SOSMA
Status quo of SOIl Sampling for
Microplastic Analysis

Kristof Dorau, Martin Hoppe, Daniel Ruckamp, Elke Fries

Fachbereich Boden als Ressource in der Abteilung Grundwasser und Boden,
Bundesanstalt fir Geowissenschaften, Hannover

BGR [
Bundesamt
I N

2022-10-19 | Microplastics in soils | SOSMA Project | Kristof.Dorau@BGR.de Slide 1/13




Introduction Systematic review - method Systematic review - results

Microplastic in soils —a solid analyte in a solid matrix
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Development of microplastic research in the environment

Comparison of MP studies in different media Close up of the temporal development
Articles published: soil = 2,278 / air = 5,159 / water = 9,221
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Soil < Air < Water
Soil — The forgotten resource of human livelihood

BBodSchG (1998), BImSchG (1982), WHG (1979)
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Categorization of groups to delineate MP In soils

Point source / targeted
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Method and workflow

Question Resources Prioritize Extract data Analyze Reporting

qWP Keywords @ ﬁ @ RStudio = Rmarkdown =
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ScienceDirect and Scopus:
Microplastic AND soil AND sampling / No reviews / only peer-review

Development of MP studies since 1980
Keywords: microplastic, soil, sampling

1250

1000 A

128 duplicates (pre-print etc.)

% ™ B \ ? « Batch experiments, synthetic soils, toxicity
§ o 106 /2,278 ‘ ) ‘ . 2,278 article (2022-05-02)
) 250- * 4,396 article (2022-10-17)
) _ l_l_rlr JabRef 2,118 =13 article per day
1980 1990 2o$2ar 2010 2020

Source: https://www.sciencedirect.com/search?gs=microplastic%20s0il%20sampling
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Method and workflow

Question Resources Prioritize Extract data Analyze Reporting

Keywords j = RStudio = Rmarkdown —
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2.2. Sample collection = oplcaton o occurre ranses and trmnso
Soil samples were collected in July and August 2018. Each farmland e e e s o
was considered as a sampling site, and contained three parallel sampling e ,,,‘,’;\,";:fr““" - e
points with distances of more than 50 m. The locations of the sampling = = i
sites were determined by a global positioning system locator. At each T eompon ™
sampling point within each farmland, an area of 0.3 x 0.3 m? was Natiich = o
set for soil sample collection. In the sampling area, crops and large e e e o
residues (larger than 5 em) were first removed from the soil surface. =2 trostet s, W o tnimintet Gl {bolompot
According to a uniform process, stainless steel shovels were utilized to g g
manually excavate soil from the top to the deeper layers. Topsoil in the == e o e [ Joe
surface, middle, and deep layers were collected at depths of 0-5 cm, RRLO03/8:0) i T T e .  Eo—
5-10 em, and 10-15 em, respectively. At each sampling point, approx- T - i S
imately 0.5 kg were collected from each layer, yielding a total of 270 soil = s Fandisch
S N : P ecke / Fapietl oot [miniambor —[PP Tuten Plosifaschen [ Numiniursbon 7 Po
samples, which were stored in cotton bags and then transported into the 00
T o
lab (East China Normal University, Shanghai) for analysis. u
-
2.3. Sample treamment Jez
£ 300 s i T
e i V36 [ Nl 20612 ez ]
According to our previous protecol (Liu et al., 2018, 2019b), satu- — 2 A L =
= ) ! o Mooy 3 o Tow G 6
rated NaBr (1.53 g em ) was applied to extract MMPs from soil sam- =TT a i Tranion
ples, based on the method of density separation. Soil samples were dried L SR T i :
at 70 °C for 24 h. After uniform mixing, 100 g of dry soil was delivered i — . IR, Pys GO TED {Stereomitroskop _:’m [Ariein
into a clean glass beaker. Then, the soil was mixed with saturated NaBr - Rl s T e
solution, and the mixture was stirred for 30 min. The mixture settled for S o
24 h, after which the supernatant was filtered through a 20-pm nylon net e et ’%‘w st S B i oo o

Manuscript
5 groups and 53 categories R

in preparation
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Point source / targeted
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« Most studies investigate targeted emission Targeted

Targeted: Agriculture source

pathways
. . . . . Source
« Aeolian input is rarely investigated Group =] oo
* Agriculture (plastic mulching) dominates for |:| Agriculture % Em
. Trafﬁc astic muicnin
most studies . [ Piastc muiching

. Urban

» Currently, derivation of “background values”

IS not a priority and in its infancy
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Point source / targeted
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Area for which the sample
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i e L Parameter measured
Soil classification analogue to MP content

103 £ 487 ha

° Organic matter content -

o System ¢ Texture -

10° . , , pH 1

. . Chinese Soil Taxonomy é‘ Water content -

NE 4 o ) Trace metals
£ 1077 oo KAS g Bulk density - I
© eee = ~ Soil nutrients - [
N 524 83 none Q Electrical conductivity - |
) S Bacterial community 1 |

Soil Taxonomy [} . Age dating -
10° 1 = ~ Specific surface area 1 |
. WRB Cation exchange capacity - I
Alkalinity - |

0 5 10 15 20 25
Counts

Size of the study site varies and in most cases not stated
The majority does not classify the soil (,irrigated desert soil”, ,maize soil®)

20% measures at least one of the important soil properties
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Sampling device

Systematic review - method

Sampling

Sampling depth

Systematic review - results
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Spade 1 — 0-
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Steel cylndor - - ' | categor 5.1 + 4.6 single samples
5 1 I I I gory -
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Trowel : : : Mass 50 A —
Spatula 1 . -
Van-Veen sampler - I I I Volume £ 7))
Vacuum - I I I Ch A
Core liner A | | | = 7Y
0 10 20 30 g '8 _
Counts ‘_6’ ; 1.8 £ 1.7 composite samples
n 2|
Sampling dleS|gn 1501 B DS
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| | | % ﬂ
I I I A
Transect 4 | | | 2004 O
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I I I
Raster ] | | | 0 25 50 oo 100 2.1 + 3.6 kg sample mass
| | | Counts
0 20 40 60 Black line is the LOESS fit through the data

Data points were jittered to prevent overlap

Counts

Knowledge < 30 cm soil depth terra incognita
Mass of single samples £ mass composite sample
Seldom larger representative elementary volumes (REV) are employed
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Size fractions

<54

< 2
<14
1-51
1-24
2-54
<0.51
0.5-11
<0.154
<0.054
Other mesh size -

Classification

10

(@

Counts

31 different mesh sizes
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Systematic review - method

Preparation

Mass for sample preparation
126 £ 174 g (DSP and SOM removal)
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Oven drying (60%; 53 £ 15 °C) > Air drying (39%) > Freeze drying (1%)

Density (g/cm?)
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Systematic review - results
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DSP solution
1.4 £0.2 g/cm?®
....... ZnCI2
....... 14/106
R S w—
NacCl
30/106

40 °C drying temperature is recommended (glass transition temperature is 40 °C for PE)

Hydrogen peroxide (76%) > Fenton’s reagent (21%) > Enzymatic reaction (3%)

SOM removal with H,O, is most popular but to variable extent (concentration, mass:vol ratio, temperature, duration)
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Analytics

Method for MP analysis

Stereomicroscope -
FTIR 4

ATR-FTIR
Raman

SEM A

SEM-EDX A
TED-GC-MS
GC-MS A
Pyr-GC-MS -
Pyr-GC-MS + ASE A
LDIR
ESI-Orbitrap MS

Method

20 40 60
Counts

- Particle counts (87%) > counts / mass (8%) > Polymer mass (5%)
« 95% of the studies use P kg

+ Pg*,P5g% P10g™ P30g™ P 100 g™ - upscaling (?)

- PP>PE>PS>PET

« 51 different polymers = heterogeneous fingerprint of polymer in soils
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Polymer under investigation
51 different polymers have been identified

PP -
PE -
PSH
PETA |
PVC-
PA-
LDPE A
PMMA -
PES
Nylon 1
HDPE A
PC+
Acryl -
PU A
PAN-
ABS A
Rayon -
PVA -
SBR+
PTFE-
POM+
EPSH
Silicone 1
PVDF A
PURA
PLA A
PDAP -
PBT-
EVA-
Other polymer

Other polymers that have been found in studies: VC, TWD, SIS, SBS,

PVS, PVF, PVAL, POA, PMA, PIB, PEG, PCU, NBR, MC, Latex,

HMPC, Epoxy, CPE, CN, CAP, CA, PVE
| |
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Summary

Selection of categories derived by the systematic review

| [ [ | Spectroscopic dominate thermoanalytical
methods = Ultimate goal is to quantitatively
obtain reliable results for both methods

Land use (Pasture, ...) 1

Analysis method (FTIR, ...) 1
Sampling depth 4

Soil management (Compost, ...) -
Sampling design (Random, ...) 1
Drying procedure -

Sampling device (Auger, ...) 1
Total number of samples 4
Number of mixed samples per field -
Mesh size -

Mass of the mixed sample -
Sample storage -

Sample pretreatment (Fenton, ...) -
Sketch of the study site 1

Sampling time -

Drying temperature

Size of the study site -

Soil properties

Reference material A
Homogenization in the field -

Soil classification (WRB, ...) 1
Homogenization in the laboratory -
Application of technical standard (DIN, ...) 1
LOQ/LOD information
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Conclusions

* There is a broad range of applied techniques for each of the pre-defined categories
* Sampling and sample preparation should be standardized for determination of MP in soils

* Recovery test should be mandatory to verify the success of the MP extraction protocol

Area and representativity Larger REVs Polymer mass = LOD/LOQ values
Particle counts = Upper AND lower size limits
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Thus, a guideline should include the holistic workflow from soil sampling, sample
preparation, and analytical requirements
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