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Abstract: This review summarized research trends regarding sample collection methods, pretreatment method,
and types of analysis devices for microplastics (MPs) in soil and groundwater matrices. Soil sampling considers
the selection of sampling location, depth, and volume. The typically sampling depth is within 15 cm (topsoil),
and about 1 kg of mixed each sample. Among spot sampling and continuous flow sampling, groundwater
sampling mainly used a continuous flow sampling, with collection rates 2 to 6 L/min in the range of 300~1,000 L,
and followed by immediate on-situ filtration. Pretreatment method, applied to soil and groundwater, consist of
organic digestion and density separation. In the organic digestion method, H,0, is recommended among H,0,,
acidic, alkaline, and enzymatic method. NaCl is primarily used as a reagent in density separation. However,
depending on the density of MPs, other regents can be selectively used like ZnCl,, ZnBr,, and etc. Representative
analysis device includes Fourier Transform Infrared (FTIR) and Raman spectroscopy for non-destructive analysis
and Pyrolysis Gas Chromatography Mass Spectrometry (Py-GC/MS) for destructive analysis. p-FTIR and Raman
can count MPs of larger than 10 and 1 pm, and analyze MPs materials. However, it is need to sufficiently
remove interference, like organic matter, in spectroscopic analysis using essential pretreatment method. Py-GC/
MS is being continuously researched because it doesn’t require complex pretreatment method and allows
quantitative analysis of specific materials.
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Microplastics sampling
Soil Groundwater

* Method: composite sampling * Method: continuous flow sampling and

* Sampling: top soil (<15 cm) and about 1kg || on-site filtering

* Sample preparation: natural dry or using * Flow rate: 2~6 L/min

oven (40~70°C), and 2 or 5 mm sieve * Amount: 300~1,000L

Sample pretreatment

Organic digestion Density separation
*30 % H,0, (Main)
* Fenton 5
oA * Selective use of reagents
o Akl (ex : NaCl, ZnBr,. ZnCl,, and etc)
* Enzyme
Analysis
FTIR (>10 pm), Raman (> 1 pm) Py-GC/MS
* Must need pretreatment * Difficult to analyze large
* Analysis time: 24~36 hr quantities of sample
* Result Information * Analysis time: 12~24 hr
- Counted number * Result Information
- Material - Total mass
- Size - Material
- Shape - Mass by material

Fig. 1. The review results of the microplastic standard method in soil and groundwater.
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Table 1. Soil sampling and pretreatment methods for microplastics analysis

. . Sampling Depth  Amount Dry temp. Sieve DI Pretreat-ment ~ Density Organic
Country Location Point method (cm) (kg) (°C) (mm) amount (g) separation digestion Ref.
Netherlands Limburg - - 0~30 - 40 2 - - - [33]
Random Distilled
Chile Melipia Farmlands . . 0~25 - 40 2 - water, NaCl, - [34]
3-point mix )
ZnCl,
Natural dryin 10 0
Random 0~5, e 305 % Hy0,,
Lake Den 6-point mix 5.10 - 2,0.25, 30 Nal 10 % FeSO4, 0.5 [30]
P 60 0.05 M NaOH
Shanghai 3-point mix 0~10 1 70 - - NaCl 30 % H,O,  [37]
Random 3-
Wuhan point mix 0~5 2 - - - ZnCl, - [39]
4-point mix
Hangzhou (Mulching 3,  0~10 1.4 Natural drying 5 50 NaCl, Nal 30 % H,0, [44]
Demulching 1)
0~10, . Distilled
Northwest - 10~30 0.1 Natural drying 2 10 water - [31]
. 3-point mixingat
Shaanxi 3 m intervals 0~10 2 70 2 50 NaCl H,0, [40]
Farmlands 05
Shihezi mix 5~20, - Natural drying 5 20 Nal 30 % H,O, [41]
China 20~40
Shenyang
Agricultural - 0~100 - Natural drying 5 20 ZnCl, 30 % H,O,  [46]
University
Shanghai 3-point mix  0~3, 3~6 1 70 - 50 NaCl 30 % H,O, [27]
Xingshuangbanna 4-point mix ? (;l;)(,) 1 60 - - - 30 % H,O,  [47]
Natural drying
(before sieve) o
‘Wuhan Mix 0~5 0.1< 60(before 0.15 20 NaCl, ZnCl, 30 % NOH [38]
R ‘NaClO
Density
Separation)
. Lake . . . Nal, ZnCl, o
Jiangsu sediments 3-point mix - - Natural drying - - NaCl, 30 % H,0,  [36]
Marine Random
Shandong Soil 2-3-point mix 0~2 4 105 - - Nal - [32]
. . . 200
. Rivers, 2-point mixing 0.488-
Lan River floodplains 5 m apart (core 3935 + 25 . . B [43]
Germany sampling)
Franconia Farmlands Multipoint mix ~ 0~5 SL 60 - 300 mL - - 28
(wet) (28]
Yongin 3~6-point mix 0~5 0.2 Natural drying 5 200 ZnCl,, CaCl, 35 % H,0, [45]
0.05 M FeSO,,
South korea Yeoju Farmlands o intmix ~ 0~5 - 60 5 50 ZnCl,  H,804,30% [19]
H,0,
. . Random 0~10, Distilled
Spain Valencia Farmlands 4-point mix 10~30 0.1 40 - 3 water, Nal - [42]
NaCl, CaCl, 13 % KCIO,
Riverside 50 % NaOH,
Switzerland - floodpl ir; 5-point mix 0~5 0.9 Natural drying 2 50 96 % H,S04 [29]
oodpia 65% HNO;
30 % H,0,
3. EQF U X|5lx Al2xFH ISO-TC 190 (Soil quality)E w2 Z o] u}ghz] e}
W TS

3.1 EQF AZAF

15014 B 5 vAZeaY ARAAE Sl
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Table 2. Groundwater sampling and pretreatment method for microplastic analysis

Sampling Filtration

Flow rate Depth Density ~ Organic

Country Location Point Sampling method (L/min) volume  diameter (m) separation  digestion ef.
@) (um)
25, 45,75 30% H0,,
China Guangdong Around the landfill - - 4 ’ 50’ > 23,37 Nal 0.05M [54]
Fe(Il)
Australia Victoria Farmlands - 1 15 2~29 CaCl, 30 % H,O, [22]
Poland Xavier Drinking water - 5 04 - ; - s
source .
. . Spot sampling
India Chennai Around the landfill 1 0.45 3~30.48 - - [49]
Ttaly Parma Around the Industrial R 5 10 Alluylal K2COs 30 % H,0, [53]
complex aquifer

United States Tllinois Karst L"‘r"atg"w 2 045 Spring, <65 - - ne
Holdorf L 5 300, 1,000 3 <30 ZnCl, 30 % H,0, [48]

Germany Drinking water 107 1,300

- N » - _ 0,
source 60,7 ~13.700 5, 20, 100 30 % H,0, [50]
India Tamil Nady ~Atoundthelndustrial - About 34 50 <20 Nal 30 % H,0, [51]
complex Continuous flow
Vietnam Danang Around the landfill sampling - 5 0.45 15~38 Nal 30 % H,0, [52]
France Nantes Around the landfill . 8.8~10.2 10 Alluvial . . [58]
aquifer
Coastal Basin Farmlands - 500 20, 100 5.1~80.1 30 % H,0, [55]
The East Sea, . o

South Korea Samcheok Farmlands 2~6 500 20 3~120 Li,WO, 30 % H,O, [56]
Jeju Island Volcanic area 3~4 500 20 60~240 30 % H,0, [57]
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Table 3. Advantages and disadvantages of major organic digestion methods

Purification method Advantages

Oxidative digestion Inexpensive

Acid digestion Rapid (24 h)

Alkaline digestion Effective

e Effective
Enzymatic digestion

Minimal damage to most polymers

Minimal damage to most polyers

Disadvantages Ref.
Temperature needs to be controlled [126]
Several applications may be needed

Can attack some polymer [127]
Damages cellulose acetate [88]
Time-consuming (several days) [70]
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0
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(NaCl) 46.6 115-13 Easy o use - Multiple washes and time consuming for  None
M recovery
- Low recovery rate(<90%)
erl(cZIcl}g{) ;lde 19 1.5-1.8 - Cost-effective - Dangerous and corrosive Risk
2
Zinc bromide 17 17 : I(Efzss}tl-:f)f;ft?ve - Environmentally hazardous Risk
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Table 5. Features of microplastic analysis equipment

Cut-off size  Duration

Instrument and mass (hr) Advantage Disadvantage Ref.
- Suitable for analysis of microplastics - Interfered with organic matter, moisture,
of small particles and soil properties
WFTIR >10 um - Easﬂy' dlstlpgulshe§ plastic from - lnterfergd with the aging of microplastics  [104,
organic or inorganic substances - Expensive 106, 128]
- Capable of analyzing thick or opaque - Long analysis time
samples - Pre-treatment required
Non-destructive - Interfered with organics, microorganisms,
24~36 : ;
method fluorescent substances, and inorganic
s substances
B th‘tle interference gffect from water There is a possibility of degradation of  [69, 74,
Raman >1 um - Suitable for analysis of very small sized . b
. . microplastics by laser 108, 110]
microplastics .
- Expensive
- Long analysis time
- Pre-treatment required
Pyro-GC/ " Ongani plstc aloss posiple LM< sample volume
T >0.1 mg g P YSIS P - Physical features cannot be analyzed [119, 121]
MS - No pre-treatment required . L .
. - Difficulties in data analysis
b " - No analyzable size range
erlal cSi1sve 12~24 - Relatively fast analysis speed - Physical features cannot be analyzed
¥ - High analytical sensitivity - Internal standard verification required to
TED- . . - [110, 122,
GC-MS 0.5~100 mg - Capable of large sample volumes eliminate interference effects by environ- 124]

- No pre-treatment required
- No analyzable size range

mental media
- Difficulties in data analysis
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