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The island receives rain
mainly through two
monsoons.

The rainfall intensity varies
markedly across the island
(Annual average rainfall:
2,000 mm)
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Climate in Sri Lanka



ØWater Resources

§ No. of river basins:  103

§ Major reservoirs and dams:  80

§ Small tanks:  14,204

§ Small anicuts:  12,942

ØLand extent:  65,610 km2

ØTotal volume of water: 131.22 bil. m3

ØDischarge to sea:  66.18 bil. m3 (>50%)
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Water in Sri Lanka

Only 45% of the population have access to piped water

Water Availablity: 
2437 m3 / per year / per capita

Water problems in Sri Lanka :
ØDrinking water

• Quality
• Guaranteed supply
• Adequate pressure
• Service restricted to urban areas only

ØIrrigation water
• Wastage
• Irrigation efficiency
• Water productivity

ØWater pollution
• Non-enforceable laws
• Education and sense of responsibility
• Lack of proper waste disposal mechanisms and facilities

ØWater governance
• Political
• Institutional



Per-capita Daily water consumption in Sri Lanka
(Yurina Otaki et al, 2022)
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Forecast for water availability (m3/year/per capita) in 2050 for the 
present climatic conditions 

(Modified by Chaminda, 2010, after report of the IPCC (1995) cited in K. D. Frederick and d. C. Major, 1997)

2437 m3/year/person

1500 m3/year/person
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Climate change and increased water demand through 
population growth / rapid urbanization have 

significantly impacted on freshwater resources

Impact on 
freshwater 
resources

Reused water or alternative waters are 
increasingly recognised as a potential ‘new’ 
source of clean water for potable and non-

potable uses, resulting in social, environmental 
and economic benefits…..
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Target 6.1: Achieve universal
and equitable access to safe
and affordable drinking
water for all

Target 6.3: Improve water
quality by reducing pollution

Emerging pollutants can be understood in a broad sense as any synthetic or naturally-
occurring chemical or any microorganism that is not commonly monitored or regulated in the
environment with potentially known or suspected adverse ecological and human health effects.

Target 1.4 Target 3.3

Target 3.9

Target 12.4 Target 15.1

Emerging pollutants are addressed under the following
2030 Agenda’s of SD goals and targets:

(Source: UNESCO Project on “Emerging Pollutants in Wastewater 
Reuse in Developing Countries” )

Contaminants of Emerging Concern :

Source:
Tushara Chaminda, et al., 2018

Chemicals that had not previously been detected (or lesser concentrations) are
discovered in the water supply are known as “contaminants of emerging concern” or
simply "emerging contaminants." Emerging contaminants are important because the
risk they pose to human health and the environment is not yet fully understood

Derived from 3 broad categories:

• Pharmaceuticals (PhACs)
• Personal Care Products (PCPs)
• Endocrine Disrupting Compounds 

(EDCs)
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Pharmaceuticals
Products used by individuals for
personal health or agribusiness to
enhance growth or health of livestock.
The global consumption of drugs used
by humans >100,000 metric tons per
year

Pharmaceuticals and Personal Care Products (PPCPs)

Personal care products
Products used by individuals for personal
care or cosmetic reasons
(Fragrances , Cosmetics , Sun-screen
products , Shampoo, Insect repellents, etc)

(Source: WHO, 2004)

vPersistence:
The physicochemical properties of PPCPs, means that many are not easily
removed by conventional water treatment process
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vBioaccumulation
Although PPCPs are available in aquatic environment at relatively low
concentrations, many of them and their metabolites are biologically active and
can impact non-target aquatic organisms, especially fish.

vToxicity
The major concern about the toxic implications of pharmaceuticals is
that they were designed specifically to maximise their biological
activity at low doses and to target certain metabolic, enzymatic, or
cell-signalling mechanisms.

PPCPs . . .
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Antib
iotic 

Resistance 

Bacteria

14

Bacteria 
exposed to 
antibiotics

Antibiotic 
Resistant 

Genes

Tuberculosis (TB)

Kills 2 million/year

Acinetobacter
baumannii

Most significant fact is the possible Antibiotic Resistance. Antibiotic
resistance occurs When the antibiotic becomes no longer capable of
controlling or preventing bacterial growth

PPCPs Antibiotics 

Superbugs
are resistant to all 

available 
Antibiotics



PPCPs as an emerging contaminants in 
urban waters, Sri Lanka

ü Ground water : 19 samples (Galle)

ü Surface water : 6 samples (Galle)

ü STP (Influent) : 2 sample 

ü STP (effluent) : 2 sample 

STP influent STP effluent Ground WaterSurface water

Galle

Colombo

Colloborative Research 
with Ochanomizu 

University and 

Hitotsubashi University

Methodology ….

Spiked 0.2ml Surrogate standards and keep it 1 hour.

Conditioned cartridges using 4ml of MeOH and 4ml Mili Q.

Samples were passed through cartridges at 3 ml/min speed.

Cartridges were washed using 4 ml Mili Q after filtration.

Kept 30 minute for fully dryness. Sealed until further studies.

1

2

4

3
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Occurrence of PPCPs in Urban Waters of Sri Lanka

Colloborative Research 

with Ochanomizu 

University and 

Hitotsubashi University



Eluted the cartridges with 6 ml of MeOH.

The Elute was evaporated using Nitrogen evaporator. (40 ∘C).

Internal standard vortex mixing was spiked. 

Conditioned the LC/MS spectrometer. 

The final analysis was done by using LC/MS spectrometer. 
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High Performance Liquid 
Chromatography - Mass 

Spectrometry

Methodology ….
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Maximum value (ng/L) of analyzed pharmaceuticals in 19 domestic wells in 

comparison to previous studies (Quyen et al, 2021)
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• Presence of PPCPs in well (Ground) waters indicated the vulnerability of the drinking groundwater source
to fecal contaminants from the outdated sanitation system. A setback distance >18 m is unlikely to protect
groundwater from OSSs contamination.

• We observed that E.Coli and total coliform had a significant positive correlation with Caffeine
concentration in groundwater.

• Occurrence of the persistent pollutants, such as Carbamazepine and Sulfamethoxazole indicated the extent
of pollutant transport from OSSs.

20

Concentration ranges and means (g/L) for wastewater compounds in urban STP influent 

and hospital effluent and three previous studies (Quyen et al, 2021).
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• Despite their high concentrations in raw wastewater, up to 99% of CAF (124 µg/L) and
ACT (24 µg/L) was removed by the STP

• Consideration of the magnitude, persistency, and metabolism rates of eight target
sewage markers in urban wastewater (including black water, greywater, and hospital
wastewater) suggests that CAF is useful for understanding the magnitude of greywater
discharge.

• Presence of labile ACT is evidence of the mixing of raw black water in surface water.

• Treated hospital wastewater included trace amounts of active pharmaceutical
ingredients that could contribute to surface water pollutants. The use of persistent
indicators, such as CBZ, to identify hospital wastewater discharges into the drainage
network proved useful.

24

Fig. 5. Schematic flow diagram representing a) antibiotic-resistance dissemination in the environment, b) within the bacteria, and c) propagation and transmission
loops in the anthropocene.

M. Kumar, et al. (QYLURQPHQWDO�5HVHDUFK������������������

�

Schematic flow diagram representing antibiotic-resistance 
dissemination in the environment and within the bacteria 

(Source: Kumar et al, 2020) 
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Sampling:

ARB Occurrence

Galle

Surface 
Water

1 River

2 Canals

WWTP
Hospital WWTP

Municipal STP

Colombo

Surface 
Water

1 River

1 Canal

WWTP 2 Municipal WWTPs

25

Colloborative 

Research
 with

 

Kanazawa Universit
y, 

Japan and IIT
, 

Gandhinagar, In
dia

E.Coli
isolation

E.Coli
cultivation

Measuring 
antibiotic 
resistivity

Experimental procedure
Based on Standard Operating Procedures Antibiotic-resistance test for E.coli in
water samples (R. Honda, et al, 2016).
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Resistant ratio = no. of resistant colonies
no. of isolated colonies

KB Disc
Diameter of inhibition circle 

(mm)

Resistant Intermediate Sensitive

Kanamycin Monosulphate (KM) =<13 14-17 >=18

Tetracycline (TC) =<11 12-14 >=15

Norfloxacin (NFX) =<12 13-16 >=17

Ciprofloxacin (CIP) =<15 16-20 >=21

Levofloxacin (LVX) =<13 14-16 >=17

Sulfamethoxazole (ST) =<10 11-15 >=16



Surface water – Galle, Sri Lanka
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• LVX, CIP and NFX resistant ratio increased when 
moving downstream

• ST and TC having higher resistant ratio
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Resistant Ratios –
River Water-3



Wastewater – Galle, Sri Lanka
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Conclusions :
• 43 PPCPs were detected in Urban Waters (Surface, WW,

Groundwater)

• A setback distance >18 m is unlikely to protect groundwater from
OSSs contamination.

• We observed that E.Coli and total coliform had a significant
positive correlation with Caffeine concentration in groundwater.

• Despite their high concentrations in raw wastewater, up to 99% of
CAF (124 µg/L) and ACT (24 µg/L) was removed by the STP

• Presence of labile ACT is evidence of the mixing of raw black
water in surface water
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• All sampling points subjected to Antibiotic Resistance Test had
colonies resistance to more than one antibiotic category.

• Municipal canals having higher resistive bacteria than major
rivers

• WWTP effluents contain higher resistant colonies than
influents.

• It was observed that 100% resistance for all the 6 AB in a canal
where 20m downstream to the discharge point of Hospital
WWTP
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• E. coli prevalence was reduced during treatment, but the
remaining bacteria can adapt in the presence of antibiotics
and lead to a further increase in resistance.

• E. coli strains of all the locations exhibited multidrug
resistance implying some health concern in the near future

• The hospital WWTP had more resistance than the municipal
WWTPs due to a higher concentration of antibiotics and less
dilution.

• We found higher resistance to old generation antibiotics like
tetracycline (TC), and sulfamethoxazole (ST)

34

• Treatments need to be developed and implemented to
control antibiotic concentrations in wastewater and
surface water.

• Continuous monitoring of the river and tributaries for
emerging pollution loads (PPCPS, etc), as on-going
assessments are required for management.

• Provide proper waste collection systems (including used
medicines).

• Develop strict rules and policies for industrial, hospital
and municipal wastewater discharge backed with robust
local community effecting monitoring and
implementation.

Future directions :



35

ARTICLE OPEN

Seasonality impels the antibiotic resistance in Kelani River
of the emerging economy of Sri Lanka
Manish Kumar 1✉, G. G. Tushara Chaminda2 and Ryo Honda 3

We evaluated the occurrence of antibiotic-resistant bacteria, antibiotic-resistant gene, and metal concentration in a tropical river of
Sri Lanka as a pre-emptive effort to understand the seasonal impact on their prevalence. Resistance for norfloxacin, ciprofloxacin,
levofloxacin, kanamycin monosulfate (KM), tetracycline (TC), and sulfamethoxazole (ST) was measured with Kirby–Bauer disc
diffusion method. The prevalence of Escherichia coli ranged from 10 to 27 CFU (colony-forming unit) ml−1 in Kelani River in Sri
Lanka, and most of the E. coli isolates were resistant to more than one antibiotic. However, the resistance for TC and ST was much
higher than other antibiotics. We found that the resistance percentage for older antibiotics like TC and ST was higher than the
newer antibiotics. We detected genes that confer resistance to TCs, sulfonamides, β-lactams, and fluoroquinolones. Seasonal
variation in the resistance of fluoroquinolones was much higher than the non-fluoroquinolones, but the effect was antagonistic.
Overall, the significant seasonal variations imply the importance of mixed source and environmental conditions for development
and transmission of antibiotic resistance.

npj Clean Water �����������(2020)�3:12� ; https://doi.org/10.1038/s41545-020-0058-6

INTRODUCTION
Antibiotic resistance and multidrug resistance are emerging
environmental concern owing to its potential threat to human
health, and fast-growing and widespread increase. Several reports
like World Health Organization (WHO) 2016, CDC Threat Report
2013, and WHO 1998 has predicted millions of deaths in the world
per year due to anti-microbial resistance (AMR). In recent times,
studies reported the increase of antibiotic-resistant gene (ARG)
and antibiotic-resistant bacteria (ARB) with the increase in
antibiotics, nutrients, metals, and microplastic contaminants in
the water bodies1–3. Further, animal- and human-derived manure,
wastewaters, and feces entering the water bodies via treatment
plants or direct application to soil or runoff4,5 are considered as
crucial sources of ARG and ARB transmission6,7. Groundwater is
still protected to a certain extent owing to retention/filtration/
adsorption of ARB and ARG by the porous medium. Among
various surface water bodies, ARG and ARB transport is much
more dynamic in nature in the rivers8,9. However, rivers have quick
transport for ARGs, and Lake systems are likely to have a much
longer retention time of the same10,11.
Rivers that play major roles in the economic growth of any

emerging nation has religious and societal importance as well12.
Yet, more often than not, rivers act as a disposal site for different
types of waste in several urban cities of the emerging economies.
Further, rivers along the urban section receive a significant
amount of both antibiotics and antibiotic-resistant fecal bacteria
from the wastewater treatment plant (WWTP) effluents. Antibiotic
resistance has been reported in several rivers around the world,
especially in the Indian rivers like Manjra River, Tamariparani
River13,14, Musi River15, Brahmaputra River, and River Ganges.
Several religious festivals, including Simhastha Mahakumbh
Mela16, which attracts millions of people from the world to bathe
in the holy river, were investigated for inducing antibiotic
resistance.

Introduction of ARGs into water bodies via anthropogenic
activities include runoff from urban areas, aquaculture17, agricul-
ture, animal husbandry18, and effluent from hospitals and
treatment plants19,20. For a closed system like a lake, the
catchment area (including the capacity of WWTPs), land-use land
cover (e.g., urban city, agriculture area), and location of point
source (e.g., WWTP, hospital, aquaculture sites) have a critical role
in determining the impact of human activities on ARGs20,21. Swiss
lakes and South Platte River Basin with a higher capacity of
WWTPs in the catchment have shown a greater abundance of
sul22,23. Sites in close vicinity to a sewage discharge show a
relatively high abundance of ARGs in Geneva lake2. An abundance
of sul and tet genes was reported in lakes along the Yangtze River,
close to built-up land24. Similarly, ARGs were also found in high
concentrations near Nanhu Lake and Shahu Lake, in an urban area
of China3. Further, the urban rivers affected by treated/untreated
wastewaters are shown to have antibiotic-resistant pathogens like
vancomycin-resistant Klebsiella pneumonia, Acinetobacter, Enter-
ococci, Pseudomonas spp. and Shigella spp.25–28.
A relation between all the pollutants, that is, metals, viruses,

PPCPs, and microplastic has already been studied for the tropical
river, lakes, and sewage treatment plants in India29,30, and thus
there is a lot more to look up now towards the seasonal variability
of these micro-pollutants. The presence of these emerging
contaminants has become a serious threat for the urban
residential colonies as they are more vulnerable to it31,32. Overall,
the seasonality influence on ARB and ARG has yet not been dealt
with in detail, which is highly required for a better understanding
of its transport, concentration, and transmission in the river
systems. Our hypothesis is that seasonality is likely to have major
influences on antibiotic resistance in the rivers of monsoon-
dominated tropical countries with emerging countries. Therefore,
we selected the Kelani River (Fig. 1a, b), the most crucial river in Sri
Lanka, to understand the seasonal influence of ARG and ARB. Sri

1Department of Earth Sciences, Indian Institute of Technology Gandhinagar, Gandhinagar 382355, India. 2Department of Civil and Environmental Engineering, Faculty of
Engineering, University of Ruhuna, Galle, Sri Lanka. 3Faculty of Environmental Design, Institute of Science and Engineering, Kanazawa University, Kanazawa, Japan.
✉email: manish.env@gmail.com

www.nature.com/npjcleanwater
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Treatment enhances the prevalence of antibiotic-resistant bacteria and
antibiotic resistance genes in the wastewater of Sri Lanka, and India

Manish Kumara,∗, Bhagwana Ramb, Himaya Sewwandic, Sulfikard, Ryo Hondae,
Tushara Chamindac
a Department of Earth Sciences, Indian Institute of Technology Gandhinagar, India
bDepartment of Civil Engineering, Indian Institute of Technology Gandhinagar, India
c Department of Civil and Environmental Engineering, University of Ruhuna, Galle, Sri Lanka
dGraduate School of Natural Science and Technology, Kanazawa University, Kanazawa, Japan
e Faculty of Environmental Design, Institute of Science and Engineering, Kanazawa University, Kanazawa, Japan

A R T I C L E I N F O

Keywords:
Antibiotic resistance
Antibiotic resistance genes
Multi-drug resistance
Wastewater
Sri Lanka
India

A B S T R A C T :

Wastewater treatment plants (WWTPs) are being debated for being the hot spots for the development of anti-
biotic resistance in pathogenic microbial communities. We observed the prevalence of antibiotic-resistant bac-
teria (ARB), antibiotic resistance genes (ARG), and multidrug resistance (MDR) in two municipal WWTPs and
one hospital WWTP in Western and Southern Sri Lanka, and compared the results with particular reference to
Indian and the World scenario to trace the imprints of treatment on ARB and ARG. Result suggests that although
wastewater treatment resulted in higher than 1.06 log Escherichia coli (E. coli) reduction at all WWTPs, yet the
percent of E. coli resistant to most of the antibiotics increased from influent to effluent. Higher prevalence of
ARB, ARG, and MDR were noted in hospital WWTP owing to the higher antibiotic concentrations used and
excreted by the patients. With reference to India, the WWTPs in Sri Lanka showed more ARB and a consistent
increase in its percentages after the treatment but were less resistant to Fluoroquinolone (FQ). E. coli strains
isolated from each location of both countries showed multidrug resistance, which has increased after the
treatment and was strongly correlated with FQ in every WWTP. Resistant genes for Fluoroquinolone (FQ) (aac-
(6′)-1b-cr, qnrB, qnrS), β-lactams (ampC), and sulphonamides (sul1) were common in all the wastewaters except
additional parC gene in the hospital effluent of Sri Lanka, implying much higher resistance for quinolones,
especially for Ciprofloxacin. Multivariate statistical treatments suggest that effluent showed higher loadings and
association for MDR/ARB, where pH change and more extensive interaction with metals during the treatment
processes seem to have profound effects.

1. Introduction

Common infectious diseases might soon become untreatable and
life-threatening owing to the increasing prevalence of antibiotic-re-
sistant bacteria (ARB) and multi-drug resistance (MDR)(Ram and
Kumar, 2020; Huang et al., 2012; Kumar et al., 2019a; O'Neill, 2014;
WHO, 2014). Genetic level capabilities of resisting antibiotics in the
microbes have led to the frequent use of higher doses and more ex-
pensive antibiotics or antibiotic cocktails (Huang et al., 2012). If
common infections require costly treatments, the condition will be
worst in developing countries. By the year 2050, more deaths may be
due to antimicrobial-resistant infections compared to other significant
causes (O'Neill, 2014). If the situation is not seriously addressed, a post-

antibiotic era is possible, according to the World Health Organization
(WHO, 2014). Seventy-one countries that include Sri Lanka witnessed a
36% increase in antibiotic consumption between 2000 and 2010 (Alam
and Deng, 2015). As per the estimate, the global use of antimicrobials
will increase by 67% (63,151 to 105,596 tons) between 2010 and 2030
(Van Boeckel et al., 2015), which will significantly influence microbial
ecology demonstrated by the detection of antibiotic resistance bacteria
(ARB) and antibiotic resistance genes (ARG) in municipal solid waste
leachate, sludge and the ambient water (Zhang et al., 2015), sediments
(Storteboom et al., 2010), wastewater (Reinthaler et al., 2003), surface
water (Honda et al., 2016; Kumar et al., 2019b), drinking water and
groundwater (Al-judaibi, 2014a,b).

Bacteria exposed to available antibiotics develop resistance and
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Prevalence of antibiotic resistance in the tropical rivers of Sri Lanka and
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Keywords:
Drug-resistance
E. coli
Resistant genes
Kelani river
Sri Lanka
India

A B S T R A C T

We evaluate the imprints of urbanization, landuse and lifestyle on the prevalence and provenance of antibiotic
resistance in the tropical rivers of Sri Lanka (Kelani and Gin) and India (Sabarmati, and Brahmaputra River). The
prevalence of E. coli in the Kelani, Sabarmati, and Brahmaputra Rivers was in the range of 10–27, 267–76,600,
and<50 CFU ml−1 respectively. Isolated E. coli colonies were subjected to six antibiotics to assess their re-
sistance. We found higher resistance to old generation antibiotics like tetracycline (TC), and sulfamethoxazole
(ST) transcends the resistance for fluoroquinolones like norfloxacin (NFX), ciprofloxacin (CIP), and levofloxacin
(LVX). Interestingly, both Indian rivers had exhibited relatively higher resistance to TC and ST than the Kelani
river or Gin River, implying that the Sri Lankan situation is relatively less critical. At genetic level the resistance
for β-lactams, fluoroquinolones and sulphonamides, were detected in many samples, as reported globally. While
the resistance genes for aac-(6’)-1b-cr, qnrS and sul1 were detected in both Sri Lankan and Indian Rivers, blaTEM
and ampC were specific to the Indian Rivers only. Decoupling of the prevalence of metal contamination and
antibiotic resistance has been noticed in India and Sri Lanka. Study implies that urbanization, landuse, and
lifestyle (ULL) are the three most critical factors governing multidrug resistance (MDR) and fecal contamination.

1. Introduction

Uncontrolled waste discharge has threatened urban waters with a
significant prevalence of emerging pollutants, including
Pharmaceuticals and Personal Care Products (PPCPs) (Kumar et al.,
2019a, 2019b; Qiu et al., 2019). Effective management of PPCPs, in-
cluding antibiotics, requires knowledge of their sources, fate, and
transport along the rivers (Schijven et al., 2016). The prevalence of
Antibiotic-Resistant Bacteria (ARB) and Antibiotic Resistance Genes
(ARGs) in ambient waters has been frequently reported (Kumar et al.,
2019a; Vanneste et al., 2008) as a serious public health concern (Xu
et al., 2015; Yang et al., 2014). In the United States, up to 70% of all the
hospital-acquired infections are resistant to at least one family of an-
tibiotics (Marti et al., 2013). Reports of ARB in aquatic systems reveal
how quotidian the situation is, in a global perspective along with India
(Kim and Aga, 2007; Sivalingam et al., 2019; Vanneste et al., 2008;

Watkinson et al., 2007).
The prevalence of ARB and ARG becomes more critical, particularly

for the rivers fulfilling urban drinking water demands (Kumar et al.,
2019b; Xu et al., 2016). High population growth, uncontrolled sale and
use of antibiotics have aggravated the difficulties in decision making for
suitable treatment in Asian countries (Archana et al., 2016). Un-
regulated antibiotic consumption has been doubled between 2000 and
2015 (GARP, 2011; Klein et al., 2018). A large fraction (25–75%) of the
antibiotics fed to animals is excreted without being metabolized and get
transfused in with rivers and groundwater through runoff, generated
from the use of animal waste in the form of manure (Donoho, 1984).
Over-the-counter sales, poorly regulated private hospital sectors, high
rates of hospital infections, and the frequency of infectious disease have
paved the way to a particularly serious problem in the developing
countries like India and Sri Lanka (Guruge et al., 2019; Jayatilleka,
2014). Although a mitigative measure named Indian National Action
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Research Collaborators:
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Safety 
of Water

Security 
of Water

Natural Pollution
(Mn, Fe, F, Hardness, etc.)

Manmade Pollution
(Agrochemicals, Industrial 
discharges, Heavy metals, 

Organic pollutants, PPCPs, and 
Other Micropollutants, etc)

Future Water Management in Sri Lanka - National Level :

Climate 
Change

Lack of policies

Resources

Water sharing
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My ongoing colloborative reseacrh with Japan

• Ochanomizu University

• Hitotsubashi University

• Kanazawa University

• Toyama Prefectural University

• Hokkaido University
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Our Publications related to obove researches :
• Sewage Markers as Determinants to Differentiate Origins of Emerging Organic Pollutants in an Urban Sri Lankan Water Drainage 

Network
https://www.mdpi.com/2073-4441/13/20/2898

• Pharmaceutical Contaminants in Shallow Groundwater and Their Implication for Poor Sanitation Facilities in Low-Income 
Countries
https://doi.org/10.1002/etc.5110

• Occurrence and Spread of Emerging Organic Pollutants and Antibiotic Resistance in Urban Waters of Sri Lanka
http://doi.org/10.4038/jur.v9i1.7989

• Treatment enhances the prevalence of antibiotic-resistant bacteria and antibiotic resistance genes in the wastewater of Sri Lanka, and 
India
https://doi.org/10.1016/j.envres.2020.109179

• Hygiene risk of waterborne pathogenic viruses in rural communities using onsite sanitation systems and shallow dug wells
https://doi.org/10.1016/j.scitotenv.2020.141775

• A Review on Antibiotic Resistance Gene (ARG) Occurrence and Detection in WWTP in Ishikawa, Japan and Colombo, Sri Lanka
https://link.springer.com/chapter/10.1007/978-981-32-9771-5_1

• Vulnerability of urban waters to emerging contaminants in India and Sri Lanka: Resilience framework and strategy
https://www.apn-gcr.org/bulletin/article/vulnerability-of-urban-waters-to-emerging-contaminants-in-india-and-sri-lanka-resilience-
framework-and-strategy/
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