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ABSTRACT 
This short article collected, collated, analysed, synthesised, reviewed, interpreted, and 
documented microplastic (MP) contamination of seafood, other foods, drinks, and 
environmental waters across the globe. It identified the possible routes of MP 
contamination. Fishes, as well as, surface waters and sediments were found contaminated 
with MP across the globe. There has been very limited research on other foods and drinks 
with reference to MP contamination. Based on those limited research, rice brands 
(Australia, India, Pakistan, and Thailand), vegetable samples (Mexico), salt samples 
(Australia, China, France, Iran, Japan, Malaysia, New Zealand, Portugal, South Africa, 
Spain, the USA), sugar samples (Germany), and Honey samples (Germany, France, Italy, 
Spain, and Mexico) have been contaminated with MPs. Among the drinks, bottled water 
samples (Germany), tap water samples (Cuba, Ecuador, England, France, Germany, India, 
Indonesia, Ireland, Italy, Lebanon, Slovakia, Switzerland, Uganda, and the USA), beer 
samples (Germany, Mexico, the USA), soft drink samples (Mexico), energy drink samples 
(Mexico), cold tea and tea infusions samples (Mexico, Canada), and milk samples (Mexico) 
were also contaminated with MPs. In a number of food and drink samples, MP 
contaminant levels were 100% (beer, bottled water, carrot, cold tea, dried fish, fruit, fresh 
fish, honey, milk, mussel, rice, salt, sediment, surface water, and sugar). Fibres were the 
dominant MPs detected. MP as well high-risk chemicals/pollutants adsorbed in MPs can 
be transferred to humans via the consumption of contaminated food and drinks. This 
article confirmed that MP is an emerging global threat to food and water security.  
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Apart from the risk posed on seafood, other foods, drinks, and environmental waters, MP 
can threaten the global climate by increasing greenhouse gas emissions (CO2, CH4) from 
plastic waste and may undermine achieving the UN sustainable development goals. 
Therefore, attempts should be made to curb the proliferation of plastic pollution by 
phasing out its use in consumer goods.  
Keywords: Microplastic, contamination, seafood, rice, vegetable, sugar, salt, water, drinks 
and environmental waters. 
 
INTRODUCTION 
Plastic waste/pollution is ubiquitous and is reported from the Arctic to the Antarctic, from 
the surface to sediments (Kibria, 2017). They are most commonly derived from 
petrochemicals (natural gas, oil, or coal). Plastic waste does not readily biodegrade but 
persists in the aquatic environment for a long period (for example, plastic fishing lines and 
nets can last up to 600 years (Kibria et al., 2021). Plastic breaks into smaller pieces such as 
microplastics (MP) (<5 mm in size).  
MP can be found across the globe, including the deepest area of the ocean (Lusher et al., 
2015) and marine sediments (Peng et al., 2017). It has been detected in fishes (Jabeen et al., 
2017; Karami et al., 2017a), sharks (Parton et al., 2020), molluscs (Mathalon and Hill, 2014; 
Rochman et al., 2015), crustaceans (Murray and Cowie, 2011; Devriese et al., 2015) and 
seaweed (Li et al., 2020). MP contamination has also been reported in various other foods 
and drinks including rice (Dessi et al., 2021), vegetables  (Conti et al., 2020), salt (Yang et al., 
2015;  Karami et al., 2017b; Iñiguez et al., 2017; Gündoğdu 2018;  Kosuth et al., 2018), sugar 
(Liebezeit and Liebezeit, 2013), honey (Liebezeit and Liebezeit, 2013), bottled waters 
(Oßmann et al., 2018; Schymanski et al., 2018), tap water (Kosuth et al., 2018), beer 
(Liebezeit and Liebezeit, 2014; Lachenmeier et al., 2015; Kosuth et al., 2018), soft drinks 
(Shruti et al., 2020), energy drinks (Shruti et al., 2020), tea (Hernandez et al., 2019; Shruti et 
al., 2020) and milk (Kutralam-Muniasamy et al., 2020). One of the main risks of MP particles 
as a contaminant is that they can transfer to humans via food and water. The objectives of 
this article are to: 
 

 Collect, collate, analyse, synthesise, review, interpret, and document MP contamination 
of seafood, other foods, drinks, and environmental waters across the globe; and 

 Identify possible routes of contamination of seafood, other foods, drinks, and 
environmental waters 

 
MATERIAL AND METHODS 
Data and information relating to MP contamination of seafood, other foods, drinks, and 
environmental waters were obtained using the following search engines: Google Search, 
Science Direct, Research Gate online, Scopus, PubMed, SpringerLink, Web of Science, Wiley 
Online Library, Springer Nature, and RMIT University Library database. We have used the 
following keywords in our search: (i) microplastics +seafood/fish/sharks/ 
shrimps/mussels/oysters/ seaweed; (ii) microplastics + rice/ vegetable/salt/sugar/honey; (iii) 
microplastics + drinking water/tap water/bottled water/soft drinks/energy drinks/milk/tea; 
and (iv) microplastics + surface water/lake/oceans/coast/river sediment. 
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RESULTS AND DISCUSSION 
MP contamination of seafood, other foods, drinks, and environmental waters  
Seafood 
MP contaminated a wide range of seafood organisms including fishes, sharks, oysters, 
mussels, shrimps, lobsters, and seaweeds. For example, fishes have been found 
contaminated across the Arctic Ocean, the Atlantic Ocean, Australia, the Baltic Sea, 
Bangladesh, Belgium, Brazil, Canada, Chile, China, Fiji, France, the Gulf of Mexico, India, 
Indonesia, Iran, Italy, Japan, Malaysia, The Mediterranean Sea, the Netherlands, North 
Pacific Central Gyre, North Pacific Subtropical Gyre, North Sea, Norway, Portugal, Saudi 
Arabia, Scotland, South Pacific Subtropical Gyre, Spain, Tanzania, Thailand, Turkey, the 
United Kingdom, the United States of America and Vanuatu (Kibria et al., 2021).  
MP was found in 100 % of fishes from the East China Sea (Jabeen et al., 2017),  in 67 % of 
sharks from the UK (Parton et al., 2020), 63 % in brown shrimps from Belgium (Devriese et 
al., 2015), 83 % in Lobsters from Norway (Murray and Cowie, 2011), 100 % in blue mussels 
from Canada (Mathalon and Hill, 2014), 33 % in the Pacific oysters from Canada (Rochman 
et al., 2015), 95.8 % in nori seaweeds from China (Li et al., 2020 ), 20 % in canned fishes 
from Australian and Malaysian markets (Karami et al., 2018) and 100 % in dried fishes from 
Malaysia (Karami et al., 2017a). MPs may have been ingested by pelagic fishes, demersal 
fishes, and demersal prawns /shrimps ‘mistakenly/ or confusing’ it as ‘preys or food’ while 
searching for food. MPs can also be accidentally ingested by filter-feeding organisms such as 
mussels and oysters during their normal filter feeding processes. The presence of MPs in the 
fish may reflect MPs occurrence in the environment where the fishes live.   
Moreover, the ingested MP can result in a number of sub-lethal or lethal effects on seafood 
organisms, such as (a) gut blockage, false satiety sensation, physical injury in exposed fish 
(Browne et al., 2008; Wright et al., 2013); (b) hepatic stress due to bioaccumulation of 
chemical pollutants in plastics (Rochman, 2013) and (c) effect on reproduction and growth 
(Watts et al., 2015). As a consequence of MP contamination of seafood, there is a strong 
likelihood of human exposure to MPs as well as high risks pollutants adsorbed in MPs via the 
food chain (Kibria, 2018; Kibria et al., 2021a) (see also Table 1, Figure 1). Seafood 
contamination with MPs is a significant threat to seafood security. Seafood is a source of 
protein, vitamins (B6, B12), omega-3 fatty acids, income (employment), export (foreign 
exchange earnings), and support livelihoods of people across the globe. It is an important 
source of animal protein to more than one billion poorest people in the world and in some 
tropical countries like Bangladesh, the Pacific islands, and the Maldives, fish provides more 
than 60 % of the animal protein supply (Kibria et al., 2021b).  
 

Other Foods 
Rice 
A total of 52 rice samples from Australia (Jasmine white, Japanese white sushi, brown, 
arborio), India (white, white basmati); Pakistan (brown, basmati, white basmati), and 
Thailand (brown, Jasmine and white) were found 100% contaminated with MPs (Dessì et al., 
2021). Polymer types detected in rice samples were polyethylene/PE (95%), 
polypropylene/PP (4%) and Polyethylene terephthalate/PET (1 %). The study (Dessi et al., 
2021) reported that plastic concentrations in rice samples differed by the type of rice 
(instant rice Vs uncooked rice; the washed Vs unwashed rice). Washing the rice significantly 
reduced the amount of plastic contamination in rice samples.  
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Rice contamination with MPs is a significant threat to food security since rice is the staple 
food for more than half of the global population. In particular, in the case of Bangladesh and 
Cambodia rice constitute about 70% of the daily dietary energy intake (Calpe, 2006) (see 
also Table 1, Figure 1). 

 
Figure 1. Frequency of occurrence of microplastics (% of MPs detected) in seafood, other 

foods, drinks, and environmental waters [MP=microplastics; n = number of samples 
examined; 1-24 on the y axis are references. 1. Liebezeit and Liebezeit, 2014; 2. 

Schymanski et al., 2018; 3. Karami et al., 2018; 4. Karami et al., 2017a; 5. Shruti et al., 
2020; 6. Lessy and Sabar, 2021; 7. Conti et al., 2020; 8. Liebezeit and Liebezeit, 2013; 9. 
Murray and Cowie, 2011; 10. Kutralam-Muniasamy et al., 2020; 11. Mathalon and Hill, 

2014; 12. Dessi et al., 2021; 13. Rochman et al., 2015; 14. Kosuth et al., 2018; 15. Li et al., 
2020; 16. Peng et al., 2017; 17. Parton et al., 2020; 18. Devriese et al. 2015; 19. Shruti et 

al., 2020; 20. Liebezeit and Liebezeit, 2013; 21. Schmidt et al., 2018; 22. Kosuth et al., 
2018; 23. Shruti et al., 2020; 24. Conti et al., 2020]. 
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2. Bottled water (n=38) (Germany)

3. Canned fish (four species) (n=20) (Australia,…

4. Dried fish (four species) (n=30) (Malaysia)

5. Energy drinks (n=8) (Mexico)

6. Fresh fish (Skipjack tuna) (n=16) (Indonesia)

7. Fruit (Apple) (n=6) (Italy)

8. Honey (n=19) (Germany,France, Italy, Spain, Mexico)

9. Lobster (Norwegian lobster) (n=100) (UK)

10. Milk (n=23) (Mexico)

11. Mussel (blue mussel) (n=5) (Canada)

12. Rice (n=52) (Australia,  India; Pakistan Thailand)

13. Oyster (Pacific oyster) (n=12) (USA)

14. Salt (n-12) (USA)

15. Seaweed (nori) (n=24)  (China)

16. Sediments (n=53) (Changjiang estuary, China)

17. Shark fish (four species) (n=46) (UK)

18. Shrimp (bown shrimp) (n=90) (Belgium)

19. Soft drinks (n=19 ) (Mexico)

20. Sugar (n=5) (Germany, France, Italy, Spain, Mexico)

21. Surface water (n=53) (Mediterranean Sea)

22. Tap water (n=159) (14 countries)

23. Tea (cold tea) (n=4) (Mexico)

24. Vegetable (carrot) (n=6) (Italy)

% of positive samples with microplastics 



 

Table 1. Selected examples of seafood (fish, shrimp, lobster, mussel, oyster, seaweed), other 
foods (rice, vegetable, honey, sugar, salt), drinks (bottled water, tap water, soft drinks, beer, 

energy drinks), and environmental waters (surface water, sediment) contaminated with 
microplastics [ABS=  acrylonitrile-butadiene-styrene; dw = dry weight; MPs = microplastics; 
na= data is not available; PA = polyamide; PAA=  polyacrylamides; PE = polyethylene; PEA = 

Poly(ester-amide); PET = polyethylene terephthalate; PEST =polyester; PES =  Polyethersulfone; 
PP = polypropylene;  PS = polystyrene; PSU = polysulfone] 

Items and 
country 

Positive 
samples/ 

Total  
samples 

Polymer 
shapes 

detected 

Polymer 
types 

detected 

Remarks/ main research 
findings 

References 

Beer 
Mexico 

 

23/26 
(88 %) 

Fibres 
(93.42%), 
fragments 

(6.52%) 

PA, PEA, 
ABS 

152 MP particles/L; water 
source and packaging 
materials (PET, which 

breaks down overtime) 
are possible sources for 

MPs. 

Shruti et 
al., 2020 

Bottled 
water 

Germany 

22/22 
(100 %) 

na PET (84%), 
PP (7%) 

 

Returnable bottles had 
higher MPs (118 MP /L) 
compared to single-use 
plastic bottles (14 MP/L) 

(bottles are made of PET). 

Schymanski 
et al., 2018 

Energy 
drinks 

Mexico 
 

5/8 
(62.5 %) 

Fibres 
(100%) 

PA 14 MP particles/L; water 
source and packaging 
materials are possible 

sources for MPs. 

Shruti et 
al., 2020 

Fish 
(dry) (four 

species) 
Malaysia 

12/12 
(100 %) 

Fragments 
(85.7%), 

films 
(10%), 

PP, PE, PS, 
PA 

(i) MP contamination in 
eviscerated fish:  mullet> 

croaker> mackerel> 
anchovy. 

(ii) MPs contaminated 
during handling or salting 

or drying processes. 

Karami et 
al., 2017a 

 

Fish 
(marine) 

China 
 

21/21 
(100 %) 

Fibres 
(61.4%), 

fragments 
(15.4%) 

Cellophane 
(49%), PET 

(10.6%), 
PEST 

(7.9%) 

(i) All pelagic, 
benthopelagic, demersal 

fish ingested MPs. 
(ii) The ingestion of 

plastics in fish was closely 
related to the habitat. 

Jabeen et 
al., 2017 

Fish 
(canned) 

(Australian, 
Malaysian 
markets) 

4/20 
(20 %) 

Fragments 
(46.6%), 

films 
(26.6%) 

PP 
(33.3%), 

PET 
(33.3%), 

PE (16.6%) 

Sardines and sprats can 
be contaminated via 

translocation of MPs into 
the edible tissues, 

improper gutting, or 
canneries. 

Karami et 
al., 2018 
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Fruit 
(02 species) 

Italy 

12/12 
(100%) 

na na Apples were most 
contaminated with MPs: 

apple> pear. 

Conti et al., 
2020 

Honey 
Germany, 

France, 
Italy, Spain, 

Mexico 

19/19 
(100%) 

Fibres 
(95%), 

fragments 
(5%) 

na 87 MP (fibres)/g honey; 
Possible MPs 

contamination (airborne, 
by bees into the hive or 

introduced during honey 
collection/ processing). 

Liebezeit 
and 

Liebezeit, 
2013 

Lobster 
(Norwegian 

lobster) 
UK 

100/120 
(83%) 

Filaments PP Filaments ingested can 
block different organs of 
the lobster and provide 
false satiation (no desire 

to eat) effects. 

Murray 
and Cowie, 

2011 

Milk 
Mexico 

23/23 
(100%) 

Fibres 
(97.5%), 

fragments 

PES, PUS 6.5 MP particles/L: 
Sulfone polymers (PES, 
PSU) originating from 

membrane filters used in 
dairy processes. 

Kutralam-
Muniasamy 
et al., 2020 

Mussel 
(wild) 
(blue 

mussel) 
Canada 

5/5 
(100%) 

Fibres PP Microfibers (as MP) in 
farmed mussels (126.5 
fibres/mussels) were 

higher than in the wild 
mussels (75 

fibres/mussels); farmed 
mussels grown on PP lines 

released MPs fibres and 
caused contamination. 

Mathalon 
and Hill, 

2014 

Oyster 
(Pacific 
oyster), 
Canada 

4/12 
(33.3%) 

Fibres 
(80%) 

na Consumption of MPs 
contaminated oyster can 

be a health risk to 
humans 

Rochman 
et al., 2015 

Rice 
Australia,  

India, 
Pakistan, 
Thailand 

52/52 
(100%) 

na PE, PP, PET (i) MP concentrations in 
rice differed between 

washed vs non washed 
type. 

(ii) Washing the rice 
reduced the amount of 

MPs contamination. 

Dessi et al., 
2021 

Salt 
(USA) 

12/12 
(100%) 

Fibres 
(99.3%) 

na Contamination means: 
212 MP particles/kg  
(range: 46.7 to 806 

particles/kg) 

Kosuth et 
al.,  2018 

 

 
J. Biol. Chem. Research                                      37                                      Vol. 39 (1) 32-48 (2022) 



 

Seaweed 
(nori) 
China 

23/24 
(95.8%) 

Fibres 
(85.2%) 

PEST 
(18.9%), 

rayon 
(6.6%), PP 

(4%) 

The fibres may come from 
plastic lines used for the 
attachment of seaweed 

seedlings. 

Li et al., 
2020 

Sediment 
(Changjiang 

estuary) 
China 

100% Fibres 
(93%) 

Rayon 
(63.1%), 

PEST 
(18.5%) 

121 MP particles/ kg dw 
(mean); synthetic fibres 
(rayon, polyester) in the 
estuary may come from 

washing clothes. 

Peng et al., 
2017 

Shark fish 
(four 

species) 
UK 

31/46 
(67%) 

Fibres  
(95%) 

Cellulose, 
PP, PAA, 

PEST 

MP contamination:  starry 
smooth-hound> bull huss> 

small-spotted catshark> 
spiny dogfish 

Parton et 
al., 2020 

Shrimp 
(brown 
shrimp) 
Belgium 

57/90 
(63%) 

Fibres 
(95.6%) 

na Brown shrimp ingested 
MPs either accidentally or 
as a colour preference as 

43% of fibres ingested 
were purple-blue. 

Devriese et 
al., 2015 

Soft drinks 
Mexico 

16/19 
(84%) 

Fibres 
(100%) 

PA, PET, 
ABS; 

40 MP particles/L. Shruti et al., 
2020 

Sugar 
Germany, 

France, 
Italy, Spain, 

Mexico 

5/5 
(100%) 

Fibres, 
fragments 

 
na 

Fibres (mean 217/kg of 
sugar) and fragments 
(32/kg of sugar) were 

found in refined sugars. 
 

Liebezeit 
and 

Liebezeit, 
2013 

Surface 
water 

Arctic Ocean 
Norway 

20/21 
(95%) 

Fibres 
(95%), 

fragments 
(4.9%) 

Rayon 
(30%), PES 
(15%), PA 
(15%), PE 

(5%) 

28,000 MP particles/km2; 
MPs (fibres) may be a 

breakdown of larger items, 
local fishing vessel activity, 

input of sewage and 
wastewater from coastal 

areas. 

Lusher et 
al., 2015 

Tap water 
(14 

countries)* 

129/159 
(81%) 

Fibres 
(98.3%) 

na Contamination means: 5. 
45 MP particles/L.; USA 

had the highest MPs in tap 
water (9.24 MPs/L). 

Kosuth et 
al., 2018 

Tea 
(cold tea) 
Mexico 

 

4/4 
(100%) 

Fibres 
(100%) 

PA 11 MP particles/L; clothes, 
water used during 

production and the plastic 
container could be the 
sources of MPs (fibres) 

Shruti et al., 
2020 

Vegetable 
(four 

species), 
Italy 

24/24 
(100%) 

na na Carrots were most 
contaminated with MPs: 
carrot> broccoli> potato> 

lettuce 

Conti et al., 
2020 
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*14 countries include Cuba, Ecuador, England, France, Germany, India, Indonesia, Ireland, 
Italy, Lebanon, Slovakia, Switzerland, Uganda, and the USA. 
 
Vegetable 
Research carried out in Mexico reveals that 100 % of common vegetables including carrot, 
broccoli, potato, and lettuce were contaminated with MPs (Conti et al., 2020). Carrots were 
most contaminated with MPs in the following orders: carrot> broccoli> potato> lettuce. The 
research demonstrated that MPs are capable to penetrate the seed, root, and leaves of 
vegetable plants (Dietz and Hertz, 2011). As a consequence of MP contamination, the 
growth and taste of vegetables can be modified (see also Table 1, Figure 1). 
 
Salt 
100% of salt was found contaminated with MPs in several countries. For example,  salt from 
Australia, France, Iran, Japan, Malaysia, New Zealand, Portugal, and South Africa (Karami et 
al., 2017b),  salt from China (Yang et al., 2015), salt from Spain  Iñiguez et al., 2017), salt from 
Turkey (Gündoğdu, 2018) and Salt from the USA (Kosuth et al., 2018). The possible 
contamination routes are atmospheric deposition of MPs and local contamination of coastal 
water. Sea salt contamination may demonstrate the extent of MPs pollution in the 
environment (see also Table 1, Figure 1). 
  
Sugar 
Five commercial sugar brands analysed from Germany were found contaminated with MP 
fibres and fragments. Transparent and coloured fibres (mean 217/kg of sugar) and 
fragments (32/kg of sugar) were found in refined sugars. In contrast, unrefined cane sugar 
had higher fibres and fragments (560 number fibres/kg and 540 number of fragments/kg) 
(Liebezeit and Liebezeit, 2013). The possible routes of MP contamination of sugar are 
environmental sources as well as material used during sugar processing (see also Table 1, 
Figure 1). 
 

Honey 
Honey from Germany, France, Italy, Spain, and Mexico was found 100 % contaminated with 
plastic fibres and fragments (Liebezeit and Liebezeit, 2013). Possible MPs contamination of 
honey is (a) airborne MPs, (b) transportation of MPs by bees into the hive or (c) introduction 
of MPs during honey collection/ processing (see also Table 1, Figure 1). 
 

Drinks 
Bottled Water 
A total of 32 bottle water samples from Germany were found contaminated with MPs. MP 
concentrations were higher with reusable PET bottles (4,889 MPs/L) and less with single-use 
PET bottles (2,649 MPs /L). The polymers detected in water bottles were PE, PP, or styrene-
butadiene-copolymer (Oßmann et al., 2018). In another study, Schymanski et al., (2018) also 
reported contamination of 22 bottled water samples (also from Germany) with MPs. The 
returnable water bottles (118 MP particles/L) had an average of eight times higher of plastic 
particles than in water from single-use plastic bottles (14 MP particles/L). Polymers detected 
in returnable water bottles were also higher [PET – 78 %; PP – 7 %; PE – 5 %] compared to 
single-use plastic bottles [PET – 57 %; PE – 9 %; PP -1 %] (Schymanski et al., 2018).  
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The Possible MP contamination sources in water bottles are the bottle cap, the washing 
machinery, or the other steps during bottle filling process. The returnable bottles are made 
of PET and the caps are made of PP, which may have resulted in higher PET and PP in 
returnable bottles (see also Table 1, Figure 1). 
 
Tap Water 
Nearly 81% of global tap water samples (159 samples tested) from 14 countries were found 
contaminated with plastic fibres (mean:  5. 45 MP particles/L) (Kosuth et al., 2018). These 14 
countries include Cuba (7.17 MPs/L), Ecuador (4.02 MPs/L), England (7.73 MPs/L), France 
(1.82 MPs/L), Germany (0.91 MPs/L), India (6.24 MPs/L), Indonesia (3.23 MPs/L), Ireland 
(1.83 MPs/L), Italy (0 MPs/L), Lebanon (6.64 MPs/L), Slovakia (3.83 MPs/L), Switzerland 
(2.74 MPs/L), Uganda (3.93 MPs/L), and the USA (9.24 MPs/L). Among all the countries, the 
USA had the highest MPs in tap water (9.24 MPs/L). Water source (well, surface, snowmelt), 
regional human population density, and water filtering methods may have caused in 
differences in MP particles in different countries (see also Table 1, Figure 1). 
 
Beer 
100% of beer samples from Germany (Liebezeit and Liebezeit, 2014; Lachenmeier et al., 
2015), the USA (Liebezeit and Liebezeit, 2014) and Mexico (Shruti et al., 2020) were 
reported to be contaminated with MPs. Fibres and fragments were the major polymers by 
shapes in beers. The contaminant level in beer samples from Mexico was 152 MP 
particles/L, where 93.42% MPs were fibres (Shruti et al., 2020). The possible contamination 
routes of MPs in beer are atmospheric deposition, clothing worn by workers and materials 
used in the beer production process (see also Table 1, Figure 1). 
 
Soft Drinks 
About 84 % of soft drink samples (n= 19) were found contaminated with MPs in Mexico (40 
MP particles/L) (Shruti et al., 2020). The major polymers in soft drinks by shapes were fibres 
(100 %) and by types were PA, PET and ABS (acrylonitrile-butadiene-styrene) (see also Table 
1, Figure 1). 
 
Energy Drinks  
About 62.5% of energy drink samples (n=8) were found contaminated with MPs in Mexico 
(14 MP particles/L) (Shruti et al., 2020). The major polymers in energy drinks by shapes were 
fibres (100%) and by types were PA. The water source and packaging materials are possible 
sources for MPs in energy drinks (see also Table 1, Figure 1). 
 
Tea 
Both cold teas from Mexico (Shruti et al., 2020) and tea infusions from Canada were found 
contaminated with MPs (Hernandez et al., 2019). Polymers detected were PA (Shruti et al., 
2020) and nylon and PET (Hernandez et al., 2019). Research results reveal that steeping 
(soaking) a plastic tea bag at a brewing temperature of 95°C released around 11.6 billion 
micro-plastics and 3.1 billion nano plastics into a single cup of beverage (Hernandez et al., 
2019) (see also Table 1, Figure 1). 
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Milk  
A total of 23 milk samples (22 for adults and 1 for kid) from Mexico were found contaminated 
with MPs (6.5 MP particles/L) (Kutralam-Muniasamy et al., 2020). Polymers detected by shapes 
were fibres (97.5 %). Thermoplastic sulfone polymers (polyethersulfone and polysulfone) were 
common types of MPs detected in milk samples. It is likely that sulfone polymers (PES, PSU) may 
have originated from membrane filters used in dairy processes (see also Table 1, Figure 1). 

 
Environmental Waters 
Surface waters 
Plastics can enter or be transported to the aquatic environment through many pathways 
including the open dumping, urban and stormwater run-off, wastewater treatment 
discharges, landfill wastes, the release of microfibers during washing of synthetic clothes, 
discharge of micro-beads from the use of personal care products, and from fishing nets and 
lines. MP pollutants are widespread and occur in all types of surface waters including 
creeks, lakes, channels, rivers, estuaries, coasts, oceans, and gyres. Around 80% of plastic 
pollution in the marine environment originates from land-based sources, while the 
remainder comes from ocean-based sources (fishing nets, fishing ropes). The increased 
abundance of MPs was reported in waterways close to larger cities, cities with higher 
population density and lakes adjacent to horticultural, agricultural, fishing and tourism 
activities. MP pollutants have reached even the remotest and pristine parts of the world 
such as in the Arctic Ocean, the Antarctic Ocean, and the Atlantic Ocean. Surface water have 
been contaminated across the globe including the Arctic, the Antarctica, Australia, Austria, 
The Bay of Bengal, Canada, China, European coasts, Germany, Great Pacific Garbage Patch 
(GPGB), Hong Kong, India, Japan, Kenya, Mediterranean Sea, Mongolia, New Zealand, North 
Atlantic Subtropical Gyre, North Pacific Central Gyre, North Western Pacific, Oceania, Papua 
New Guinea (PNG), Russia, Qatar, Sri Lanka, South Korea, South Pacific Ocean, Sub-
Antarctic, Switzerland, Tibet, the USA, and Vanuatu. There have been more plastics than fish 
or plankton in various waterways (e.g., the Danube River, Austria; Portuguese coastal 
waters; and the North Pacific central gyre). Several MP accumulations zones have been 
identified worldwide, for example,  the semi-enclosed basin in the Mediterranean sea and 
the Great Pacific Garbage Patch (Kibria et al., 2021) (see also Table 1, Figure 1).  Plastic 
debris can affect marine organisms through entanglement, ingestion, suffocation (Gall and 
Thompson, 2015). Further, MP can not only harm aquatic biota (fish) and but can even 
cause death. Microplastics are mistaken as food and ingested by various marine organisms 
including invertebrates (Murray and Cowie, 2011), fishes (Carpenter and Smith, 1972; 
Davison and Asch, 2011), sea turtles (Lazar and Gracan, 2011), seabirds (Spear et al., 1995) 
and whales (Tarpley and Marwitz, 1993). In fact, the low-density MP particles (that floats) 
on the surface (such as PE) can be ingested by pelagic/benthopelagic organisms (Brandao et 
al., 2011; Wright et al., 2013), whereas high-density MP particles (PVC, PA) that sink in the 
sediments of the sea can be ingested by demersal/benthic organisms (Brandao et al., 2011; 
Wright et al., 2013).  
 

Sediments 
MP pollutants are widespread and detected in sediments of deep seas, and aquatic habitats 
adjacent to harbours, high population areas, industries, lagoons, mangroves, tourism areas, 
shellfish farms, and ship-breaking yards.  
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Sediments have been contaminated with MPs across the globe including the Arctic Ocean, 
Bangladesh, Belgium, Black sea, Brazil, Canada, China, Fiji, Germany, Ghana, India, Indian 
Ocean, Indonesia, Iran, Italy, Japan, Maldives, Netherlands, Norway, Pakistan, Qatar, Russia, 
Singapore, Slovenia, Solomon Islands, South Africa, Tunisia, UK, Vanuatu, and Vietnam. At 
some places, MP abundance in sediments reached 64% to 100% of the samples sampled 
(Kibria et al., 2021). Fish species have been exposed to MPs inadvertently during feeding at 
the bottom sediments while searching for food. For example, the higher MP concentration 
was found in demersal fish (bartail flathead, Platycephalus indicus) which search their food 
in the sediment (Abbasi et al., 2018). Sediments are known as major sinks for MPs, where 
most of the denser and heavier MPs stay. Nonetheless, the high-density MP particles (such 
as PET) that sink in the sediments of the sea can be ingested by demersal/benthic organisms 
(Brandao et al. 2011; Wright et al. 2013) (see also Table 1, Figure 1).  
 
CONCLUSION 
This article collected, collated, analysed, synthesised, reviewed, interpreted, and 
documented microplastic contamination of seafood (fish, shrimp, lobster, mussel, oyster, 
seaweed), other foods (rice, vegetable, honey, sugar, salt), drinks (bottled water, tap water, 
soft drinks, beer, energy drinks), and environmental waters (surface water, sediment) across 
the globe (Table 2). It identified the possible routes of MP contamination of seafood, other 
foods, drinks, and environmental waters.  
 

Table 2. Locations or countries where food, drinks and environmental waters have been 
contaminated with microplastics. 

Items  Locations or countries where microplastic 
contaminated food, drinks, and environmental waters 
found 

References  

Beer Germany, the USA, and Mexico Liebezeit and 
Liebezeit, 2014; 
Lachenmeier et al., 
2015; Shruti et al., 
2020 

Bottled 
water  

Germany Oßmann et al., 2018; 
Schymanski et al.,  
2018 

Energy 
drinks 

Mexico  Shruti et al., 2020 

Fishes Across the globe including the Arctic Ocean, Atlantic 
Ocean, Australia, the Baltic Sea, Bangladesh, Belgium, 
Brazil, Canada, Chile, China, Fiji, France, the Gulf of 
Mexico, India, Indonesia, Iran, Italy, Japan, Malaysia, 
the Mediterranean Sea, the Netherlands, North Pacific 
Central Gyre, North Pacific Sub-tropical Gyre, North 
Sea, Norway, Portugal, Saudi Arabia, Scotland, South 
Pacific Sub-tropical Gyre, Spain, Tanzania, Thailand, 
Turkey, the United Kingdom, the United States of 
America and Vanuatu 

Kibria et al., 2021 
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Honey Germany, France, Italy, Spain, and Mexico Liebezeit and 
Liebezeit, 2013 

Milk  Mexico Kutralam-
Muniasamy et al., 
2020). 

Rice  Australia, India, Pakistan, and Thailand Dessì et al., 2021 

Salt Australia, China, France, Iran, Japan, Malaysia, New 
Zealand Portugal, South Africa, and Turkey 

Yang et al., 2015;  
Iñiguez et al., 2017; 
Karami et al., 
2017b,  Gündoğdu, 
2018; Kosuth et al., 
2018 

Sediments  Across the globe including the Arctic ocean, 
Bangladesh, Belgium, Black sea, Brazil, Canada, 
China, Fiji, Germany, Ghana, India, Indian ocean, 
Indonesia, Iran, Italy, Japan, Maldives, Netherlands, 
Norway, Pakistan, Qatar, Russia, Singapore, Slovenia, 
Solomon Islands, South Africa, Tunisia, UK, Vanuatu, 
and Vietnam 

Kibria et al., 2021 

Soft drinks Mexico  Shruti et al., 2020 

Sugar Germany Liebezeit and 
Liebezeit, 2013 

Surface 
waters  

Across the globe including the Arctic, Antarctica, 
Australia, Austria, The Bay of Bengal, Canada, China, 
European coasts, Germany, Great Pacific Garbage 
Patch (GPGB), Hong Kong, India, Japan, Kenya, 
Mediterranean Sea, Mongolia, New Zealand, North 
Atlantic Subtropical Gyre, North Pacific Central Gyre, 
North Western Pacific, Oceania, Papua New Guinea 
(PNG), Russia, Qatar, Sri Lanka, South Korea, South 
Pacific Ocean, Sub-Antarctic, Switzerland, Tibet, the 
USA, and Vanuatu 

Kibria et al., 2021 

Tap water  Cuba, Ecuador, England, France, Germany, India, 
Indonesia, Ireland, Italy, Lebanon, Slovakia, 
Switzerland, Uganda, and the USA 

Kosuth et al.,  2018 

Tea Mexico and Canada Hernandez et al., 
2019; Shruti et al., 
2020  

Vegetables  Mexico  Conti et al., 2020 

 
Seafood  
Fishes (both pelagic, demersal) have been found contaminated with MPs across the globe 
(Table 2). In addition, canned and dry fish, as well as shrimps, lobsters, mussels, oysters, 
seaweeds were also found contaminated with MPs. As a consequence of MP ingestion by 
seafood organisms (mistakenly/ or confusing’ MP as ‘preys or food’),  
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it can result in injury, poor growth, and reproduction. There is a likelihood of human 
exposure to MPs as well as high risks pollutants adsorbed in MPs via the food chain (eating 
contaminated seafood). 
 
Other foods  
Rice samples from Australia, India, Pakistan, and Thailand was found contaminated with 
MPs. MP Concentrations in rice samples differed by the type of rice (instant rice Vs 
uncooked rice; or the washed Vs unwashed rice). Rice contamination with MPs is a 
significant threat to food security since rice is the staple food for more than half of the 
global population.  Research carried out in Mexico reveals that 100% of common vegetables 
including carrot, broccoli, potato, and lettuce were contaminated with MPs in the following 
orders: carrot> broccoli> potato> lettuce. As a consequence of MP contamination, the 
growth and taste of vegetables may be modified. Salt was found contaminated with MPs in 
several countries including Australia, China, France, Iran, Japan, Malaysia, New Zealand 
Portugal, South Africa, and Turkey. The possible salt contamination routes are atmospheric 
deposition of MPs and local contamination of coastal water. Commercial sugar from 
Germany was found contaminated with MP fibres and fragments. The possible sources of 
MP contamination of sugar are environmental sources as well as the material used during 
sugar processing. Honey from Germany, France, Italy, Spain, and Mexico was found 100% 
contaminated with plastic fibres and fragments. Possible MPs contamination of honey is a. 
airborne MPs, transportation of MPs by bees into the hive and introduction of MPs during 
honey collection/ processing. 
 
Drinks 
Drinking bottled water samples from Germany were found contaminated with MPs. MP 
Concentrations were higher with reusable PET bottles and less with single-use PET bottles. 
The Possible MP contamination sources in water bottles themselves (which is made of 
polymer PET), the bottle cap (made of polymer PP), the washing machinery, or the other 
steps during the bottle filling process. Global tap water samples from 14 countries were 
found contaminated with plastic fibres. These 14 countries are Cuba, Ecuador, England, 
France, Germany, India, Indonesia, Ireland, Italy, Lebanon, Slovakia, Switzerland, Uganda, 
and the USA. Among all the countries, the USA had the highest MPs in tap water (9.24 
MPs/L). Water source (well, surface, snowmelt), regional human population density, and 
water filtering methods may have caused in differences in MP particles in different 
countries. Beer samples from Germany, the USA and Mexico were reported to be 
contaminated with MPs. The possible contamination routes of beer are atmospheric 
deposition, clothing worn by workers, materials used in the beer production process. Soft 
drink samples were found contaminated with MPs in Mexico. Energy drink samples were 
also found contaminated with MPs in Mexico. The water source and packaging materials are 
possible sources for MPs in energy drinks. Both cold teas from Mexico and tea infusions 
from Canada were found contaminated with MPs. Milk samples from Mexico were found 
contaminated with MPs. It is likely that sulfone polymers (PES, PSU) found may have 
originated from membrane filters used in dairy processes. 
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Environmental Waters 
MP pollutants are widespread (Table 2) and occur in all types of surface waters including 
creeks, lakes, channels, rivers, estuaries, coasts, oceans, and gyres.  
Plastic debris can affect aquatic organisms through entanglement, ingestion, suffocation, 
harm and even death. Micro-plastics are mistaken as food and ingested by various marine 
organisms including invertebrates, fishes, sea turtles, seabirds, and whales.  MP pollutants 
are also widespread (Table 2) and detected in sediments of deep seas, and aquatic habitats 
adjacent to harbours, high population areas, industries, lagoons, mangroves, tourism areas, 
shellfish farms, and ship-breaking yards. Fish species have been exposed to MPs 
inadvertently during feeding at the bottom sediments while searching for food. 
 
Overall 
MP contaminant levels varied from 20 % in canned fish to 100 %  in a number of food and 
drink samples (including beer,  bottled water, carrot, cold tea, dried fish, fruit, fresh fish, 
honey, milk, mussel, rice, salt, sediment, surface water, and sugar) (Figure 1). In most food, 
drinks and environmental waters, fibres were the dominant MPs detected (Table 1). This 
article confirmed that MP is an emerging global threat to food and water security. Apart 
from the threat and risk posed on seafood, other foods, drinks, and environmental waters, 
MP can threaten the global climate by increasing greenhouse gas emissions (CO2, CH4) from 
plastic waste (see Kibria 2021a) and undermine achieving the UN sustainable development 
goals (Kibria, 2021b). Therefore, attempts should be made to curb the proliferation of 
plastic pollution by phasing out its use in consumer goods.  
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