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Abstract. Plastic debris, especially microplastics have 

become a concern in marine environmental studies 

worldwide. Marine organisms can ingest microplastics 

and transfer them along with the food web. Zooplankton 

comprises producers and primary consumers, including 

the larval phase of many economically important species 

that play critical roles in the marine food chain. 

Therefore, this study aimed to identify the characteristics 

and abundance of microplastics ingested by three 

zooplankton groups. Samples were collected at Hat Pak 

Meng, Trang Province, then preserved in 10% buffered 

formalin. The calanoid copepods, chaetognaths, and 

shrimp larvae were separated and then treated with H2O2 

until completely digested. The microplastics particles 

were characterized by using µFT-IR. Our results 

revealed that the highest abundance of microplastics was 

found in shrimp larvae (0.70±0.10 particles/individual). 

The calanoid copepod showed highest abundance of 

microplastics per collection area (462.71±50.42 

particles/m3), much higher than previous reports in that 

area about microplastics abundance per m³ of seawater. 

The size of microplastics ingested had a positive 

correlation with the size of zooplankton. The 

characterization of microplastics by using µ-FT-IR 

revealed the presence of polyethylene terephthalate 

(PET), polyurethane foam, and rayon. PET and rayon 

showed high abundance in many places because they 

were used for clothing, beverage container, and food 

packaging. Our results revealed that the microplastics 

accumulated in the zooplankton might be potentially 

transferred through the marine food chain. Hat Pak Meng 

is occupied by human settlements a popular tourism 

destination. Therefore, measures to reduce the 

microplastics contamination on its coastal ecosystems 

are urgently required. 
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1. Introduction 

 

Microplastics pose potential threats to the 

planktonic realm, endangering this important 

source of the world's biomass. With continuous 

growth for over 50 years, global plastic 

production rose to 335 million tons in 2016 

(PlasticsEurope 2017). The occurrence and 

accumulation of marine debris in marine and 

coastal ecosystems have become a growing 

global concern in the last decade (Moore 2008), 

as it has been estimated that annually 6 to 10% 

of the global plastic production ends up in the 

marine environment; without improvement in 

waste management and infrastructure, the 

plastic waste will vastly increase by 2025 

(Jambeck et al. 2015). The term microplastics 

refers to all items of plastic smaller than 5.0 

mm in size (Arthur et al. 2009; Law and 

Thompson 2014; Thompson et al. 2004) and 

may be classified as primary or secondary, 

depending on the origin. Primary microplastics 

are manufactured pellets or granules used often 

as raw material in plastic industries, whereas 

secondary microplastics include fragments and 

fibers resulting from the photochemical 

degradation or mechanical abrasion of larger 

plastic items (Cole et al. 2011; Eerkes-Medrano 

et al. 2015). 

 

Microplastics can affect marine organisms by 

blocking their alimentary tract upon ingestion 

and/or by toxic pollutants contained or absorbed 

by the plastics, and later infecting those organisms 

(Cole et al. 2015; Moore et al. 2005). The 
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abundance of microplastics in the marine biome 

are ingested by all kinds of marine organisms 

including commercially important species of fish, 

shellfish and invertebrates (Thompson 2015; 

GESAMP 2015; Lusher et al. 2017). Therefore, 

microplastics are considered emerging pollutants 

and a threat to marine ecosystems (Avio et al. 2016). 

 

Some studies have reported that a variety of 

invertebrates ingest microplastics, including 

various zooplankton groups such as copepods, 

jellyfish, chaetognaths and fish larvae (Cole et 

al. 2013; Murray and Cowie 2011; Sun et al. 2017). 

However, scientific data on the ingestion of 

microplastics by zooplankton populations and 

their possible accumulation in Thailand are 

limited. Therefore, this study aims to 

investigate the characteristics and abundance of 

microplastics ingested by three groups of 

zooplankton, i.e., calanoid copepods, chaetognaths, 

and shrimp larvae in a popular touristic beach 

and the Andaman Sea coast of Thailand 

 

2. Materials and Methods  

 

2.1 study site and samples collection 

 

This study was carried out at Hat Pak Meng, 

Trang Province, the Andaman Sea (Figure 1.), 

in January 2018. The zooplankton samples 

were collected by 50 m of horizontal tows using 

a standard 120 μm mesh plankton net with a 

mouth diameter of 30 cm. Three zooplankton groups 

were collected and recorded from the analysis of 

the samples under stereomicroscope. The 50 

individuals of each zooplankton group were 

assessed abundance and types of microplastics. 

 

2.2 Microplastics Isolation   

The zooplankton samples were cleaned with 

distilled water, treated with 30% hydrogen 

peroxide (H2O2) and heated up to 55-65 ºC until 

they were completely digested. Microplastics 

particles were separated from the digested samples 

by flotation in saturated sodium chloride solution 

(250 g/ml) (Mathalon and Hill 2014). After 24 h 

of floatation at room temperature, the overlying 

water was vacuum filtered through a 20 µm pore 

size filter. Several blanks, containing only H2O2 

in an empty vial, were run to correct for potential 

air-borne particle deposition in the laboratory. No 

contamination of blanks was observed during the 

experiments. Each filter was placed into a clean 

glass petri dish for observation under a 

stereoscopic microscope and photographed with a 

digital camera. 

 

2.3 Microplastics Identification and Qualification 

 

All plastic particles were visually identified, counted 

and measured, by classifying them according to four 

size classes: 100–500 μm; 501–1000 μm; 1001–

1500 μm and 1501-2000 μm. The micro Fourier 

Transform Interferometer (μ-FT-IR, Model: 

Frontier, PerkinElmer) was used to identify the type 

of microplastics samples contained in zooplankton 

by comparing with standard spectrums of 

microplastics. 

 

2.3 Data Analysis 

 

One-way ANOVA with Tukey HSD test was 

used to analyze the difference of microplastics 

abundance among zooplankton groups in R 

program version 3.3.2 package “vegan”. R 

program package “vegan” was used to perform 

spearman’s correlation between the size of 

zooplankton and the size of microplastics.
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Figure 1. location of sampling site, Hat Pak Meng, Trang Province

3. Results  

 

The abundance of microplastics significantly varied 

across zooplankton groups, and the highest 

abundance of microplastics was found in shrimp 

larvae, followed by chaetognaths and calanoid 

copepods. The length of the microplastic particles 

ranged from 201 μm to 2000 μm. In addition, 

densities of shrimp larvae, chaetognaths, and calanoid 

copepods from zooplankton samples at Hat Pak 

Meng were also significantly different (p=0.05) 

(Table 1). The accumulation of microplastic per 

individual was also significant (Figure 2.). In this 

study, all microplastics were ingested by 

zooplankton groups that were fibrous. 

  

The highest proportion of microplastics ranged from 

501-1000 µm in size, especially in shrimp larvae 

and chaetognaths, while the highest composition 

accumulated in calanoid copepods ranged from 

100-500 µm. The microplastics accumulated in 

calanoid copepods were smaller than in 

chaetognath and shrimp larvae (Figure 3.) 

 

The spectrum of microplastics collected was 

concordant with the spectrums of polyethylene 

terephthalate (PET), polyurethane foam, and 

rayon (Figure 4.) , indicating that those were the 

main components of the fibrous microplastics 

here sampled. 

 

The zooplankton sizes of each group were 

positively correlated with microplastics sizes 

found. The Shimp larvae size was exhibited 

highest correlation (r= 1 ) , follow by calanoid 

copepod (r= 0.79) and chaetognaths (r= 0.61), 

respectively (Figure 5.). 

.

 

Table.1 Density and sizes of zooplankton and microplastics sizes   

Zooplankton group Density of zooplankton 

(individual/m3) 

Size of zooplankton 

(mm) 

Size of microplastics 

(µm) 

Calanoid copepods 4620.85±357.92a 1.04±0.08b 660.59±205.91a 

Chaetognaths 1247.36±105.62b 2.76±0.30a 1060.08±233.24a 

Shrimp larvae 180.23±34.12c 2.84±0.53a 1020.75±312.41a 

Values are expressed as mean ± standard deviation (n=50) 
a-c value in the same row with a different superscript letter is significantly different (p <0.05) between the mean 

values. 
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Figure 2. The abundance of microplastics ingested by three zooplankton groups 

 

Figure 3. The abundance of microplastics ingested by three zooplankton groups 
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Figure 4. The μ-FT-IR spectrum of microplastics sampled  

4. Discussion 

 

The consequences of ingested microplastics 

effects on zooplankton health are still uncertain. 

Zooplankton plays an essential role in marine 

ecosystems, as primary consumers in the marine 

food web transferring energy to higher levels, in 

addition, survival of larval stages is important to 

the maintenance of marine populations and fishing 

stocks. Small plastic litter is currently widely spread 

in the water column, facilitating interactions 

between zooplankton and microplastics (Moore et 

al. 2001; Moore et al. 2002; Collignon et al. 2012). 

Our results showed that the lowest abundance of 

ingested microplastics per individual was found in 

calanoid copepods which feed on phytoplankton, 

while the highest densities were observed in 

shrimp larvae which are carnivores or omnivores 

that indiscriminately feed on floating food items, 

thus ingesting more plastics than the other groups, 

in addition to being unable to eliminate those 

particles from their organisms (Desforges et al. 

2015). Moreover, the average size of ingested 

microplastic particles in shrimp larvae was greater 

than calanoid copepods although lacking 

significant difference (Table 1). The size of 

microplastic in chaetognaths was similar to those 

in shrimp larvae that might result from the similar 

size between both groups. In addition, the size of 

zooplankton was positively correlated with the 

size of microplastics, shrimp larvae (r = 1.00), 

calanoid copepods (r = 0.79) and chaetognaths (r 

= 0.61). The accumulation of microplastics in 

zooplankton that varying between species, life-

stage, and microplastic size (Cole et al. 2013; 

Setälä et al. 2014).
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Figure 5. Spearman correlation between size of microplastics and size of zooplankton (a) shrimp larvae, 

(b) calanoid copepod and (c) chaetognaths 

 

The microplastics accumulation of different 

zooplankton groups from Hat Pak Meng was 

relatively high when compared to other regions 

such as the northern South China Sea, China 

(Sun et al. 2017) however, low when compared 

with a study in Himmerfjärden Bay, Sweden 

(Gorokhova 2015). A previous study showed 

that the average abundance of microplastics in 

seawater from Hat Pak Meng in January 2018 

was 27.7 particles/m3 (Rongprakhon et al. 2018). 

Therefore, the abundance of microplastics in 

shrimp larvae, chaetognaths and calanoid copepods 

was much higher than free microplastics in 

seawater 5:1, 12:1 and 17:1 ratio, respectively. 

  

Particles of PET and rayon were the most abundant 

microplastics at Hat Pak Meng: rayon are man-made 

fiber usually used for clothing, whereas PET is one 

of plastics in daily life that used for beverage 

container, food packaging (flexible PET), and 

clothing as well (Maeda et al. 2015; Vigneswaran 

et al. 2014). The abundance of PET and rayon 

might result from the degradation of larger debris 

that ends up in the sea due to human settlements 

and tourism activities at Hat Pak Meng, which is 

the most developed beach in Trang Province. 

Ingestion of PET and rayon are have been 

reported for fish (Lusher et al. 2013; Compa et al. 

2018), which can be accumulated by direct 

ingestion or by their zooplankton prey (Ory et al. 

2017). Our results rise concerns on the high 

abundance of microplastics ingested by three 

common zooplankton groups. Further work 

should study other marine organisms, in order to 

understand how microplastics are transferred 

along with the food web. 

 

Acknowledgments 

 

We would like to thank the staffs of Hat Chao Mai 

National Park, Department of National Parks, 

Wildlife, and Plant Conservation and the Marine 

y = 570.82x - 601.13

r = 1

0

400

800

1200

1600

1.5 2 2.5 3 3.5 4

(a)
S

iz
e 

o
f 

m
ic

r
o
p

la
st

ic
s

(µ
m

)

Size of  zooplankton (mm)

y = 2087.5x - 1505

r = 0.79

0

400

800

1200

1600

0.9 1 1.1 1.2 1.3

(b)

Size of zooplankton (mm)

y = 548.67x - 424.34

r = 0.61

0

400

800

1200

1600

2 2.5 3 3.5

(c)

S
iz

e 
o
f 

m
ic

r
o
p

la
st

ic
s 

(µ
m

)

Size of zooplankton (mm)



 
 

Ramkhamhaeng International Journal of Science and Technology (2018) 1(2): 1-8 

  
 

7 

Biodiversity Research Group, Faculty of Science, 

Ramkhamhaeng University for any supports 

during field surveys. This research was funded by 

the National Science and Technology Development 

Agency (NSTDA). 

 

References 

 

Arthur C, Baker J, Bamford H (eds) (2009) 

Proceedings of the international research 

workshop on the occurrence, effects, and 

fate of microplastic marine debris, 

September 9–11, 2008. NOAA Technical 

M e m o r a n d u m  N O S - O R  &  R - 3 0 

Avio CG, Gorbi S, Regoli F (2016) Plastics and 

microplastics in the oceans: From 

emerging pollutants to emerged threat. 

Marine Environmental Research 128: 2–11  

Cole M, Lindeque P, Fileman E, Halsband C, 

Galloway TS (2015) The impact of  poly-

styrene microplastics on feeding, function 

and fecundity in the marine copepod 

Calanus helgolandicus. Environmental 

Science & Technology 49: 1130–1137  

Cole M, Lindeque P, Fileman E, Halsband C, 

Goodhead R, Moger J, Galloway TS 

(2013) Microplastic ingestion by 

zooplankton. Environmental Science & 

Technology 47: 6646–6655 

Cole M, Lindeque P, Halsband C, Galloway TS 

(2011) Microplastics as contaminants in 

the marine environment: a review. Marine 

Pollution Bulletin 62: 2588–2597 

Collignon A, Hecq JH, Galgani F, Voisin P, 

Collard F, Goffart A (2012) Neustonic 

microplastic and zooplankton in the 

North Western Mediterranean Sea. 

Marine Pollution Bulletin 64: 861−864 

Compa M, Ventero A, Iglesias M, Deudero S 

(2018) Ingestion of microplastics and 

natural fibres in Sardina pilchardus 

(Walbaum, 1792) and Engraulis 

encrasicolus (Linnaeus, 1758) along the 

Spanish Mediterranean coast. Marine 

Pollution Bulletin 128: 89–96 

Desforges JW, Galbraith M, Ross PS (2015) 

Ingestion of microplastics by 

zooplankton in the Northeast Pacific 

Ocean. Archives of Environmental 

Contamination and Toxicology 69: 320–330 

Eerkes-Medrano D, Thompson RC, Aldridge 

DC (2015) Microplastics in freshwater 

systems: A review of the emerging 

threats, identification of knowledge gaps 

and prioritisation of research needs. 

Water Research 75: 63–82 

GESAMP (2015) “Sources, fate and effects of 

microplastics in the marine environment: 

a global assessment” in: Kershaw PJ 

(eds) (IMO/FAO/UNESCO-

IOC/UNIDO/WMO/IAEA/UN/UNEP/ 

UNDP Joint Group of Experts on the 

Scientific Aspects of Marine 

Environmental Protection). Reports and 

Studies GESAMP No. 90, 96  

Gorokhova E (2015) Screening for microplastic 

particles in plankton samples: How to 

integrate marine litter assessment into 

existing monitoring programs?. Marine 

Pollution Bulletin 99: 271–275 

Jambeck JR, Geyer R, Wilcox C, Siegler TR, 

Perryman M, Andrady A, Narayan R, Law 

KL (2015) Plastic waste inputs from land 

into the ocean. Science 347: 768–771 

Law K, Thompson RC (2014) Microplastics in 

the seas - concern is rising about 

widespread contamination of the marine 

environment by microplastics. Science 

345: 144–145 

Lusher AL, Hollman PCH, Mendoza-Hill JJ 

(2017) Microplastics in fisheries and 

aquaculture: Status of knowledge on their 

occurrence and implications for aquatic 

organisms and food safety. FAO 

Fisheries and Aquaculture Technical 

Paper 615, FAO, Rome 

Lusher AL, McHugh M, Thompson RC (2013) 

Occurrence of microplastics in the 

gastrointestinal tract of pelagic and 



 
 

Ramkhamhaeng International Journal of Science and Technology (2018) 1(2): 1-8 

  
 

8 

demersal fish from the English Channel. 

Marine Pollution Bulletin 67:94–99 

Maeda T, Endo F, Atsushi Hotta (2015) Highly 

functionalized polyethylene terephthalate 

for food packaging. In: Visakh PM and 

Liang M (eds.) Poly (ethylene 

terephthalate) based blends, composites 

and canocomposites. Elsevier, Waltham 

Mathalon A, Hill P (2014) Microplastic fibers 

in the intertidal ecosystem surrounding 

Halifax Harbor, Nova Scotia. Marine 

Pollution Bulletin 81: 69–79 

Moore CJ (2008) Synthetic polymers in the 

marine environment: a rapidly increasing 

long-term threat. Environmental 

Research 108: 131–139 

Moore CJ, Lattin GL, Zellers AF (2005) 

Density of plastic particles found in 

zooplankton trawls from coastal waters 

of California to the North Pacific Central 

Gyre, The Plastic Debris Rivers to Sea 

Conference. Redondo Beach, California, USA 

Moore CJ, Moore SL, Leecaster MK, Weisberg 

SB (2001) A comparison of plastic and 

plankton in the North Pacific central gyre. 

Marine Pollution Bulletin 42: 1297−1300 

Moore CJ, Moore SL, Weisberg SB, Lattin GL, 

Zellers AF (2002) A comparison of 

neustonic plastic and zooplankton 

abundance in southern California’s 

coastal waters. Marine Pollution Bulletin 

44: 1035−1038 

Murray F, Cowie PR (2011) Plastic contamination in 

the decapod crustacean Nephrops 

norvegicus (Linnaeus, 1758). Marine 

Pollution Bulletin 62: 1207−1217 

Ory NC, Sobral P, Ferreira JL, Thiel M (2017) 

Amberstripe scad Decapterus muroadsi 

(Carangidae) fish ingest blue 

microplastics resembling their copepod 

prey along the coast of Rapa Nui (Easter 

Island) in the South Pacific subtropical 

gyre. Science of the Total Environment 

586: 430–437 

PlasticsEurope (2017) Plastics - the facts 2017 

https://www.plasticseurope.org/en/resou

rces/publications/274-plastics-facts-

2017. 

Rongprakhon S, Yeemin T, Sutthacheep M 

(2018) Comparison of microplastics in 

seawater     collected from Hat Chao Mai 

National Park and Hat Pakmeng in 2017–

2018. Paper presented at the BioD5 plus: 

“People + Utilization + Sustainability”, 

11–13 July 2018. Surat Thani, Thailand 

Setälä O, Fleming-Lehtinen V, Lehtiniemi M 

(2014) Ingestion and transfer of 

microplastics in the planktonic food web. 

Environmental Pollution 185: 77–83 

Sun X, Li Q, Zhu M, Liang J, Zheng S, Zhao Y 

(2017) Ingestion of microplastics by 

natural zooplankton groups in the 

northern South China Sea. Marine 

Pollution Bulletin 115: 217–224 

Thompson RC (2015) Microplastics in the 

Marine Environment: Sources, 

Consequences and Solutions. In: 

Bergmann M, Gutow L, Klages M (eds) 

Marine Anthropogenic Litter. Springer, Cham 

Thompson RC, Olsen Y, Mitchell RP, Davis A, 

Rowland SJ, John AWG, McGonigle D, 

Russell AE (2004) Lost at sea: where is 

all the plastic? Science 304: 838 

Vigneswaran C, Ananthasubramanian M, 

Kandhavadivu P (2014) Bioprocessing of 

synthetic fibres. Bioprocessing of 

Textiles. Woodhead P ublishing India, 

New Delhi 

https://www.plasticseurope.org/en/resources/publications/274-plastics-facts-2017
https://www.plasticseurope.org/en/resources/publications/274-plastics-facts-2017
https://www.plasticseurope.org/en/resources/publications/274-plastics-facts-2017

