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Abstract

Industrial developments in recent years benefit the prosperity of human lives, whereas there are also their
downsides. One of these downsides is the non-degradable pollutants that have started to exist and posing
risks to the environment. Microplastics (MPs) being one of these pollutants, have become a worldwide
environmental fear because of their global presence. Microplastics are delivered into the environment
directly from daily uses of plastic substances, degradation of plastics, industries, and wastewater treatment
plants. This study focused on the presence of the Microplastics in freshwater bodies and drain streams.
During the study, the analytical methods was tested to ensure the quality of the research, and afterwards
applied to study the presence of Microplastics in water and wastewater streams throughout different times
of the year at variable locations along the streams to understand the seasonal effects, flow conditions, and
ambient aquatic environment on the presence of the Microplastics. It was found that the presence of
Microplastics can be affected by the climate conditions as one of the streams has shown a significant change
in the results by the change in the season when the samples were collected.
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Introduction

Plastics play a huge role in our lives and our day-
to-day activities it had a great impact on our lives.
Its ability to be shaped and molded beside its light
weight made it an adequate option for many
industries, starting from microbeads in cosmetics
[1] , to the bodies of the modern aircrafts [2].
Many tools and items have been replaced by
plastics recently to make life easier, or to avoid
health problems, like plastic single use syringes
instead of metallic syringes, and the plastic water
distribution pipes instead of the ashestos pipes. In

Europe during the year 2020, the plastic industry
employed around 1.5 million employees,
working in around 52,000 companies, with
turnover of 330 billion dollars, making it the 8™
biggest industry in Europe. [3] The whole world
has produced around 369 million tons of plastics
in the year 2020. [3] .

The main problem with plastics is that they have
a high resistance to degradation. Which makes it
a big concern when it comes to its impact on the
environment. [4] Although the plastics are not
easily degraded, still the large plastic parts can
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break down to smaller particles sometimes can’t
be seen by naked eye, known as Microplastics,
these particles resulting from the breakdown are
widely known as Secondary Microplastics. [5]
On the other hand there is a different type of
Micro-plastics which is referred to as primary
Microplastics. These particles were produced as
microscopic size plastics, and they are usually
used in cosmetics. [6] . It is widely used that by
analyzing 7704 personal care products and
cosmetics of the four biggest cosmetics producers
in Europe. Micro-plastics were found in 90% of
them. [7]

In the last decade Microplastics have started to
appear in freshwater in researches conducted in
different places, including but not limited to,
Dutch river delta and Amsterdam canals [8] lake
Winnipeg, Canada [9] , Los Angeles river, United
States of America [10] , Taihu lake, China
[11] ,Goiana river estuary, Brazil [12] . It has also
appeared in samples taken from the effluent of 17
municipal wastewater treatment plants in the
United States of America [13], and in 12
wastewater treatment plants in lower Saxony,
Germany [14] The presence of Microplastics was
not limited to surface and wastewater effluents, it
has also been detected in samples from 11 bottled
water brands from 12 different countries,
regardless the country [15] it was found in
random bottled water samples in different studies
[16] [15]. It was also present in tap water from
groundwater sources [17] and surface water
sources [18].

It’s a complicated mission to track the sources of
Microplastics in the environment [19] Since there
are not enough methods to do the tracking [20].
However, some studies focused their efforts on
estimating the reasons of Microplastics
occurrence, which gives an overview on
understanding this phenomenon. Surface runoff
of the roads is estimated to be one of the sources,
as the paints used on the roads break down by
time, and the tyres wear down as well [21]. Also

agriculture runoff is a source, especially when
sludge fertilizers are used or when plastic tools
are used [22] . Microbeads are also a huge source
that releases Microplastics into the environment,
each year around 3800 tonnes of Microplastics
enter the environment through the use of care
products and cosmetics in Europe only [23] . The
use of Plastics in the water industry makes it one
of the sources of Microplastics, some of the water
distribution networks and transmission lines are
made of different types of plastics, the same goes
for some of the tools used in water treatment
plants and it can release plastics through its
degradation and corrosion [24] and the use of
plastics bottles in bottled water as well [15] [16].

The impact of Microplastics on the environment
is still being studied, although some studies have
suggested that the invertebrates and fish living in
freshwater that have ingested Microplastics have
shown signs of tumor formation [25] [26]. Some
plastics contain harmful materials like PCBs that
are added to them during their manufacturing
process. [27] PCBs are known to be carcinogenic
and mutagenic [28] One of the main concerns
from the Microplastics in the freshwater is that
biofilms were found in some of them [29] This is
extremely dangerous as it means they can
transport pathogens [19] When it comes to the
effect of Microplastics on the human beings,
there are no studies to confirm there is a health
risk, which makes the presence of Microplastics
in water not a huge health concern. [19]

With all these efforts made and studies available
on Microplastics it still can be considered in a
primary stage of research, as there are even no
standard methods for sampling, analyzing or
detection of Microplastics. The effect on human
beings is also a critical matter that should be
thoroughly studied. Some researchers should
focus more on understanding the behavior of
Microplastics in natural conditions in the
environment, that should make understanding the
occurrence of these pollutants easier, and give an
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insight on how to prevent or remove them in the
future.

Study area description

The area studied is an area that has both
freshwater stream and drain steam close to each
other, it also has agriculture, residential areas, and
factories along the streams. It’s in the
Northeastern part of Egypt. (Figure 1) The fresh
water was sampled from the Suez channel, one of
the two branches that Ismailia channel is
branched to. It flows around 90 km starting from
Ismailia channel, down to the Suez gulf. The
drain was sampled from EIl- Ganaien drain, which
is an agricultural drain located in Suez
governorate and is parallel to the Suez channel at
the area of study. During the study, 3 points were
sampled from on the channel, 3 points were
sampled from on the drain.

Alexandnia

STUDY AREA ¥

Figure 1: Location of the study area in Egypt
By author. A photo taken from google earth.

This area was selected because it has many
possible sources of Microplastics, and to have a
better understanding of these sources, a quick
scan for the area has been made, and the
surroundings are as follows:

The points 1 water and 1 drain are in the middle
of the study area, with the points 2 and 3 for both
the channel and drain are around 5 km away from
both sides upstream and downstream. (Figure 2)
Point 1 water is surrounded by agricultural lands
from one side, and desert plus highway from the
other side, and point 1 drain is surrounded by
agricultural and residential areas. Point 2 is
surrounded by agricultural areas for both the
water and drain streams. Point 3 water is
surrounded by residential areas on both sides,
while point 3 drain is surrounded by residential
areas and agricultural areas. In the area of study,
between the mentioned points, there is a
chocolate factory, water treatment plant, and
electricity power plant. Also both the channel and
drain are parallel to the Suez Canal in this zone,
with perpendicular distance between 1 to km for
the Suez channel, and 0.3 to 2.5 km for El-
Ganaien drain.
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A= Agricultural
R= Residential
W= Water

Figure 2: Location of the points along the streams
By author. A photo taken from google earth.

Experimental

The samples were collected in 3 batches during 3
different times of the year. The first batch was
taken from the point #1 in both the water and
drain streams. It was collected during May, when
the weather is average between 25 to 30 degrees
celsius. The second batch was from point number
1 in both the water and drain streams. It was
collected during June, when the weather is
average between 30 to 35 degrees celsius. The
third batch was taken from the three points 1,2,
and 3 from both the water and the drain streams.
It was collected during August, when the weather
is average between 35 to 40 degrees celsius.

Samples were taken using glass bottles that were
covered by metallic covers and were kept away
from exposure to any plastics materials. The
samples were kept away from the sun and kept at
room temperature until it was analyzed. Analysis
took place in the central lab of AinShams
University, using the method introduced by [30]

through FTIR spectrophotometer analysis using
ATR imagining mode.

The results were compared to the results of a
research that made spectra for the 8 most
common plastics [30] , after checking the results
and finding out which kind of plastics is present,
it was compared to the spectrum from a different
research that focused on the analysis of the
detected plastic.

Results and Discussion

By analyzing the samples, the following was
found. In the samples from the first batch, the
results were compared to the decision method
introduced by the first reference research [30] ,
the results showed a potential presence of
polystyrene. The results were then compared to
other research focused on the polystyrene [31] (,
and the results showed significant similarity.
(Figures 3, and 4) Which is an indication of the
presence of polystyrene.
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Figure 3: The results from the samples

Umamaheswari,.et al, 2016) . [31]

As shown in the figures (Figures 3, and 4), the
peaks from the analysis made on the samples are
almost similar to the peaks that were introduced
as polystyrene in the reference research. [31]
Which means that the material that was analyzed
in the sample is polystyrene.

In the samples from the second batch, the results
showed almost the same peaks as the first batch,
they were compared to the decision method
introduced by the first reference research [30] ,
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Figure 4: The results from the research
By author. Analysis made by central lab of Ainshams University
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then the results were compared to other research
focused on polystyrene [31] , and the results
showed the presence of polystyrene.

In the samples from the third batch, the results
from the drain showed almost the same results,
which is interpreted as polystyrene. On the other
hand, the 3 samples from the water channel didn’t
show almost any peaks. Which means there were
no plastics in them. (Figure 5)
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Figure 5: The results from the freshwater stream during August
By author. Analysis made by central lab of Ainshams university

As shown in (Figure 5), and unlike the results in
(figure 3), these samples’ results showed almost
no peaks. Which means that there are no
Microplastics in them.

Conclusion

The Results show that microplastics were found
in the drain stream during different times of the
year while it wasn’t found in the freshwater
stream when it was extremely hot, which means
that the high temperature has reduced the
Microplastics in the stream. Also it is noticed that
the presence of the Microplastics in the
freshwater stream was affected by the climate

change but not the drain stream, this has probably
happened because the concentration of the
Microplastics in the freshwater stream was small
and/or the source was limited, while in the drain
it was not affected because unlike the freshwater,
the drain had more concentration and/or a more
consistent source of Microplastics.

It is clear that there are Microplastics in both the
freshwater and the drain streams, at least at some
times of the year, and the presence of these
Microplastics has been affected in the freshwater
stream by the change in the climate conditions.

The presence of the Microplastics in both the
Drain and the channel has probably happened
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because of some plastics littering along the
streams such as plastics cups, plates, and utensils,
also it could have happened because of the
presence of some factories close to stream that
may have illegally thrown their plastics waste on
the drain. Also, the surface runoff from the
agricultural lands along the streams should be one
of the main sources of the Microplastics. But still
further studies on the presence of Microplastic
should be conducted in Egypt in the water and
wastewater systems. It is obvious that climate
change influenced the presence of the
microplastics in the freshwater stream, but more
research should be made using more advanced
tools and taking into consideration the
concentration of the Microplastics, to understand
better what exactly happens to the Microplastics
in the streams.

References:

[1] Watkins, E., et al. (2019), "Policy
approaches to incentivise sustainable
plastic design", OECD Environment
Working Papers, No. 149, OECD
Publishing, Paris,

[2] plastivision.org

[3] plasticseurope.org, 2021

[4] Barnes DK, Galgani F, Thompson RC,
Barlaz M. Accumulation and
fragmentation of plastic debris in global
environments. Philos Trans R Soc Lond B
Biol Sci. 2009 Jul 27;364(1526):1985-98.
doi:  10.1098/rsth.2008.0205. PMID:
19528051; PMCID: PMC2873009.

[5] Ryan et al,
2009 Monitoring_the_abundance of pla
stic_debris_in_the_marine_environment

[6] Zitko, Vladimir and Marian Hanlon.
“Another source of pollution by plastics
skin cleaners with plastic scrubbers.”
Marine Pollution Bulletin 22 (1991): 41-
42.

[7] beatthemicrobead.org-Plastic-The Hidden
Beauty Ingredients

[8] Leslie, H A et al. “Microplastics en route:
Field measurements in the Dutch river
delta and Amsterdam canals, wastewater
treatment plants, North Sea sediments and
biota.” Environment international vol. 101
(2017): 133-142.
doi:10.1016/j.envint.2017.01.018

[9] Anderson, Philip J et al. “Microplastic
contamination in  Lake Winnipeq,
Canada.” Environmental pollution
(Barking, Essex : 1987) vol. 225 (2017):
223-231.
doi:10.1016/j.envpol.2017.02.072

[10] Moore, Charles & Lattin, Gwendolyn &
Zellers, A.F.. (2011). Quantity and type of
plastic debris flowing from two urban
rivers to coastal waters and beaches of
Southern California. Journal of Integrated
Coastal Zone Management. 11. 65-73.
10.5894/rgcil194.

[11] Su, Lei et al. “Microplastics in Taihu
Lake, China.” Environmental pollution
(Barking, Essex : 1987) vol. 216 (2016):
711-719.
doi:10.1016/j.envpol.2016.06.036

[12] Lima, A R A et al. “Distribution patterns
of microplastics within the plankton of a
tropical estuary.” Environmental research
vol. 132 (2014). 146-55.
doi:10.1016/j.envres.2014.03.031

[13] Mason SA, Garneau D, Sutton R, Chu Y,
Ehmann K, Barnes J, Fink P,
Papazissimos D, Rogers DL. Microplastic
pollution is widely detected in US
municipal wastewater treatment plant
effluent. Environ Pollut. 2016
Nov;218:1045-1054. doi:
10.1016/j.envpol.2016.08.056. Epub 2016
Aug 27. PMID: 27574803.

[14] Mintenig, S M et al. “Identification of
microplastic in effluents of waste water
treatment plants using focal plane array-
based micro-Fourier-transform infrared
imaging.” Water research vol. 108 (2017):



https://doi.org/10.1787/233ac351-en
https://doi.org/10.1787/233ac351-en
https://doi.org/10.1787/233ac351-en
https://doi.org/10.1787/233ac351-en
https://doi.org/10.1787/233ac351-en
https://www.plastivision.org/blog/5-types-of-plastic-used-in-the-aerospace-industry/
https://plasticseurope.org/knowledge-hub/plastics-the-facts-2021/
https://pubmed.ncbi.nlm.nih.gov/19528051/
https://pubmed.ncbi.nlm.nih.gov/19528051/
https://pubmed.ncbi.nlm.nih.gov/19528051/
https://pubmed.ncbi.nlm.nih.gov/19528051/
https://pubmed.ncbi.nlm.nih.gov/19528051/
https://pubmed.ncbi.nlm.nih.gov/19528051/
https://pubmed.ncbi.nlm.nih.gov/19528051/
https://www.researchgate.net/publication/26293577_Monitoring_the_abundance_of_plastic_debris_in_the_marine_environment
https://www.researchgate.net/publication/26293577_Monitoring_the_abundance_of_plastic_debris_in_the_marine_environment
https://www.researchgate.net/publication/26293577_Monitoring_the_abundance_of_plastic_debris_in_the_marine_environment
https://api.semanticscholar.org/CorpusID:84499886
https://api.semanticscholar.org/CorpusID:84499886
https://api.semanticscholar.org/CorpusID:84499886
https://api.semanticscholar.org/CorpusID:84499886
https://api.semanticscholar.org/CorpusID:84499886
https://www.beatthemicrobead.org/wp-content/uploads/2022/06/Plastic-TheHiddenBeautyIngredients.pdf
https://www.beatthemicrobead.org/wp-content/uploads/2022/06/Plastic-TheHiddenBeautyIngredients.pdf
https://pubmed.ncbi.nlm.nih.gov/28143645/
https://pubmed.ncbi.nlm.nih.gov/28143645/
https://pubmed.ncbi.nlm.nih.gov/28143645/
https://pubmed.ncbi.nlm.nih.gov/28143645/
https://pubmed.ncbi.nlm.nih.gov/28143645/
https://pubmed.ncbi.nlm.nih.gov/28143645/
https://pubmed.ncbi.nlm.nih.gov/28143645/
https://pubmed.ncbi.nlm.nih.gov/28376390/
https://pubmed.ncbi.nlm.nih.gov/28376390/
https://pubmed.ncbi.nlm.nih.gov/28376390/
https://pubmed.ncbi.nlm.nih.gov/28376390/
https://pubmed.ncbi.nlm.nih.gov/28376390/
https://pubmed.ncbi.nlm.nih.gov/28376390/
https://www.researchgate.net/publication/285316898_Quantity_and_type_of_plastic_debris_flowing_from_two_urban_rivers_to_coastal_waters_and_beaches_of_Southern_California
https://www.researchgate.net/publication/285316898_Quantity_and_type_of_plastic_debris_flowing_from_two_urban_rivers_to_coastal_waters_and_beaches_of_Southern_California
https://www.researchgate.net/publication/285316898_Quantity_and_type_of_plastic_debris_flowing_from_two_urban_rivers_to_coastal_waters_and_beaches_of_Southern_California
https://www.researchgate.net/publication/285316898_Quantity_and_type_of_plastic_debris_flowing_from_two_urban_rivers_to_coastal_waters_and_beaches_of_Southern_California
https://www.researchgate.net/publication/285316898_Quantity_and_type_of_plastic_debris_flowing_from_two_urban_rivers_to_coastal_waters_and_beaches_of_Southern_California
https://www.researchgate.net/publication/285316898_Quantity_and_type_of_plastic_debris_flowing_from_two_urban_rivers_to_coastal_waters_and_beaches_of_Southern_California
https://www.researchgate.net/publication/285316898_Quantity_and_type_of_plastic_debris_flowing_from_two_urban_rivers_to_coastal_waters_and_beaches_of_Southern_California
https://pubmed.ncbi.nlm.nih.gov/27381875/
https://pubmed.ncbi.nlm.nih.gov/27381875/
https://pubmed.ncbi.nlm.nih.gov/27381875/
https://pubmed.ncbi.nlm.nih.gov/27381875/
https://pubmed.ncbi.nlm.nih.gov/27381875/
https://pubmed.ncbi.nlm.nih.gov/24769564/
https://pubmed.ncbi.nlm.nih.gov/24769564/
https://pubmed.ncbi.nlm.nih.gov/24769564/
https://pubmed.ncbi.nlm.nih.gov/24769564/
https://pubmed.ncbi.nlm.nih.gov/24769564/
https://pubmed.ncbi.nlm.nih.gov/27574803/
https://pubmed.ncbi.nlm.nih.gov/27574803/
https://pubmed.ncbi.nlm.nih.gov/27574803/
https://pubmed.ncbi.nlm.nih.gov/27574803/
https://pubmed.ncbi.nlm.nih.gov/27574803/
https://pubmed.ncbi.nlm.nih.gov/27574803/
https://pubmed.ncbi.nlm.nih.gov/27574803/
https://pubmed.ncbi.nlm.nih.gov/27574803/
https://pubmed.ncbi.nlm.nih.gov/27574803/
https://pubmed.ncbi.nlm.nih.gov/27838027/
https://pubmed.ncbi.nlm.nih.gov/27838027/
https://pubmed.ncbi.nlm.nih.gov/27838027/
https://pubmed.ncbi.nlm.nih.gov/27838027/
https://pubmed.ncbi.nlm.nih.gov/27838027/

699

Journal of Positive School Psychology

365-372.
doi:10.1016/j.watres.2016.11.015

[15] Mason Sherri A., Welch Victoria G.,
Neratko Joseph, Synthetic Polymer
Contamination in Bottled Water, Frontiers
in Chemistry, VOLUME 6, 2018

[16] Darena Schymanski, Christophe
Goldbeck, Hans-Ulrich Humpf, Peter
Furst, Analysis of microplastics in water
by micro-Raman spectroscopy: Release of
plastic particles from different packaging
into mineral water, Water
Research,Volume 129, 2018

[17] Strand, J., Feld, L., Murphy, F.,
Mackevica, A., & Hartmann, N. B.
(2018). Analysis of microplastic particles
in__Danish drinking water. Aarhus
University. Scientific Report from DCE —
Danish Centre for Environment and
Energy No. 291

[18] Pivokonsky, Martin et al. “Occurrence of
microplastics in raw and treated drinking
water.” The Science of the total
environment vol. 643 (2018): 1644-1651.
doi:10.1016/j.scitotenv.2018.08.102

[19] Microplastics in drinking water, WHO
2019.

[20] A scientific perspective on microplastics
in nature and society, SAPEA.

[21] Verschoor A, de Poorter L, Drége R,
Kuenen J, de Valk E, Emission of
microplastics and potential mitigation
measures . Abrasive cleaning agents,
paints and tyre wear, 2016.

[22] Horton, Alice A et al. “Microplastics in
freshwater and terrestrial environments:
Evaluating the current understanding to
identify the knowledge gaps and future
research priorities.” The Science of the
total environment vol. 586 (2017): 127-
141. doi:10.1016/j.scitotenv.2017.01.190

[23] European chemical agency,

microplastics.

[24] Mintenig, S M et al. “Low numbers of
microplastics detected in drinking water
from ground water sources.” The Science
of the total environment vol. 648 (2019):
631-635.
doi:10.1016/].scitotenv.2018.08.178

[25] Imhof, Hannes & lvleva, Natalia &
Schmid, Johannes & Niessner, Reinhard
& Laforsch, Christian. (2013).
Contamination of beach sediments of a
subalpine lake with microplastic particles.
Current  Biology. 23. R867-R868.
10.1016/j.cub.2013.09.001.

[26] Rochman, Chelsea & Hoh, Eunha &
Hentschel, Brian & Kaye, Shawn. (2012).
Long-Term  Field Measurement  of
Sorption of Organic Contaminants to Five
Types of Plastic Pellets: Implications for
Plastic Marine Debris. Environmental
science & technology. 47,
10.1021/es303700s.

[27] Talsness, Chris E et al. “Components of
plastic: experimental studies in animals
and relevance for human health.”
Philosophical transactions of the Royal
Society of London. Series B, Biological
sciences vol. 364,1526 (2009). 2079-96.
doi:10.1098/rsth.2008.0281

[28] Hammer, Jort et al. “Plastics in the
marine environment: the dark side of a
modern gift.” Reviews of environmental
contamination and toxicology vol. 220
(2012): 1-44. doi:10.1007/978-1-4614-
3414-6 1

[29] Oberbeckmann, Sonja et al. “Spatial and
seasonal variation in diversity and
structure of microbial biofilms on marine
plastics in Northern European waters.”
FEMS microbiology ecology vol. 90,2
(2014): 478-92. doi:10.1111/1574-
6941.12409

[30] Konechnaya, Olga et al. “Optimized
microplastic analysis based on size
fractionation, density separation and p-



https://pubmed.ncbi.nlm.nih.gov/27838027/
https://pubmed.ncbi.nlm.nih.gov/27838027/
https://www.frontiersin.org/articles/10.3389/fchem.2018.00407/full
https://www.frontiersin.org/articles/10.3389/fchem.2018.00407/full
https://www.frontiersin.org/articles/10.3389/fchem.2018.00407/full
https://www.frontiersin.org/articles/10.3389/fchem.2018.00407/full
https://doi.org/10.1016/j.watres.2017.11.011
https://doi.org/10.1016/j.watres.2017.11.011
https://doi.org/10.1016/j.watres.2017.11.011
https://doi.org/10.1016/j.watres.2017.11.011
https://doi.org/10.1016/j.watres.2017.11.011
https://doi.org/10.1016/j.watres.2017.11.011
https://doi.org/10.1016/j.watres.2017.11.011
https://orbit.dtu.dk/en/publications/analysis-of-microplastic-particles-in-danish-drinking-water
https://orbit.dtu.dk/en/publications/analysis-of-microplastic-particles-in-danish-drinking-water
https://orbit.dtu.dk/en/publications/analysis-of-microplastic-particles-in-danish-drinking-water
https://orbit.dtu.dk/en/publications/analysis-of-microplastic-particles-in-danish-drinking-water
https://orbit.dtu.dk/en/publications/analysis-of-microplastic-particles-in-danish-drinking-water
https://orbit.dtu.dk/en/publications/analysis-of-microplastic-particles-in-danish-drinking-water
https://orbit.dtu.dk/en/publications/analysis-of-microplastic-particles-in-danish-drinking-water
https://pubmed.ncbi.nlm.nih.gov/30104017/
https://pubmed.ncbi.nlm.nih.gov/30104017/
https://pubmed.ncbi.nlm.nih.gov/30104017/
https://pubmed.ncbi.nlm.nih.gov/30104017/
https://pubmed.ncbi.nlm.nih.gov/30104017/
https://www.who.int/publications/i/item/9789241516198
https://www.who.int/publications/i/item/9789241516198
https://sapea.info/topic/microplastics/
https://sapea.info/topic/microplastics/
https://www.rivm.nl/bibliotheek/rapporten/2016-0026.html
https://www.rivm.nl/bibliotheek/rapporten/2016-0026.html
https://www.rivm.nl/bibliotheek/rapporten/2016-0026.html
https://www.rivm.nl/bibliotheek/rapporten/2016-0026.html
https://www.rivm.nl/bibliotheek/rapporten/2016-0026.html
https://pubmed.ncbi.nlm.nih.gov/28169032/
https://pubmed.ncbi.nlm.nih.gov/28169032/
https://pubmed.ncbi.nlm.nih.gov/28169032/
https://pubmed.ncbi.nlm.nih.gov/28169032/
https://pubmed.ncbi.nlm.nih.gov/28169032/
https://pubmed.ncbi.nlm.nih.gov/28169032/
https://pubmed.ncbi.nlm.nih.gov/28169032/
https://echa.europa.eu/hot-topics/microplastics
https://echa.europa.eu/hot-topics/microplastics
https://pubmed.ncbi.nlm.nih.gov/30121540/
https://pubmed.ncbi.nlm.nih.gov/30121540/
https://pubmed.ncbi.nlm.nih.gov/30121540/
https://pubmed.ncbi.nlm.nih.gov/30121540/
https://pubmed.ncbi.nlm.nih.gov/30121540/
https://pubmed.ncbi.nlm.nih.gov/30121540/
https://www.researchgate.net/publication/257647121_Contamination_of_beach_sediments_of_a_subalpine_lake_with_microplastic_particles
https://www.researchgate.net/publication/257647121_Contamination_of_beach_sediments_of_a_subalpine_lake_with_microplastic_particles
https://www.researchgate.net/publication/257647121_Contamination_of_beach_sediments_of_a_subalpine_lake_with_microplastic_particles
https://www.researchgate.net/publication/257647121_Contamination_of_beach_sediments_of_a_subalpine_lake_with_microplastic_particles
https://www.researchgate.net/publication/257647121_Contamination_of_beach_sediments_of_a_subalpine_lake_with_microplastic_particles
https://www.researchgate.net/publication/257647121_Contamination_of_beach_sediments_of_a_subalpine_lake_with_microplastic_particles
https://www.researchgate.net/publication/257647121_Contamination_of_beach_sediments_of_a_subalpine_lake_with_microplastic_particles
https://www.researchgate.net/publication/233998694_Long-Term_Field_Measurement_of_Sorption_of_Organic_Contaminants_to_Five_Types_of_Plastic_Pellets_Implications_for_Plastic_Marine_Debris
https://www.researchgate.net/publication/233998694_Long-Term_Field_Measurement_of_Sorption_of_Organic_Contaminants_to_Five_Types_of_Plastic_Pellets_Implications_for_Plastic_Marine_Debris
https://www.researchgate.net/publication/233998694_Long-Term_Field_Measurement_of_Sorption_of_Organic_Contaminants_to_Five_Types_of_Plastic_Pellets_Implications_for_Plastic_Marine_Debris
https://www.researchgate.net/publication/233998694_Long-Term_Field_Measurement_of_Sorption_of_Organic_Contaminants_to_Five_Types_of_Plastic_Pellets_Implications_for_Plastic_Marine_Debris
https://www.researchgate.net/publication/233998694_Long-Term_Field_Measurement_of_Sorption_of_Organic_Contaminants_to_Five_Types_of_Plastic_Pellets_Implications_for_Plastic_Marine_Debris
https://www.researchgate.net/publication/233998694_Long-Term_Field_Measurement_of_Sorption_of_Organic_Contaminants_to_Five_Types_of_Plastic_Pellets_Implications_for_Plastic_Marine_Debris
https://www.researchgate.net/publication/233998694_Long-Term_Field_Measurement_of_Sorption_of_Organic_Contaminants_to_Five_Types_of_Plastic_Pellets_Implications_for_Plastic_Marine_Debris
https://www.researchgate.net/publication/233998694_Long-Term_Field_Measurement_of_Sorption_of_Organic_Contaminants_to_Five_Types_of_Plastic_Pellets_Implications_for_Plastic_Marine_Debris
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2873015/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2873015/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2873015/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2873015/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2873015/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2873015/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2873015/
https://pubmed.ncbi.nlm.nih.gov/22610295/
https://pubmed.ncbi.nlm.nih.gov/22610295/
https://pubmed.ncbi.nlm.nih.gov/22610295/
https://pubmed.ncbi.nlm.nih.gov/22610295/
https://pubmed.ncbi.nlm.nih.gov/22610295/
https://pubmed.ncbi.nlm.nih.gov/22610295/
https://pubmed.ncbi.nlm.nih.gov/25109340/
https://pubmed.ncbi.nlm.nih.gov/25109340/
https://pubmed.ncbi.nlm.nih.gov/25109340/
https://pubmed.ncbi.nlm.nih.gov/25109340/
https://pubmed.ncbi.nlm.nih.gov/25109340/
https://pubmed.ncbi.nlm.nih.gov/25109340/
https://pubmed.ncbi.nlm.nih.gov/25109340/
https://pubmed.ncbi.nlm.nih.gov/32460286/
https://pubmed.ncbi.nlm.nih.gov/32460286/
https://pubmed.ncbi.nlm.nih.gov/32460286/

Abdellatif A.M. 700

FTIR.” Water science and technology : a
journal of the International Association on
Water Pollution Research vol. 814
(2020): 834-844.
doi:10.2166/wst.2020.173

[31] Subramani, Meenashi & Umamaheswari,
Sepperumal. (2016). FTIR analysis of
bacterial mediated chemical changes in
Polystyrene foam. Meenashi Subramani
and Umamaheswari Sepperumal. 7. 55-
61.



https://pubmed.ncbi.nlm.nih.gov/32460286/
https://pubmed.ncbi.nlm.nih.gov/32460286/
https://pubmed.ncbi.nlm.nih.gov/32460286/
https://pubmed.ncbi.nlm.nih.gov/32460286/
https://pubmed.ncbi.nlm.nih.gov/32460286/
https://www.researchgate.net/publication/304379637_FTIR_analysis_of_bacterial_mediated_chemical_changes_in_Polystyrene_foam
https://www.researchgate.net/publication/304379637_FTIR_analysis_of_bacterial_mediated_chemical_changes_in_Polystyrene_foam
https://www.researchgate.net/publication/304379637_FTIR_analysis_of_bacterial_mediated_chemical_changes_in_Polystyrene_foam
https://www.researchgate.net/publication/304379637_FTIR_analysis_of_bacterial_mediated_chemical_changes_in_Polystyrene_foam
https://www.researchgate.net/publication/304379637_FTIR_analysis_of_bacterial_mediated_chemical_changes_in_Polystyrene_foam
https://www.researchgate.net/publication/304379637_FTIR_analysis_of_bacterial_mediated_chemical_changes_in_Polystyrene_foam

