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Cross cutting theme: Soil quality

Soil texture analysis by laser diffraction - method and
instrument comparison with a focus on Nordic and
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Our mission

Comparison of particle size distributions from
three laboratories applying their own operating
procedures and laser diffraction instruments on a
set of soil samples from boreal and temperate
forest soils
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Challenge: Igneous rock, mafic and felsic minerals in parent
materials, biogenic and sedimentary rocks — Moh'’s scale

e Soils formed in: MAT -2 to 8 °C and MAP 300 - 4000
mm yr on highly diverse parent materials

Iron rich Podzol, Jalster, Norway (O. Janne Kjgnaas), weak soil development in Arenosol, Kalsnava forest,
Latvia (Ingeborg Callesen), volcanic Brown Andosol with black basaltic ash layers which can be used to
date the profile. At 60-70 cm is Hekla 1510, Arnes, Iceland, (Olafur Arnalds). Classification according to
World Reference Base (2015).
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Many available methods and instruments for
soll texture analysis - combinations

Basics for physics: Laboratory with constant temperature, free of vibrations
« Sieving, many sieve systems: for ISSS a 2 mm, and a 200 ym are essential

« Hydrometer — needs a calibrated floating weight and mm paper — some are very old -
very tedious calibration (Day, 1950)

* Pipette — quite rare

e Laser diffraction — debated — many brands and models - widely used on
soil samples range ~0 — 2 mm

 Pario and Pario+, based on the ISP method (Durner, 2017, 2020)
References:

Rasmussen, C, 2020. Particle Sizing in Geosciences: Explanation of Various Techniques and Pre-
treatments. Aarhus University, Denmark. E-book url:
https://ebooks.au.dk/aul/catalog/book/374, doi.org/10.7146/aul.374
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CARES III: Three laser diffraction instruments

» Coulter LS230, Helsinki University

* Malvern Mastersizer 2000, range 0.02 my to 2 mm, wet

a n d d r u n it Mastersizer -

Optical Unit
Sizaranga
Measuramant principle

Light sources

Optical alignment sysiam
Sample disparsion urit interchange

Laser system

lenses

o Wet unit
e Gravimetric dry unit

technical specifications

Specification

Materisls in the ranga 0.02pm to 2000pm

Mio scattenng

Red light: foreard scattesng, side scatterng, back scattering
Biue light: wide angle forward and back scattaring

Red light: habum-na-:ﬂ kaser

Blua light: solid-state light sourca

Automatic rapid Ilg sysiam with dark field optical reticle

Sampio dispersion units automaticaly recognized, cu:.nfgwacl and
anabled on insertion of measurement cell cassettas into szar

Measterswar 2000
Class 1 lasar product
Autosampler 2000:

Class 2 lasar product




Laser diffraction is not a wonder method,
pretreatment of samples is still needed

Basic treatment is air-drying, gentle crushing and 2 mm sieving

Evaluate:

e Humus (Carbon) 0 - 20% (10%)
e Calcium carbonate (0 — 50%)

» Sesquioxides (0 — 10%)

Pretreatment to disperse particles, break aggregates:
« Ultrasonication

e Mechanical mixing by milkshaker

» End-over-end shaking

e Chemical dispersing agent: Na,P,O - 10H,0

Effect:
Soft minerals and may dissolve or disintegrate — pretreatment affects results
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Soil texture by laser diffraction and hydrometer/sieving
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Coulter L5230 vs. sieving/hydrometer
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Coulter, Helsinki
University,

Soil samples from Norway
- spodic material and
heavy minerals

Texture issues:
Stokes law: v = 2/4(d; - db)gr/n

d,, density of minerals

CaCO;, Si0,,2.65 g cm?3

heavy minerals, e.g. biotite avg
3.09gcm3
K(Mg,Fe?*);[AlISi;0,,](OH,F),
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PIPETTE HYDROMETER ISP
Kohn, 1931 Casagrande, 1934 Durner et al_, 2017
3‘% '?"‘_ Technische
3 %E Universitat
",?i _,‘.:7' Braunschweig 2020-09-23 | Dumner et al.| Extended Integral Suspension Method ISP+ | Page 5
¥sct

Durner, W., S.C. Iden, and G. von Unold (2017): The integral suspension pressure
method(ISP) for precise particle-size analysis by gravitational sedimentation,
WaterResources Research, 53, 33-48, doi:10.1002/2016WR019830 (open access).
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Pario

E METER Pario CONTROL - Gie170a

E File A New Measurement ?.' Open Measurement

pevices P PREPARATION () RUNNING ¢» ReaDY TODRAIN B

Sample name File name

Example CLAY C:\Users\tnb109\

Vé62a L:\Documents\Fo

Gie170a L:\Documents\Fo

v

Texture Class ]

SAMPLE: Gie170a

Measured Data Particle Distribution Soil Triz

Feedback

Fil PARAMETERS

SAMPLE DATA

Measurement Data

Sample name

File name

Pario Mode
Measurement Duration
Counter for homogenization

Homogenization method

Suspension Data

Volume of suspension
Particle density
Mass of particles

Mass of dispersant

SIEVE DATA

Settings

11/10/2021

Help

iL \Documents\Fors

8

60

Overhead shaking

1.00/% g

G o

1000

2652 g/icm3

2502 g

tirsdag
05-10-2021

©
DAN

09:58

11
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versus Pario+

E METER Pario CONTROL - Gie170a_glass_|

K re

pevices P

& New Measurement

PREPARATION

K0

Sample name

Gie170a_glass_|
Example LOAM
Example SAND

Example SILTY CLAY

B= Open Measurement

RUNNING

File name

L\Documents\Fo.

C:\Users\tnb109\

C:\Users\tnb109\

C:\Users\tnb109\

SAMPLE: Gie170a_glass_|

Measured Data

Particle Distribution

Gie170a_glass_| @ Sieve data

L

READY TO DRAIN

Status

Export

Export

Export

Export

Texture Class

197

E

CDF

Soil Tri

ISP measurement

Measurement Data

Sample name

File name

Pario Mode

Ready to drain after

Counter for homogenization

Homogenization method

Suspension Data

Volume of suspension
Particle density

Mass of particles
Mass of dispersant

Dry Mass in effluent

11/10/2021

EGieWﬂa_gIa_ssJ

iL.\Ducuments\Fors

[PARID Plus

60 =

Overhead shaking

1.000/%

26515

3002

1200

0.980/

L
g/cm3
g
g

9

09:56

tirsdag
05-10-2021

L]

12
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Conclusion

« Different approaches to pretreatment at different labs
— soil geography

o Still various methods for measuring soil texture — very
different analytical principles

* Knowledge of soil constituents and pretreatment
effects is important — humus, lime, spodic material,
volcanic material

« Laser diffraction can yield instrument and set-up
specific results — great for large number of samples,
but remember calibration against reference samples.

e Pario+ Is a viable alternative. Capacity at UCPH is 2-4
per day — learning activity.




