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Abstract: Water quality in any water body is dependent on its physicochemical properties, the knowledge of
which is necessary to maintain the suitability of the environment for aquatic organisms. In Bangladesh, the
Halda River, a valuable spawning ground for the Indian major carp species is currently believed to be under
threat due to anthropogenic and environmental causes. To identify the physicochemical properties of this
river, eleven physical and chemical parameters were under investigation for 24 months, from January, 2017
to December, 2018, at three selected stations on the river. The average and range values of the investigated
parameters were: 27.70+1.25 °C and 22.52-30.77 °C for water temperature, 24.96+6.11 cm and 15.33—
35.33 cm for transparency, 114.36+14.42 uS/cm and 54.67—-162.17 uS/cm for electrical conductivity (EC),
5010 ppm and 30-70 ppm for total dissolved solids (TDS), 7.46+0.14 and 7.1-7.7 for pH, 6.17+0.88
mg/L and 4.30-10.07 mg/L for dissolved oxygen (DO), 13.14+2.41 mg/L and 7.49-43.29 mg/L for free
carbon dioxide (fCO,), 7.71+1.15 mg/L and 4.41-11.62 mg/L for calcium (Ca™), 32.76+5.17 mg/L and
17.83-46.33 mg/L for total hardness (TH), 47.10+12.47 mg/L and 36.17-55 mg/L for total alkalinity (TA),
and 1.38+0.38 mg/L and 0.72-2.43 mg/L for biochemical oxygen demand (BOD,). Significant positive
relationships between transparency and EC (r=0.78, P<0.01), EC and TH (r=0.96, P<0.001), EC and TDS
(r=0.92, P<0.001), EC and Ca**(r=0.87, P<0.001), TDS and TH (r=0.86, P<0.001), Ca** and TH (r=0.87,
P<0.001), and Ca™ and TDS (r=0.86, P<0.001) have been observed. Physicochemical properties indicated
that the level of pollution of the Halda River water was low, which made it suitable for aquatic organisms
and acceptable for domestic and agricultural purposes.

Keywords: physicochemical parameters, pollution, water quality, monthly and seasonal variation, Halda
River
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OIIEHKA ®U3UKO-XUMHUYECKHUX CBOWCTB
PEKHN XAJIJA, BAHIUTAJEII

M. C. Ucnam', M. A. Azaau', M. Hacpynaun!,
M. T. Mcaam', 1. Akrep!, T. V. Axmen?

"Qummazoneckuil ynusepcumem, Yammozpam 4331, Banenadew
206wecmeennulil koneddnc kanmona Yummazone, Yammozpam 4210, banenadew
E-mail: mshafigzoo2013@gmail.com

AHHoTanusa. PU3MKO-XMMHUYECKHE CBOKMCTBA JIOOOTO MOJE3HOrO BOAHOTO OOBEKTA BAa)XKHO 3HATH, YTOOBI
MOJIEPKUBATH €TI0 IKOCUCTEMY B COCTOSIHUH, OJArONPUsITHOM JJISL )KM3HU BOJHBIX opraHn3mMoB. CocTosiHUE
peku Xanga B banrnmajenr, koTopas sIBISETCS BaXXHBIM HEPECTHIIHMINEM JIsl OCHOBHBIX BUAOB MHIMHCKHUX
KaproB, HAaXOAHUTCS IMOJ yrpo30i M3-3a BO3ACHCTBHS AHTPOMOTCHHBIX M J3KOJOTHYECKHX (akTopoB. s
ONpEeeNIeHHs] TEeKYLIEro COCTOSHUS KauecTBa BOJbl pekd Xajja Ha TpeX BbIOPAaHHBIX CTAHIUAX OBLIU
ucciaenoBanbl 12 QU3MKO-XMMHUYECKUX MapaMeTpoB 3a 24-MecsdHbld mepuon ¢ saBaps 2017 mo gexabpb
2018 r. CpenHuie U MHTEpBaIbHbIC 3HAUEHUS HCCICIOBAHHBIX TTapaMeTPOB OBIIHN CISAYIOMUMH: TEMIIepaTypa
Bonbl — 27,70+1,25(22,52-30,77) °C, npo3paunocts — 24,96+6,11 (15,33-35,33) cM, 3IEKTPOIIPOBOTHOCTH
(EC) — 114,36%£14,42 (54,67-162,17) mxCwm/cM, oOliee KOIWYECTBO PACTBOPEHHBIX TBEPHABIX BEIIESCTB
(TDS) — 50+10 (30-70) wacreti ma muwunoH, pH — 7,46+0,14 (7,1-7,7), pactBopenusrit kuciopon (DO)
— 6,17+0,88 (4,30-10,07) mr/n, ceo6onnbii quokcun yraepoaa (fCO,) — 13,14+2,41 (7,49-43,29) mr/m,
kanpruii (Ca™) — 7,71£1,15 (4,41-11,62) mr/n, obmas xectkocth (TH) — 32,76+5,17 (17,83-46,33) mr/m,
obmas memnougnocts (TA) — 47,10+£12,47 (36,17-55) mr/n u 6uoxuMHuIecKass MOTPEOHOCTh B KHUCIOPOJE
(BOD,) — 1,38+0,38 (0,72-2,43) mr/n. 3HaunMas IIOJOKHUTEIbHAS 3aBHCHMOCTh HAONIOAANACh MEXKIY
TeMIIEpaTypoi BO3ayXxa u TeMneparypoit Boasl (r=0,87, P<0,001), mpo3padHOCTBIO U JIEKTPONPOBOTHOCTHIO
(r=0,78, P<0,01), 21eKTpOmMpOBOAHOCTHIO U 00mIeH xecTKkocThIO (r=0,96, P<0,001), 31eKTpONIpOBOIHOCTHIO
U O0mHM KOJIUYECTBOM PacTBOPEHHBIX TBepAbX BemecTB (r=0,92, P<0,001), 37eKTpONPOBOJHOCTHIO H
kanpruem (r=0,87, P<0,001), o0muM KOJTUIECTBOM PACTBOPEHHBIX TBEPBIX BEIMECTB U 00IIEH KECTKOCTHIO
(r=0,86, P<0,001), kanpimem u obmei xxectrkocThio (r=0,87, P<0,001) 1 kanpmueM u 00IIUM KOJIHMYIECTBOM
pacTBOpeHHBIX TBepabIX BemecTB (r=0,86, P<0,001). ®u3uko-xUMHUUECKHE CBOWCTBA YKa3bIBAlOT HA TO, YTO
YPOBEHb 3arps3HEeHUs] BOABI B p. XaliJa HU3KWI, Onarojaps yeMy oHa MPUTOAHA JJIsi OOMTaHUS BOMHBIX

OpPraHu3MOB U MOXKCT UCITIOJIB30BATLHCA B OBITOBBIX U CEJIbCKOXO3SHCTBEHHBIX oeIax.

KarwueBsle cioBa: pU3MKO-XUMHYECCKUE MAaPaAMETPhI, 3aTPsI3HEHHUE, KAYECTBO BOJBI, MECSIYHBIC U CE30HHBIC
KoyeOaHus, peka Xanaa

INTRODUCTION

The tidal River Halda, located in the southeastern
region of Bangladesh, is well known as an important
natural spawning ground of the Indian major carp
species [1]. Eighty-three species of finfish and ten
species of shellfish inhabit this river [2]. From
prehistoric times, river waters are used for transport,
agriculture and drinking purposes, as well as in
drainage systems. With the advent of time, industrial
development, modern agriculture, and urbanization led
to the production of large amounts of solid and liquid
pollutants, which are discharged into the rivers. Thus,
most of the rivers of this planet face environmental
issues threatening the lives of fish and other aquatic
organisms inhabiting them. The water quality and
productivity of aquatic ecosystems are critically
dependent on the influence of various physical and

chemical factors. Fish survival, diversity, and growth
can be affected by the abnormal physical, chemical,
and biological properties of water [3]. Pollution
directly affects the quality of river waters, which may
harm aquatic organisms and render the water unfit for
agricultural and domestic uses. Polluted water is the
source of diseases, has an adverse effect on the soil, and
is also unable to sustain life [4]. Due to inherent health
risk, contaminated and polluted water is unsuitable for
drinking, as well as for domestic and sometimes even
agricultural purposes [5]. It is believed that the Halda
River is currently adversely affected by the discharge
of poultry industrial waters, household wastes from
the local Upazila towns (Fatikchari, Nazirhat, Raozan,
and Hathazari), crop field agrochemicals, industrial
effluents from Chittagong Asia Paper Mill, oil wastes
from Beijing Power Plant, and some industrial
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pollutants of town area entering the river through
various canals [1]. Beside that, alteration of the
Halda River habitat is also done by the construction
of sluice gates, rubber dam, weir dam for increasing
crop production and loop cutting for controlling severe
river bank erosion [6]. It is essential to know the
physicochemical properties of the Halda River water
to protect the aquatic environment and manage its
quality in order to sustain proper carp spawning and
keep the water safe for drinking after its adequate
treatment and also for using in irrigation, for household
and other purposes. Earlier, a few notable research
works covering some parts of the River Halda were
done on the limnology of the surface water [1, 7-13],
but long-term study covering the entire river has not
yet been conducted. A very recent study by Islam et al.
[1] only covered the suitability of the water for drinking
purposes. So, the present study was being carried out
for two years to determine the water quality of the entire
river covering all fishing, spawning, and navigable
areas and to identify the effect of water quality on fish
and other aquatic organisms. These findings might
be helpful to fishery biologists, environmentalists,
planners, and decision-makers for taking mitigation
measures to minimize water pollution if so required
and increasing public awareness; among other things,
they could also facilitate maintaining the quality of
water required for proper carp spawning and sustain
the environment for other aquatic organisms.

MATERIALS AND METHODS

Sampling site

The Halda River, one of the important tributaries of
the tidal River Karnaphuli, originates in the Batnatali
Hill Ranges in the Chattogram Hill Tracts and enters
Chattogram District. After traversing 88 km, the river
finally meets the River Karnaphuli (270 km long) at
Mohara point, one kilometer north of Kalurghat Bridge.
Physicochemical properties of the Halda River were
investigated at three sampling stations selected from
upstream to downstream at a reasonable distance from
each other—namely, Station-1 (upstream at Nazirhat),
Station-2 (mid-stream at Satterghat), and Station-3
(downstream at Modunaghat), which covered the
entire fishing (40 km) and carp spawning (15 km) area
of the Halda River (Table 1, Fig. 1).

Sample collection and analysis

Eleven physicochemical parameters (water
temperature, transparency, TDS, EC, pH, DO, free CO,,
Ca™, total hardness, total alkalinity, and BOD,) were

analyzed using sub-surface water samples collected
in nine 250 ml and six 500 ml amber glass bottles at
three sampling stations during the time range from
9.00 am to 11.00 am at regular monthly intervals for
two years [14]. Table 2 shows the methods of analysis
of water characteristics. MS Excel 2013 was used for
statistical analysis and graphical representation of the
data.

RESULTS AND DISCUSSION

Water temperature

Water temperature is one of the most important
factors in the aquatic environment since it influences
both physicochemical and biological processes [15].
During two-year investigation period, the lowest
average value of water temperature (21.9 °C) was
recorded in January at Station-3, while the highest
(31.4 °C) was observed in May at Station-1 and in
August at Station-2 (Tables 3-5). In the Halda River,
the total average value of water temperature was the
lowest (22.52+1.11 °C) in December and the highest
(30.77£2.54 °C) in May (Fig. 2A). An almost similar
pattern of water temperature was recorded in the
Halda River in 1977-1978 (about four decades ago)
by Patra and Azadi [9, 10], and the same pattern of
it was observed in the Buriganga River in recent
years [16, 17]. The average seasonal value of water
temperature was the lowest (23.77£3.25 °C) in the
winter season at Station-3, whereas the highest one
(30.40+2.63 °C) fell on the monsoon season and was
observed at Station-1 (Fig. 3A). In the Halda River, the
total average seasonal value of water temperature was
lowest (24.46+3.20 °C) during the winter season and
highest (29.88+1.11 °C) during the monsoon season
(Table 6). These findings more or less coincide with
the data collected in other rivers [18-20]. The present
result was found to be within the permissible limit
of water temperature recommended by Bhumik et al.
[21]. The variation in water temperature could also be
related to the temperature of atmosphere and weather
conditions.

Transparency

Transparency is an important parameter for water
quality monitoring. The lowest transparency (12.5 cm)
was recorded in July at Station-2 and the highest
transparency (44.5 cm) was recorded in December
at Station-1 (Tables 3, 4). In the Halda River, the
total average value of water transparency was lowest
(15.33+1.41 cm) in July and highest (35.33+0.47 cm)
in December (Fig. 2B). More or less similar pattern
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Table 1. Sampling sites, sample code, geographical location and assessment for three stations

Tadmuma 1. Yuactku or6opa npo0, Ko BEHIOOPKH, Teorpaguieckoe IMoJI0KEHHE U OLEHKA TPEX CTaHLUH

Sampling Sampling
station code Distance Latitude Longitude Assessment
Crannus Kon Paccrosaune [Inpora Jlonrora Onenka
orbopa pod BBIOOPKH
No significant
pollution sources
20 km from except agricultural
Nazirhat Station-1 Station-2 2293759 38N | 91°4732.71"E lands
Hasupxar Crannus-1 20 kM oT bes cymecTBeHHBIX
Cranuuu-2 HCTOYHUKOB 3arpsis-
HEHHUS, KpOME 3eMeTIb
C/X HA3HAUCHUS
No significant
pollution sources
20 km from except agricultural
Satterghat Station-2 Station-3 22930'48.05'N | 91°50'45.60"E lands
Carreprxar Cranus-2 20 kM oT bes cymecTBeHHBIX
Cranuuu-3 HCTOYHUKOB 3arpsis-
HEHHUS, KpOME 3eMeTIb
C/X HA3HAUCHUS
Direct discharge of
industrial effluents
5 km from .
through various
the Halda . .
Modunaghat Station-3 River mouth canals/tributaries
£ 22°26"2.55"N 91°52'16.82"E | HemocpencTBeHHBII
MomyHarxar Cranmmsa-3 5 KM OT
oTbs CJIUB MTPOMBIIIICHHBIX
y CTOYHBIX BOJ Yepe3
p. Xanna
pa3IryYHbIC KaHAbI/
MIPUTOKHU

of fluctuations was observed by other authors [9, 20].
The low transparency is the result of heavy influx
of sediments, silts, debris, organic and inorganic
suspended particles during the monsoon month (July).
The average seasonal value of water transparency
was lowest (18.50+2.54 ¢m) during the post-monsoon
season at Station-2 and highest (39.67+£5.02 cm)
during the winter season at Station-1 (Fig. 3B). In the
Halda River, the total average seasonal value of water
transparency was lowest (19.56£1.51 cm) during the
post-monsoon season and highest (30.89+4.50 cm)
during the winter season (Table 6). These findings
showed similarities with the results obtained by Patra
and Azadi [8]. The present study found transparency to
be within the permissible limit as reported by Rahman
[22]. Transparency showed a significant positive
relationship with EC (r=0.78, P<0.01), TDS (r=0.67,
P<0.05), and TH (r=0.66, P<0.05) (Table 7).

Electrical conductivity (EC)

Electrical conductivity is the water capability to
transmit electric current and serves as a tool to assess
the purity of water [23]. The lowest average value
of EC (42 uS/cm) was recorded at Station-1 in July
and the highest one (179 uS/cm) was observed at the
same station in March (Table 3). In the Halda
River, the total average value of EC was lowest
(54.67£12.26  uS/cm) in  July and highest
(162.1744.48 uS/cm) in March (Fig. 2C). It
showed close similarities with the findings of
different authors [9, 24]. The average seasonal
value of EC was lowest (70.83+£29.90 uS/cm)
during the monsoon season at Station-2 and highest
(155.17£26.11 uS/cm) during the pre-monsoon season
at the same station (Fig. 3C). In the Halda River,
the total average seasonal value of EC was lowest
(78+£22.40 pS/cm) during the monsoon season and
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Fig. 1. Outline map of the River Halda showing three sampling stations (big round yellow mark), namely Halda St-1
(Nazirhat), Halda St-2 (Satterghat), and Halda St-3 (Modunaghat) [12]

Puc. 1. Kapra-cxema p. Xayaa ¢ Tpemst CTaHOUsIMU 0TOOpa npo6 (Oosblias Kpyriias sxenras MeTka), i. €. Xanna Cr-1
(Hasupxar), Xanna Ct-2 (Carreprxar) u Xanna Cr-3 (Monynrxar) [12]
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Table 2. Methods of analysis used for different physicochemical parameters of the Halda River water

Tadsmma 2. Metonbl aHann3a pa3InyHbIX (PU3UKO-XUMHUYECKHUX I1apaMeTPOB BOJBI PeKH Xallaa

Parameters Equipment & methods of analysis Measured
[TapameTpsr OO0opynoBaHUE ¥ METOBI aHATTU3a Uzmepeno
o Mercury thermometer (Taylor Rochester, NY, USA)
Water temperature ( OC) PryTtHbiit Tepmomerp (Taylor Rochester, Horo-Mopk,
Temmeparypa Bogsi (°C) CILIA)
Transparency (cm) Secchi disc (20 cm diameter) ©
2 IIpo3pagnocTh (CM) Huck Cexku (20 cM mraMeTpoMm) % g
p— - p— :
B § EC (uS/cm) EC meter (EC 4DIGIT, HM Digital, China) s
2. £ | DueKkTponpoBOaHOCT M3mepurens amekTpornpoBoaHocTH Boasl (EC o0 \S
£ 2 | (MxCwm/cm) 4DIGIT, HM Digital, Kuraif) £ 5
© TDS (ppm) . . % &
Digital TDS meter (Dist. 2, HANNA Instruments, s =
O01ee KOIM9YeCTBO =
PacTBOPEHHBIX TBEPABIX ltaly) S E
BemecTs (wacTeii Ha DJNEKTPOHHBIN H3MEPUTEIh MHHEPAIN3AIUN BOJIBI = S
m (Dist. 2, HANNA Instruments, MTanus) s
MUJUTHOH )
pH meter (pHep HANNA Instruments, Italy)
pH W3meputens menounoctu Bonsl (pHep HANNA
Instruments, Mtammis)
DO (mg/L) Azide modification of iodometric method [14]
PacTBOpenHsIit KuCIOpON Monundukanys H0I0OMeTpUIEeCKOTO METOAA C .
(mr/m) npuMeHeHueM asuaa [14] E
Titrimetric method using 0.0454N sodium carbonate 8
as titrant [14] g
Free CO, (rPg/L) TUTpUMETPUYECKUIT METOJ] C TPUMEHEHUEM o B
CeoGomusiit CO, (Mr/i) 5 2
2 kapOoHnara Hatpus 0,0454N B kauecTBe TUTpaHTa g g
= § [14] S
QO O . . =
= . EDTA titrimetric method [14] =
g £
25 Calc1umv (mg/L) Tutpumerpuyeckuit Meton ¢ npumenernuem S TA = 3
g | Kanbuwmii (Mr/m) ©
@) £ [14] 29
Total hardness (mg/L) EDTA titrimetric method [14] ‘g E(
& Tutpumerprudeckuii MeTon ¢ mpuMmererneM DI TA 2 e
=
O01mas )kecTKOCTh (MT/1) [14] N
o =
Titrimetric method using standard H,SO, as titrant i 3
Total alkalinity (mg/L) [14] — §
OO61mas 1menoYHocTh (Mr/i1) | TurpuMeTpudecKuii MeTo A ¢ IPUMEHESHHEM 8
cranpaprHoii H,SO, B xauecTBe TuTpanTa [14] \\c.z
BOD. (mg/L) Analysed after 5-day incubation period [14] ;
BHKS (MF%J‘I) IIpoananu3upoBaHO MOCIHE MATUIHEBHOTO
5 WHKYyOaIMOHHOTO neprona [14]

highest (147.61£23.22 uS/cm) during the pre-monsoon
season (Table 6). The lowest EC could result from
the dilution of effluents during the monsoon season;
it increases in water current densities. The highest
EC values may have been caused by the leaching of
minerals from agricultural fertilizers, drainage of
mixed waste waters from various urban facilities into

the river along with effluents from adjoining industries
and sewage waters during the pre-monsoon season.
This result was compliant with the findings of different
authors for various water bodies [16, 17, 19, 25]. In
the present study, electrical conductivity was found
to be below the permissible limit of 350 uS/cm [26].
Electrical conductivity showed a significant positive
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Fig. 2. Monthly variation of the average values (+SD) of various physicochemical parameters—(A) water temperature,
(B) transparency, (C) electrical conductivity, (D) TDS, (E) pH, (F) DO, (G) fCO,, (H) calcium, (I) total hardness,
(J) total alkalinity, (K) BOD,—in the Halda River for the time range from January, 2017 to December, 2018

Puc. 2. MecsiuHoe M3MEHEHHE CPEIHHMX 3HAYCHUH (+CTaHAApPTHOE OTKIOHEHHE) PasIMYHBIX (U3UKO-XUMHUYECKHX
napameTpoB: (A) Temneparypa Bozbl, (B) nmpospaunocts, (C) anexrponpoBogHocTs, (D) obliiee kommuecTBo pacTBo-
peHnbIX TBepabIX BemecTs, (E) pH, (F) pactBopennsiii kucnopoxn, (G) ceoboansiii CO,, (H) xanbumid, (I) obmas
JKECTKOCTB, (J) obmas menoanocts, (K) BIIK,, — B p. Xanna ¢ susaps 2017 no nexabpps 2018 1.
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Fig. 3. Seasonal variation of the average values (+SD) of various physicochemical parameters—(A) water temperature,
(B) transparency, (C) electrical conductivity, (D) TDS, (E) pH, (F) DO, (G) fCO,, (H) calcium, (I) total hardness,
(J) total alkalinity, (K) BOD,—in the Halda River for the time range from January, 2017 to December, 2018

Puc. 3. Ce3oHHOEC M3MEHEHWE CPEAHMX 3HAYEHUH (+CTaHAAPTHOE OTKIIOHEHHE) PA3IMIHBIX (PU3UKO-XUMHUYECKHX
mapameTpoB: (A) temneparypa Bomsl, (B) mpospagnocTs, (C) amekTponpoBogHOCT, (D) obImmee KOIMYECTBO pac-
TBOPEHHBIX TBEPABIX BemecTs, (E) pH, (F) pactBopennsiit kucopon, (G) ceobonnsrii CO,, (H) xanbumii, (I) obmas
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Table 6. Total seasonal variation of various physicochemical parameters in the Halda River from January, 2017

to December, 2018

Tadmuma 6. OO1iee ce30HHOE U3MEHEHHUE Pa3IMYHBIX (PU3NKO-XMMUYECKUX MapameTpoB B p. Xanna c siuBaps 2017

o aexabpp 2018 .

Winter
Pre-monsoon Monsoon Post-monsoon (November—
Parameters (February—April) (May—July) (August—October) January)
ITapameTpsi IIpenMyccoHHBIN MyccoHHbIH ITocnemyccoHHbIN SuMHR
(heBpanp—anpenn) (Maii—n1oIh ) (aBryCcT—OKTSIOPH) (HOAGpb—sHBADH)
Water temperature
(°O) 27.29+1.76 29.88+1.11 29.17+1.52 24.46+3.20
Temneparypa (°C)
Transparency (cm) 27+3.17 22.39+7.00 19.56+1.51 30.89:+4.50
[Ipo3paunocTs (cMm)
Conductivity (uS/cm)
ONEeKTPONPOBOAHOCTH 147.61+23.22 78+22.40 86.72+5.62 145.11£15.15
(MxC/cm)
TDS (ppm)
O01ee KOIU9YecTBO
PacTBOPEHHBIX 60+10 40+0.00 30+0.00 60+0.00
TBEP/BIX BEIIECTB
("gacTei Ha MUJUIHOH )
pH 7.30+0.15 7.37+0.09 7.54+0.18 7.64+0.07
DO (mg/L)
PactBopenHbIit 6.17£1.71 4.77+0.40 5.41+£0.96 8.31+1.59
Kkucaopox (Mr/i)
fCO, (mg/L)
Croboanbiii CO, 11.26£3.51 22.47+18.03 9.21+£0.69 9.60+2.26
(mr/m)
Ca™ (mg/L) 9.8442.32 5.39+0.86 5.17+0.69 10.45+1.07
Ca*™ (mr/m)
TH (mg/L)
O01mas )KeCTKOCTh 40.72+7.28 22.06+4.63 27.17+0.73 41.11+0.84
(mr/m)
TA (mg/L)
OO01m1as MenoYHOCTh 48.22+2.36 49.83+5.95 43.83+8.31 46.50+3.98
(mr/m)
BOD, (mg/L)
BHK: (/) 1.7840.60 1.33+0.60 1.02+0.28 1.37+£0.47

relationship with TH (=0.96, P<0.001), TDS (r=0.92,
P<0.001), Ca™ (r=0.87, P<0.001), and transparency
(r=0.78, P<0.01) (Table 7).

Total dissolved solids (TDS)

TDS is the direct measurement of dissolved particles
in the water sample. The lowest average value of TDS
(25 ppm) was recorded at Stations 1 and 2 in August
and September, and the highest value of TDS (80 ppm)
was recorded at Station-2 in February and March

(Tables 3, 4). In the Halda River, the total average
value of TDS was lowest (30£10 ppm) in September
and highest (70+10 ppm) in March (Fig. 2D). The
average seasonal value of TDS was lowest (30+
10 ppm) during the post-monsoon season at Stations
1 and 2 and highest (70+£20 ppm) during the pre-
monsoon season at Station-2 (Fig. 3D). In the Halda
River, the total average seasonal value of TDS was
lowest (30+£0.00 ppm) during the post-monsoon season
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and highest (60+=10 ppm) during the pre-monsoon and
winter seasons (Table 6). These findings showed close
similarities with the observations in the Buriganga
and Dhaleshwari Rivers [17, 24]. With the increasing
temperature during the pre-monsoon season, organic
matter undergoes the process of mineralization faster,
which leads to the increase in the TDS values.

In the present study, TDS was found to be far below
the standard limit of 1000 ppm [27]. TDS showed a
significant positive relationship with EC (r=0.92,
P<0.001), TH (=0.86, P<0.001), Ca*™ (r=0.86,
P<0.001), and transparency (r=0.67, P<0.05) (Table 7).

pH

pH is the measure of the intensity of acidity or
alkalinity and the concentration of H* ions in water.
The lowest average value of pH (7.0) was recorded at
Station-1 in April and the highest one (7.8) at Station-2
in October and December and at Station-3 in June,
October to December (Tables 3—5). In the Halda River,
the total average value of pH was lowest (7.1+0.21) in
April and highest (7.7+0.02) in November (Fig. 2E).
This pattern showed similarities with the records of
Islam et al. on the Padma River [20]. The average
seasonal value of pH was lowest (7.2+0.23) during the
monsoon season at Station-1 and highest (7.7+0.10)
during the winter season at Station-3 (Fig. 3E). In the
Halda River, the total average seasonal value of pH
was lowest (7.30+£0.15) during the pre-monsoon
season and highest (7.64+0.07) during the winter
season (Table 6). This result closely coincided with
the findings of different authors [9, 24, 28]. The
high pH value may result from the increased influx
of bicarbonates and carbonates of calcium and
magnesium from waste waters, coming mainly from
urban and industrial facilities. However, the lower
value of pH during the pre-monsoon season can be
attributed to the accumulation of free CO, and higher
respiration of organisms at higher temperature. The
pH value identified by the present study was found to
be within the permissible limit (6.6-8.5) of pH [26,
27, 29]. The water of the Halda River ranges from
slightly acidic to alkaline and is suitable for the
sustaining of fish and other aquatic organisms (Table 7).

Dissolved oxygen (DO)

The lowest average value of DO (2.8 mg/L) was
recorded at Station-3 in July and the highest one
(12.2 mg/L) was at Station-1 in January (Tables 3,
5). In the Halda River, the total average value of DO
was lowest (4.30+£0.28 mg/L) in July and highest
(10.07+0.00 mg/L) in January (Fig. 2F). These data

showed close similarities with the findings of other
authors [20, 30]. The possible reason of the decreased
values of DO (2.8 mg/L) might be the decomposed
matter and other effluents carried by heavy flood runoff
at the Station-3 area in July, which is also the furthest
one downstreams and thus becomes a mixing zone
for all upstream discharges and various waste waters
coming to the river from a range of sources through
different feeds. The average seasonal value of DO
was lowest (4.03+1.05 mg/L) during the monsoon
season at Station-3 and highest (9.73+£3.13 mg/L)
during the winter season at Station-1 (Fig. 3F). In the
Halda River, the total average seasonal value of DO
was lowest (4.77+£0.40 mg/L) during the monsoon
season and highest (8.31+1.59 mg/L) during the winter
season (Table 6). The higher value indicative of the
winter season may be caused by the low surface
water temperature and atmospheric temperature. Cold
water has a high capability for holding oxygen. The
lowest value of DO could be associated with the direct
discharge of municipal sewage and industrial effluents
containing organic matter through the different
tributaries of the Halda River during the monsoon
season. Therefore, consequent biodegradation of
organic matter and decay of vegetation at higher
temperature leads to consumption of oxygen from
water. The results of the present study were very close
to the data collected by the other authors [9, 13, 20].
The standard value of DO for a water body capable
of sustaining aquatic organisms is 5 mg/L [26, 27,
29]. The DO level in the Halda River was found to be
suitable for all aquatic organisms. DO showed a positive
relationship with Ca*™ (r=0.60, P<0.05) (Table 7). A
similar significant positive relationship for the Halda
River was also reported by [9]. It could be attributed to
the seasonal circulation of calcium in the water.

Free CO, (fCO,)

Free CO, is an important chemical indicator of
water pollution. The lowest average value of fCO,
(6.49 mg/L) was recorded at Station-1 in February and
the highest one (49.46 mg/L) was observed at Station-2
in July (Tables 3, 4). In the Halda River, the total
average value of fCO, was lowest (7.49+0.71 mg/L)
in December and highest (43.29+2.83 mg/L) in July
(Fig. 2G). The average seasonal value of fCO, was
lowest (8.49+2.47 mg/L) during the post-monsoon
season at Station-2 and highest (24.31+21.79 mg/L)
during the monsoon season at Station-2 (Fig. 3G). In
the Halda River, the total average seasonal value of
fCO, was lowest (9.21+0.69 mg/L) during the post-
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monsoon season and highest (22.47+18.03 mg/L)
during the monsoon season (Table 6). The results of the
present study were more or less similar to the findings
of the other authors [9, 28]. Boyd (1982) suggested that
free CO, between 5-10 mg/L is good for fish health
and fish culture [31]. The free CO, level in the Halda
River was found to be within the acceptable limit with
the exception of a sudden devastating flood which
occurred during the monsoon season in July, 2018,
covered the both banks of the river and continued for
about 10 days, which led to decomposition of all the
wild plants and cultivated crops. Thus, a large amount
of organic matter was decomposed, which resulted in
the production of a high amount of fCO, in the Halda
River during the monsoon month of July only.

Calcium (Ca™)

The lowest average value of calcium (4.01 mg/L)
was recorded at Station-2 in June to August and the
highest amount (12.42 mg/L) was found at Station-3
in February (Tables 4, 5). In the Halda River, the
total average value of Ca™ was at its lowest (4.41%
0.19 mg/L) in June and August and highest (11.62+
0.94 mg/L) in February (Fig. 2H). These results
aligned with the findings of Patra and Azadi for the
Halda River [9, 13]. The average seasonal value of
calcium was lowest (4.41+£0.80 mg/L) during the
monsoon season at Station-2 and highest (10.71+
1.71 mg/L) during the winter season at Station-1
(Fig. 3H). In the Halda River, the total average
seasonal value of calcium was at its lowest (5.17+
0.69 mg/L) during the post-monsoon season and at its
highest (10.45+1.07 mg/L) during the winter season
(Table 6). Similar findings were also recorded in the
Halda River by Patra and Azadi and Azadi et al. [8, 13].
Calcium concentration in the Halda River was found
to be below the standard level of 36 mg/L [26]. Calcium
showed a significant positive relationship with TH
(r=0.87, P<0.001), EC (r=0.87, P<0.001), DO (r=0.60,
P<0.05), and TDS (r=0.86, P<0.001) (Table 7).

Total hardness (TH)

Average monthly fluctuations of TH are shown in
Fig. 2I. The lowest average value of total hardness
(14.5 mg/L) was recorded at Station-1 in July and the
highest one (53 mg/L) was observed at Station-2 in
February (Tables 3, 4). In the Halda River, the total
average value of TH was lowest (17.834£3.54 mg/L)
in July and highest (46.33£0.00 mg/L) in February
(Fig. 2I). Similar data were also recorded in the
Nabaganga River [28]. The average seasonal value
of total hardness was lowest (19.83+5.80 mg/L) at

Station-2 during the monsoon season and highest
(43.67+£11.84 mg/L) at Station-2 during the pre-
monsoon season (Fig. 3I). In the Halda River, the
total average seasonal value of total hardness was at
its lowest (22.06+4.63 mg/L) during the monsoon
season and highest (41.11+0.84 mg/L) during the
pre-monsoon season (Table 6). These findings were
more or less compliant with the results obtained
by the other authors [20, 25, 32]. Total hardness is
found to be minimal during the monsoon season,
which may be due to dilution factor and the process
in which some of the half-bound carbon (HCO,) gets
channelized into its bound form (CO,), thus resulting
in low bicarbonate values. The highest value of TH
during the pre-monsoon season can be attributed to a
decrease in water volume and an increase in the rate
of water evaporation. According to WHO [33], the
water of the Halda River is soft and suitable for aquatic
organisms. Total hardness showed a significant positive
relationship with EC (r=0.96, P<0.001), Ca** (r=0.87,
P<0.001), TDS (r=0.86, P<0.001), and transparency
(r=0.66, P<0.05) (Table 7).

Total alkalinity (TA)

Fig. 2J shows the monthly average variation of TA
in the Halda River. The lowest average value of total
alkalinity (33.5 mg/L) was recorded at Station-3 in
September and the highest total alkalinity (57 mg/L)
was recorded at the same station in February (Table 5).
In the Halda River, the total average value of TA was
lowest (36.17+4.95 mg/L) in September and highest
(55+£12.26 mg/L) in May (Fig. 2J). These results aligned
with the data on TA collected in other rivers [28, 32].
The average seasonal value of total alkalinity was at
its lowest (41.67+7.70 mg/L) during the post-monsoon
season at Station-2 and at its highest (53.67+£8.51 mg/L)
during the monsoon season at Station-3 (Fig. 3J).
In the Halda River, the total average seasonal value
of total alkalinity was lowest (43.83£8.31 mg/L)
during the post-monsoon season and highest (49.83+
5.95 mg/L) during the monsoon season (Table 6). The
highest value of total alkalinity recorded at Station-3
during the monsoon season was caused by a high rate
of decomposition which releases CO, resulting in the
addition of carbonate and bicarbonate ions, hence
increasing alkalinity level. The TA of the Halda River
was found to be far below the permissible limit of
500 mg/L (Table 7).

Biochemical oxygen demand (BOD )

The BOD, value indicates the pollution contributed
by biodegradable organic matter coming from various
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pollution sources [34]. Fig. 2K shows the average
monthly variation of BOD, in the Halda River,
whereas Tables 3—5 indicate the monthly variation
of lowest and highest values of BOD,, and Fig. 3K
presents the seasonal variation of BOD;, station by
station. The lowest average value of BOD, (0.2 mg/L)
was recorded at Station-2 in August and the highest
BOD; (3.9 mg/L) was recorded at Station-1 in March
(Tables 3, 4). In the Halda River, the total average value
of BOD, was lowest (0.72+0.02 mg/L) in September
and highest (2.43+0.42 mg/L) in March (Fig. 2K).
Similar results were also reported by different authors
[19, 28]. The average seasonal value of BOD, was at
its lowest (0.93+0.98 mg/L) during the post-monsoon
season at Station-2 and at its highest (2.43+1.28 mg/L)
during the pre-monsoon season at Station-1 (Fig. 3K).
In the Halda River, the total average seasonal value of
BOD, was lowest (1.02+0.28 mg/L) during the post-
monsoon season and highest (1.78+0.60 mg/L) during
the pre-monsoon season (Table 6). These records
complied with the data on BOD, reported by the
other authors [24, 30]. Sometimes BOD, value in the
Halda River was found to exceed the permissible limit
(22 mg/L) [27, 35]. It might be caused by the higher
rate of decomposition of organic matter during heavy
organic discharges; the lower value observed during
the post-monsoon season could be attributed to the
dilution in the concentration of dissolved organic
matter and decrease in temperature.

CONCLUSION

All investigated physicochemical parameters
indicate that the water of the Halda River has a low
level of pollution and thus is capable of supporting
aquatic organisms and spawning of carp. When used
for drinking purposes, the water should undergo
treatment, which is presently being implemented.
No direct discharge of the waste water from poultry
industry should happen without its prior treatment,
which also holds for local urban wastes, industrial
pollutants and other contaminants (liquid or solid)
drained into the Halda River; it is crucial for preventing
the deterioration of water quality in the future. As it is
indicative of a tidal river, there is a flushing of water in
the Halda River happening twice daily and protecting
its water from any sort of pollution. In this regard,
there should also be conducted an awareness program
aimed at the people belonging to various demographic
groups.
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