag River (west) and
Balu River (east; Figure 2).

CLIMATE

Bangladesh is located on the edge of the tropical region and experiences some of thenaesteshs in the world.
Dhaka has an annual average temperature of 26°C. The city experienced an average temperature risesioicé.03°C
1900 (The World Bank, 2021 Themaximum of 33°C usually occurs in March; the average amairgfall is 2076 mm
(Ahammed et al., 2034The majority of the rain occurs during the monsoon season (i.e., May till the end of September).

2| https://mgesjournals.com/ijsrtm/
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MAJOR FINDINGS

A review of the existing literature reveasserere water pollution problenin numerous water bodies in Dhakdigh
population density coupled with poor and vuterable population unsanitary conditionsndiscriminatedischage of
untreated and partially treated wastewaterehiacreasedollution levels The sewerage and sanitation netwofkhe
city covers25% of the total urban ard&Vhitehead et al., 20)8Due to the lack ofin appropriate wste management

system,over 50% of munig@pal waste is disposed into theater bodiesNIoEF, 2010. Additionally, industrial effluent
Dhakads

agrochemical s

andl ar ge

suaféce watebodidsuntrestedy |

nt o

Consequentlypollutant levels in numerous freshwater bodies adgbining areas are increasing at an alarmrage

(Whitehead et al., 20)8Dh ak a6 s

water

g u a havebegn tlersubject af mamgsgaith workET dble n

1). In the following subsectionsthe water quality and eutrophication problemssomesignificantwater bodies within

Dhakahave beemliscussed

Tablel: Summary of

Some Recent Studi

es

on

Dhakaos

Study Study Area Focus Major Findings

Sarker et Shitalakhya River Investigated The results indicate thathe sampl@ river water is

al., 2020 phytoplankton moderately pollted. The pH values werewithin the
abundance,DO, pH, acceptable range for fisurvival Dissolved oxygerevels
total dissolved solids were in thefield of 5-6 mg.L‘l. High POs-P, NO>-N, and
(TDS), phosphate NOs-N indicate suitable conditions for phytoplankto
(POs-P), NO»-N, and growth.
NO;-N.

Tahmina, Turag River Parameters  studie The majorityof the analyzedphysicochemical paramete

et al.,2018 are temperature, pH exceeded theelevant allowale limits of Bangladesh anc

salinity,
alkalinity,
conductivity

TDS,
electrical

total the World Health OrganizationWHO). The bactrial

€O,

count indicatd the presence ofaecalmatter in the water
The waterquality indexvalue suggestd that the waters

chloride contentfree were pdluted. Further the observedow DO valuesare

CO,, DO, NO; and

sulfate.

likely due to the presence ofrganic and inorganic

substances discharged from nearby industridirate
levels were found toelower thanVH O Gallowable limit.
Overall the results indicate that the lake was nuo#uted

duringthedry season

Zerin, et Buriganga River

al., 2017

Comparative study o Alkalinity, conductivity, pH, PQ-P, Chlorophyll a and

water quality data total zooplankton concentrations exhibited iacreasing
using findings of trend during monsoon and summer. Furthée tesults
numerous indicate @hanced eutrophicationn the study area

investigatorsbetween Changes irphytoplanktordiversitywere observedver the
1972and2013. years.

3 | Visit IJSRTM at https://mgesjournals.com/ijsrtm/
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Karim, et GulshanLake Review of preiously Bacteria countin the studied watemwere higher than

al., 2015 published work. tolerable limits. Levels of DO and BOD indicate opr
water qualityand human activities ardikely responsible
for the contamination

Islam, et Dhanmondi, Water quality in the An overall increase in BOD and COD along wil
al., 012 Ramna, Crescenl studied lakes was increasing DIN (Disolved Inorganic Nitrogen) and DIP
Baridhara assessed based « (Dissolved Inorganic Phosphates) levels indicate
Gulshan, fieldwork, deteriorating water quality.
GulshanBanani, government report:
Uttaralakes and satellite images.
BANANI LAKE

Banani Lake is a shallow lake, situatedhe densely populateBanani Residential Area close the citycentre Alom
(2019)found the average pHonductivity, DOand BODQ valuesof the lake wateto be 7.4, 262 S/ &.56, mg.L*

and 23.3 mg.L, respectively. The permissible limits for DO, BO&nd chemical oxygen demand (COD) are presented
in Table2. This study found that sewage disposal along with lack of awarenpsasarily responsible for thta k e 6 s
pollution. Khondker et al(1994) investigated the eutrophication statughaf lakeconsidering 18 limnological variables
and phytoplankton community structures. Tb® levels were lowand found to be lethal for fish survivakurther,
concentrations of totaP and N along with chlorophyll exceeded the rang#sat indicate hypeseurophication.The
investigatorsalso detectedthe presence of a large number efiglenoidand chlorococcoid algae together with the
dominance oRhodomona lacustrisPascher rad Cryptomonasovata EhCryptomonads are one of the major groups of
microalga. Further,Jewson et al. (1993lentified Banani Lake to be hypereutrophic and foAnthcoseiraherzogiiin
association witteichhornia crassipesi.e., water hyacinth)A study conductethy Poribesh Bachao Andoldound that

DO levels to bed.442.44 mg.L™" and that no aquaticorganismscan survive in the lake watelue b indiscriminate
disposalof toxic wastegMallick, 2015. Additionally, Poribesh Bachao Andolan observed fish kill egehtring their
study period.

Table 2: Water QualityParameter Permissible Limits

Water Quality Parameter The Environment Conservation Rules (1997)
Standard for Drinking Water (mg.L™)

DO 6
BODsat2 0 e C 0.2
COD 4

Changing temperature, precipitation and wind patterns due to seasonal and climatic changes appear to influence the
concentrations of various pollutants and nutrients in the léker(dker et al., 199Mallick, 2015 Alom, 2019. Recent

field visits indicate that the lake continues to receive stoater runoff, domestic waste, plastic and other pollutants

from the neighbouring area. Additionally, the watars visibly greermwith observable floating chunks as well as surface

scum.

GULSHAN LAKE

Gulshan Lake is one of the eight Ecologically Critical Areas declaraticopepartment of EnvironmenBangladesh
(Islam, 200%. The lakehas dength 0f3.8 kmandcovers an area of 0.016 knThe average depth and volume are 2.5 m
and 12x10 m®, respectively.The peripheral sides arBaridhara(north), TejgaonHatirjheel (south), Gulshan-Banani
(west)and Badda aregeast) Dhaka Water Soply and Sewerage Authority has identified tHarm sewersnd waste
disposal frondrains andsewerage pipes are the major contributorthe pollution of Gulshan LakeSabit and Ali 20%;
Karim et al., §15. Sabit and Ali (20%) identified a otal of 102 outfalls in théake including 24 majoroutfalls
(diameter61 cmor significant flow). The outfall dischargesvere characterized bglevated levelof BODs (56-160
mg.L™?), COD (129188 mg.L"), ammonia (1628 mg.L"), and PO, (3.5513.4 mg.L™"). Further, the lake wateis
characterized by low D@vels(<2 mg.L™), high concentrations ofaecal coliform bacteria BODs (up to 46.0mg.L™)

and COD (up to 13fnhg.L™"), demonstratig faecaland organic pollutionf the lake waterThe DO levels are well below
the permissible limit for drinkingvater (Table 2). Karim et al., 2015ound the bacteria count of the lake water to be
1,200.Sabit and Ali (20%) also report that the water sample collected during the dry season sal®iatedchutrients
(10-20 mg.L* ammonia; up to 8.55 mgLPQ,). The findings suggest that the elevatedimium (Cd) and lead (Pb)
levelsin the lake sedimentare associated with a high potential sediment oxygen derriggid metal concentrations are
of concern given that el evated |l evels of various disso
groundwater (e.gKarim et al., 2015Haque et al2020. It is important to note thaBulshan Lake is considered a
dominant source of underground water recharge in the Began(an and Hossain, 2019

Recent sitevisits and field interviews indicatiat increasing population growth coupled witkpid urbanization, land

use changes and nutrient pollution argnificantt hr eat s t o t h e (Shaba &ne Alis20%viaatineat a.,qu al i t
2019. Over the years, the lake has experienced accelerated cultural eutrophication aloadveiigh effects on its

natural ecosystem (FiguB). The findings are particularly alarming as neighbouring slum dwellers contirugetthe

lake water for drinking, cooking and bathing purposes

4| https://mgesjournals.com/ijsrtm/
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(a) (b)
Figure 3: Water quality of (a) Gulshan Lake and (b) Hatirjheel Lake (Pictures k&b October 821)

HATIRJHEEL LAKE

Hatirjheel Lake ighe most prominehlake designed to store rainwater in Dhakiagsain et al., 201 Tariguzzaman et

al., 201. The lake is 4.1 km long covers an areaOdt9 knf, with an average depth of 2.6 @Howdhury and
Chowdhury, 2018 Chowdhury and Chowdhury (2018und the measured carbon dioxide @C@vels in the lake
water to be 29 mg:t, which indicate that these waters are acidic. These researchers also report BOD (3 amgiL
COD (27 mg.Y) levels to be well above the permissible limits (Table S)idika et al. (2015found that P levels
increased substantially over twlecadesandthelake is hypereutrophic due to its high P cont&hie neighbouring low

lying areas receive stormater discharges primarily through major storm sewer outfalls. During theanghs of the
year,storm sewer@rimarily carry domestic sewagand industrial wastewateicausing further pollution of the already
polluted water $ohaitUs-Samad 20®). Devnath (2020fepors that the lake has become a sewage pond due to a lack
of an appropriat sanitary system in the surrounding areaRecent fi el d i nvestigation i ngc
declines during the dry months of the year and result in intensified pollutRetentfield visits founda foul smell
coming from the visibly greelake watergFigure3). In addition,a substantial amount of debris, scum and floating mats
of water hyacinth were observed.

BURIGANGA RIVER

Buriganga Riverpne of the mogpollutedrivers in Bangladeshoriginates from Dhaleswari fromhme north of Dh&a and
flows past the southwest outskirts of the citiaue et al., 2090 Theriver's average depik 7.6 m and its maximum
depth is 18 mNlajumder 2009. Field visits and review of past resdaicedicates that the primary point sources of river
pollution are untreated or partially treated industrial effluents, municipal wastewater and sewage treatmentgujaats (
et al., 2020). Diffuse sources of pollution to theser include solid waste and human waste disposal along the river banks
and oil leakage from various types of water vehicl&sila (2020)assessedifferent point and nofpoint sources of
pollution of Buriganga Riveand found theBODs and CODvalues meethe ECR (1997)permissible limitsunlike the

DO and ammonia nitrogelevels In a separate studghuiyan and Khondker (201&ssessed the water quality and
potamoplankton of the riveTheyfoundthatthe mean values for pH, GQconductivity, TDS, SRP, and N to be
8.34,8.49mg.L', 68671 855.17mgl!, 4@3'aed 8 h’ r2spectivelySince the early 1970sjany
scientists have studied the water quality of the Burigaagdfound severe eutrophicatioand water pollution with an
increasing trend irchlorophyll and declining biodiversity of pelagic plankton (e.dhmed 1993 Raknuzzaman 2006
Bhuiyan and Khondker 20).8Ferdous et al. (2014dentified 27 genera of Phytoplankton belonging to Cyanophyceae,
Bacillariophyceae, Chlorophyceae, Eugleggeae and Cryptophyceae muriganga River waterln addition,
merismopedia of Cyanophyceae widge most abndant and frequent genemdore recently,Bhuiyan and Khonker
(2018)found Fragillaria virescensRalfs was the dominant diatom of the river Buriganga, with levels ranging from 6.5
x10° to 11.09x16ind.L™* which was the highest compared to the population of all other groups of potamoplankton.

Buriganga River is crucial for providing drinking water supply, transportation, cleaning, washing, recreation,
groundwater rechargendflood control (Kibria et al., 2015 Large quantities of groundwater agtracted from the

underlying Dupi Tila sand ageft o meet t he water demand Oceefexplbitatorkath®s gr ow
aquifer has led to a progsege drop in water levelsn manyareas under the cityrhe resulting cone of depression is

likely causingsurface water infiltrationmainly from the polluted Burigega River Darling et al., 200p

BALU RIVER

Balu River origirates from Paruli River and Sutia River in Gazipur Distridte riverflows throughextensive swamps

of Beel Belai anceventuallymeetsthe SitalakhsyeaRiver at Demra(Hasan et al.2014 Bhuiyan ¢ al., 2020. The 44 km

long BaluRiveris a drainage channel ancsmall tributary ofhe Sitalakhsya RiverEhuiyan et al., 2020 Balu River is

also connected with the Turag River through Tongi Khal. Balu River cardedvilater from Sitalakhsya and Turag
Rivers Chowdhury 2012). Hasan et al. (2014pund thathe maximum levels of EC, DO, BOD and TDS during the dry
seasower e 7 1 8, .1.04n8.'c&06 mg." and 87.3 mg.l1, respectively. These investigators found that the
primary sources of pollution of theiver include untreated sewerage inputs from both Dhaka and Tongi, domestic
wastewater, effluents from power plants, tannery and battery industniésgriculturalrunoff.

5| Visit [JSRTM at https://mgesjournals.com/ijsrtm/
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Bhuiyan et al. 2020 investigatel the water quality othe Balu River and found that the p¥hluesranged between 7.1
and 7.5.Dissolved oxygerand CQ levels rangedfrom 0.2 to 4.47 mg.L™* and 0.07 t02.90 mg.L", respectively.
Chlorophyll levels ranged from 6.732.60 ug.L*. Phytoplankton density ranged between 1178%t@ 7409x18ind.L

» and themaximumvalue of SRPwas found to bel247.62ug.L™. The study's findings indicate that air and water
temperature andlkalinity correlated considerably with the phytoplankton biomass of the paagic\Whitehead et al.
(2018) appliedvariousmodels to evaluate hydrochemical processes in Balu River to assess alternatggestfatr
policy and the management of the pollution issinethe polluted TuradongiBalu river system. These inuegators
concluded thawith DO levelsclose to zeran the river sysm there is a alid need tosubstantiallyimprove the DO
levelsto bring them back to internationally permissible limialu Riveris still being used for domestic, agricultural
and residential purposes.

MEASURES TO CONTROL EUTROPHICATION

Globally, humarinduced eutrophication has negatively influenteelwater qualityof inland water bodies and coastal
waters. Specifically, wbanization coupled with rapid population growth, industrialization and excessive use of
agrochemicals teresulted in disproportionate quantities of nutrients in urban water bodies stimulatihgpdaalgae
overgrowth.Nutrient pollution is not a new problerit is among the most persisteMeasures to control eutrophication

are crucialas nutrient accumulation renders controlling eutrophication roomgplexwith time. The following criteria

canbe vitalto reverse eutrophication trendad todevelop robust strategiesd¢ontrole ut r ophi cati on i n
bodies:

1 Compostingcan beused as a preventative solutionidy a keatfoghication problem. Composting converts organic
matter into compst manurewhichis deficient in high levels dNO; and PQ.

1 Municipal wastewaters containinfarge quantities of nutrients play apssentialrole in water trophic state
deterioration Nutrient removal viavastewater treatment technologievitsl to minimize nutrient pollutionin these
wates.

1 Insteadof regulatory guidelines, scientific guidelines shod&terminewhether high quantities afutrients exisin
water bodies

DissolvedPQ, should be removed from water bodies using techniques suchcisitaten.

Oxygenation of water bodies catsoreducethe negative impacts dhe eutrophic process and restore ecological
condition.

9 The general public does not sufficiently understand eutrophication and its influPobés awareness campaigns,
envronmental education progranandtargeted outreach axtal.

1 Integrated research amdonitoring efforts are necessary pinpoint the nature and extent of the eutrophication
problem, provié essentialinformation to identify specific policgyprogramsand legislation and establish cost
effective measures for managing aeducing nutrient loading

CONCLUSION

It is evident from the review thatver the past few decaddacreased urbanization d@rindustrialization has caused
numerous primaryindicators of poor water qualityto rise sharply Implementing and enforcing water pollution
regulations is cruciain providing a coordinated focus for environmental poli&trengthening laws and regulations
against norpointwater source pollutionan significanyy control eutrophicationhowever,in many countrieseven with

existing legislation to regulate point source of nutrients, eutrophication remains widespread in surface water bodies
Furthermore,due to the influences of changing climate, impactsafient pollution is expected to increase in the
coming decades, leading to increased eutrophication and more séffeete on aquatic environmentgolicymakers
mustbegin taking decisive actions now.
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