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The research scope of microplastics in aqueous environment has been expanding from investigation of their
presence in oceanic water to the analysis of their distribution and behavior in freshwater. However, research
in aqueous environment is limited because the lack of standardized evaluation techniques has resulted in the
use of various unrelated analysis methods, thus making it difficult to compare data on microplastic con-
tamination and distribution. Given their known oceanic distribution, a survey on the occurrence of microplastic
contamination and behavior in the freshwater environment needs to be conducted using a precise and accurate
standard analytical method. Such a method would facilitate a systematic and uniform approach to domestic and
international safety management and to the development of improvement plans needed to mitigate microplastic
contamination. In this study, we have summarized the technologies recently applied for microplastic analysis
and for the investigation of microplastic occurrence in the freshwater environment. We have also presented a
review on the analysis and evaluation of microplastic contamination in the future.
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Table 1. Global prohibitions applicable to products containing microbeads.
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Country Legislations

Enforcement date for prohibition  Type of products

Manufacture Sale prohibited
USA Microbead-Free Waters Act of 2015 July 2017 January 2018 Rinse-off cosmetic
products
Canada Microbeads in Toiletries Regulations (SOR/2017- January 2018 July 2018 Rinse-off cosmetic
111) products
The Environmental Protection (Microbeads) Rinse-off cosmetic
England (England) Regulations 2017 January 2018 June 2018 products
Rinse-off cosmetic
New Zealand Waste Minimisation (Microbeads) Regulations 2017 ~ June 2018 June 2018 products/ abrasive
cleaning products
Scotland Environmental PrOteCthI.l (Microbeads) (Scotland) June 2018 June 2018 Rinse-off cosmetic
Regulations 2018 products
Northern The Environmental Protection (Microbeads) Rinse-off cosmetic
Ireland Regulations (Northern Ireland) 2018 March 2019 March 2019 products
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Content Very high solids Rich in solids Low in solids Nearly solids-free
Filterable substances/
plankton >500 mg/L 100-500 mg/L 1-100 mg/L <l mg/L
. . Sewage plant effluent, Groundwater,
Examples Sewage plant intake Street drainage surface waters Mineral water
Recommended sample <01 m? 01-1m’ 1=5 m? >5 m3
volume
Particle analysis 3 3 3
(50-1000 1im) 50L 5m 15m 5000 m
Particle analysis 5mL 500 mL 1L 500 L

(1-50 pm)
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Table 3. Separation of polymer types based on solutions used for density separation.'”

Polymer Density(g/om’) Water \ NaCl s Nal \ ZnBr, \

(1.0 g/cm’) (1.2 g/em’) (1.6 g/cm”) (1.7 g/em’)
PP 0.9-0.91 + + + +
PE 0.92-0.97 + + + +
PA 1.02-1.05 - + + +
PS 1.04-1.1 - + + +
Acrylic 1.09-1.20 - + + +
PMA 1.17-1.20 - + + +
PU 1.2 - + + +
PVC 1.16-1.58 - + + +
PVA 1.19-1.31 - + + +
Alkyd 1.24-2.10 - - + +
Polyester 1.24-23 - - + +
PET 1.37-1.45 - - + +
POM 1.41-1.61 - - + +

Legend: + = separation; + = possible separation; - = not separated. Polymers: PE = polyethylene; PP = polypropylene; PS =
polystyrene; PA = polyamide (nylon); POM = polyoxymethylene; PVA = polyvinyl alcohol; PVC = polyvinylchloride; PMA
= poly methyl acrylate; PET = polyethylene terephthalate; PU = polyurethane
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in relation to the analytical methods applied.?'*?
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Table 4. Occurrence of microplastics in freshwater.

33-55)

Water sample Sampling Pretreatment Analytical methods
. . Cutoff Result
Type Location Volume Method Cutoff size(pum) Method size(um) Method (particles/L)
1 River ~ Uhlava River (CZ) 1L Grab - Filtration 0.2 SEM + Raman 1,296
2 River Great La?g];r)lbutanes 6-768 m’ Neuston net 333 WPO+Filtration 333 Microscope 0.016
3 River Saigon River (VN) 03L Grab, Mesh net 300 WPO+Filtration 2.7 FT-IR 346
4 River Ra“ﬁ%?”“ 1335m3  Plankton net 153 WPO(Fe(II))+Filtration - Microscope 0.0051
. North shore channel WPO(Fe(Il))+Density Microscope+
5 River (US) NA Neuston net 333 separation- Filtration 300 Pyro-GC/MS 0.0049
6 River River Seine and NA Plankton net 80 Filtration 1.6 Microscope 0.03
Marne (FR) ’ P ’
7 River River Seine and NA Plankton net 80 WPO(Enzyme)+Density separation 1.6 Microscopet+FT-IR 0.05
Marne (FR)
8 River Hudson river (US) 3L Grab - Filtration 0.45 uFT-IR 0.98
+ .
9 River Autua river (PT) NA Pump, Filter 55 WP(.) DeT]SIty. 55 FT-IR 0.66
separation+Filtration
10 River Ottawa river (CA) 100 L Grab, Filter 100 WPO-Filtration 100 Microscope 0.1
Three Gorges .
+ . .
11 Lake Reservoir (CN) 25 L Pump, Mesh net 48 WPO-+Filtration 0.45 pRaman 7.1
12 Lake Taihu Lake (CN) 5L Grab - WPO+Filtration 5 SEM + FT-IR 14.6
13 Lake ~LakesandRiversin ),y b Nesh net 50 WPO+Filtration 0.45 SEM + FT-IR 525
Wuhan (CN)
Dongting and Hong e
14 Lake 20 L Pump, Mesh net 50 WPO+Filtration 0.45 SEM + Raman 2.78
Lakes (CN)
Lakes Bolsena and 3 I .
15 Lake .. 429-533 m Manta trawl 300 HCl+Filtration 5 Nile red, SEM 0.0026
Chiusi (IT)
. . . T
16 Lake  LAunialanselkaBasin o, Grab 250 WPO(Fe(Il))+Filtration 0g  MicroscoperFIIR, -, 5
(FD Raman

681



Table 4. Continued.

Water sample Sampling Pretreatment Analytical methods
. . Cutoff Result
Type Location Volume Method Cutoff size(pm) Method size(um) Method (particles/L)
Wastewater Seine-Centre . I .
17 (Effluent) WWTP(FR) 50 mL Composite sampler - Filtration 1.6 Microscope 35
Wastewater ~ Kenkaveronniemi o Microscope+FT-IR,
- - .
18 (Effluent) (FI) 4-30L Grab 250 WPO-Filtration 0.8 Raman 1
Wastewater . Microscope+FT-IR,
19 (Effluent)) Langeviksverket (SE) 1000 L Pump 300 - - Raman 8.25
Wastewater .
20 (Effluent) WWTP(DK) NA Autosampler, Filter 10 WPO(Enzyme) - FT-IR 54
Wastewater Seine-Centre WWTP . o .
21 (Influent) (FR) 50 mL Composite sampler - Filtration 1.6 Microscope 293
. . T
2 Wastewater ~ Kenkaveronniemi 430 L Grab 250 WPO-tFiltration 0.8 Microscope+FT-IR, 576
(Influent) (FD Raman
Wastewater ~ Langeviksverket Microscope+FT-IR,
23 (Influent) (SE) 2L Ruttner sampler 300 - - Raman 15.1
24 Wastewaler s ) NA  Autosampler, Filter 10 WPO(Enzyme) - FT-IR 7216
(Influent)
25  Tap water DWTP Plzeni (CZ) 1L Grab - Filtration 0.2 SEM + Raman 151
14 countries o Staining+Microscop
26  Tap water (US, EU etc)) 500 mL Grab - Filtration 2.5 . 5.45
27  Tap water DE ]200£1500 Pump, Filter 3 WPO - FT-IR 0.0007
28  Tap water DWP(CZ) 1L Grab - WPO-+Filtration 0.2 SEM+uFT-IR 483
9 countries Staining+Microscope
29 Bottled water (US, CN efc.) 052 L Grab - - - TFLIR 3354
30 Bottled water Single use (DE) 0.5-1 L Grab - Filtration 0.4 pRaman 2649
31 Bottled water  Reusable (DE) 05-1 L Grab - Filtration 0.4 puRaman 4889
32 Bottled water DE 0.7-1.5 L Grab - - - puRaman 14

06T
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