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ABSTRACT 

Healthy beaches in our ecosystem provide numerous services, including recreational entertainment, cultural heritage, and nutrient 

cycling. Microplastics (MPs) contaminations (in and around the beaches) have been well documented in many beaches around the world. 

Hence, the present study was designed to determine the occurrences, chemical composition, and accumulation of MPs along the 

Shilaoren beach of Qingdao, China. The extraction of MPs particles was done using the density separation method. The present study has 

confirmed the MPs existence in the beach sediments. A total of 561 MPs particles found in all collected sand samples. The average 

number of MPs particles was about 56 particles in 1 kg of dry sand (d.w). The MPs particle had a size less than <0.5 mm comprised of 

351 MPs particles followed by 250 MPs particles with 0.5 mm size. The FTIR spectroscopy analysis technique confirmed the chemical 

composition of MPs including polystyrene (PS) and polyvinyl chloride (PVC). Besides, the microscopy study revealed that MPs particles 

were needle-like shape morphology/structure, and fewer were fragmented. The source of MPs found as a result of industrialization, 

urbanization, sewage effluent/ wastewater, tourism, and development. The present study is the baseline for future research.  

Keywords: Microplastics (MPs), Chemical composition, Particle size, Polystyrene (PS), Polyvinyl chloride (PVC), Shilaoren. 

 

1. INTRODUCTION 

 Beaches are the social and biological systems where 

biological, physical, financial and social dimensions interact and 

overlap in many ways. A healthy beach ecosystem provides 

numerous services, e.g., recreation and leisure, cultural heritage, 

nutrient cycle, disturbance regulation, improving human well-

being and climate regulation [1]. The word “Microplastics” (MPs) 

was defined first time by Thompson et al. 2004 [2]. The 

insufficient recycling and lack of managing debris in developing 

countries have resulted from a substantial amount of plastic 

accumulation on beaches [3], and the abundance and 

transportation of MPs have fascinated many concerns. Besides, 

due to different kinds and small sizes of MPs, investigating and 

determining their origin, transport and negative impact on oceanic 

life has been an alarming issue [4]. Their contamination of various 

environments has well documented, lakes [5, 6, 7], coastal region 

or beaches [8, 9], ocean, i.e., open [10], deep marine [11] and river 

[12].  

The small plastic particles are very injurious for different 

kinds of species as a result of ingestion by marine organisms [13], 

effecting a physiographic alteration in lugworm [14] as well as 

affecting physiological processes [15] immunity and feeding [16] 

because of the absorption of chemical pollutants on the plastic 

surface. Presently, coastal and marine litter, especially plastic 

pollution, has become one of the most significant global 

environmental issues [17]. To analyze the MPs in a marine 

environment, the collection of a sample from beaches or coastal 

regions has considered an economical and proficient method [18]. 

Furthermore, the sample from beaches is an excellent depiction of 

the long-term MPs accumulation by the interface between the 

coastal waters and the surface area of land. The disintegration of 

debris related to plastic in the beach environment has been 

assumed to be more rapid as to water [19]. Due to plastic 

disintegration, mostly occurs as a result of UV radiation-induced 

oxidation, the rate of disintegration is due to high temperature and 

UV rays on the surface of the beach rather than ocean surface [20]. 

Likewise, the mechanical and chemical degradation of plastic 

debris accumulated as a result of saltation in beach related 

environment [21]. However, the beaches are possibly having a 

more significant accumulation of various size fractions of plastic 

because of their natural characteristics [22]. Most of the beach 

debris surveys confirmed the prevalence of plastic debris in terms 

of abundance [23]. China together with the USA and Europe, are 

the largest plastic manufacturers [24]. In the case of marine debris, 

China has paid less attention as compared to other countries such 

as the USA, Brazil, Chile, and Australia [25]. Few studies have 

conducted about marine debris in domestic literature concerning 

China [26]. The coastal line along Shilaoren beach is highly 

populated, the main work on Shilaoren beach conducted on 

seasonal change of sediment particle sizes done by Wang et al. 

2012 [27] and heavy metal contamination (Wang et al. 2017) [28]. 

Therefore, the present study was designed to assess the abundance, 

distribution and chemical composition of MPs along the Shilaoren 

beach, Qingdao, China. It was the first ever study conducted on 

MPs investigation at Shilaoren beach according to our best 

knowledge. The significance of the present study is to highlight 

the MPs level in beach sediment. These particles have an injurious 

impact on the marine environment due to the toxicity and non-bio 

degradable properties of MPs. Moreover, our study will be the 

baseline for further research. 
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2. MATERIALS AND METHODS 

2.1. Geographic Location of Study area. 

The study was conducted at Shilaoren beach of Qingdao, China 

(Fig. 1). This region is located in a warm temperate zone and 

experiences coastal monsoons. Qingdao ranked as the second 

biggest Chinese city in terms of investment and government 

effectiveness [29]. The average temperature of Qingdao is 12.4°C. 

The range of rainfall is between 400-1335 mm a-1. It has heavy 

rainfall in summer and spring, which accounts for 22% and 57% 

annually, respectively. Besides, the rainfall in winter and autumn 

seasons accounts for 7% and 24% [30]. The total length of the 

Shilaoren beach is 2010 m. Therefore, the average backshore 

width is 80 m, and the shoreline is in (NE-SW) direction [27].  

2.2. Field survey.  

Ten samples (i.e., beach sands) collected at a depth of 5-10 cm 

with a weight of 1 kg on the 13th of June 2019. The weather was 

sunny during sampling. The interval of sampling was 200 m along 

the beachfront of the intertidal zone. Then, the collected samples 

placed into a metal bucket for further analysis at the laboratory of 

Ocean University of China (OUC). To keep away from plastics 

contamination, no plastic containers or tools used during 

sampling.  

2.3. Laboratory investigations. 

Each of the sand samples has sieved by sieve analysis and sample 

with particle size 0.5 mm and less than <0.5 mm has considered 

for further analysis. It was hard to further sieve due to the fine-

grain sediment of beach sand. After that, the sand samples were 

washed with water to remove the sticky particles and then sieved 

with >0.038 mm diameter of mesh. Later, the sample was dried for 

two days in an oven at 60°C.  

2.4. Separation of Microplastics.  

The extraction of MPs particle is done by using the density 

separation method, and a saturated solution of NaCl (120 g salt/1 

L distilled water) taken as a saturated solution. In the first step, the 

sand sample placed into the volumetric cylinder, and then the 

saturated solution added, the mixture was shaken vigorously with 

the help of a glass rod. As a result, the sediment had settled down 

into the volumetric cylinder then the supernatant poured through a 

sieve with a mesh having 0.038 mm size. This procedure repeated 

three times and then dried the sample for the next step. In the next 

step, particles that were collected cleaned, and remaining particles 

removed as a residue. This process was similar to the first step, but 

the glass beaker was used instead of a volumetric cylinder for the 

sake of shaking. Then, the solution passed through filter paper that 

had a diameter of 0.7 μm size. All of the transferring devices were 

washed with deionized water several times, and all removed 

material was filter by using the same filter paper to overcome the 

MPs as a result of adhesion on the apparatuses walls. The filter 

paper was sealed into a cover glass Petri dishes to allow drying 

overnight for further analysis.  

2.5. Microscopy and FTIR-Analysis. 

MPs particles have been characterized using the 

stereomicroscope (Olympus SZ61) at high resolution. The picture 

was taken with the help of a digital camera which already 

connected to the microscope. Also, the shape and color of MPs 

particles have visualized by microscope. In order to confirm the 

chemical composition, the FTIR spectroscopy was used as an 

instrument to identify the polymer of plastics. The model of the 

infrared spectrometer was Tensor 27 (Bruker, Germany), with a 

spectrum scanning range of 400-4000 cm-1 and a resolution of 4 

cm-1. The spectrum of our result compared with the reference 

spectra of the previous studies and self-collected spectra. The 

FTIR spectrum of the sample achieved with 32 scans in the 

infrared region with a range of 400-4000 cm-1. However, 60 

particles have been taken to confirm the chemical composition of 

MPs. These particles were extracted from filter paper by tweezer. 

The particles with the same color and shape assumed as the same 

type of MPs. The MPs particles were mixed with potassium 

bromide (KBr) for FTIR spectroscopic analysis. The percentages 

of (KBr) and MPs particles were as: the percentage of KBr was 

99%, while the percentage of MPs particles was 1%. Linear 

regression was performed to determine the significant change in 

the number of MPs particles. Pearson correlation analysis was 

used to verify the multicollinearity issues and concluded that our 

regression rationalized. 

2.6. Precautionary measures. 

Precautions have been taken during the entire process to 

protect samples from external contamination. Similarly, no 

plastics tools or containers were used, and a cotton coat was worn 

to avoid contamination in the lab. During filtration, the filter paper 

was covered with aluminium foil to protect from contamination of 

air. Besides, the germanium crystal of the FTIR instrument 

cleaned with anhydrous ethanol. All plastic apparatus was 

replaced with no plastic equipment where applicable. The 

windows of the lab closed during the experiment.  

 

 

 

 

 

 

Figure 1. Geographical/ Satellite image of Shilaoren beach, Qingdao China Cited from Wang et al. 2017 [28]. 
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3. RESULTS  

 A total of 561 MPs particles counted with the particle size 

of 0.5 and <0.5 mm. The average number of MPs particles was 

about 56 in 1 kg of (d.w.). (Fig. 2) Depicts the total number of 

MPs particles in all beach sand samples. Statistically, a 

significance difference (p=<0.05) has been noticed between the 

MPs particles in the various sand samples. In the case of particle 

size, a total of 351 particles of MPs found in the sand sample with 

a grain size of <0.5 mm followed by 0.5 mm with an estimation of 

250. MPs particles were estimated with a percentage of 58.40% 

and 41.59% respectively.  

 In the case of shape, filament, or needle-like, the structure 

of MPs was prominent in our study, though few MPs fragments 

have also noticed (Fig. 3). Additionally, MPs comprises various 

colours such as white, black, and sky blue, etc. (Fig. 3). The MPs 

particles with various grain sizes are (shown in Fig. 3). 

 The morphology of most of our samples indicated that 

plastics particles disintegrated as a result of mechanical force, or 

probably pieces became grounded because of wave action, (as 

shown in Fig. 3B). However, the various characteristics of MPs 

that were obtained in the present study are (shown in Table 1). 

 

 
Figure 2. Distribution of MPs particles in different sand samples  

 

Table 1. Characteristic of MPs at Shilaoren beach, Qingdao China 

Size of MPs Shape Color Polymer type 

0.5mm and < 0.5mm 
Filaments or needle like 

and fragments 
White, black, blue and red 

Polyvinyl Chloride (PVC), 

Polystyrene (PS) 

 

 
Figure 3. The (A, B) MPs particles with grain size of 0.5 mm with filament or needle like (A) and fragment (B) structure having black and sky-blue 

color. (C, D) MPs particles having grain size less than <0.5 mm with various structures and colors. 

 

 The fragment's shape of MPs also noticed in our samples. 

Moreover, we also found fibers in most of our samples. The color 

of such fibers fluctuates (Fig. 3). The spectrum of MPs particles 

comprises various functional groups. Likewise, C-H bonding 

between the range of various spectrum zone, including the 

spectrum zone C=O, aromatic ring stretch, and CH2 bond at 

various wavelengths. Various peaks have been attained from FTIR 

analysis which confirmed the chemical composition of MPs. In 

this study, the MPs polymers found polystyrene n=40 (PS, 67%) 

and polyvinyl chloride n=20 (PVC, 33%) of MPs particles in the 

beach sediment. The absorption bands of these polymers have 

been recognized by direct matching within the wave-numbers of 

the absorption bands, as we discussed in the methodology section 

with the reference spectra of [5, 31, 32, 33].  

 A detailed spectrum of the present study is shown in Fig. 4 

and Fig. 5. In the present study, the concentration of MPs in the 

beach sediments has been estimated lower as well as higher than 

many regions around the world. Various studies have documented 

in the different coastal regions with a similar substrate (sediment 

or beach) across the globe. 

 
Figure 4. Spectra of Polyvinyl chloride (PVC) (a), spectra taken from the 

reference of [5], Meanwhile, the (b) and (c) is the spectra of our sample.  

 

The present study was compared with those studies 

(Table. 3). For instance, the coastal region of the East Frisian 

Islands comprised a higher MPs level [34]. The MPs concentration 

was found to be 62,100 particles kg-1 (Table 3) and concluded that 

the distribution of MPs was uniform all over the sediment. The 
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higher MPs levels in the East Frisian Islands were, as a result, 

many factors such as tourism, population, industrial and domestic 

waste, etc. 

 
Figure 5. FTIR spectrum of Polystyrene (PS) 

Meanwhile, the composition of polystyrene (PS) compared with 

the peak values listed in (Table 2). 

 

Table 2. Characteristics of spectra which were taken as a reference 

Polymer name  Structure Absorption 

band cm-1  

References 

 

Polystyrene 

(PS) 

 

3024, 2847  

 

[31, 32, 33] 

1601, 1492 

1451, 1027 

694, 537 

  

Table 3. Occurrences of MPs in beach sediments along various coastal 

region of the World. The concentration of MPs found in particles/1kg 

(d.w). 

Study Area 
MPs 

Concentration 
References 

Beibu Gulf and coast of 

China Sea, 

China, Asia 

8714 [41] 

East Frisian Islands, 

Germany, Europe 

62,100 [42] 

Lagoon of Venice, Italy, 

Europe 

2175 [35] 

Noronha Archipelago, 

America 

15 [38] 

Norderney, North Sea Island, 

Europe 

2 [18] 

Slovenian coast, Europe 156 [43] 

Shilaoren beach, Qingdao 

China 

56 Present study 

Singapore coast, Asia 37 [37] 

 The variation in MPs level is because of the anthropogenic 

inputs which have well reported in the Lagoon of Venice [35], the 

coastline of Belgium contained 391 particles kg-1 on the harbor 

region compare with 72 particles kg-1 in the coastal region [36]. 

MPs concentration in most of the regions was found lower than 

the present analysis. For example, the Singapore coast in Asia 

comprises 37 particles/1 kg of sand [37], and Noronha 

Archipelago in Brazil, South America, having 15 MPs 

particles/1kg of sand [38]. Therefore, various factors can influence 

the abundance and occurrence of MPs, i.e., amount of debris 

released from the origin, disintegration, re-suspension, sinking 

rate, and wind drift of MPs can influence the accumulation of MPs 

[39]. A model was given by Critchel and Lambrechts 2016, [39] 

which depict that the origin and quantity of debris would have the 

greatest influence on the persistence of plastics as debris on the 

beaches.  

Whereas, they also documented the role of different other factors 

on the distribution and accumulation of debris, e.g., plastics along 

the beaches were not well implicit. The high accumulation of 

plastic may be as a result of natural factors such as storms, 

intensive rainfall, etc. Therefore, Lee et al. 2013, [40] recognized 

the accumulations and abundance of MPs was higher on the 

various beaches after the rainy season. 

 The MPs pollution at Shilaoren beach might be as a result 

of both natural and anthropogenic activities. To determine the 

source of MPs was a challenging task because of the complex 

hydrodynamic condition of Qingdao as an extensive coastal 

region. We found various MPs shapes in the beach sediments (Fig. 

3). The MPs morphology was considered to determine the MPs 

source. The MPs in the present study area were found as a result 

of industrialization, urbanization, sewage effluent/wastewater, 

tourism, and high development. The generalize source of PS and 

PVC has been mentioned in Table 4. 

 The process of weathering disintegrates larger plastic 

particles into secondary and nano-plastics particles [46, 47]. The 

disintegration of MPs might be drive due to having mechanical 

and photochemical processes [42, 48]. Mohamed and Obbard 

2014 [37] also found the plastics fragments in the marine 

environment. The higher value of various kinds of MPs polymers 

indicates the lifestyle and high population density of the origin. 

For example, the high abundance of PS in the beaches of Hong 

Kong noticed as a result of people’s lifestyles and high population 

density along the coastal region of Hong Kong because Hong 

Kong people use takeaway food in insulated boxes [8]. 

 Many previous studies concluded “MPs fibers were 

produced as a result of domestic washing [35, 44, 50]. In marine 

environment, a large number of fibers can originate from sewage 

water that can produce fibers as a result of washing clothes [49]. 

However, plastics waste has been mismanaged and redundant in 

the environment in various ways [51]. 

 

Table 4. Sources of polystyrene and polyvinyl chloride in various 

environments 

Classification Products Source 

Polystyrene 

Disposable plates and cups, meat 

trays, egg cartons, carry-out 

containers, aspirin bottles 

[45] 

Polyvinyl chloride 

Window cleaner and detergent 

bottles, shampoo bottles, cooking 

oil bottles, clear food packaging, 

medical equipment, boots 

 These MPs chemicals are toxic for marine ecosystem and 

their mitigation is essential for a healthy ecosystem because 

beaches have great linked with marine environment. The present 
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study provides important data about the presence of MPs particle 

in beach sediment and their chemical composition. This study will 

provide baseline data for future research.  

 

4. CONCLUSIONS 

The abundance of MPs along the Shilaoren beach Qingdao, China, 

has been found lower than other coastal regions of the world 

according to the present study. The average number of MPs 

particles was 56 MPs particles /1kg (d.w.). The MPs particle had 

particle sizes 0.5 mm, and <0.5 mm was estimated in the beach 

sediment. The shape/morphology of MPs was needle-like or fibers 

and fragments. Polystyrene (PS) and polyvinyl chloride (PVC) 

were determined as plastics polymers. Moreover, the source of 

MPs found industrialization, urbanization, sewage effluent/ 

wastewater, tourism, and development. This research can be 

helpful in providing the data about the presence of MPs existence 

in the beach sediment of Shilaoren beach. 

5. REFERENCES 

1. Lozoya, J.P.; Sarda, R.; Jimenez, J.A. A methodological 

framework for multi hazard risk assessment in beaches. 

Environmental Science & Policy 2011, 14, 685-696, 

https://doi.org/10.1016/j.envsci.2011.05.002. 

2. Thompson, R.C.; Olsen, Y.; Mitchell, R.P.; Davis, A.; 

Rowland, S.J.; John, A.W.G.; Mc Gonigle, D.; Russell, A.E. 

Lost at sea: where is all the plastic. Science 2004, 304, 838-838, 

https://doi.org/10.1126/science.1094559. 

3. Sagawa, N.; Keiyu, K.; Hirofumi, H. Abundance and Size of 

Microplastics in a Coastal Sea: Comparison among Bottom 

Sediment, Beach Sediment, and Surface Water (a) (b) Ota River 

Hiroshima City. Marine Pollution Bulletin 2018, 133, 532-42, 

https://doi.org/10.1016/j.marpolbul.2018.05.036. 

4. Cole, M.; Lindeque, P.; Halsband, C.; Galloway, T.S. 

Microplastics as contaminants in the marine environment: a 

review. Marine Pollution Bulletin 2011, 62, 2588-2597, 

https://doi.org/10.1016/j.marpolbul.2011.09.025. 

5. Antonio, J.; Neto, B.; Gaylarde, C.; Beech, I.; Cardoso, A.; 

Quaresma, S.; Gomes, D.; Carvalho, D. Microplastics and 

attached microorganisms in sediments of the Vitória bay 

estuarine system in SE Brazil.                                                  

Ocean & Coastal Management 2019, 169, 247-253, 

https://doi.org/10.1016/j.ocecoaman.2018.12.030. 

6. Kazour, M.; Sharif, J.; Christelle, I.; Gaby, K.; Rachid, A. 

Microplastics Pollution along the Lebanese Coast ( Eastern 

Mediterranean Basin ): Occurrence in Surface Water, Sediments 

and Biota Samples. Science of the Total Environment 2109, 696, 

133933, https://doi.org/10.1016/j.scitotenv.2019.133933. 

7. Blettler, M.C.M.; Ulla, M.A.; Rabuffetti, A.P.; Garello, N. 

Plastic pollution in freshwater ecosystems : macro, meso , and 

microplastic debris in a floodplain lake Environmental 

Monitoring and Assessment. Environ Monit Assess 2017, 189, 

https://doi.org/10.1007/s10661-017-6305-8. 

8. Fok, L.; Cheung, P.K. Hong Kong at the Pearl River Estuary: 

a hotspot of microplastic pollution. Marine                                  

Pollution Bulletin 2015, 99, 112-118, 

https://doi.org/10.1016/j.marpolbul.2015.07.050. 

9. Dowarah, K.; Suja, P.D. Microplastic Prevalence in the 

Beaches of Puducherry, India and Its Correlation with Fishing 

and Tourism/Recreational Activities. Marine                             

Pollution Bulletin 2019, 148, 123-33, 

https://doi.org/10.1016/j.marpolbul.2019.07.066. 

10. Cozar, A.; Echevarría, F.; Gonzalez, G.J.I.; Irigoien, X.; 

Úbeda, B.; Hernandez-Leon, S.; Palma, A.T.; Navarro, S.; 

García-de-Lomas, J.; Ruiz, A.; Fernandez-de-Puelles, M.L.; 

Duarte, C.M. Plastic debris in the open ocean. Proceeding of the 

National Academy of Sciences 2014, 111, 10239-10244, 

https://doi.org/10.1073/pnas.1314705111. 

11. Zheng, Y.; Jingxi, L.; Wei, C.; Xuehai, L.; Fenghua, J.; 

Jinfeng, D. Distribution Characteristics of Microplastics in the 

Seawater and Sediment: A Case Study in Jiaozhou Bay, China. 

Science of the Total Environment 2019, 674, 27-35, 

https://doi.org/10.1016/j.scitotenv.2019.04.008. 

12. Mani, T.; Hauk, A.; Walter, U.; Burkhardt-Holm, P. 

Microplastics profile along the rhine river. Scientific Reports 

2015, 5, 17988, https://doi.org/10.1038/srep17988. 

13. Lusher, A.L. Microplastics in the marine environment: 

distribution, interactions and effects. In: Marine Anthropogenic 

Litter. Bergmann, M.; Gutow, L.; Klages, M. (Eds.). Springer, 

New York. 2015; pp. 245-307, https://doi.org/10.1007/978-3-

319-16510-3_10. 

14. Wright, S.L.; Thompson, R.C.; Galloway, T.S. The physical 

impacts of microplastics on marine organisms: a review. 

Environmental Pollution 2013, 178, 483-492, 

https://doi.org/10.1016/j.envpol.2013.02.031. 

15. Rochman, C.M. The complex mixture, fate and toxicity of 

chemicals associated with plastic debris in the marine 

environment. In: Marine Anthropogenic Litter. Bergmann, M.; 

Gutow, L.; Klages, M. (Eds.). Springer, New York. 2015; pp. 

117-140, https://doi.org/10.1007/978-3-319-16510-3_5. 

16. Browne, M.A.; Niven, S.J.; Galloway, T.S.; Rowland, S.J.; 

Thompson, R.C. Microplastic moves pollutants and additives to 

worms, reducing functions linked to health and biodiversity. 

Current Biology 2013, 23, 2388-2392, 

https://doi.org/10.1016/j.cub.2013.10.012. 

17. Jambeck, J.R.; Geyer, R.; Wilcox, C.; Siegler, T.R.; 

Perryman, M.; Andrady, A.; Narayan, R.; Law, K.L. Plastic 

waste inputs from land into the ocean. Science 2015, 347, 768-

771, https://doi.org/10.1126/science.1260352. 

18. Dekiff, J.H.; Remy, D.; Klasmeier, J.; Fries, E. Occurrence 

and spatial distribution of microplastics in sediments from 

Norderney. Environmental Pollution 2014, 186, 248-256, 

https://doi.org/10.1016/j.envpol.2013.11.019. 

19. Gregory, M.R.; Andrady, A.L. Plastics in the marine 

environment. In: Plastics and the Environment. Andrady, A.L. 

(Ed.). Wiley-Interscience, Hoboken, NJ. 2003; pp, 379-402,  

20. Andrady, A.L. Persistence of plastic litter in the oceans. In: 

Marine Anthropogenic Litter. Springer, Bergmann, M.; Gutow, 

L.; Klages, M. (Eds.). New York. 2015; pp. 57-72, 

https://doi.org/10.1007/978-3-319-16510-3_3.  

21. Corcoran, P.L.; Biesinger, M.C.; Grifi, M. Plastics and 

beaches: a degrading relationship. Marine                                 

Pollution Bulletin 2009, 58, 80-84, 

https://doi.org/10.1016/j.marpolbul.2008.08.022. 

22. Costa, M.F.; Ivar do Sul, J.A.; Silva-Cavalcanti, J.S.; Araújo, 

M.C.; Spengler, A.; Tourinho, P.S. On the importance of size of 

plastic fragments and pellets on the strandline: a snapshot of a 

Brazilian beach. Environmental Monitoring and Assessment 

2009, 168, 299-304, https://doi.org/10.1007/s10661-009-1113-4. 

23. Santos, I.R.; Friedrich, A.C.; Ivar do Sul, J.A. Marine debris 

contamination along undeveloped tropical beaches from 

northeast Brazil. Environmental Monitoring and Assessment 

2009, 148, 455-462, https://doi.org/10.1007/s10661-008-0175-z. 

https://doi.org/10.1016/j.envsci.2011.05.002
https://doi.org/10.1126/science.1094559
https://doi.org/10.1016/j.marpolbul.2018.05.036
https://doi.org/10.1016/j.marpolbul.2011.09.025
https://doi.org/10.1016/j.ocecoaman.2018.12.030
https://doi.org/10.1016/j.scitotenv.2019.133933
https://doi.org/10.1007/s10661-017-6305-8
https://doi.org/10.1016/j.marpolbul.2015.07.050
https://doi.org/10.1016/j.marpolbul.2019.07.066
https://doi.org/10.1073/pnas.1314705111
https://doi.org/10.1016/j.scitotenv.2019.04.008
https://doi.org/10.1038/srep17988
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.envpol.2013.02.031
https://doi.org/10.1007/978-3-319-16510-3_5
https://doi.org/10.1016/j.cub.2013.10.012
https://doi.org/10.1126/science.1260352
https://doi.org/10.1016/j.envpol.2013.11.019
https://doi.org/10.1007/978-3-319-16510-3_3
https://doi.org/10.1016/j.marpolbul.2008.08.022
https://doi.org/10.1007/s10661-009-1113-4
https://doi.org/10.1007/s10661-008-0175-z


Rashid Pervez, Yonghong Wang, Zafarullah Jattak, Muhammad Zahir, Zhao Yan, Dong Zhaoxin 

Page | 4874  

24. Rochman, C.M.; Browne, M.A.; Halpern, B.S.; Hentschel, 

B.T.; Hoh, E.; Karapanagioti, H.K.; Rios-Mendoza, L.M.; 

Takada, H.; Teh, S.; Thompson, RC. Classify plastic waste as 

hazardous. Nature 2013, 494, 169–171, 

https://doi.org/10.1038/494169a. 

25. Zhou, P.; Huang, C.G.; Fang, H.D.; Cai, W.X.; Li, D.M.; Li, 

X.M.; Yu, H.S. The abundance, composition and sources of 

marine debris in coastal seawaters or beaches around the 

northern South China Sea (China). Marine                                 

Pollution Bulletin 2011, 62, 1998-2007, 

https://doi.org/10.1016/j.marpolbul.2011.06.018. 

26. Han, W.T.; Wu, Q.Q.; Gao, X.Z. Preliminary study on 

investigation of beach and marine debris in Weifang City. 

Journal of Fisheries Science and Technology 2010, 2, 30-32,  

27. Wang, Y.H.; Sun, J.; Zhuang, Z.Y. Seasonal variations on 

grain size of the sediments and their transport in tourism beaches 

of Qingdao. Period. Ocean University of China 2012, 42, 70-76, 

(in Chinese with English abstract).  

28. Wang, Y.H.; Huang, Q.H.; Lemckert, C.; Ma, Y. Laboratory 

and field magnetic evaluation of the heavy metal contamination 

on Shilaoren Beach, China. Marine Pollution Bulletin 2017, 117, 

291-301, https://doi.org/10.1016/j.marpolbul.2017.01.080. 

29. Mako, W. China: Governance, investment climate, and 

harmonious society: Competitiveness enhancements for 120 

cities in China. Document of World Bank 2006, 6.  

30. Compilation Committee of Chinese Bays. Chinese Bays (the 

Fourth Section). China Ocean Press, Beijing 1993, 161-163, (In 

Chinese).  

31. Asensio, R.C.; Moya, M.S.A.; de la Roja, J.M.; Gómez, M. 

Analytical characterization of polymers used in conservation and 

restoration by ATR-FTIR spectroscopy. Analytical and 

Bioanalytical Chemistry 2009, 395, 2081-2096, 

https://doi.org/10.1007/s00216-009-3201-2. 

32. Verleye, G.A.; Roeges, N.P.; De Moor, M.O. Easy 

Identification of Plastics and Rubbers. Rapra Technology 

Limited, Shropshire. 2001; pp. 174.  

33. Noda, I.; Dowrey, A.E.; Haynes, J.L.; Marcott, C. Group 

frequency assignments for major infrared bands observed in 

common synthetic polymers. In: Physical Properties of 

Polymers Handbook. Mark, J.E. (Ed.), Springer Science 

+Business Media, LLC, New York. 2001; pp. 395-406, 

https://doi.org/10.1007/978-0-387-69002-5_22. 

34. Liebezeit, G.; Dubaish, F. Microplastics in beaches of the 

East Frisian Islands Spiekeroog and Kachelotplate. Bulletin of 

Environmental Contamination and Toxicology 2012, 89, 213-

217, https://doi.org/10.1007/s00128-012-0642-7. 

35. Vianello, A.; Boldrin, A. Guerriero, P.; Moschino, V.; Rella, 

R.; Sturaro, A.; Da Ros, L. Microplastic particles in sediments of 

Lagoon of Venice, Italy: first observations on occurrence, spatial 

patterns and identification. Estuarine Coast Shelf Science 2013, 

130, 54-61, https://doi.org/10.1016/j.ecss.2013.03.022. 

36. Claessens, M.; DeMeester, S.; Van Landuyt, L.; De Clerck, 

K.; Janssen, C.R. Occurrence and distribution of microplastics in 

marine sediments along the Belgian coast. Marine Pollution 

Bulletin 2011, 62, 2199-2204, 

https://doi.org/10.1016/j.marpolbul.2011.06.030. 

37. Mohamed, N.N.H.; Obbard, J.P. Microplastics in Singapore's 

coastal mangrove ecosystems. Marine Pollution Bulletin 2014, 

79, 278-283, https://doi.org/10.1016/j.marpolbul.2013.11.025. 

38. Ivar Do Sul, J.A.; Spengler, A.; Costa, M.F. Here, there and 

everywhere. Small plastic fragments and pellets on beaches of 

Fernando de Noronha (Equatorial western Atlantic). Marine 

Pollution Bulletin 2009, 58, 1236-1238, 

https://doi.org/10.1016/j.marpolbul.2009.05.004. 

39. Critchel, K.; Lambrechts, J. Modelling accumulation of 

marine plastics in the coastal zone; what are the dominant 

physical processes. Estuarine, Coastal and Shelf Science 2016, 

171, 111-122, https://doi.org/10.1016/j.ecss.2016.01.036. 

40. Lee, J.; Hong, S.; Song, Y.K.; Jang, Y.C.; Jiang, M.; Heo, 

N.W.; Han, G.M.; Kang, D.; Shim, W.J. Relationships among 

the abundances of plastic debris in different size, classes on 

beaches in South Korea. Marine Pollution Bulletin 2013, 77, 

349-354, https://doi.org/10.1016/j.marpolbul.2013.08.013. 

41. Qiu, Q.; Peng, J.; Yu, X.; Chen, F.; Wang, J.; Dong, F. 

Occurrence of microplastics in the coastal marine environment: 

first observation on sediment of China.                                      

Marine Pollution Bulletin 2015, 98, 274-280, 

https://doi.org/10.1016/j.marpolbul.2015.07.028. 

42. Cooper, D.A.; Corcoran, P.L. Effects of mechanical and 

chemical processes on the degradation of plastic beach debris on 

the island of Kauai Hawaii. Marine Pollution Bulletin 2010, 60, 

650-654, https://doi.org/10.1016/j.marpolbul.2009.12.026. 

43. Laglbauer, B.J.L.; Franco-Santos, R.M.; Andreu-Cazenave, 

M.; Brunelli, L.; Papadatou, M.; Palatinus, A.; Grego, M.; 

Deprez, T. Macrodebris and microplastics from beaches in 

Slovenia. Marine Pollution Bulletin 2014, 89, 356-366, 

https://doi.org/10.1016/j.marpolbul.2014.09.036. 

44. Napper, I.E.; Thompson, R.C. Release of synthetic 

microplastic plastic fibers from domestic washing machines: 

effects of fabric type and washing conditions.                               

Marine Pollution Bulletin 2016, 112, 39-45, 

https://doi.org/10.1016/j.marpolbul.2016.09.025 

45. Andrady, A.L. Microplastics in the marine environment. 

Marine Pollution Bulletin 2011, 62, 1596-1605, 

https://doi.org/10.1016/j.marpolbul.2011.05.030. 

46. Lambert, S.; Wagner, M. Formation of microscopic particles 

during the degradation of different polymers. Chemosphere 

2016, 161, 510-517, 

https://doi.org/10.1016/j.chemosphere.2016.07.042. 

47. Song, Y.K.; Hong, S.H.; Jang, M.; Han, G.M.; Jung, S.W.; 

Shim, W.J. Combined effects of UV exposure duration and 

mechanical abrasion on microplastic fragmentation by polymer 

type. Environmental Science & Technology 2017, 51, 4368-

4376, https://doi.org/10.1021/acs.est.6b06155. 

48. Singh, B.; Sharma, N. Mechanistic implications of plastic 

degradation. Polymer Degradation and Stability 2008, 93, 561-

584, https://doi.org/10.1016/j.polymdegradstab.2007.11.008. 

49. Browne, M.A.; Crump, P.; Niven, S.J.; Teuten, E.; Tonkin, 

A.; Galloway, T.; Teuten, E.; Tonkin, A.; Galloway, T.; 

Thompson, R. Accumulation of microplastic on shorelines 

worldwide: sources and sinks. Environmental                              

Science & Technology 2011, 45, 9175-9179, 

https://doi.org/10.1021/es201811s. 

50. Hernandez, E.; Nowack, B.; Mitrano, D.M. Polyester textiles 

as a source of microplastics from households: amechanistic 

study to understand microfiber release during washing. 

Environmental Science & Technology 2017, 51, 7036-7046, 

https://doi.org/10.1021/acs.est.7b01750. 

51. Geyer, R.; Jambeck, J.R.; Law, K.L. Production, use, and 

fate of all plastics ever made. Science Advances 2017, 3, 

e1700782, https://doi.org/10.1126/sciadv.1700782. 

 

6. ACKNOWLEDGEMENTS 

 We are most grateful to Marine fellowship by (CSC) for the scholarship awarded to the first author (Rashid Pervez), which has 

enabled him to include this analysis as part of his Ph.D. work at the Ocean University of China. Besides, all authors also appreciated the 

https://doi.org/10.1038/494169a
https://doi.org/10.1016/j.marpolbul.2011.06.018
https://doi.org/10.1016/j.marpolbul.2017.01.080
https://doi.org/10.1007/s00216-009-3201-2
https://doi.org/10.1007/978-0-387-69002-5_22
https://doi.org/10.1007/s00128-012-0642-7
https://doi.org/10.1016/j.ecss.2013.03.022
https://doi.org/10.1016/j.marpolbul.2011.06.030
https://doi.org/10.1016/j.marpolbul.2013.11.025
https://doi.org/10.1016/j.marpolbul.2009.05.004
https://doi.org/10.1016/j.ecss.2016.01.036
https://doi.org/10.1016/j.marpolbul.2013.08.013
https://doi.org/10.1016/j.marpolbul.2015.07.028
https://doi.org/10.1016/j.marpolbul.2009.12.026
https://doi.org/10.1016/j.marpolbul.2014.09.036
https://doi.org/10.1016/j.marpolbul.2016.09.025
https://doi.org/10.1016/j.marpolbul.2011.05.030
https://doi.org/10.1016/j.chemosphere.2016.07.042
https://doi.org/10.1021/acs.est.6b06155
https://doi.org/10.1016/j.polymdegradstab.2007.11.008
https://doi.org/10.1021/es201811s
https://doi.org/10.1021/acs.est.7b01750
https://doi.org/10.1126/sciadv.1700782


Monitoring of micro-plastics: a case study of Shilaoren beach, Qingdao, China 

Page | 4875  

efforts of Stephen Hoare-Vance from New Zealand, working in Tangshan college Hebei province, China for careful proof reading of the 

manuscript for making it publishable. 

 

 

© 2019 by the authors. This article is an open access article distributed under the terms and conditions of the 

Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 

 

 

 


