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Abstract
Wetlands are ecologically important and productive environments which 
help in several global processes. Microplastic pollution is an environmental 
issue of great concern. The studies related to this issue have been reported 
chiefly on the marine environment whereas freshwater ecosystems 
especially wetlands are receiving less consideration. Harike wetland is a 
northern largest wetland of India with area at present of 86km2. It is home 
to several migratory birds along with being rich in fish diversity. In this 
study the presence and type of microplastic in surface water of Harike 
wetland were investigated. Two types of microplastic are found in harike 
wetland namely nylon (Nylon 6) and high density polyethylene with size 
ranging from 4mm to 60µm.  Results from the FTIR, RAMAN and GC-MS 
confirmed the presence of microplastic in Harike wetland. Rivers Sutlej 
and Beas could be a source of sewage input towards Harike wetland 
thereby being the reason of microplastic contamination in it. This study 
insights better understanding of microplastic pollution in wetlands giving 
way towards the threat that microplastic transfer could cause through the 
food chain and affect other organisms.
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Introduction
Wetlands are having many global processes such as 
carbon cycle, fisheries production, shelter for local 
and migratory birds and biogeochemical cycles. 
They are not only ecologically important but also 

contribute in economy of that area.  Wetland export 
20% of total world’s organic carbon in nature. It also 
contributes to biomass production where in animals 
although small but form an important fraction of this 
biomass. Wetlands particularly riverine wetlands 
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provide important nursery area and food sources 
for aquatic fauna. All wetlands have same common 
nature where water levels fluctuate up and down, 
desalination site of salty water, high primary and 
secondary productivity, high export of materials to 
other ecosystem, nurseries and shelter of birds.  
In addition, it also acts as refuses and corridors 
for terrestrial animals, gene banks for many plants 
and animal species along with economic services 
for human beings. Society also considers wetlands 
for their historical legacy in sediments of climate, 
recreation, relaxation and location for solid waste 
disposal. So, wetlands are more important in global 
process than their aerial extent calculation.1

In India, there are 67,429 wetlands, covering about 
4.1 million hectares. Out of which, 2,175 are natural 
wetlands, covering an area of 1.5 million hectares, 
and rest 65,254 are man-made, wetlands covering 
2.6 million hectares of area.2 Out of the 65,254 
man- made wetlands, Harike wetland is one of the 
largest wetlands of northern India which is at the 
confluence of 3 districts: Amritsar, Ferozpur and 
Kapurthala. This wetland came into existence in 
1952 due to diversification of water resources of 
two rivers; Sutlej and Beas. It was declared as a 
Ramsar site by International Union for Conservation 
of Nature (IUCN) in 1990 giving it a shape of wetland 
of international significance and priority zone for 
biodiversity conservation. Furthermore, it was 
declared as bird sanctuary in 1992.3 This wetland 
is sourced by two rivers namely Sutlej and Beas 
which helps in rejuvenating ground water along 
with providing irrigation. The area of wetland was 
148km2 which is restricted to 86km2 at present, out 
of which 45km2 is dry area and 41km2 wet zone.  
The wet territory also stands diminished to 28km2 
with real water spread inside wet zone is 17-18km2 
and rest is marshy. 44.4% of the wet zone is 
covered by water hyacinth. Wetland degradation 
was attributed to siltation, water hyacinth invasion 
and pollution brought in mainly by river Sutlej and 
less by river Beas. These threats not only result in 
area decreasing of wetland but also decrease quality 
of natural environment as required for survival of 
fauna.4

Overuse of nature is common tendency of human 
beings for self-benefit. Now direct exploitation is 
controlled and monitored by local and national 
regulatory bodies, but indirect impact of our routine 

life needs to be analyzed. By routine life, society 
is likely to generate new stressor for environment. 
Microplastic is one of the emerging stressors 
generated by our routine life. They are plastic fibers 
and particles are formed after the degradation or 
fragmentation of synthetic polymers with a size 
range of <5mm.5 They were first reported in marine 
surface water in 1970s.6, 7 Since microplastics have 
been found globally,8 accumulation of microplastics 
in freshwater is also getting in focus for research.9, 

10, 11, and 12 Presence of microplastic in the ecosystem 
brings various consequences such as oral uptake, 
damaging tissue, surface for attachment and 
transport of contaminants.13, 14 The chemistry of 
microplastic may get modified by leaching out of 
additives from it and by the adsorption of various 
toxic substances from water onto its surface due 
to hydrophobic attraction.15 Due to large surface 
to volume ratio, they accumulate persistent 
bioaccumulative toxic compounds, heavy metals 
and so on converting into a multiple stressor.16  

These microplastic particles with adsorbed 
contaminants are ingested by a number of 
organisms.17, 18, 19, and 20 Microplastic mimics the algal 
derived compounds such as dimethyl sulphide which 
is a threat for organism which feeds on the algae 
using chemosensory mechanism.21 It has been also 
found that microplastics have the capacity to block 
digestive tract, inducing toxicity and translocating 
from gut to circulatory system in Mytilus Edulis 
(L.).22, 23 The presence of microplastic in animals is 
of concern because consumption of contaminated 
fish or food may act as a vector for translocation 
of microplastics in humans thereby contaminating 
foodweb.24 Microplastics have also been found to 
effect and alter homeostasis in the body of fish 
as studied by Rainieri25 who supplemented Zebra 
fish feed with microplastics along with a set of 
contaminants. 

Approximately 5.6 million tonnes per annum plastic 
waste is generated in India by different sectors 
including products and packaging. Packaging 
represents the single largest sector of plastic use 
and accounts for 35% of plastic consumption and 
greatly increased plastic waste and consequently 
litter. Out of total production 80% plastics are 
recyclable and remaining 20% are nonrecyclable 
plastic. Large aquatic bodies are recognized as hot 
spot for microplastic pollution. There is no study yet 
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that have reported the presence of microplastics in 
any wetland of India. Current study is an attempt to 
confirm presence of microplastic in largest wetland 
of northern India being ecological and economical 
important. 

Methodology
Reference data for plastic composition identification:
To prepare the reference database for the need 
of comparing the sample results from established 
techniques, different type of virgin plastic beads from 
Hi-Tech polymers limited was brought and analyzed 
through the said techniques. Spectra obtained from 
each technique were kept as a reference spectrum 
to compare with sample results.

Study Area
Harike Wetland is manmade, riverine and lacustrine 
wetland located between latitudes 31°05’15” and 31 
14’15” N and longitudes of 74°55’ 30” and 75°07’30” 
E. This wetland is drained by Sutlej and Beas rivers 
along with their tributaries. It holds importance in 
recharging ground water long with acting as a source 
of irrigation to parts of Punjab and Rajasthan through 
Sirhind feeder and Rajasthan canal. In the months 
of April, May and June, it encounters the extreme 
heat with maximum daily temperature rising upto 
43°C in June followed by daily min temperature as 
0.6°C in January.26 Khaitan area is a core area of 
harike wetland so it was marked as sampling site 
in current work

Fig. 1:  Location map of Harike Wetland with sampling site

Sampling and Recovery of Microplastic
Surface water sampling was conducted from Khaitan 
area (Site 1, marked area) in the month of May 2018 
by fixing plankton net to local boat, which assured a 
particular position of net towards the water surface. 
The net of mesh size 50µm was dragged to an area 
of 600m which is representing ecological condition 
of wetland up to the depth of 15cm. After sampling 
the net was carefully packed to prevent secondary 
contamination and transferred to laboratory for 
further work.

In the laboratory net was washed with distilled water 
and further steps were carried out in laminar and in 
glassware to prevent any contamination. Organic 
and synthetic macroparticles were visually sorted 
out of which plastic was confirmed by hot needle 
test.27 Following the separation of macroparticles 
washoff was passed through different mesh size 
filter (305, 200, 100, 60µm) to separate particle on 
basis of their size range. After that each residue was 
treated with 30% hydrogen peroxide for seven days 
to digest organic matter28 and at the last of recovery 
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step, sodium iodide (density 1600mg/L) was used 
for density-based separation.29 The samples 
were kept in oven at 55ºC for 20min to remove 
moisture and equally divided for further analysis. 
For the identification of polymer type by vibrational 
spectroscopy30 data has been followed.

Fourier Transform Infrared Spectroscopy (FTIR)
FTIR is most widely used technique due to its 
versatility in giving information regarding composition 
and confirmation of plastic.31 FTIR measurement of 
the isolated particles and sample residues were 
measured by 8400S-Shimadzu FTIR Spectrometer 
equipped with a software IR solution. The spectra 
of every particle and sample residues were 
recorded in a wave number range of 4000-500cm-1 
in transmittance mode with a spectral resolution of 
4cm-1 coadded with 15 scans. 

Raman Spectroscopy
Raman Spectroscopy records the characteristic 
peaks in response to polymer type in sample.  
It is based on a monochromatic light (laser source) 
interacting with the sample. Raman analysis of the 
sample residues were performed by a STR500 
confocal Raman Spectrometer. 1mg of each sample 
was analyzed through a fixed wavelength of 532nm. 
Spectra of samples were recorded in the wave 
number range of 100-5000cm-1, with power of 2.5, 

5 and 12.5mW. Four scans were accumulated for 
each spectrum.

Gas Chromatography - Mass Spectrometry
GC-MS confirms the polymer type by means of 
characteristic decomposition products. For GC-MS, 
the mass fragmentation pattern of compounds in 
samples was compared with the main fragmentation 
pattern of virgin plastics.32 As the degradation 
pattern of polymer remains fixed,32 identification 
of compounds was carried out by studying and 
comparison of mass spectra of sample with standard 
indicator ion peaks.33 The analysis was performed 
on NUCON 5700 Gas Chromatograph with a Mass 
Spectrometer. The instrument was fitted with a 
programmable injector the temperature of which was 
set at 280°C. GC column with dimensions 30 m x 
0.25 mm x 0.25 mm was temperature programmed 
from 100°C to 260°C at 8°C/min, then to 340°C at 
35°C/min maintained for 23 min. The carrier gas, 
Helium was set to be injected as 0.001L with an 
interval of 60 seconds at the injector port.34 protocol 
has been followed for the sample analysis. 

Results And Discussion
During lab work total 15 particles were manually 
separated at initial stage, out of which two particles 
were discarded due to their large size >12mm.

Fig. 2: Discovered plastic particles from Harike wetland by using plankton net, a) large size 
plastic particles, b) microplastic < 5 mm, c) microplastic under microscope, d) shrinked 

microplastic after hot needle test
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Remaining thirteen particles were subjected to hot 
needle test and out of them nine were confirmed as 
plastic and rest as non- plastic organic matter. The 
test was such that a hot needle coming in contact 
with the particle made it either to melt or shrink 
thereby confirming it as plastic.27 These confirmed 
nine plastic particles were given the alphabetic code 
as particle A, B, C, D, E, F, G H, and I for future 
correspondence.

FTIR Characterization 
FTIR spectrum of these nine particles (A-I) were 
matched with spectrum of virgin plastic beads. 
Spectra of particles except C were comparable 
with standard amide (Nylon 6) spectrum. Bands at 
1500cm-1, 1600cm-1 and 3400cm-1, NH bending and 
C=O stretching for amide I and amide II were taken 

as reference peak for nylon 6.  Nylon 6 is one of the 
most common polyamides used mostly in household 
and industrial products. The Infrared spectra of 
nylon 6 features 3300cm-1 for NH stretch band 
accompanied by a weak peak at around 3050cm-1 
and assigned to fermi split pair of NH stretch. On 
other hand two other bands were found at 1630cm-1 
and 1550cm-1 corresponding to amide-I and amide-
II band respectively. The naming convention for 
Polyamides relies on number of carbon atoms an 
acid and amino component holds to form the amide. 
Nylon 6 IS usually formed by two approaches: 
Dicarboxylic acid and a diamine.30 With the help of 
IR, identification of Nylon 6 samples corresponding 
to a Polyamide is important but can be difficult due 
to the polymorphism exhibited by some Polyamides. 

Fig. 3: Comparative FTIR Transmission Spectra of manually isolated particles and virgin plastic 
beads a) spectra of particle A and its overlapping with Nylon 6, b) comparative spectra of particle 

C along with HDPE

Whereas in particle C, peaks at 2925cm-1 (asymmetric 
CH2 stretch) and 2854cm-1 (symmetrical, CH2 
stretch) were observed which is indication of high-
density polyethylene (HDPE) chain usually methyl 
group and bending modes of group CH2 observed 
at 1462cm-1. Addition to this two characteristic peaks 
of polyethylene HDPE between 1300-1400cm-1 

were considered i.e. 1347cm-1 and 1381cm-1 and no 
individual peak at 1377cm-1 was observed which is 

characteristics of LDPE. For confirmation spectra of 
Particle C were merged with Virgin HDPE. By this 
way generated data through FTIR confirmed eight 
particles as Nylon 6 and one as Polyethylene.

Sample residues obtained from filtration through 
varying mesh size filter cloth after organic digestion 
and density-based separation, were also subjected 
to FTIR analysis. The spectra of samples were 
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overlapped with that of plastic particle A and C, out of 
which the particle A FTIR spectra was matching with 
that of all i.e. 305, 200, 100, 60μm residue in terms 
of characteristic Nylon 6 Peaks. Generated merged 

spectra were also compared parallel to virgin Nylon 
6 spectrum to which all four merged together gave 
a clear picture about the presence of characteristic 
Amide groups in sample.

Fig. 4: ATR-FTIR spectra (left) and Raman spectra (right) of the investigated different residues 
(305-60µm) each in comparison with reference Nylon 6 and macroparticle from Fig 3
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Fig. 5: ATR-FTIR spectra (left) and Raman spectra (right) of the investigated different residues 
(305-60µm) each in comparison with reference HDPE and macroparticle from Fig 3



130MANZOOR et al., Curr. World Environ., Vol. 16(1) 123-133 (2021)

The spectra of all residues were also compared 
with particle C which was earlier identified as 
polyethylene as well as parallel comparison with 
virgin Polyethylene spectrum because probability 
for the presence of nylon 6 and HDPE in residues 
was more as they were earlier identified at visual 
stage (Particle A-I).

Spectra of 305µm and 60µm particle size residues 
were indicating for polyethylene due to the presence 
of the typical two polyethylene (HDPE) peaks at 
2925cm-1 (asymmetric CH2 stretch) and 2854cm-

1(symmetrical, CH2 stretch), 1462cm-1 (CH2 bending) 
and two characteristic peak of polyethylene HDPE 
between 1300- 1400cm-1. For further confirmation 
for the presence of Nylon 6 and Polyethylene 
sample examined through RAMAN Spectroscopy 
and GC-MS.

Raman Spectroscopic Analysis
Results of FTIR were further validated by RAMAN 
Spectroscopy. Spectra at 931cm-1 and 3301cm-

1 were observed in screened sample residues  
(305, 200, 100, 60µm) for C-CO stretch and NH 
stretch as characteristics of Nylon 6. 1126cm-1 for 
C-C stretch and other characteristic peaks were 
also observed [Fig 4]. In addition to the Nylon 6 

there was also the indication of polyethylene in the 
sample residues (305, 200, 100, 60µm) because 
of the presence of spectrum include 890cm-1 for 
C-H stretch and peaks at 1030cm-1 and 1080cm-1 
due to C- C stretch vibrations. Another additional 
peak is at 1440cm-1 which is due to CH2 bending 
[Fig 5]. The results obtained were compared with 
the RAMAN spectra of virgin Nylon 6 and HDPE for 
proper validation of sample residues spectra. Hence, 
we can conclude that the RAMAN further supported 
the results given by FTIR about the presence of 
polyethylene.

Gas Chromatography and Mass Spectrometry
For GC-MS only two sample residues, 305 and 60µm 
were further considered.  The study was only carried 
out for 305µm and 60µm as they set a size range.

Nylon 6 polymer degrades in number of compounds 
and gives mass spectrum with the components of 
different carbon numbers such as 1-pentenenitrile, 
€-caprolactam, and N-5-cyanopentyl-6- hexanamide 
fragments. Presence of ϵ-caprolactam was found by 
its indicator peaks m/z 30, 42, 55, 67, 85, 98, and 
113.32 Hence by the presencece of indicator ion 
peak in degraded form 305µm and 60µm confirmed 
presence of Nylon 6 in the sample in microform.37

Fig. 6: Mass spectra of sample residues 305µm and 60µm size and fragmentation 
pattern of ϵ-caprolactam (satellite): a degraded product of Nylon 6, as reference

In addition, the results also indicated the presence 
of polyethylene (HDPE). Literature shows that the 
degradation mass fragments of polyethylene polymer 
includes 1-heptene, 1, 9-decadiene, 1-eicosene.32 

The indicator ion peaks for C20: 1-eicosene in sample 
305µm and 60µm are obtained at m/z 29, 41, 55, 
69, 83, 97, and 111.
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Hence as the indicator ion peaks for the presence of 
C20: 1-eicosene was found in the samples therefore 
also indicating the presence of polyethylene in the 
sample residues.37 These results confirm that Harike 
wetland is also contaminated by anthropogenic litter. 
Source of contamination might be lateral inputs from 
land which could be occurred through washout of 
rain or by air. Wetland is conserved area so no direct 
human impact can elevate level of contaminants 
but both rivers who are receiving sewage inputs 
during their course can be responsible for this. 

Use of nylon 6 bags are common practice on dike 
of inland water bodies in India, these bags also 
degrade and become source of microplastic in 
wetland. In bank deposition of organic contents 
stuck plastic waste where it can fragment, degrade 
and convert in microsize. Some plastic products 
because of high density sink and settle in bottom 
but after degradation redistribute on surface. Nylon 
6 and HDPE are detected in wetland here which is 
indicating their dominancy over other plastics.  

Fig. 7: Mass spectra of sample residues and fragmentation pattern 
of 1-eicosene (satellite): a degraded product of HDPE, as reference

Conclusion
This study aimed to analyze the presence and 
composition of microplastic in Harike wetland. In 
addition, the polymer type was found to be nylon 
6 and HDPE. This may reveal the various possible 
sources along and across the wetland resulting in 
microplastic pollution. The presence of microplastic is 
clearly indicate for the ingestion of these particles by 
the diverse organisms in the wetland. Representing 
a threat to biodiversity, the effect of microplastic on 
aquatic organisms must be considered. Further 
microplastic can adsorb harmful contaminants from 
the surroundings, therefore acting as a multiple 
stressor. Microplastic along with other contaminants 
may affect the organism indirectly which may further 
spread along the foodchain. Further investigation 
needs to incorporate the capability of microplastic 
to adsorb surrounding contaminants and their 
effects on the organisms. The hazardous effects of 

microplastic must be summarized to emphasize on 
further studies to reduce the effect of microplastic 
pollution effectively. This study is helpful to connect 
the knowledge gaps for proper understanding 
of the microplastic pollution in inland freshwater 
environments.
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