
  

 
Abstract—Central industrial wastewater treatment plants 

(WWTPs) are an important source of microplastics in the 
environment. This study investigated the microplastics present in 
WWTP from two industrial estates in Thailand. Both WWTPs 
(WWTP A and WWTP B) operate with an activated sludge 
process. The result showed that the abundance of influent, post 
sediment tank, and RO process of WWTP A was 101.87 ± 0.47, 
11.04 ± 0.08, and 0.44 ± 0.04 particles/L, respectively. On the other 
hand, the abundance of influent and effluent of WWTP B was 
148.44 ± 0.91 and 33.53 ± 0.55 particles/L. The removal rate of 
microplastics showed 89.22% for WWTP A, 77.54% for WWTP 
B, and the highest in the tertiary process (99.54% for reverse 
osmosis system (RO) process from WWTP A). In addition, shape, 
size, colors, and polymer were detected. Most of the microplastics 
from both WWTPs were pellet (46.14 and 56.82%), ranging 
(20-212 µm), and white/clear. Based on the FTIR result, 
polypropylene (PP) and polyethylene (PE) were the most common 
polymer types. 
 

Keywords—FTIR, Microplastics, Removal, Wastewater 
treatment plant 

I. INTRODUCTION 
Plastic is the biggest problem in the world due to a large 

number of usages in the past and has increased every year. Most 
problems are caused by improper disposal that directly release 
into nature. Microplastics are particles resulting from plastic 
degradation and have a particle size of less than 5 micrometers 
[5], [9], [20]. Microplastics are categorized based on the type of 
polymer, such as polyethylene made from the combination of 
ethylene monomers. They can be classified into two categories: 
primary microplastic originated from plastic industrial or 
personal care products such as scrub with beads of plastic 
components and secondary microplastic resulting from the 
breakdown of large plastics. Because of its small particle, 
microplastic can be released into the environment and easily 
moved to a different phase. Microplastics have also been 
detected in various environments including mangroves [14], 
atmospheric [15], and aquatic ecosystems [11], [12], [24]. 
Additionally, they have been transferred and accumulated in a 
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wide range of aquatic organisms including bivalves, seahorses, 
crustaceans, and fish by mistake and ingestion through the food 
web [1], [10]. Furthermore, microplastics can act as a carrier for 
pollutants such as pesticide chlorpyrifos [8] along with heavy 
metals such as copper and zinc [21] and contaminate the aquatic 
system. This may have direct physical and chemicals effects on 
aquatic life. 

The rapid development of industries and wide application of 
plastics as important materials has led to the abundance of these 
pollutants. Effluent from WWTP is an important source that can 
directly discharge microplastics into the environment. 
Reference [13] collected effluent water from a lake with 
discharged waste from a municipal WWTP in Finland.  The 
result found that a fraction of microplastics can pass out of the 
treatment plant. Reference [2] also highlighted the trophic 
transfer of microplastics and implications for human health by 
seafood.  

Thailand is an important industrial source of plastic products. 
Consequently, several plastic particles release into the main 
river and the Gulf of Thailand. There are only a few studies on 
the presence of microplastics in the influent and effluent from 
WWTPs [9], [19], especially from industrial WWTPs which 
might be a huge source of microplastics contamination in the 
environment. This work is one of the first studies about the fate 
of microplastics in central industrial WWTPs in Thailand. 
Analyses of concentration, characteristics, and type of 
microplastics in two central WWTPs from industrial estates in 
Thailand were performed. 

II. MATERIAL AND METHOD 

A. Study site and sampling points 

Wastewater was collected from two central industrial estates 
(WWTP A and WWTP B) in October 2020. WWTP A has a 
capacity of 20,500 m3/day and serves wastewater from 
approximately 200 factories, mainly automotive, electronics, 
and industrial plastic. WWTP B can service wastewater up to 
18,600 m3/day from approximately 146 factories which are 
automotive, transportation, and electronics. Both WWTPs are 
operated based on an activated sludge system. WWTP A, in 
particular, has reverse osmosis (RO) unit to recycle some 
treated wastewaters.  
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For WWTP A, water samples were collected from 5 points 
i.e., influent, post grit chamber, post aeration tank, post 
sedimentation tank, and RO. Water samples from WWTP B 
were collected from 4 points i.e., influent, post grit chamber, 
post aeration tank, and post sedimentation tank as effluent 
(Fig.1). All water samples were kept in 15 L containers at the 
depth of 12-15 cm from the surface. At each station, samples 
were sieved through an 8-in diameter steel sieve with 500, 212, 
100, and 20 µm of mesh size and rinsed with deionized water 
into glass bottles. To prevent further microbial growth, samples 
were stored in a container at 4°C. 

B. Identify the characteristics of microplastics 

Samples were dried by oven at 60 ± 5 ºC for 24 hours. 30% 
H2O2 solution and 20 mL of 0.05 M Fe (II) solution, known as 
Fenton’s reagent, were added to a beaker and accelerated the 
reaction by heating in a hot plate at 60 ± 5 ºC until the solution is 
clear. Samples were obtained through the density separation 
method with 20 mL of NaCl (1.2 g/cm3) and settled in a 
separatory funnel for 24 h. Supernatants were filtered onto a 
0.45 µm nitrocellulose membrane (Sartorius filter) by vacuum 
filtration. Residual sediment was added to 10 mL of NaI (1.69 
g/cm3) to ensure effective separation and filtered after the mixed 
solution settled in the separatory funnel. The funnel was then 
washed with distilled water and filtered. Residual microplastics 
on filters were dried in glass petri dishes at room temperature 
for identification. Processes were developed and supported by 
the National Oceanic and Atmospheric Administration (NOAA) 

Marine Debris Program. In addition, the particles were 
classified into four shapes i.e., fiber, pellet, film, and fragment 
by stereomicroscope (NSZ-405J3 Olympus). During the 
analysis, attenuated total reflectance – Fourier Transform 
Infrared Spectroscopy (ATR-FTIR PerkinElmer Spectrum IR 
10.6.2) was used to determine the types of microplastics for all 
samples with a resolution of 4 cm-1 in the scanning range of 800 
– 4000 cm-1. Spectra were then compared to the libraries 
provided by PerkinElmer. 

C. QA/QC 

To avoid contamination, all equipment was washed with tap 
water and twice with deionized water before use. In laboratory 
analysis, the operator wore a laboratory coat and gloves during 
sampling or analysis. The use of plastic lab materials was 
limited to the entry. Laboratory benches were wiped with 
deionized water and cellulose tissue before each measurement. 
Field blank samples for both sites were collected during 
sampling while laboratory blank was taken by nitrocellulose 
membrane placed in a petri dish without cover for 8 h.  

D. Data analysis 

Microplastic particles were reported as particles/L. The 
particle was characterized as triplicate and presented as mean ± 
standard deviation. A paired t-test with a p-value < 0.05 was 
conducted for the differences in microplastics content in each 
unit.  
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Fig 1. Flow chart of the central industrial wastewater treatment process in  

(a) WWTP A and (b) WWTP B with water sampling point ( ). 
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III. RESULT AND DISCUSSION 

A. Microplastics abundance and treatment efficiency 

Field blank tests of WWTPs A and B were 10 and 16 
particles/L, respectively while background blank was 
undetected. These amounts were lower than 10% of the average 
microplastics found in this work, indicating proper 
contamination control as suggested by [16]. 

Microplastics were found in every unit of both WWTPs. 
The abundances of influent and effluent of WWTP A were 
101.87 ± 0.47 and 11.04 ± 0.08 particles/L, respectively. The 
microplastic removal efficiency was 89.22% (P=1.19E-05). On 
the other hand, microplastics found in WWTP B from influent 
and effluent were lower than that of WWTP A which are 148.44 

± 0.91 and 33.53 ± 0.55 particles/L, respectively, with a 
removal efficiency of 77.56% (P=5.30E-05) (Fig. 2). The 
heightened removal percentage of microplastic particles was 
84% and 58% through the sedimentation tank from WWTP A 
(P=2.44E-05) and WWTP B (P=6.10E-05), respectively. This 
is probably because microplastic particles may attach with 
microorganisms and tend to settle at the bottom of the unit [20].  
From WWTP A, RO performed microplastic removal efficiency 
of 99.54% (P=7.014E-06). The removal efficiency within the 
secondary treatment process showed that WWTP A was higher 
than WWTP B and the highest by tertiary treatment process [4], 
[13], [17].  

Microplastic particles slightly increased from influent and 
post grit chamber in both WWTPs (WWTP A from 101.87 ± 

(a)                                                                                           (b)                                                                                 
 

 
 

Fig 2. Abundance of microplastics in WWTPs. 
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Fig 3. Size distribution of microplastics in wastewater units from both sites. 
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0.47 and 113.49 ± 0.71 particles/L, respectively and WWTP B 
from 148.44 ± 0.91 and 150.56 ± 1.83 particles/L, respectively) 
as shown in Fig. 2 and obviously decreased in the aeration tank. 
Reference [9] also found a similar concentration of microplastic 
particles in the influent and grit chamber. It was possible that 
primary treatment processes had no ability to remove 
microplastics. However, it may attach high density and large 
size of particles on sand and grit [23] and the light particles float 
before entering the next process [5], [22].  

B. Characterization of microplastics 

As shown in Fig. 3, the most detected size of microplastics 
found in WWTP A was 212-500 µm followed by 20-100 µm,   > 
500 µm, and 100–212 µm. In contrast, 20-100 µm was the size 
of most microplastics detected from WWTP B followed by 
100-212 µm, 212-500 µm, and >500 µm. However, there was 

no significant difference in size distribution from both plants 
(P=0.315). The breakdown of large plastics leads to many sizes 
of microplastics. The size of most microplastics found in 
WWTP was different. For example, reference [19] found that 
the main size was 0.05-0.5 mm whilst reference [7] reported that 
the major size was 100–355 µm. in WWTP. 

From both sites, trends in the microplastic distribution of 
various sizes were similar. At the influent, post grit chamber, 
and post aeration tank, the number of small particles was 
decreased while larger particles were increased in order. This 
could indicate that the flotation of small particles with low 
density and wide surface area was removed. In contrast, in the 
post aeration tank from both sites, smaller microplastic particles 
were increased and the larger was decreased.  In addition, 
microplastic can crack and pit under physical and chemical 
actions such as wave, wind, and UV radiation bacteria [3], [12], 

 

 
 

Fig 4. Characterization of microplastic particles (a) pellet, (b) fragment, (c) fiber, and (d) film  
from both WWTPs by FTIR. 
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[18]. Some larger particles can also be broken by the friction 
force of the aeration tank [22]. 

The characterization of microplastics from FTIR is shown in 
Fig. 4. This work categorizes the shape of microplastics as 
pellet, fragment, fiber, and film (Fig. 5a). Pellets presented the 
main shape of both study sites (56.82% from WWTP A and 
46.17% from WWTP B) followed by fiber (26.18%), film 
(13.20%), and fragment (3.80%) from WWTP A and fragment 
(20.41%), fiber (17.44), and film (15.98) from WWTP B. Pellet 
is a secondary microplastic broken down from consumer 
products including construction materials, container, and 
decorating materials used in a variety of industrial processes. 
Fiber was the most frequently observed size of microplastics 
from several studies [4], [13]. However, reference [17] 
indicated that among the type of microplastics, fragment has the 

highest percentage (65%) in wastewater. Reference [20]’s study 
found that in the comparison of two WWTPs, less fiber and film 
were detected in one WWTP, while more microbead and 
fragments were found in another one.  

As shown in Fig. 5(b), the colors of microplastics from 
WWTP A were mostly composed of white/clear (38.66%) > 
black (14.53%) > yellow (12.46%) > pink (11.72%) > red 
(9.59%) other (5.24) > green (3.91%) > blue (3.82%) > purple 
(0.08%). In WWTP B, the color range include purple (19.43%) 
> white/clear (19.31%) > black (13.21%) > pink (9.86%) > 
other (9.18%) > green (9.06%) > red (7.27%) > yellow (7.04%) 
> blue (5.67%). The observed microplastics were mostly 
white/clear and black (P=5.30E-05) similar to the study of [20] 
that found more than 80% of total microplastic particles were 
white/clear and black. Reference [6] also reported that the most 
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Fig 5. Percentage of (a) microplastics shape and (b) microplastics color from both WWTPs. 
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Fig 6. Proportion of microplastics (a) WWTP A and (b) WWTP B. 
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common colors were white/clear (60%) and black (22%). 
Colors can be used to identify the sources of microplastics. 
White/clear and black microplastics are from a wide range of 
sources such as packaging, plastic bag, and bottle. In addition, 
the original bright color of microplastics can be changed to 
white/clear and black due to oxidation, aging of the dye by UV 
irradiation, and soaking in the WWTP. Regardless of the 
different research, the results of microplastic colors were similar 
[22]. 

The suspected microplastic particles were randomly analyzed 
for identification by FTIR, as shown in Fig. 6. A total of 8 
polymer types were detected: polyethylene (PE), polypropylene 
(PP), polydimethylsiloxane (PDMS), polystyrene (PS), 
polyamide (PA), polyethylene terephthalate (PET), Nylon, and 
Rayon. Non-microplastic particles were identified as paint, 
rubber, additives, cellulose, and others. The results showed that 
75 samples were detected and 30 microplastics were found. The 
highest percentages of microplastic polymer from WWTP A 
were PP (23%) followed by PET (12%), PS (12%), and PE 
(11%), and PP (36%) followed by PE (23%) and PET (4%) 
from WWTP B. In addition, nylon was detected in both sites. 
PP, PE, and PET are commonly and widely used in packaging 
material. It has been suggested that some portion of these 
particles are likely to escape the drainpipe by clean surface.  

IV. CONCLUSION  
This study investigated the abundance and characteristics of 

microplastics in central industrial wastewater treatment plants 
in Thailand. The abundances of effluent were 11.04 ± 0.08 and 
33.53 ± 0.55 particles/L from WWTP A and WWTP B, 
respectively, with heightened removal efficiency by 
sedimentation tank. The study also recorded a removal 
efficiency of 89.22% for WWTP A and 77.54% for WWTP B 
within the secondary process and the highest in the tertiary 
process (99.54% for RO process from WWTP A). The result 
showed that pellet was the main shape of microplastics. The 
main colors of microplastics were white/clear and black. 
Different range of sizes was observed; the most common size of 
microplastics found in WWTP A and WWTP was 212-500 µm 
and 20-100 µm, respectively. According to FTIR results, PP 
and PE were common polymer types. However, there were a 
large number of microplastics released into the environment 
with the effluent during the treatment process. We estimated 
that around 624 million and 226 million microplastics per day 
were discharged from WWTP A and WWTP B, respectively. 
Therefore, WWTP may be one of the most important sources of 
microplastics pollution in nature. Moreover, microplastics may 
adsorb other toxic substances such as heavy metals and increase 
toxicity on aquatic living. The removal efficiency of WWTP 
needs to be further improved for microplastic removal. 
 

ACKNOWLEDGEMENT 
This work was supported by Microplastic and plastic waste 

cluster and Graduate School, Chulalongkorn University. 
 

REFERENCES 
[1] Akhbarizadah, R., F. Moore., B. Keshavarzi and A. Moeinpour. 2017. 

Microplastics and potentially toxic elements in coastal sediments of Iran's 
main oil terminal (Khark Island). Environmental Pollution 220: 720 – 
731. 
https://doi.org/10.1016/j.envpol.2016.10.038 

[2] Akhbarizadah, R., F. Moore and B. Keshavarzi. 2019. Investigating 
microplastics bioaccumulation and biomagnification in seafood from the 
Persian Gulf: a threat to human health. Food Additives & Contaminants: 
Part A: 36: 11. 
https://doi.org/10.1080/19440049.2019.1649473 

[3] Bandow, N., V. Will., V. Wachtendorf and F. G. Simon. 2017. 
Contaminant release from aged microplastic. Environmental Chemistry 
14 : 394-405. 
https://doi.org/10.1071/EN17064 

[4] Ben-David, A. E., M. Habibi., E. Haddad., M. Hasanin., D. L. Angel., A. 
M. Booth and I. Sabbah. 2021. Microplastic distributions in a domestic 
wastewater treatment plant: Removal effciency, seasonal variation and 
infuence of sampling technique. Science of the Total Environment 752: 
141880. 
https://doi.org/10.1016/j.scitotenv.2020.141880 

[5] Bilgin, M., M. Yurtsever and F. Karadagli. 2020. Microplastic removal 
by aerated grit chambers versus settling tanks of a municipal wastewater 
treatment plant. Journal of Water Process Engineering 38: 101604. 
https://doi.org/10.1016/j.jwpe.2020.101604 

[6] Conley, K., A. Clum., J. Deepe., H. Lane and B. Beckingham. 2019. 
Wastewater treatment plants as a source of microplastics to an urban 
estuary: Removal effciencies and loading per capita over one year. Water 
Research X 3: 100030. 
https://doi.org/10.1016/j.wroa.2019.100030 

[7] Franco, A. A., J. M. Arellano., G. Albendín., R. Rodríguez-Barroso., S. 
Zahedi., J. M. Quiroga and M. D. Coello. 2020. Mapping microplastics in 
Cadiz (Spain): Occurrence of microplastics in municipal and industrial 
wastewaters. Journal of Water Process Engineering 38: 101596. 
https://doi.org/10.1016/j.jwpe.2020.101596 

[8] Garrido, S., A. Linares., J. A. Campillo and M. Albentosa. 2019. Effect of 
microplastics on the toxicity of chlorpyrifos to the microalgae Isochrysis 
galbana, clone t-ISO. Ecotoxicology and environmental safety 173: 
103-109. 
https://doi.org/10.1016/j.ecoenv.2019.02.020 

[9] Hongprasith, N., C. Kittimethawong., R. Lertluksanaporn., T. 
Eamchotchawalit., S. Kittipongvises and J. Lohwacharin. 2020. IR 
microspectroscopic identification of microplastics in municipal 
wastewater treatment plants. Environmental Science and Pollution 
Research 27: 18557 – 18564. 
https://doi.org/10.1007/s11356-020-08265-7 

[10] Jinhui, S., X. Sudong., N. Yan., P. Xia., Q. Jiahao and X. Yongjian. 2019. 
Effects of microplastics and attached heavy metals on growth, 
immunity,and heavy metal accumulation in the yellow seahorse, 
Hippocampus kuda Bleeker. Marine Pollution Bulletin 149: 110510. 
https://doi.org/10.1016/j.marpolbul.2019.110510 

[11] Kataoka, T., Y. Nihei., K. Kudou and H. Hinat. 2019. Assessment of the 
sources and inflow processes of microplastics in the river environments of 
Japan. Environmental Pollution 244: 958 – 965. 
https://doi.org/10.1016/j.envpol.2018.10.111 

[12] Kokalj, A. J., D. Kuehnel., B. Puntar., A. Z. Gotvajn and G. Kalcikova. 
2019. An exploratory ecotoxicity study of primary microplastics versus 
aged in natural waters and wastewaters. Environment pollution 254: 
112980. 
https://doi.org/10.1016/j.envpol.2019.112980 

[13] Lares, M., M. C. Ncibi., M. Sillanpaa and M. Sillanpaa. 2018. 
Occurrence, identification and removal of microplastic particles and 
fibers in conventional activated sludge process and advanced MBR 
technology. Water Research 133: 236-246. 
https://doi.org/10.1016/j.watres.2018.01.049 

[14] Li, R., L. Yu., M. Chai., H. Wu and X. Zhu. 2020. The distribution, 
characteristics and ecological risks of microplastics in the mangroves of 
Southern China. Science of the Total Environment 708: 135025. 
https://doi.org/10.1016/j.scitotenv.2019.135025 

[15] Liu, Xiaoning, Wenke Yuan, Mingxiao Di, Zhen Li, and Jun Wang. 2019. 
'Transfer and fate of microplastics during the conventional activated 

Int'l Journal of Advances in Agricultural & Environmental Engg. (IJAAEE) Vol. 8, Issue 1 (2021) ISSN 2349-1523 EISSN 2349 -1531

37

https://doi.org/10.1016/j.envpol.2016.10.038
https://doi.org/10.1016/j.envpol.2016.10.038
https://doi.org/10.1016/j.envpol.2016.10.038
https://doi.org/10.1016/j.envpol.2016.10.038
https://doi.org/10.1080/19440049.2019.1649473
https://doi.org/10.1080/19440049.2019.1649473
https://doi.org/10.1080/19440049.2019.1649473
https://doi.org/10.1080/19440049.2019.1649473
https://doi.org/10.1071/EN17064
https://doi.org/10.1071/EN17064
https://doi.org/10.1071/EN17064
https://doi.org/10.1016/j.scitotenv.2020.141880
https://doi.org/10.1016/j.scitotenv.2020.141880
https://doi.org/10.1016/j.scitotenv.2020.141880
https://doi.org/10.1016/j.scitotenv.2020.141880
https://doi.org/10.1016/j.scitotenv.2020.141880
https://doi.org/10.1016/j.jwpe.2020.101604
https://doi.org/10.1016/j.jwpe.2020.101604
https://doi.org/10.1016/j.jwpe.2020.101604
https://doi.org/10.1016/j.wroa.2019.100030
https://doi.org/10.1016/j.wroa.2019.100030
https://doi.org/10.1016/j.wroa.2019.100030
https://doi.org/10.1016/j.wroa.2019.100030
https://doi.org/10.1016/j.jwpe.2020.101596
https://doi.org/10.1016/j.jwpe.2020.101596
https://doi.org/10.1016/j.jwpe.2020.101596
https://doi.org/10.1016/j.jwpe.2020.101596
https://doi.org/10.1016/j.ecoenv.2019.02.020
https://doi.org/10.1016/j.ecoenv.2019.02.020
https://doi.org/10.1016/j.ecoenv.2019.02.020
https://doi.org/10.1016/j.ecoenv.2019.02.020
https://doi.org/10.1007/s11356-020-08265-7
https://doi.org/10.1007/s11356-020-08265-7
https://doi.org/10.1007/s11356-020-08265-7
https://doi.org/10.1007/s11356-020-08265-7
https://doi.org/10.1007/s11356-020-08265-7
https://doi.org/10.1016/j.marpolbul.2019.110510
https://doi.org/10.1016/j.marpolbul.2019.110510
https://doi.org/10.1016/j.marpolbul.2019.110510
https://doi.org/10.1016/j.marpolbul.2019.110510
https://doi.org/10.1016/j.envpol.2018.10.111
https://doi.org/10.1016/j.envpol.2018.10.111
https://doi.org/10.1016/j.envpol.2018.10.111
https://doi.org/10.1016/j.envpol.2019.112980
https://doi.org/10.1016/j.envpol.2019.112980
https://doi.org/10.1016/j.envpol.2019.112980
https://doi.org/10.1016/j.envpol.2019.112980
https://doi.org/10.1016/j.watres.2018.01.049
https://doi.org/10.1016/j.watres.2018.01.049
https://doi.org/10.1016/j.watres.2018.01.049
https://doi.org/10.1016/j.watres.2018.01.049
https://doi.org/10.1016/j.scitotenv.2019.135025
https://doi.org/10.1016/j.scitotenv.2019.135025
https://doi.org/10.1016/j.scitotenv.2019.135025
https://doi.org/10.1016/j.cej.2019.01.033
https://doi.org/10.1016/j.cej.2019.01.033


  

sludge process in one wastewater treatment plant of China', Chemical 
Engineering Journal 362: 176-82. 
https://doi.org/10.1016/j.cej.2019.01.033 

[16] Lusher A. 2015. Microplastics in the Marine Environment: Distribution, 
Interactions and Effects. In: Bergmann M., Gutow L., Klages M. (eds) 
Marine Anthropogenic Litter. Springer, Cham. 
https://doi.org/10.1007/978-3-319-16510-3_10 

[17] Lv, X., Q. Dong., Z. Zua., Y. Liu., X. Huang and W. Wu. 2019. 
Microplastics in a municipal wastewater treatment plant: Fate, dynamic 
distribution, removal effciencies, and control strategies. Journal of 
Cleaner Production 225: 579 – 586. 
https://doi.org/10.1016/j.jclepro.2019.03.321 

[18] Min, k., J. D. Cuiffi and R. T. Mathers. 2020. Ranking environmental 
degradation trends of plastic marine debris based on physical properties 
and molecular structure. Nature communications 11 : 727.Tadsuwan, K. 
and S. Babel. 2021. Microplastic contamination in a conventional 
wastewater treatment plant in Thailand. Waste Management & Research. 
https://doi.org/10.1038/s41467-020-14538-z 

[19] Tadsuwan K and Babel S. 2021. Microplastic contamination in a 
conventional wastewater treatment plant in Thailand. Waste Management 
& Research. 
https://doi.org/10.1177/0734242X20982055  

[20] Tang, N., X. Liu and W. Xing. 2020. Microplastics in wastewater 
treatment plants of Wuhan, Central China: Abundance, removal, and 
potential source in household wastewater. Science of the Total 
Environment 745: 141026. 
https://doi.org/10.1016/j.scitotenv.2020.141026 

[21] Wang, Q., Y. Zhang., X. Wangjin., Y. Wang., G. Meng and Y. Chen. 
2020. The adsorption behavior of metals in aqueous solution by 
microplastics effected by UV radiation. Science Direct 87: 272 – 280. 
https://doi.org/10.1016/j.jes.2019.07.006 

[22] Yang Z, Li S, Ma S, Liu P, Peng D, Ouyang Z, Guo X. 2021. 
Characteristics and removal efficiency of microplastics in sewage 
treatment plant of Xi'an City, northwest China. Sci Total Environ. Jun 1; 
771:145377. 
https://doi.org/10.1016/j.scitotenv.2021.145377  

[23] Zhang. L., J. Liu., Y. Xie., S. Zhong and P. Gao. 2021. Occurrence and 
removal of microplastics from wastewater treatment plants in a typical 
tourist city in China. Journal of Cleaner Production 219: 125968. 
https://doi.org/10.1016/j.jclepro.2021.125968 

[24] Zhang, M., J. Li., H. Ding., J. Ding., F. Jiang., N. X. Ding and C. Sun. 
2019. Distribution Characteristics and Influencing Factors of 
Microplastics in Urban Tap Water and Water Sources in Qingdao, China. 
Analytical Letters. 
https://doi.org/10.1080/00032719.2019.1705476 
 

Int'l Journal of Advances in Agricultural & Environmental Engg. (IJAAEE) Vol. 8, Issue 1 (2021) ISSN 2349-1523 EISSN 2349 -1531

38

https://doi.org/10.1016/j.cej.2019.01.033
https://doi.org/10.1016/j.cej.2019.01.033
https://doi.org/10.1007/978-3-319-16510-3_10
https://doi.org/10.1007/978-3-319-16510-3_10
https://doi.org/10.1007/978-3-319-16510-3_10
https://doi.org/10.1016/j.jclepro.2019.03.321
https://doi.org/10.1016/j.jclepro.2019.03.321
https://doi.org/10.1016/j.jclepro.2019.03.321
https://doi.org/10.1016/j.jclepro.2019.03.321
https://doi.org/10.1038/s41467-020-14538-z
https://doi.org/10.1038/s41467-020-14538-z
https://doi.org/10.1038/s41467-020-14538-z
https://doi.org/10.1038/s41467-020-14538-z
https://doi.org/10.1038/s41467-020-14538-z
https://doi.org/10.1177/0734242X20982055
https://doi.org/10.1177/0734242X20982055
https://doi.org/10.1177/0734242X20982055
https://doi.org/10.1016/j.scitotenv.2020.141026
https://doi.org/10.1016/j.scitotenv.2020.141026
https://doi.org/10.1016/j.scitotenv.2020.141026
https://doi.org/10.1016/j.scitotenv.2020.141026
https://doi.org/10.1016/j.jes.2019.07.006
https://doi.org/10.1016/j.jes.2019.07.006
https://doi.org/10.1016/j.jes.2019.07.006
https://doi.org/10.1016/j.scitotenv.2021.145377
https://doi.org/10.1016/j.scitotenv.2021.145377
https://doi.org/10.1016/j.scitotenv.2021.145377
https://doi.org/10.1016/j.scitotenv.2021.145377
https://doi.org/10.1016/j.jclepro.2021.125968
https://doi.org/10.1016/j.jclepro.2021.125968
https://doi.org/10.1016/j.jclepro.2021.125968
https://doi.org/10.1080/00032719.2019.1705476
https://doi.org/10.1080/00032719.2019.1705476
https://doi.org/10.1080/00032719.2019.1705476
https://doi.org/10.1080/00032719.2019.1705476



