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Abstract

Municipal waste is a collection of residential, industrial, institutional, commercial, construction, and
demolition waste collected by a municipality and disposed at a particular site. In poor urban areas, a large
proportion of leachate is discharged, untreated directly into the closest water body. The Boragaon Garbage
Dump is located inside the eastern part of Deepor Beel Wildlife Sanctuary, the only Ramsar site in Assam,
Northeast India. The Boragaon Municipal Garbage dump directly releases its landfill leachate into the Deepor
Beel, which increases the concentration of toxic substances in its water. In the present study, the water quality
parameters and heavy metal concentration (EC, TDS, turbidity, pH, Na*, K*, CI;, F, BOD, DO, SO4*, PO4*,
NOs., As, Be, Cd, Ca, Cr, Cu, Fe, Mn, Mg, Ni, Pb and Zn) of the water in the outlets of Boragaon Garbage
dump released into the Deepor Beel were assessed using standard methods for a one-year period. The results
found were quite surprising, with very high levels of EC (8740+120 pScm™), turbidity (693+1 NTU), BOD
(458.6+1.86 mg/L), TDS (917.4+2.23 mg/L), K (53.9+0.24 mg/L), CI" (502.28+2.96 mg/L), Al (7.21+0.06
mg/L), As (129.42+0.22 pg/L), Ni (0.102+0.002mg/L) and Pb (32.4+1 pg/L). These large amounts of
physiochemical properties and heavy metals concentration in water may cause detrimental effects on the
ecological communities of the Deepor Beel and the nearby human population. This Ramsar site needs an
immediate solution such as the relocation of the dumping ground and better management of the existing waste
to rectify the problem of deteriorating water quality, otherwise the water quality will be past the point of
recovery within a decade.
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Izvlecek

Komunalni odpadki so odpadki iz gospodinjstev, industrije, gradbeniStva in ruSenja objektov ter institucionalni
in komercialni odpadki, ki jih zbira ob¢ina in odlaga na dolocenem odlagalis¢u. Na revnih mestnih obmocjih
se velik del izcedne vode brez ¢iS¢enja odvaja neposredno v najblizje vodno telo. Odlagalis¢e Boragaon se
nahaja v vzhodnem delu naravnega rezervata Deepor Beel, edinega ramsarskega obmoc¢ja v Assamu, na
severovzhodu Indije. To odlagali$§¢e komunalnih odpadkov izpus¢a izcedne vode neposredno v Deepor Beel,
kar povecuje koncentracijo strupenih snovi v vodi. V tej raziskavi so bili s standardnimi metodami ocenjeni
parametri kakovosti vode in koncentracije tezkih kovin (elektricna prevodnost, skupne raztopljene trdne snovi,
motnost, pH, Na*, K*, CI, F, biokemijska potreba po kisiku, raztopljeni kisik, SO+, PO* , NO3-, As, Be,
Cd, Ca, Cr, Cu, Fe, Mn, Mg, Ni, Pb in Zn) v vodi na iztoku iz odlagalis¢a Boragaon v Deepor Beel v obdobju
enega leta. Ugotovljeni rezultati so bili precej presenetljivi, saj so bile ugotovljene zelo visoke vrednosti
elektricne prevodnosti (8740+120 pScm-1), motnosti (693+1 NTU), biokemijske potrebe po kisiku
(458,6£1,86 mg/L), skupnih raztopljenih trdnih snovi (917,4+2. 23 mg/L), K (53,9+0,24 mg/L), CI-
(502,28+2,96 mg/L), Al (7,21+£0,06 mg/L), As (129,42+0,22 ng/L), Ni (0,102+0,002 mg/L) in Pb (32,4+1
pg/L). Te velike vrednosti fizikalno-kemijskih parametrov in visoke koncentracije tezkih kovin v vodi lahko
Skodljivo vplivajo na ekoloske zdruzbe na obmocju Deepor Beel in okolisko prebivalstvo. To obmocje,
za$citeno v okviru Ramsarske konvencije, potrebuje takojSnjo resitev, kot je odstranitev odlagalis¢a in boljse
ravnanje z obstoje¢imi odpadki, da se odpravi slabsanje kakovosti vode — sicer bo v desetih letih prenehalo
obstajati.

Klju¢ne besede: Assam, izcedne vode z odlagalis¢, ravnanje z odpadki, fizikalno-kemijski parametri,
toksi¢nost, mokriSce.

1. Introduction compounds, heavy metals, and xenophobic organic
substances, poses severe environmental risks,
adversely affecting the soil, groundwater, and

surface water in the area (Bouzayani et al., 2014;

Wetlands, renowned as paradises for biological
diversity and among the most productive habitats on
Earth, face unprecedented challenges due to the

global surge in population (Ramsar Convention
Secretariat, 2013). India, boasting a total wetland
area of 15.3 million hectares, hosts approximately
757,000 wetlands, covering about 4.7% of its total
land area (National Wetland Atlas, 2011). However,
the majority of issues plaguing India's wetlands are
a direct consequence of the population explosion,
more specifically due to per capita waste production
(Abubakar et al., 2022).

In India, over 50 million tons of solid waste are
collected annually from urban areas, contributing to
the deterioration of wetlands as this waste is often
dumped near these crucial ecosystems (Shekdar,
2009). The improper disposal of waste near
wetlands leads to the release of odor, biogas, and a
substantial amount of leachate containing heavy
metals (HMs) (Da Silva et al., 1996; Pekey et al.,
2004; Azhar et al., 2015). This leachate, mainly
consisting of dissolved organic matter, inorganic

Azhar et al., 2015; Dhamodharan et al., 2019).

The consequences of this environmental
degradation are manifold, leading to eutrophication,
higher water temperatures, loss of biodiversity, and
the depletion of ecosystem services (Wahl et al.,
1997; Dorioz et al., 1998; Leblanc et al., 1997;
Holland et al., 1995; Davis and Froend, 1999;
Cheela et al., 2021; Mohan and Joseph, 2021; Bhat
et al., 2022). Moreover, the release of landfill
leachate, a liquid formed from water percolating
through decomposing waste, contains infectious
agents like bacteria such as Escherichia coli,
Cryptosporidium sp., and Salmonella sp., as well as
other viruses posing risks for public health. These
pathogens can contaminate water, soil, and
groundwater, leading to the spread of diseases
(Smith et al. 2018) such as tuberculosis, pneumonia,
diarrhea, tetanus, whooping cough, kidney and heart
diseases, infertility, and cancer (Arnold et al., 1957;
Scarlett-Kranz et al., 1987; Wankhede and Wanjari,
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2021). Exposure to heavy metals through
bioaccumulation in food and drinking water can
lead to adverse health effects, including anaemia,
weakness, and damage to the kidneys, reproductive
organs, and brain. Children are particularly
vulnerable to these effects compared to adults.
Additionally, cadmium (Cd) is a highly toxic
carcinogen that poses harm to various bodily
systems (Hutton 1987; Jarup and Akesson 2009;
Jaishankar et al. 2014, Ademola et al., 2020).

The Deepor Beel located in Kamrup district of
Assam is one of the largest freshwater wetlands in
the Brahmaputra Valley of Lower Assam, India
(Deka and Goswami, 1992). It is a prime
representative wetland type found within the
biogeographic province of Burma Summer Forest
(RIS, 2002). Connected with the river Brahmaputra
in the north by the Khanajan rivulet, this covers a
total area of 589 ha area with depth ranging from 1
m to 4 m with a 12-km buffer area (NWA, 2013). It
was declared a wildlife sanctuary in the year 1989,
a wetland of international importance under the
Ramsar Convention on wetlands in 2002, and an
Important Bird Area (IBA) in 2003 (Saikia and
Saikia, 2011). It hosts 234 species of birds, 24
species of mammals, 58 species of aquatic
macrophytes, diatoms (65), zooplankton (171),
bryozoans (5), molluscs (15), aquatic insects (55),
prawns (3), crabs (2), fish (68), amphibians (11),
reptiles (33), and mammals (24) (Bhattacharjya et
al., 2021). This lake act as a major storm water
storage basin and watershed for Guwahati City
(MoEF, 2008). Guwabhati, the capital city of Assam,
India, has a municipal waste dumping facility where
420 to 450 tons of solid waste are dumped each day
(Chakraborty et al., 2014). The part of Deepor Beel
near Boragaon was chosen as the dumping site of
municipal waste for the Guwabhati City. Given that
it serves as the city’s sole watershed, this has
become a matter of significant concern. However,
the ecosystem of Deepor Beel is currently under
severe pressure. Therefore, we aim to study the
water quality of the wetland with the following
objectives:

1. Assessment of water quality and trace metals in
Deepor Beel near Boragaon Garbage Dump,
Guwahati, Assam.

2. Comparative analysis of the parameters gathered
from secondary sources for the last two decades.

2. Materials and methods

2.1 Study area

The study was conducted in Deepor Beel, located in
the southwest corner of Guwabhati, India (Singhal et
al., 2022). Deepor Beel (26° 7' 1.2"N and 91° 39'
28.8"E), a Ramsar Site and a perennial freshwater
lake covering approximately 4000 hectares, was
formed by a former Brahmaputra River channel
(Nikita et al., 2023). This wetland receives water
from the Brahmaputra River through a connected
canal known as Khana Jan, serving both as an inlet
and an outlet (Bhattacharjya et al., 2021). Deepor
Beel directly supports the livelihoods of around 800
households through fisheries, with an annual fishing
value of INR 11,64,69,375 (Dutta and Sharma,
2020). Annually, the city receives 152 to 324 cm of
rain, with heavy rains from July until mid-October.
Winter lasts from mid-October to March, with lows
as low as 11 °C. Summer lasts from April to June,
with temperatures reaching 38 °C. Throughout the
year, humidity levels range from 76 to 94%, with
July and August being the most humid months.
During the late winter month of February and the
pre-monsoon season of March-April, humidity is
low, ranging between 71-78% in the morning and
50-57% in the evening (Singhal et al., 2022). The
wetland is also a Wildlife Sanctuary, hosting 200
bird species, including 70 migratory birds. In 2008,
the eastern side of Deepor Beel (26° 6'48.00"N and
91°40'39.52"E), was selected as the municipal
waste dumping site for the Guwahati City (Figure
1). This Municipal Waste dumping facility near
Boragaon in Deepor Beel receives 800 metric tons
of solid waste each day (Singhal et al., 2022).
Anthropogenic stressors have developed in recent
years due to ongoing operations such as
construction, dumping of mixed solid waste, and the
release of untreated sewage, such as from the
Pamohi River (Action plan for Deepor Beel
Priority-111, 2019).
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Figure 1: Map showing study area (Boragaon garbage dump) as well as sample collection sites.

Slika 1: Karta z obmocjem raziskave (odlagalisc¢e Boragaon) in mesti vzorcenja.
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Table 1: Leachate sample collection sites at the Boragaon garbage dump, Deepor Beel, Assam

Preglednica 1: Mesta vzorcenja izcedne vode na odlagaliséu Boragaon, Deepor Beel, Assam.

Sample collection area

Water Sample Collection Site

Geographical location

S1
S2
S3
S4
Deepor Beel, Assam S5
S6
S7
S8
S9

26°6'38.20"N, 91°40'44.28"E
26°6'56.66"N, 91°40'41.07"E
26°6'51.82"N, 91°40'41.58"E
26°6'49.44"N, 91°40'46.59"E
26°6'45.28"N, 91°40'45.97"E
26°6'36.14"N, 91°40'47.64"E
26°6'42.68"N, 91°40'38.61"E
26°6'49.12"N, 91°40'36.73"E
26°6'50.35"N, 91°40'33.08"E

2.2 Sample Collection

At the Boragaon Garbage Dumping Site, diverse
categories of municipal waste are deposited at
distinct locations within the facility. Consequently,
a total of nine sampling points (Figure 1 and Table
1) within the water body and were systematically
chosen through random selection across the leachate
points. This strategic sampling approach aimed to
comprehensively encompass all conceivable sites of
potential toxic contamination stemming from the
garbage deposit in Deepor Beel, as depicted in
Figure 2. The samples were collected in 2019 over
two seasons, namely summer (July) and winter
(December). A total of 5 samples were collected
from each sampling sites at an interval of 6 days.
Samples were collected in middle of the month from
a depth of 0.3 m to ensure the regular sampling
pattern. The study sites were sampled between
08:00 AM to 11:00 AM to minimize the influence
of the fluctuation in water quality throughout the
day (Choudhury and Gupta, 2017; Roy and
Majumdar, 2022). To remove suspended particles,
samples were filtered through Whatman No. 42
filter paper and stored in 1 L glass (sterile) sample
containers (Borosil).

2.3 Physiochemical experiments

Physiochemical  parameters  like electrical
conductivity (EC), total dissolved solid (TDS),
turbidity and pH were estimated in situ, using a
multiparameter water quality analyzing device

(model: Systronics-371). Sodium and potassium
were estimated in the laboratory under a flame
photometer (model: Systronics-128) following
standard methods (APHA, 2017; Choudhury and
Gupta, 2017). Fluoride samples were estimated
under an ion meter (Model: Orionstar A214),
biochemical oxygen demand (BOD) was estimated
in Oxitop (Model: WTW, i IS 6), dissolved oxygen
(DO) was estimated immediately using the Winkler
method (APHA, 2017), and nitrate (NOs) was
assessed using a UV-visible spectrophotometer
(Model: Genesys 10 S, Thermofisher).

2.4 Heavy metals analysis

To estimate the heavy metals such as aluminum
(Al), arsenic (As), beryllium (Be), cadmium (Cd),
calcium (Ca), chromium (Cr), copper (Cu), iron
(Fe), manganese (Mn), magnesium (Mg), nickel
(Ni), lead (Pb), and zinc (Zn), water samples were
collected from the sampling sites in 1-L sterilized
glass bottle (Borosil). Samples were then filtered
and acidified with concentrated nitric acid (HNO3)
to a pH below 2.0 and stored below 4 °C until
analysis (Mays and Edwards, 2001). All the heavy
metals were estimated using an atomic absorption
spectrophotometer (AAS) (Model: iCE3500,
Thermofisher) following the standard method (EPA
method 3050B; APHA, 1998) at the North Eastern
Regional Institute of Water and Land Management
(NERIWALM), Tezpur, Assam.
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Figure 2: Landfill leachate outlets in Deepor Beel: A. Discharge of leachate through pipes from the Boragaon
garbage recycling unit; B. Direct run off from the Boragaon municipal garbage dump.

Slika 2: Odtoki izcedne vode z odlagaliséa na obmocju Deepor Beel: A. Odvajanje izcedne vode po ceveh iz
enote za recikliranje odpadkov Boragaon; B. Neposredno odtekanje z odlagalisc¢a komunalnih odpadkov

Boragaon.

3. Results and Discussion

The maximum water quality parameters (WQP) and
heavy metals concentrations of landfill leachate
leaching into Deepor Beel were higher than the
WQP of wetlands with no signs of pollution (Soni
and Thomas, 2014; Mashagbah, 2015; Gaur et al.,
2022; Maansi et al., 2022; Kushwah et al., 2023)
and also out of the desirable limit for drinking water
according to BIS (2012), WHO (2017), and
NERIWALM (2019), which indicates that the
quality of water in the lake is detrimental for local
biodiversity as well as the nearby human
population. All the water analysis data of all the
recorded samples are shown in the Appendices (1 &
2) and heavy metal concentrations in Figure (3 & 4).
These analyses are discussed under each of the
individual WQP and compared to BIS (2012), WHO
(2017), NERIWALM (2019) as well as with the
earlier studies conducted on WQP of Deepor Beel
and other wetlands (Table 2).

In our current study, it is evident that all the water
quality parameters deteriorated significantly during
the winter season compared to the summer season.
This seasonal variation can be attributed to the
direct flow of rainwater through uncovered garbage
during heavy summer rainfall, resulting in
substantial leachate formation and its subsequent

inflow from the Boragaon Garbage dump into
Deepor Beel. Various parameters such as pH, EC,
turbidity, SO.*, PO+, NOs, BOD, K*, CI, FI,
TDS, Al, As, Fe, Ca, Cr, Pb, Be, Mn and Ni
exceeded the permissible limits as per the guidelines
set by BIS (2012), WHO (2017) and NERIWALM
(2019).

3.1. Physicochemical properties
3.1.1. pH

The pH values of the water samples from Deepor
Beel range between 8.14+0.03 and 13.7+0.19. The
average pH during the summer season was slightly
higher at 11.09+0.06 compared to the winter
season's 10.85+0.11. The pH values were high due
to higher DO and hence increased respiration in
winter, generating more CO, (Roy and Majumder,
2022). The pH value of the analyzed samples from
the study area were higher than the standard level
recommended by BIS (2012), WHO (2017), and
NERIWALM (2019). The pH values reported in our
study are also higher than those found in Deepor
Beel by Sharma and Sharma (2005; 2009), Sharma
(2011), Kapil and Bhattacharyya (2013), Islam et al.
(2014), Sayed et al. (2015), the Pollution Control
Board (PCB), Guwahati (2016-17), Choudhury and
Gupta (2017), Deb et al. (2019), Roy and Majumder
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(2022), and the surface water of Dakor Pilgrimage
Wetland (Soni and Thomas, 2014), King Abdullah
Canal (Mashagbah, 2015), Tawang reservoir (Gaur
etal., 2022), Sukhna Lake (Maansi et al., 2022) and
Gompti river (Kushwah et al., 2023).

3.1.2. Electrical conductivity (EC)

The EC values of the samples vary from 1170+10
uScm™? to 8740+120 uScm, with a higher value
during the summer season (4420+80uScm™) than
the winter season (3190+38 uScm™). The EC was
found much higher than the standard value set by
WHO (2017) and earlier studies in Deepor Beel by
Sharma and Sharma (2005; 2009), Sharma (2011),
Sayed et al. (2015), Choudhury and Gupta (2017),
Deb etal. (2019), Roy and Majumder (2022) and the
Pollution Control Board, Guwahati (2016-17). It
was also higher than the values found in the surface
water of Dakor Pilgrimage Wetland (Soni and
Thomas, 2014), King Abdullah Canal (Mashagbah,
2015), Tawang reservoir (Gaur et al., 2022), Sukhna
Lake (Maansi et al.,, 2022) and Gompti river
(Kushwah et al., 2023).

3.1.3. Turbidity

Turbidity values range from 12.2+0.58 NTU to
693.8+1.24 NTU, with a slightly higher average
value during the summer season (418.4+1.48 NTU)
than the winter season (408.33%=1.31NTU). The
values of turbidity recorded during the study were
very high compared to earlier studies on Deepor
Beel by Deb et al. (2019), Roy and Majumder
(2022) and the Pollution Control Board, Guwahati
(2016-17). They were also higher than the turbidity
levels found in the surface water of the Gompti river
(Kushwah et al., 2023) and the standard levels
recommended by BIS (2012) and WHO (2017).

3.1.4. Dissolved oxygen (DO)

The DO levels fluctuate between 2+0.02mg/L and
9.62+0.06 mg/L with a higher average during the
summer (5.15 +0.07 mg/L) than the winter
(3.98+0.03 mg/L). The standard value of DO was 5
mg/L, the level required to sustain fish and other
aquatic life (Adeniji, 1986; Ayodele and Ajani
1999; Adakole, 2000). The DO values depend on

temperature, hence during the summer the DO
values remain low and in winter the values are
comparatively higher (Roy and Majumder, 2022).
But our results show the opposite, which was due to
maximum pollutant in the water. The organic load
in the form of sewage waste increased the value of
DO (Ahmed and Wanganeo, 2015; Bhat et al.,
2015). Our results were almost similar to the earlier
study in Deepor Beel by Sharma and Sharma (2005;
2009), Sharma (2011), Islam et al. (2014), Deb et al.
(2019) but lower than Sayed et al. (2015), the
Pollution Control Board, Guwahati (2016-17), and
Choudhury and Gupta (2017). It was also higher
than the surface water of Dakor Pilgrimage Wetland
(Soni and Thomas, 2014), Sukhna Lake (Maansi et
al., 2022) and the Gompti river (Kushwah et al.,
2023).

3.1.5. Sulphate (SOs%)

The values for SO4* range from 0.137+0.002 mg/L
to 382.78+1.22 mg/L, with an average slightly
higher (242.36+0.78 mg/L) during the summer
season than the winter season (231.57+0.67 mg/L).
This was higher than the values recorded in Deepor
Beel by Sharma and Sharma (2005; 2009), Sharma
(2011), Sayed et al. (2015), and the Pollution
Control Board, Guwabhati (2016-17) as well as the
surface water of Dakor Pilgrimage Wetland (Soni
and Thomas, 2014), Tawang (Gaur et al., 2022),
Sukhna Lake (Maansi et al., 2022), and Lake Baikal
(Pastukhov et al., 2023), but lower than the King
Abdullah Canal (Mashagbah, 2015). It was also
higher than the standard levels recommended by
WHO (2017), BIS (2012) and NERIWALM (2019).

3.1.6. Phosphate (PO4*)

PO4* values range between 0.02+0.001mg/L and
19.524+0.09mg/L, with a slightly higher average in
summer (12.33+0.74 mg/L) than in winter
(11.484+0.1 mg/L). This was much higher than the
values recorded in Deepor Beel by Sharma and
Sharma (2005; 2009), Sharma (2011), Choudhury
and Gupta (2017), the Pollution Control Board,
Guwahati (2016-17), Deb et al. (2019), Roy and
Majumder (2022) and also the standard level
recommended by NERIWALM (2019), but lower
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than the surface water of Tawang (Gaur et al.,
2022). Due to higher organic load, phosphate
content of lake was always found higher than the
admissible level (0.03 mg/L) (Roy and Majumder,
2022). According to Jacobson (1991), even a
slightly high concentration of phosphate supports
algal growth and indicate pollution.

3.1.7. Nitrate (NOs)

NOs  values range between 4.91+£0.02 mg/L to
72+0.95 mg/L, with a higher average during the
summer season (29.77+0.32 mg/L) than in winter
(27.48+0.19 mg/L). This was higher than the values
recorded in Deepor Beel by Sharma and Sharma
(2005; 2009), Sharma (2011), the Pollution Control
Board, Guwahati (2016-17), Choudhury and Gupta
(2017), Deb et al. (2019), Roy and Majumder
(2022), the standard level recommended by WHO
(2017), BIS (2012), NERIWALM (2019) and the
surface water of Dakor Pilgrimage Wetland (Soni
and Thomas, 2014), Tawang (Gaur et al., 2022), and
Sukhna Lake (Maansi et al., 2022). The high value
of nitrate in the study site was due to effluents from
livestock facilities, septic systems, domestic
sewage, fertilizers, and household waste (Muniyan
and Ambedkar 2011; BIS, 2012; Vyas and Bhawsar,
2013).

3.1.8. Biochemical oxygen demand (BOD)

BOD values range from 10.9+0.12 mg/L to
458.6+1.86 mg/L, with the average value higher
(273.83+1.05 mg/L) during the summer season than
during the winter (266.14+£0.91 mg/L). This was
much higher than the values recorded in Deepor
Beel by Sharma and Sharma (2005; 2009), Sharma
(2011), the Pollution Control Board, Guwahati
(2016-17), Choudhury and Gupta (2017), Deb et al.
(2019) and Roy and Majumder (2022), the standard
level recommended by NERIWALM (2019), and
the surface water of the Gompti river (Kushwah et
al., 2023).

3.1.9. Sodium (Na*)

The Na* values range between 21.4+1.03 mg/L to
175.04+1.30 mg/L, being higher (137.63+0.84

mg/L) in the summer season than the winter season
(100.09+1.01 mg/L). This was much higher than the
values recorded in Deepor Beel by Sharma and
Sharma (2005), Sayed et al. (2015), Deb et al.
(2019) and the Pollution Control Board, Guwahati
(2016-17). It was also higher than the values found
in the surface water of Tawang (Gaur et al., 2022),
but lower than those recorded in the King Abdullah
Canal (Mashagbah 2015) and Lake Baikal
(Pastukhov et al., 2023). Additionally, it exceeded
the standard level recommended by WHO (2017).

3.1.10. Potassium (K¥)

The K* values range between 6.02+0.10 mg/L and
53.9+0.24 mg/L, with the average value higher in
summer (23.79+£0.28 mg/L) than winter (21.82+
0.22mg/L). It was higher than the values reported by
Sayed et al. (2015), Sharma and Sharma (2005),
Deb et al. (2019) and the Pollution Control Board,
Guwahati (2016-17) for Deepor Beel. It also
exceeded the values recorded for the surface water
of Dakor Pilgrimage Wetland (Soni and Thomas,
2014), King Abdullah Canal (Mashagbah, 2015),
Tawang (Gaur et al., 2022), Gompti (Kushwah et
al., 2023) and Lake Baikal (Pastukhov et al., 2023).
Additionally, it was above the standard level
recommended by WHO (2017).

3.1.11. Chloride (CI")

Cl- values range between 251.18+1.34 mg/L and
502.28+2.96 mg/L, with the average value higher in
the summer season (325.56+£2.067mg/L) than the
winter (311.53%1.04 mg/L) season. This was much
higher than the values recorded in Deepor Beel by
Sharma and Sharma (2005; 2009), Sharma (2011),
Islam et al. (2014), Sayed et al. (2015) and the
Pollution Control Board, Guwahati (2016-17). It
also exceeded the standard levels recommended by
BIS (2012), WHO (2017) and NERIWALM (2019).
Compared to other bodies of water, it was higher
than the values for the surface water of Dakor
Pilgrimage Wetland (Soni and Thomas, 2014),
Tawang (Gaur et al., 2022), Sukhna Lake (Maansi
et al., 2022), Gompti (Kushwah et al., 2023) and
Lake Baikal (Pastukhov et al., 2023), but lower than
the King Abdullah Canal (Mashagbah, 2015).



Kakati R. et al.: Assessment of water quality and heavy metal pollution in leachate from municipal dumping ground
located in Deepor Beel, a Ramsar site — Ocena kakovosti in onesnaZenosti s tezkimi kovinami izcedne vode z
odlagalis¢a komunalnih odpadkov na obmocju ramsarskega obmocja Deepor Beel
Acta hydrotechnica 37/66 (2023), 1-26, Ljubljana

3.1.12. Fluoride (F)

The F values range between 0.254+0.01mg/L and
2.12+0.02 mg/L, with the average value of fluoride
being higher during summer (0.94+0.01 mg/L)
compared to winter (0.87+0.02 mg/L). This was
higher than the values recorded in Deepor Beel by
Sayed et al. (2015) and the Pollution Control Board,
Guwahati (2016-17). It also exceeded the standard
levels recommended by WHO (2017) and
NERIWALM (2019), as well as the values for the
surface water of Gompti (Kushwah et al., 2023).
However, it was lower than the values recorded for
Tawang (Gaur et al., 2022).

3.1.13. Total dissolved solid (TDS)

The TDS values range between 4.39+0.01 mg/L and
917.4£2.23 mg/L, with the average value of TDS
being higher (581.53+£3.54 mg/L) during the
summer season compared to winter (534.8£1.2
mg/L) season. This was higher than the values
recorded in Deepor Beel by Sharma and Sharma
(2005; 2009), Sharma (2011), Sayed et al. (2015),
the Pollution Control Board, Guwahati (2016-17),
Choudhury and Gupta (2017), and Deb et al. (2019),
as well as the standard level recommended by WHO
(2017). It also exceeded the values for the surface
water of Dakor Pilgrimage Wetland (Soni and
Thomas, 2014), Tawang (Gaur et al., 2022), Sukhna
Lake (Maansi etal., 2022), Gompti (Kushwah et al.,
2023) and Lake Baikal (Pastukhov et al., 2023).
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Figure 3: Histogram charts showing the concentrations of physicochemical properties of water samples
from Deepor Beel near the Boragaon Garbage dump during winter (December) and summer (July) season
with standard error.

Slika 3: Histogrami, ki prikazujejo koncentracije fizikalno-kemijskih lastnosti vzorcev vode z obmocja
Deepor Beel v blizini odlagalis¢a Boragaon med zimsko (december) in poletno (julij) sezono s standardno
napako.
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Figure 4: Histogram charts showing the concentrations of heavy metals of water samples from Deepor Beel
near the Boragaon Garbage dump during winter (December) and summer (July) season with standard error.

Slika 4: Histogrami, ki prikazujejo koncentracije tezkih kovin v vzorcih vode z obmocja Deepor Beel v blizini
odlagalis¢a Boragaon v zimski (december) in poletni (julij) sezoni s standardno napako.

3.2. Heavy metals

3.2.1. Aluminum (Al)

The Al values in the water samples from Deepor
Beel ranged from 0.019+0.0003 to 7.214+0.06 mg/L.
The average Al value during the summer season was
recorded higher at 2.17+0.02 mg/L compared to the
winter season's 1.89+0.03 mg/L. All naturally
occurring waterways and water systems include
aluminum. It can appear as dissolved or undissolved
organic and inorganic substances, and the pH level
was a significant component, which affects how it
appears. The values found in the present study were
higher than the standard value of Al in drinking
water recommended by WHO (2017). They also
exceeded the values recorded for the surface water
of Lake Baikal and Irkutsk Wetland by Alicva et al.
(2011), Sklyarova (2011), Vetrov et al. (2013) and
Pastukhov et al. (2023).

3.2.2. Arsenic (As)

The As values ranged between 9.614+0.03 to
129.42+0.22 pg/L, with a higher average value
during the summer (30.33+0.07ug/L) compared to
winter (63.583+0.55 pg/L). The values found in the
present study were much higher than the standard
value of arsenic in drinking water recommended by
WHO (2017) and NERIWALM (2019). It was also
higher than the values recorded in Deepor Beel by
Kapil and Bhattacharyya (2013), the Pollution
Control Board, Guwahati (2016-17), and Deb et al.
(2019). Aadditionally, it exceeded the values
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recorded for the surface water of Lake Baikal and
Irkutsk Wetland by Alicva et al. (2011), Sklyarova
(2011), Vetrov et al. (2013) and Pastukhov et al.
(2023).

3.2.3. Beryllium (Be)

The Be values ranged between 4+0.6 pg/L and 24+1
ng/L. The average Be value was higher in the winter
season (6+0.1pg/L) compared to the summer season
(3+0.4 pg/L). The values recorded in the present
study were lower than the standard value of Be in
drinking water recommended by WHO (2017). Be
value found in Deepor Beel was higher than the
Beijing-Hangzhou Grand Canal, Zaozhuang
(Zhuang et al., 2016)

3.2.4. Cadmium (Cd)

During the study Cd values were found as below
detection limit (BDL) whereas in earlier studies the
Cd value in Deepor Beel were found between 0.002
to 0.23 + 0.05 mg/L (Kapil and Bhattacharyya,
2013; Pollution Control Board, Guwahati, 2016-17;
Choudhury and Gupta, 2017). Cd value higher in
Lake Baikal and Irkustk Wetland (Alicva et al.,
2011; Sklyarova, 2011; Vetrov et al., 2013;
Pastukhov et al., 2023).

3.2.5. Calcium (Ca)

The Ca values ranged from 15.02 + 0.09 mg/L to
320.1 £ 0.44 mg/L, with lower values recorded
during the summer season (97.17 £ 0.28 mg/L)
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compared to the winter season (90.96 + 0.85 mg/L).
These values were much higher than those recorded
in Deepor Beel by Sharma and Sharma (2005,
2009), Islam et al. (2014), Sayed et al. (2015), the
Pollution Control Board, Guwahati (2016-17) and
Deb et al. (2019). They also exceeded the values for
the surface water of Lake Baikal and Irkutsk
Wetland (Alicva et al., 2011; Sklyarova, 2011;
Vetrov et al., 2013; Pastukhov et al., 2023) and Lake
Loktak (Mayanglambam and Neelam, 2020) but
were lower than those recorded in the Dakor
Pilgrimage Wetland (Soni and Thomas, 2014).
Additionally, the values were higher than the
recommended level of calcium in drinking water by
BIS (2012) and WHO (2017).

3.2.6. Chromium (Cr)

The Cr values ranged from 17.2+£2 ug/L to 58.2+0.4
ug/L and the Cr value was higher in the summer
season (17+1 pg/L to 16.2+1 pg/L) than the winter
season. This was lower than the values recorded in
Deepor Beel by Kapil and Bhattacharyya (2013),
Choudhury and Gupta (2017), Deb et al. (2019) and
the surface water of Lake Baikal and Irkustk
Wetland (Alicva et al., 2011; Sklyarova, 2011,
Vetrov et al., 2013; Pastukhov et al., 2023). The
recorded values were slightly higher than the
recommended levels of Cr in drinking water as per
WHO (2017), BIS (2012) and NERIWALM (2019).

3.2.7. Copper (Cu)

The Cu values ranged between 8.6+1 ug/L to
45.2+1 pg/L, with a higher average value during the
summer season (20+1 pg/L) than the winter season
(10£1 pg/L). The value recorded in the present
study was lower than the values recorded in Deepor
Beel by Kapil and Bhattacharyya (2013),
Choudhury and Gupta (2017), the Pollution Control
Board, Guwahati (2016-17), Deb et al. (2019) and
the surface water of the Lake Baikal and Irkustk
Wetland (Alicva et al.,, 2011; Sklyarova, 2011;
Vetrov et al., 2013; Pastukhov et al., 2023). The
recorded values were slightly higher than the
recommended levels of Cu in drinking water as per
BIS (2012), WHO (2017) and NERIWALM (2019).
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3.2.8. Iron (Fe)

The Fe values ranged from 0.749+0.01 mg/L to
56.23+0.7mg/L, and the average value was higher
during the summer (11.89+0.15mg/L) compared to
the winter (12.57+0.16mg/L). The value recorded in
the present study was higher than the values
recorded in Deepor Beel by Sayed et al. (2015),
Choudhury and Gupta (2017), the Pollution Control
Board, Guwahati (2016-17), Deb et al. (2019), Lake
Baikal and Irkustk Wetland (Alicva et al., 2011,
Sklyarova, 2011; Vetrov et al., 2013; Pastukhov et
al., 2023). The recorded values were slightly higher
than the recommended levels of Fe in drinking
water as per BIS (2012), WHO (2017) and
NERIWALM (2019).

3.2.9. Magnesium (Mg)

The Mg values ranged from 2.315+0.13 mg/L to
51.36+£0.36 mg/L, with a higher average value
during the summer (28.19+0.29 mg/L) compared to
the winter (24.29+0.49 mg/L). The value recorded
in the present study was higher than the values
recorded in Deepor Beel by Sharma and Sharma
(2005; 2009), Sharma (2011), Islam et al. (2014),
the Pollution Control Board, Guwahati (2016-17)
and the surface water of Dakor Pilgrimage
Wetland(Soni and Thomas, 2014), Lake Baikal and
Irkustk Wetland (Alicva et al., 2011; Sklyarova,
2011; Vetrov et al., 2013; Pastukhov et al., 2023)
and Loktak lake (Mayanglambam and Neelam,
2020), but lower than the Sukhana wetland (Maansi
et al., 2023) and King Abdullah Canal (Mashagbah,
2015). However, the recorded values were slightly
higher than the recommended levels of Mg in
drinking water as per BIS (2012) and WHO (2017).

3.2.10. Manganese (Mn)

The Mn values ranged from 0.41+£0.0lmg/L to
0.87+£0.01mg/L, with a higher average value during
the summer (0.51+0.01 mg/L) compared to the
winter (0.46+0.01 mg/L) season. The value
recorded in the present study was lower than the
values recorded in Deepor Beel by Kapil and
Bhattacharyya (2013) and the surface water of Lake
Baikal and Irkustk Wetland (Alicva et al., 2011,
Sklyarova, 2011; Vetrov et al., 2013; Pastukhov et
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al., 2023). The recorded values were slightly higher
than the recommended levels of Mn in drinking
water as per BIS (2012) and WHO (2017).

3.2.11. Nickel (Ni)

The Ni values ranged from 0.064+0.002mg/L to
0.102+0.002 mg/L, with the average value higher in
the summer season (0.02+0.0004 mg/L) than the
winter season (0.015+0.0004 mg/L). The value
recorded in the present study was lower than the
values recorded in Deepor Beel by Kapil and
Bhattacharyya (2013), Choudhury and Gupta
(2017), the Pollution Control Board, and Guwahati
(2016-17), and higher than the recommended levels
of Ni in drinking water as per BIS (2012) and WHO
(2021). Results of the present study was higher than
the surface water of Lake Baikal and Irkustk
Wetland (Alicva et al.,, 2011; Sklyarova, 2011;
Vetrov et al., 2013; Pastukhov et al., 2023).

3.2.12. Lead (Pb)

The Pb values ranged from 12+2 pg/L to 32.4+1
ug/L, with the average value higher during the
summer season (27£10 pg/L) than the winter season
(101 pg/L). The value recorded in the present
study was lower than the values recorded in Deepor
Beel by Kapil and Bhattacharyya (2013),
Choudhury and Gupta (2017), the Pollution Control
Board, Guwahati (2016-17), Deb et al. (2019) but
higher than the surface water of Lake Baikal and
Irkustk Wetland (Alicva et al., 2011; Sklyarova,
2011; Vetrov et al., 2013; Pastukhov et al., 2023).
The recorded values were slightly higher than the
recommended levels and higher than the
recommended levels of Pb in drinking water as per
WHO (2017), BIS (2012) and NERIWALM (2019).

3.2.13. Zinc (Zn)

Zn values ranged from 0.008+0.00lmg/L to
0.13340.09 mg/L, with the average value higher in
the summer (0.034+0.01 mg/L) than the winter
(0.02+£0.002 mg/L). The value recorded in the
present study was higher than the values recorded in
Deepor Beel by the Pollution Control Board,
Guwahati (2016-17), Choudhury and Gupta (2017),
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Deb et al. (2019) and Lake Baikal and Irkustk
Wetland (Alicva et al., 2011; Sklyarova, 2011;
Vetrov et al., 2013; Pastukhov et al., 2023) and
lower than Kapil and Bhattacharyya (2013), WHO
(2017) and NERIWALM (2019).

3.2.14. Comparative analysis with earlier studies
on Deepor Beel

These findings exceed the data reported in all earlier
studies conducted in Deepor Beel (Sharma and
Sharma, 2005, 2009; Sharma 2011; Kapil and
Bhattacharjya 2012; Islam et al., 2014; Sayed et al.,
2015; Choudhury and Gupta 2017; Deb et al., 2019;
Dash et al., 2020, 2021; Roy and Majumder 2022;
the Pollution Control Board, Guwahati 2016-17),
emphasizing the current state of water quality
deterioration and heavy metal pollution in this
ecosystem. However, the previous studies in
Deepor Beel did not all sample at the same
locations. While some studies (Sayed et al. 2015;
Deb et al. 2019; Choudhury and Gupta 2017; Islam
et al. 2014) did take some samples near garbage
sites (Table 2), our study strategically sampled
points where leachates directly contaminated the
water of Deepor Beel. The significant differences
between the values observed at various sampling
points in our study compared to those in previous
studies could be attributed to this difference in
sampling location.

Leachate generation in landfills is predominantly
attributed to rainfall, which percolates through the
waste, collecting dissolved and suspended
components from decomposing materials. This
process involves various physical and chemical
reactions (Reinhart and Townsend, 1998). Leachate
serves as a potent indicator of the composition,
degradation processes, and environmental impact of
landfilled materials. Studying leachate provides
invaluable insights into the efficiency of landfill
management practices and the potential risks posed
by leachate contamination to surrounding
ecosystems and groundwater resources. By
understanding leachate characteristics and behavior,
more effective waste treatment methods and
regulatory frameworks aimed at mitigating
environmental pollution and safeguarding public
health can be formulated.
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In the present study, the alkaline pH observed
signifies Deepor Beel’s eutrophic state, likely
resulting from the accumulation of salts, minerals,
and leachate-derived substances (Whitemore et al.,
2006). Elevated levels of EC and turbidity suggest
the influence of hydrous oxides of Fe and Mn
(Krenkel, 1974). The study identifies increased
concentrations of heavy metals such as Fe, sourced
from various origins including eroding roofing
sheets, steel, iron cookware, and natural deposition
(Agoro et al., 2020). High sulphate and phosphate

levels, conducive to algal growth, indicate
substantial pollution in Deepor Beel, posing
potential  health  risks  (Jacobson,  1991;

NERIWALM, 2019).

During the summer season, elevated nitrate levels
are linked to reduced biological activities,
associated with lower dissolved oxygen levels and
increased temperatures (Roy and Majumder, 2022).
Excessive fluoride concentrations lead to health
issues such as dental and skeletal fluorosis
(Mallishery et al., 2020). The notable BOD levels
indicate increased oxygen consumption due to the
oxidation of a large volume of waste discharged
from the municipal sewage area (Hossain, 1988).

The presence of heavy metals, including Pb, Cd, Zn,
Cu, As, Al, Ca, Fe, Mg, Mn, and Ni, raises concerns
due to potential phytotoxicity and the risk of
entering the food chain, posing threats to both
human and animal health (lordache et al., 2022).
Arsenic, specifically, is identified as highly toxic in
Assam, posing risks to aquatic life (Kapil and
Bhattacharyya, 2013; Goswami et al., 2022).
Various heavy metals, such as lead and nickel, have
the potential to cause a range of health effects in
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humans  and animals, including renal,
cardiovascular, neurological, reproductive, and
immunological issues, as well as various cancers
(Awofolu et al., 2005; NERIWALM, 2019).

The excess presence of calcium in Deepor Beel can
lead to hypercalcemia, affecting the aquatic
ecosystem and causing the regular death of aquatic
organisms (Deb et al., 2015; Roy and Majumder,
2022). During the monsoon season, the expanded
water volume reaches surrounding villages,
disseminating harmful diseases caused by polluted
water to the human population.

The study suggests that the present metals Fe, Pb,
As, and Cd may derive from wastewater and
industrial waste, impacting EC values due to high
concentrations of dissolved solids (Ojok et al.,
2017; Nguyen et al., 2021; Luvhimbi et al., 2022).
High TDS indicates the presence of inorganic salts
and trace organic substances in water, affecting its
taste, color, and properties (WHO/FAO, 2003;
Meride and Ayenew, 2016).

The findings emphasize the need for continuous
monitoring of parameters like pH, TDS, EC, DO,
BOD, NH4*, NOs, Fe, CI7, Pb, and As, as their
concentrations fluctuate over time and have
increased in recent decades. Addressing water
quality deterioration and heavy metal pollution in
Deepor Beel requires comprehensive environmental
management strategies, particularly considering the
contributions of wastewater from domestic,
agricultural, and industrial sources (Muangthong
and Shrestha, 2015; Atwebembeire et al., 2019).
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Table 2: Comparison of present values with earlier records of water analysis in Deepor Beel.

Preglednica 2: Primerjava sedanjih vrednosti in starejsih podatkov analiz vode z obmocja Deepor Beel.
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4. Conclusion

This study clearly determines the impact of
municipal solid waste (MSW) leachate in the water
quality of Deepor Beel. Our results suggest that the
water quality of Deepor Beel was very poor during
the study period, with further, high deterioration
during summer.

Our observations revealed that the garbage dump
receives various types of waste from hospitals,
agricultural fields, industries, garages (motor parts
and oils/grease), households, and the municipality
itself. This includes pharmaceuticals, plastics,
clothing, iron, batteries, paints, etc. The difference
in values recorded at different sampling sites is
primarily due to their locations and the types of
waste being dumped there. However, our study did
not analyze the composition of waste in different
dumping zones. This could be an important
parameter for future studies.

The water of Deepor Beel has also exhibited a
gradual deterioration as evident from the earlier
studies. To address the pressing issue of waste
management and pollution control, it is imperative
to implement a multifaceted approach, and
considering the rising population and urban
expansion, it is essential to assess and augment the
number of MSW collection sites, along with the
addition of large-scale MSW transfer stations.

We suggest that a comprehensive approach to MSW
management should be implemented. This should
involve organizing a responsible agency to oversee
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the establishment of sorting standards and waste
collection. A crucial step would be to implement a
mandatory four-classification system for MSW
sorting, including hazardous waste, recyclable
materials, household food waste, and residual
waste. To effectively manage MSW, two primary
treatment and disposal methods should be
considered: recycling, incineration, composting,
and landfilling. It is also recommended to construct
wet waste treatment plants to align with MSW
sorting regulations.

Furthermore, this strategy encompasses the
establishment of a recycling facility within the
landfill to repurpose discarded materials into usable
products. Specifically, for organic waste, biogas and
biofuel production can be integrated, along with the
creation of organic fertilizers. Non-renewable
plastics can be repurposed to produce bricks,
reducing their environmental impact. Additionally,
deploying an air purification plant within the
landfill can help mitigate the release of harmful
pollutants into the atmosphere. To deter illegal
dumping and littering, imposing substantial fines
and enforcing strict regulations is essential.
Additionally, adopting an efficient bin collection
technique that segregates organic and inorganic
materials is pivotal in promoting responsible waste
management and environmental sustainability.
These measures collectively contribute to a
comprehensive waste management system that
enhances resource efficiency and minimizes
environmental degradation. Hence, the state



Kakati R. et al.: Assessment of water quality and heavy metal pollution in leachate from municipal dumping ground
located in Deepor Beel, a Ramsar site — Ocena kakovosti in onesnaZenosti s tezkimi kovinami izcedne vode z
odlagalis¢a komunalnih odpadkov na obmocju ramsarskega obmocja Deepor Beel
Acta hydrotechnica 37/66 (2023), 1-26, Ljubljana

requires a better management plan for the waste
generated, such as has been effectively
implemented in Shanghai, China (Xiao et al., 2020).

The sanctuary boasts an exceptional
diversity of avifauna, which has unfortunately
experienced a decline in recent decades. To
safeguard the biodiversity of the lake, rigorous
enforcement of wildlife protection legislation is
imperative, alongside vigilant monitoring of
encroachment and other illicit activities. These
findings underscore the need for policymakers to
strengthen the country's waste disposal and
management infrastructure, aiming to mitigate the
ecological impact of industrial waste on freshwater
bodies. A Comprehensive data is essential for
assessing the health risks associated with industrial
waste, particularly its effects on freshwater
reservoirs, which play a vital role in replenishing the
region's aquifers.
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Appendix 1: Concentrations of physicochemical properties of water samples from Deepor Beel near the

Boragaon Garbage dump during winter (December) and summer (July) season (all values are expressed in
Mean + Standard Error Mean)
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Appendix 2: Concentrations of heavy metals in the water samples of nine sites around Deepor Beel near the

Boragaon Garbage dump during winter (December) and summer (July) season (all values are expressed in Mean
+ SEM) (BDL: below detection level).
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(W_ BLD BLD BLD BLD B:D BLD 8+0 | 10 | 0+0 | 6+0 | 1£0 | 5£0 | 6+0 | 0+£0 | 8+0 | £0.0 | 70 | £0.0 | 0.08
o o1 | 01| 01| 02|00 | 01|00 00| o01| 1 |.01] 1
Nit | gp | BD | BD | BD | BD | BD | BD | BD [ BD | BD | BD | BD | BD | BD | 00 | 040 | 00 1 0.08
mg/ L L L L L L L L L L L L L L 9+0 | £0.0 | 6+0 | +0.0 -
L) 0| 0 |00 o
Pb( 00 | 00| 00| 00| 00]|00]|00]|00]00]003]00]|002
mg/ | B | BO | BD | BD I BD I BD 5y | a0 | 220 | 150 | 350 | 220 | 320 | 250 | 320 | 200 | 320 | 400 | 001
L) 00 | .00 | 00 | .00 | .00 | 00| 00| 00| 00| 0 |.00]| o0
Zn( 00 | 00| 00| 000000/ 00]|2|00]o013]| 00 |005]o001
mg/ | BP | BP | BD | BB BD Y hig | a0 | 330 | 430 | 220 | 220 | 320 | 0% | 4s0 | 200 | 430 |00 | -
L) 00 | .00 | 00 | .00 00| 00|00 |% foo| o |00| 0 [o005

26




