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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

On-site determination of water contents in soil helps geological and geotechnical research as well
as commercial work in a variety of fields, especially in geotechnical engineering and agriculture. In
the civil engineering field, water content tests have been required for the investigation or treatment
of contaminated soils. At a disaster site, water contents specifying soil physical properties need to
be rapidly determined in a reliable manner on-site, to enable the design of suitable civil engineering
structures to relieve the damage caused or prepare appropriate remediation measures. Another
potential example is for commercially grown vegetables in greenhouses or in the field. The most
important need is to control the water content in the soil. In this type of scenario, quick, robust and

simpffe methods are needed. I Ne rapid screening method described in this documentis asijmple robust
on-site test method for water contents of soils and has been developed to meet suchratdemand. It is
basefl upon refractive index measurement of a sucrose solution after mixing with a sgibsample.

In laporatories, water contents are normally determined by weighing soil samples before and after
drying at a specified temperature (e.g. 105 °C). It is not practical, however, to@pply this tyge of method
to outdoor sites, since the method requires a time-consuming drying process.[Furthermore,soil samples
are donveyed from the sites to the laboratory with the need that the water content in a sojil sample be
mairftained during sample transport to the laboratory. The proposed-en-site method cap be readily
employed directly in the field and can be used to rapidly determine wiater contents at given| sites.

One ¢f the recent applications of water content tests is related tg global environmental protgction work,
e.g. qn the reduction of greenhouse gas emissions from soil{Management of water in sojl to control
greenhouse gas emission can help minimizing climate change issues, which depend on the conditions
of microbial properties in soil. CO2, CH4 and N30 are emitted from soil as a result of microbjal activities
that are activated by water at ambient temperatures.

The [largest supply source of carbon dioxide_is 'not necessarily from human activitigs, including
industrial facilities and transportation services, but vital natural activities in soil. Increases in
atmdspheric temperature cause the frozen ex-cold ground to melt or warm up to change enyironmental
condjitions for the soil microbes. These arestimulated and activated at relatively low soil t¢gmperatures
that pvill initiate their metabolisation-systems. If there is moisture and biomass that can be digested by
micrpbes in their environment, the microbes will immediately start metabolizing labile orgpnic carbon,
in bipmass resulting in carbon.dioxide that will be emitted into the air. This mechanism directly
contfibutes to climate change §ince carbon dioxide is the most common greenhouse gas.

Invegtigations have been ¢ayried out to try and map land across the world for such risks. Tw¢ techniques
can be used to monitef-the target parameters. The first one is observation of the parameters with
pandramic viewingusing satellites and planes equipped with infrared or near-infrared spectroscopic
detegtion devicesand the second one is a screening method such as that described in this document.
Datalobtained usihg the two techniques can be compared to correct, improve and/or compglement data
from| the lesstaccurate panoramic view technique. This will allow more accurate and detailed mapping
results of the potential risk from carbon dioxide emissions.

In this-context, a rapid check screening method for determination of water contents of soillhas become
an international social demand in an effort to assist investigation of climate change issues. As the scale
for investigation is very large, the refractive index measurement method with simple solvent extraction
of water from soil is considered suitable for such situations.

© ISO 2018 - All rights reserved v


https://standardsiso.com/api/?name=87477fbad203195dc8db1e6c81bd7aff



https://standardsiso.com/api/?name=87477fbad203195dc8db1e6c81bd7aff

INTERNATIONAL STANDARD ISO 20244:2018(E)

Soil quality — Screening method for water content —
Determination by refractometry

1 Scope

This document specifies a method for rapid determination of water content in soils. The method is
basepgomTefractive IMdeX MEaSUTENTENt Of O SUCTOSE SOIUtiom af ter it s mixed witira soit sample.

It is ppplicable to the determination of water content in geological or geotechnical(research as well
as ggotechnical engineering. In addition, it can be used for commercial work in a variety ¢f fields, e.g.
agridulture and civil engineering.

The yorking range is up to approximately 50 % moisture content. The precision of the metHod typically
ranges between 0,5 % and 1 % and depends on the type of refractometenthat is used.

The result of this method is strongly influenced by soil matrices. Highercontents of clay anfl/or organic
matter will lead to significant lower values for water content compared to standard methods such as
that flescribed in ISO 11465.

2 Normative references

Therk are no normative references in this document:

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO gnd IEC maintain terminological ddtabases for use in standardization at the following gddresses:

— SO Online browsing platferm: available at https://www.iso.org/obp

— IEC Electropedia: availabte at http://www.electropedia.org/

3.1
refractometer
devige for measuténient of a refractive index

3.2
saccharimeter
refractometer (3.1) that indicates a sucrose concentration instead of a refractive index

3.3
Brix degree
mass fraction percentage of sucrose in solution, which is related directly to a refractive index

3.4

temperature correction

function for a refractometer (3.1) or a saccharimeter (3.2) to correct measurement deviation caused by
atmospheric temperature when measurement is carried out at a temperature other than 20 °C

4 Principle

When a soil sample is mixed with a sucrose solution, the sucrose solution is diluted with water contained
in the soil.

© ISO 2018 - All rights reserved 1
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The water content in the sucrose solution is determined by refractive index or Brix degree measurement
with a refractometer. Both data are converted into water contents using a correlation curve established
with sucrose solutions spiked with a known amount of water.

5 Apparatus and reagents

5.1 Portable refractometer, which has a function of output in refractive index or Brix degree and a

function of t

Both ordina

emperature correction.

ry refractometer types and saccharimeter types are suitable.

5.2 Porta
requiremen

NOTE A

5.3 Sucro

ble electronic balance, with an appropriate level of precision and accuracy to-mmee
s for measurement of water contents.

balance capable of weighing to the nearest 0,1 g can be used in most cases.

se solution, 50 % in concentration.

5.4 Contajiners, such as plastic cups or glassware in dry condition, in which a soil sample an

sucrose solu

5.5 Filter
sucrose solu

tion are mixed.

ing device, in dry condition, such as a funnel with a filter paper to separate soil fror
tion.

6 Procedure

6.1 Selec

Confirm thd

tion of a temperature correction niode

t a temperature correction mode:hds been selected in the refractometer. If temper;

correction parameters are required for corréction, input required the parameters by followin

instruction

6.2 Creat

manual given by the manufacturer.

ion of a correlation curve

A correlatign curve is necessaty to convert the measured refractive indexes or Brix degrees o

sucrose soly
to on-site dd

Establish a
follows.

a)

Prepare

tion to water centents of the unknown soil. The correlation curve should be prepared
termination/of'water contents.

correlation’ curve between refractive indexes (or Brix degrees) and water conten

asucrose solution by carefully dissolving an exact amount of sucrose into measured v

t the

H the

h the

iture
b the

f the
prior

[s as

vater

and dilu

NOTE

te 1o 50U Yo In concentration.

In case a correlation curve has a gentler slope or solutions are difficult to handle because of high

b)

viscosity, sucrose solutions at lower or higher concentrations can be used, unless there is a problem with
inaccurate water content quantification.

Set up a correlation curve by adding different amounts of water to the sucrose solutions, for the
relevant range. For instance, if 10 g sucrose solution is used, add in the range of 0 to 4 g water to the
10 g of sucrose solution. Plot a curve with the amount of water added on the horizontal axis and the
measured refractive index or Brix degree on the vertical axis.
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6.3 Confirmation of refractometer performance

Before determination, set up and condition the refractometer to be used, according to the instructions
of the instrument manufacturer.

Measure the following samples to confirm the basic performance of the refractometer:
a) pure water;
b) sucrose solution with a concentration adjusted to 50 %.

Confirm that refractive indexes or Brix degrees match well with the expected readings of the
refrgdctometer.

6.4 | Procedure for on-site determination of water contents

a) Take arepresentative soil sample and homogenize if necessary.

b) Weigh 10 g to 30 g of the sampled soil with a portable electronic balance(5.2).
c)

[Veigh out the sucrose solution with a portable electronic balance'(5:2). The amount of the sucrose
olution can be the same amount as the amount of soil or langer/smaller but the amount of the
ucrose solution shall be the same as that taken for calibratién in 6.2.

7T

d) Iftaking a certain volume of a sucrose solution is convenient, use a pipette instead of @ balance. In
thhis case, the correlation curve shall be prepared in the'same manner described in 6.2|b) but using
3 pipette to take a certain volume of a sucrose solution.

e) Mix the soil with the sucrose solution and completely stir the mixture.

f) $eparate the soil from the sucrose solution with a filter to obtain the sample solution to be
measured for refractive indexes. When.the mixture is too viscous to filter, increase the amount of
the sucrose solution and then follow:the procedure after c). Apply the procedure in 6.2 using the
¢hanged amount of the sucrose sphition to prepare the corresponding correlation curvg.

g) Measure the refractive indexwor Brix degree of the sample solution.

7 Calculation of results

Read the mass of water.extracted from soil directly from the horizontal axis of the correlation curve.
Calcuyilate the mass{Taction percentage of water in soil as analysed according to Formula (1)

m,, X100
Whn = —Er— &)

¥lg

wherte

wrm is the water content of the soil as a mass fraction percentage;
my, is the mass of water extracted from soil
ms is the mass of soil.

NOTE The mass fraction percentage of water based on dry soil (Wgm) can be calculated according to

Formula (2)

_my, x100

(2)

Wdm
mg —myy,

The water content shall be rounded off to the next percent without any decimals.
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Information on validation results and statistical evaluation of the method is given in Annex A.

8 Quality control

8.1 General performance

Periodically check the refractometer in accordance with the instructions of the instrument
manufacturer. Use pure water and at least three sucrose solutions with a known concentration at
different levels.

8.2 Site-s

Periodically]
conditions 1
manufactur

pecific performance

check the refractometer under conditions specific to a site (e.g. outdoor atmosp
n a winter or summer season) in accordance with the instructions of the: instru
er. Use pure water and at least one sucrose solution at a known concentration.

9 Testreport

The test rep|

a)
b)
‘)
d)
e)
f)

arefere
any site
complet
identifi
the resy

any det
affected

ort shall contain the following information:
nce to this document, i.e. [ISO 20244:2018;
Lspecific information;

e identification of the samples;

fation of the operation mode of the instrument;
Its of the determination;

hils not specified in this document ot that are optional as well as any factor that may
the results.

heric
ment

have
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Annex A
(informative)

Validation results and statistical evaluation

Table A.1 — Validation results and statistical evaluation

Water content
Sampple according to I n Outliers X SR Sr CURr Cyr
I1SO 11465
% %
1 11,6 11 44 0 10,3 0,88 0735 8,6 % 3,3 %
D 18,6 11 44 9,1 13,4 2,64 0,67 19,8 % 5,0 %
3 5,5 11 44 9,1 5,0 0,49 0,27 9,7 % 5,3 %
a2 14,6 11 44 0 9,5 2,02 0,82 21,3 % 8,6 %

lis tHe number of laboratories participating;

n is the number of submitted results;

Outliprs is the percentage of results eliminated based on the Cochrandnd Grubb ‘s test;
xis tlhe mean value, in % based on wet sample;

sg is the reproducibility standard deviation, % based on wet satple;

sris the repeatability standard deviation, in % based on wetsample;

Cyr ip the reproducibility coefficient of variation, in percent;

Cy,r i the repeatability coefficient of variation, in percent.
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