Comparison of PSD methods

Andras Makod



3 examples

1. Comparison of two sieve-sedimentation (pipette) methods:
* Hungarian standard (MSZ-08-0205-78)
* ISO/DIS standard (ISO/DIS 11277:1994; )

2. Comparison of LDM and sieve-sedimentation (pipette) method:

 Malvern Mastersizer 2000
* ISO/DIS standard (ISO/DIS 11277:2009E )

3. Comparison of LDM and sieve-sedimentation (pipette) method:

* Malvern Mastersizer 2000
e Hungarian standard (MSZ-08-0205-78)
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Two sieve-sedimentation (pipette) methods:

A talajok mechanikai dsszetétel vizsgalata pipettas iilepitéses
modszerrel: a hazai és a nemzetkozi szabvany szerinti eljarasok

osszehasonlitiasa és konverzioja o Hungarian standard (MSZ-08-0205-78)
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A mechanikai dsszetétel adatbazis talajmintainak szarmazasi helye (zarojelben a feltart
szelvények szama)

69 soil profiles; 339 soil samples
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A két madszerrel meghatarozott mechanikai bsszetétel frakeiok dsszehasonlitisa

» the pre-treatments applied as part of the ISO/DIS
method may change the ratio of particle size fractions

» there was a significant increase in the clay content

» the silt content decreased to a lesser and the sand
content to a greater extent,

» possibly because some of the particles remain in
micro-aggregate form when the MSZ method is used.



2. tablazat
Az [S0O/DIS agyag-, por ¢s homokfrakciok becslésére javasolt pedotranszfer fliggvények

(1) beesiilt agyagisoms = 64,501+ 0,013 * (Awsz)’ — 641,424 * (1 / Pusz) — 0,019 * (Ayssz
* Pusz) + 0,011 * (CAY — 0,100 * (Hysz * OM) — 0,214 * (pHpw 2 + 2,977 * (1/ OM) —
0,090 * (Pysz * OM) + 1,212 # (pHpy * OM) — 0,007 * (OMpysz * CA) — 0,009 * (Pysy *
Husz) + 0,032 * (Awsz * pHpy) — 0,859 * (OM)? + 0,002 * (1 / CA) + 4,868 * OM

(2) beesiilt homokisoms=— 3,828 + 475,114 * (1 / Pusz) + 0,009 * (Hysz * CA) — 0,008 *
(CAY + 0,374 * Hysz + 0,005 * {Ansz * Husz) — 0,002 * (Ansz)” — 0,017 * (Hysz * OM) +
0,003 * (Husz)’

|:_3} becsiilt POLsoms = 104 {bEﬂEu [t agvagisoms T becsiilt ]'I.'I'.'II'.I'H'_'Illi'q:-;,u.'um}

*Amsz, Pusz, Husz: az MSZ madszerrel mért MO (agyag-, por-, homok-) frakciok (< 0,002
mm, 0,002-0,05 mm, > 0,05 mm) (%); OM: humusz tartalom (%); CA: CaCO- tartalom
(% ); pHpy: deszullalt vizes szuszpenzidoban mért pH
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4. abra
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A javasolt konverzios egyenletek becslési pontossaganak és megbizhatdsaganak

bemutatasa (R*: a mért MSZ és ISO/DIS frakcidk, illetve az MSZ frakciokbal beesiilt és
mért ISO/DIS frakciok kozti determinacios koefficiens; RMSE: a mért MSZ és ISO/DIS

frakciok, illetve az MSZ frakciokbal begsiilt és mért ISO/DIS frakciok kozti atlagos
négyzetes eltérés négyzetgyoke (m%))

A kiilonféle modszerekkel mért és a konverzios egyenletekkel becsiilt mechanikai
osszetétel eredmények dsszehasonlitisa USDA haromszagdiagramokon, a Kemel

» The estimated ISO/DIS fractions became much closer to the
measured ones when the suggested pedotransfer functions were
applied.

» The conversion method proved to be more reliable for the
prediction of clay and sand content than for silt content.

» Inits present form the estimation method is not suitable for
replacing the ISO/DIS method, but it could be of good service in
research and comparative analysis in cases where only the MSZ
method can be used or where only old MSZ PSD data exist.

a. b. c.
A (MSZ - 1SO/DIS) A (becsiilt ISO/DIS - 1SO/DIS) '

A (becsiiit 1ISO/DIS ~ 1SO/DIS)

3. dabra

stiruségfiiggvény abrazolasaval

A (MSZ - 1SO/DIS)

6. abra
A MO pontparok térbeli tavolsaga a.) az MSZ MO és ISO/DIS MO, valamint b.)
MSZ MO-bél pedotranszfer fiiggvénnyel konvertalt ISO/DIS és mért ISO/DIS MO
haromszigdiagramokon dbrazolva (a nagyobb buborékok az egymastol messzebb, a
kiscbbek az egymishoz kdzelebb clhelyezkedd pontparokat jelélik), ¢.) a tavolsagok
egymashoz viszonyitott ardnya mintanként
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Pedotransfer functions for converting laser diffraction

particle-size data to conventional values
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The INCAS soil daralviee

The Land Use/Land Cover Area Frame Survey (LUCAS) is the first
consistent spatial database of the soil cover across Eunope, Around
22 (00 soil samples were collected from 1068 of the survey points
by stamdard sampling procedures, and were analysed in a cemfied
laboratory with unifbed standard methods (Tath ergl,, 3013,

[."'n.rrmng the LUCAS twopsml samples, 400 were :-a:l-:nn:-;l] bor rep-
resent the varation and differentiation in s;l cover (Table 1). The
selection was stratified by texture closses and land cover, followed
by simple random sampling in each stratam wsing the B package
grawar { TillE & Matei, 2005) Finally, we verified that the repre-
sentation of soil characteristics {e.g. organic carbon and calcium
carbonate content), climate zones and countries in the selected sam-
Flll::-i Wik l;-:rlnpilml;llr: with that 1 the Tull dataset.

[ Sieve—ppipeite method (SPM ). ]]'h:: P50 was determined by a com-
banation of sieving and sedimemation, st i =3ibz
(depending on soil wexre) air-dried sed| (IS0 1127720000, (Par-
tches of 632000 pm {sand fraction) were determined by a com-
banation of wel and dry sseving. Particles passing the 63-pm sieve
were deternvned by sedimentation with the pipetie method. A parti-
cle density of 2650 kg m™* was used 1o calculate the sedimentation
nime, “Calgon” {(containing 33 g sodium hexametaphosphate and
T g anlydrous sodium carbonate in 1] squeous solution) was wsed
for chermcal dispersson, The pretreated suspension was shaken for

18 hours on an end-over-end shaker, The percentages (mass %) of
the constiteent fractions (sand, 63 <2000 pm; silt, 263 pm; clay,

< 2 pm) were obtaned Trom the PSD analysis,

[ Laser diffraction method riﬂj'l-:!'.l.]ﬂ[h'lasl-:-rs.izcr Eﬂﬂﬂ]l Malvern

Instruments, Malvern, UK) laser diffraciometer. which mcasures
within a size range of 0.02-2000pm (Mastersizer 2000 User
Manual, 1999, was used for LDM analysis (IS0 133302009},
Measurements were made with -.{H:,'dn:u 20000 dispersion unit. ]
The PSD was wsually determined on two or three replicates
{measuwrement of distinct subsamples) with the LDM. I the shapes
of the PSD curves of two repetiions were largely dissimilar, a
third measurement was made, The mass of dry soal samples placed
inte the dispersion wnit was in the range of 0.5-1g depending
on the ‘obscuration’ of the soil suspension after dispersion, In

this comtext obscuration 15 a measure of the amoumt of the light

scattered by the sonl particles and correlates with the concentrion
of measured matenal present in the laser diffractometer, According
1o e Blastersrzer 000 manual, the obacwraton valoes should e
hetween 10 and 2095
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Figure 1 Comparison of the interquartile ranges of soil partscle-size fractions measured by different (SPM, sieve - pipette: LDM, laser diffractometer) methods
for different pretremtments: (a) OMNR, organic matter not remaved: (h) OMR, organic matter remaved.
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Figure 4 Lm's concordance correlation coefficient (CCCT values of the laser diffractometer methods { LDMs) and sieve - prpetie methods (SPMs) (a) chay-silt
and (b) sili—sand fraction boundanies measared for the different datisers (OMNRL organic matter not removed: OMR, orgamic matter removed). The yv-axis
gives Lin's COC of the (4) 14 cumuldative seze classes of the LDM clay (from < 14 1o < 100pm) and the SPM clay (< 2 pm) fraction and (b) 12 cumulanive
size classes of the LDM sand (from > 30.2 1o > 1384 pm) and the SPM sand (> 63 pm) fraction,
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Flgure & Comparison of the inerquartile ranges of soll parscle-siee fractbons measwred by different methods {SPM, sieve—plpette; LDM, laser diffractomeserh
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Tahle 2 Recommended conversion pededramsfer funclions (FTFs) for comtinemtal scale applications in Europse.
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Figure 8 Disinbution of soil textures i the USDA textural tiangles: (a) messured by sseve—pipetie (SPM) and laser dilfractometer (LDM) methods for the
OMNR (organic matter not removed) dataset, (b) messured by SPM and LDM with modafbed fraction boundarics for the OMNR dataset. () measured by SPM
and LDM tor the OMR (organse matser removed) dataset, () measuned by SPM and LDM with moditbed fraction boundanes for the OMR dataset, (¢) messured
by SPM and converted LDM for pedotransfer functions {PTFs) 6 with the OMNR dataset and (£) measured by SPM and comverted LDM for PTEs6 with the
OMR dastaset.
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Evaluation of soil texture determination using soil fraction data resulting
from laser diffraction method**
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rial. The bulk samples were taken from boreholes with
a depth of approximately 2 m, depending on the layering
of the profiles. 155 soil samples were collected from the 53
soil profiles (Fig. 1.

f a2 s el e i < !

Fig. 1. Map of soil sampling points.

| SPM MSZ prucedure !The PSD was determined by
d sedimentation, starting from
a 25 g sample of air-dried soil. Particles smaller than
2000 pm and retained on a 250 pm aperture sieve (coarse
sand fraction) were determined by a wet sieving procedure.
Particles, which passed through the latter sieve were deter-
mined by sedimentation using the pipette method. For the
calculation of sedimentation time it was assumed that the
mean particle density is 2.65 Mg m”. The method does not
require pre-treatments (organic matter, CaCO; or iron oxy-
hydroxides removal) before the measurements take place.
The chemical dispersion was performed using sodium
pyrophosphate (55.8 g L"). The physical method used to
facilitate the dispersion was shaking the pre-treated suspen-
sion for 6-10 h on the end-over-end t,ha](EL-B)Lpo:l-ll;u:u:l-mgj
the PSD measurements according to the MSZ standard,
the percentage (mass %) of the constituent fractions (SPM-
MSZ sand: 2000 pm to 50 pm; SPM-MSZ silt: 50 to
2 pm; SPM-MSZ clay: < 2 pm) could be calculated.

| LDM procedure: |For LDM analysis the( Mastersizer |
[ 2000 (Malvern Company, UK)|laser diffractometer was
used (ISO 13320:2009). This instrument allows for the
measurement of the PSD (volume, %) within the size
range of 0.02-2000 pm (Malvern Operators Guide, 1999).

The measurements were conducted using a[H}rdru 20000 ]
dispersion unit. The PSD measurements using LDM were
usually repeated twice. Third or fourth repetitions were
measured, when the two previous repetitions were signifi-




10~

R =2

Particle-size fractions (%)

20+

0 L

|

SPM-MSE LDM 5PM-MEE LD 5PM-MSEE LDM
_clay _clay _silt _silt _sand _sand

1 Hi

Fig. 2. Comparison of the interquartile ranges of soil particle-size
fractions as measured by different PSD measurement methods.
SPM-MSZ: PSD from a sieve-pipette according to the Hungarian
standard; LDM: PSD from a laser diffractometer using the origi-
nal fraction boundaries.
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Fig. 3. Lin"s concordance correlation coefficient (CCC) values of the LDM’s and SPM’'s (A and B) clay-silt and (C and D} silt-sand
fraction boundaries. The y-axis gives Lin’s CCC of the (A and B) cumulative size classes of the LDM_clay (from <1.4 to <10.0 pm)

and the SPM-MSZ clay (<2 pm) fraction and (C and D) cumulative size classes of the LDM_sand (from =30.2 to =138.4 pm) and the
SPM-MSZ sand (=50 pm) fraction.
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Fig. 2. Comparison of the interquartile ranges of soil particle-size
fractions as measured by different PSD measurement methods.
SPM-MSZ: PSD from a sieve-pipette according to the Hungarian
standard; LDM: PSD from a laser diffractometer using the origi-
nal fraction boundaries.
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Fig. 4. Comparison of the interquartile ranges of soil particle-size
fractions measured by different (SPM-MSZ, sieve-pipette accord-
ing to Hungarian standard; LDM, laser diffractometer) methods
with modified (optimal) PSD boundaries. The 'LDM clay,.,".
'LDM silt, ;" and "LDM sand,,," indicate the modified fraction
boundaries.



Table 2. Recommended conversion eguations (pedotransfer functions)

Conversion model

SPM-MSZ_clay,.; = —22.24 + 0.62 x LDM sand,; + 11.89 x VLDM _clay,q + 111.93 * I/pH(H,0) — 7.77 % 1/humus — 25.67 =
log,,LDM sand,, — 27.67 % log,humus

SPM-MSZ_silt g =~ 10.47 — 0.36 = LDM_sand,,,, + 0.01 = LDM _silt,.,*+ 0.18 = pH{H.0) " + 4,75 = Vhumus + 19.92 =
log,,LDM sand,,..,

SPM-MSZ_sand,.,= 100 — (SPM-MSZ_clay,...+ SPM-MSZ_silt,..,)




Table 3. Evaluating similarities in the fractions from LDM and SPM-MSZ based on the RMSE values

Clay fraction ﬁf;i'&; Silt fraction {R;H;f; Sand fraction ff;ﬁ
LDM clay 25.0 LDM_silt 27.0 LDM_sand 5.5
LDM eclay, . 6.5 LDM silt,,., 5.7 LDM sand,, 53
SPM-MSZ_clay,. 5.5 SPM-MSZ_silt, 4.8 SPM-MSZ_sand,. 4.8

Table 4. Evaluating similarities in the fractions from LDM and SPM-MSZ based on Lin’s CCC values

Clay fraction Lin's CCC Silt fraction Lin's CCC Sand fraction Lin's CCC
LDM clay 0.14 LDM_silt 0.19 LDM_sand 0.90
LDM clay,,. (.83 LDM silt,,., 0.85 LDM sand,,., 0.91

SPM-MSZ_¢lay,. 0.89 SPM-MSZ_silt,,. 0.90 SPM-MSZ._sand,,. 0.92




SPM-MSZ

Fig. 6. Particle-size data of samples (N = 325; each sample represented by a black dot) plotted over the USDA soil texture triangle
(Moeys, 2014) according to their % of clay, % of silt and % of sand particles. Abbreviations for the textural classes are: Cl - clay, ClLo
~ clay loam, L - loam, LoSa - loamy sand: Sa - sand; SaCl - sandy clay, SaClLo - sandy clay loam, SaLo - sandy loam; Si - silt, SiLo
~ silt loam, SiCl - silty clay, SiClLo - silty clay loam. Contour lines denote the points with the same occurrence frequency.



