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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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Soil quality — Determination of carbon and nitrogen by
near-infrared spectrometry (NIRS)

1 Scope

This International Standard specifies a method for the determination of carbon and nitrogen in soils by
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Normative references

CTITEaSUTEITEIt Of SAMpie SPECtTd 1T the ear-intrared spectrat Tegion. T e spectra a
suitable calibration model derived from the results obtained by reference methods.

following documents, in whole or in part, are normatively referenced\in this docunj
pensable for its application. For dated references, only the editign)cited applies. I
ences, the latest edition of the referenced document (including any-amendments) appl

1464, Soil quality — Pretreatment of samples for physico-chemicel analysis

Principle

bamples are measured by reflectance near-infrared (NIR) spectroscopy. Diffuse refl
[roscopy offers a non-destructive means for measurement of soil properties based on
fra of illuminated soils. Spectral data are evaluated by a suitable calibrating model deriy

gen determined by reference methods. Ealibration equations reflect the relationship
Fituents of the sample and NIR spectral information. The soil samples and the set o
les for the NIR measurement are prepared the same way.

1 NIR spectrometry is a very fast non-destructive and environmentally friendly analyti
compared to the standard chemical methods used as reference methods.

2 Soils generally have.similar reflectance spectra in the 1 100 nm to 2 500 nm range. T}
5 for soils in the near-infrared region are difficult to assign to specific chemical components.

Apparatus

e evaluated

ent and are
For undated
es.

cctance NIR
reflectance
red from the

urement of a sufficient number of representdtive soil samples with known content of carbon and/or

between the
[ calibrating

ral technique

e absorption

Near-infrared instrument, based on measurement of reflectance spectra in the near-infrared

n (wavelength range from 900 nm to 2 500 nm is usually applied). The instrumer]

suffic

ppeédwith a suitable measurement cell for pulverized solid samples. The instrument sho

t should be
ld measure
the sample.

The software shall allow instrument tests, calibration, sample measurement and data evaluation.

Reso

NOTE

lution of the instrument should be equal to 8 nm or better.

Wavelengths of spectra recorded in higher resolution may be averaged to reduce spectra noise and

there is a risk of over fitting of the calibration model. Instruments with lower resolution may be used if their

perfo
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5 Procedure

5.1 Preparation of samples

Soil samples shall be prepared the same way as soils used for the instrument calibration. Any difference
in sample preparation may influence the measurement. Sample preparation shall ensure a good
homogenization of the sample.

Sample preparation according to [SO 11464, particle size < 2 mm, is generally used. Air-dried or oven-
dried samples can be used for analysis. The method is not suitable for samples with water content higher
than 10 %. Oven drying is recommended for samples with high specific surface area that are susceptible
to changes ih water content due to fluctuations in air humidity.

5.2 Instrument calibration

5.2.1 Genpral

A suitable spt of uniformly prepared soil samples is measured by NIR spectroscopy. The spectrg and
the results pf the content of carbon and/or nitrogen determined by a referenee method are useld for
calculation pf the calibration model. Calibration should include enough samples to cover most df the
possible spectral variability encountered during routine analysis and<to predict the compositipn of
unknown sgmples accurately. The calibration sample set shall be sele¢ted to gain an evenly distrihuted
coverage of fhe property range.

The NIR spgctra represent cumulative information about the, chemical and physical propertieq of a
sample. Influence of physical properties of a sample (e.g. particle size), is reduced by mathemgtical
corrections|as derivatives, standard normal variate (SNVY, multiplicative scatter corrections (§ISC),
etc. There ajre several possible ways for development of.ealibration equations and no specific procgdure
can be given. The choice shall aim at minimising the ¢alibration error. The methods most frequently
applied in the development of calibration equatijons are: PCR (principal component regression)} PLS
(partial leagt square regression), LWR (locallycweighted regression), SMLR (stepwise multiple linear
regression) pnd ANN (artificial neural network regression). Among these methods, only ANN methods
can give calibration for the whole concentration range for carbon and nitrogen in soils but ANN metfhods
only apply ith more than 500 calibration samples. For other statistical methods, splitting of the
concentrati¢n range into two calibrations was found to be the best solution. Removal of outliers ffrom
the calibratTon set usually reduces the robustness of the calibration and should be avoided.

For sampleq from different locations and soil types, a minimum of 60 to 100 calibration samples is
required. Asmaller number, of calibration samples can be used for sample sets with lower variability
such as samples from a defined location.

NOTE1 Tifansformations ofthereference measurements orthe spectrausinge.g.logorsquareroottransfojrmed
reference mepsurements may help to reduce the calibration error.

NOTE 2 It|s‘possible thatcalibrations developed on a certain instrument may not always be transferred difectly
to an identical inStrument. It may De Necessary to perform pbias and SIOpe adjustments to calibration equations.
In many cases it is necessary to standardize the two instruments against each other before calibration equations
can be transferred. Standardization procedures can be used to transfer calibrations between instruments of
different types provided that samples are measured the same way and that the spectral region is identical.

NOTE 3  Ifthereference method is unbiased and a good linear calibration model is achieved, increasing number
of calibration samples averages out errors in the reference method. Therefore, the lack of repeatability in the
reference method can be compensated for by using high number of calibrating samples.

2 © ISO 2014 - All rights reserved
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5.2.2 Validation of the calibration model

5.2.2.1 General

There are two main methods for validation of the calibration model:

— cross (internal) validation (see 5.2.2.2), and

— external validation (see 5.2.2.3).

Cross validation (see 5.2.2.2) is used to determine the number of factors used for PLS by determining
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is the prediction concentration;

*

is the concentration of calibration sample;

is the number of calibration samples.
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5.2.2.3 External validation

Two independent and representative sets of samples are required for external validation: one set is used
for calibration while the other set is used for validation. The differences between predictions and the
known reference values are used to calculate root mean squared error of prediction (RMSEP).

n

Z(Yi* _.y*i,ref)2

RMSEP =4/ =L (2)
n
where
* is the prediction concentration;
Yiref
y; is the concentration of calibration sample;
ng is the number of validation samples.

5.2.2.4 Cdrrelation coefficient

The correlation coefficient (R) expresses the correlation between lahoratory reference values and values
predicted from the NIR measurement.

Ny
A Wl
D (xi =%, )(inR Y NiR av)
R — iE1l (3)
Ny Ng
2 2
(xi =Xav)” 2 (WinR ~YNIRav)
i=1 i=1
where
Vi NIR is the predicted concentration;
Xj is the reference coneéntration of the calibration sample;
YNIR,av is the averagée cencentration of Yyg;
Xav is the average concentration of x;;
Ng is the humber of calibration samples.
5.3 Samplesmeasurement

A sub-sample is transferred to the sample cup and the surface is levelled. The spectrum of the sample
is scanned following the instrument manual instructions. The number of scans or the dwell time on
each wavelength should be large enough to reduce the noise of the measurement to a negligible level
and should be part of the calibration definition. The windows are cleaned between the individual
measurements (using a soft brush).

It is recommended to carry out additional measurements of the individual sample after moving the
sample cell between the individual measurements to minimize the influence of sample inhomogeneity.

The calibration model for an individual sample should be tested for the stability of the model after the
spectra measurement. This is necessary because calibrations developed for a certain population of
samples may not be valid for samples outside this population, although the analyte concentration range
is unchanged. Principal component analysis (PCA) or cluster analysis are usually used for this purpose.

4 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=c0301670d0aa87250427d7fa8b1a74ef

ISO 17184:2014(E)

If the sample does not pass the test (that means that the sample does not fit into the population of
the samples used for calibration and/or validation) it cannot be determined by the NIR method unless
the calibration model is changed. (These samples are usually used for improvement of the calibration
model).

If the calibration model is found to be suitable for the measured sample, the spectrum is evaluated
according to the validated calibration model. At least one control sample should be measured before
and after an uninterrupted series of sample analyses to check instrument hardware stability and to
detect any malfunction. The recorded day-to-day variation should be plotted in control charts and
investigated for significant patterns or trends. The wavelength or wavenumber accuracy, precision,
photometric response and instrument noise should be checked according to the recommendations of
the rMranutacturer.

6 Testreport

The test report shall contain at least the following information:
a) areference to this International Standard;

b) identification of the reference method used for calibration;
c) ¢omplete identification of the sample;

d) the results of the determination;

e) foot mean square error of cross validation (RMSECV) or root mean square error of prediction
RMSEP) and regression coefficient (R) of the calibration equation;

f) any details not specified in this InternationalStandard or which are optional, as well gs any factor
yhich may have affected the results.

© IS0 2014 - All rights reserved 5
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Annex A
(informative)

Precision data

An interlaboratory trial was organized by Central Institute for Supervising and Testing in Agriculture,
Brno, Czech Republicin 2011 and 2012. Ten independent data sets from nine participating laboratories

from five co
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rganic matter (Sample 1 to Sample 3) and soils with higher content of orgahic m|
p Sample 6) were measured separately. All soil samples were air-dried andsieved (<2

lata sets: soil samples for calibration with their results obtained by reféerence methods
avoid any influence of variability of the reference method. The samples were prepare
irement. There were 60 calibration samples for each concentration range.

repeatability of the method was very good for all parameters in both concentration ra
lity of the method was fairly good for higher concentrations of the measurand and accep
concentrations. The number of samples in the calibration set (60 samples in each rg
D be adequate for a screening method. Nevertheless the results could be improved if
used for calibration of the instruments.

Lintries were reported. The data were measured on five different types of instruments,.

al data of results evaluated according to ISO 5725-2[1] ar& presented in Tables A.1, A.2
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Parameter Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
| 10 8 10 10 10 10
Niab 10 10 10 10 10 10
n 40 32 40 40 40 40
w(X) 5,3 39 2 31,7 22,4 36,9
SR 0,6 1,3 0,7 2 2,6 2,4
Sr 0,3 0,1 0,3 09 1,6 09
Cyr 11,48 34,09 35,49 6,40 11,54 6,46
Cyr 6,07 2,63 15,94 2,98 7,31 2,47
R 1,7 3,7 19 5,6 7,2 6,6
r 09 0,3 09 2,6 4,5 2,5
Rrel 31,80 94,43 98,31 17,73 31,98 17,89
rrel, 16,81 7,27 44,17 8,24 20,24 6,84
1 is the number of laboratories after elimination of outliers;
Niab is the total number of laboratories;
n is the number of results;
w(X) is the element mean value in percent (%);
SR is the reproducibility in percent (%);
Sr is the repeatability in percent (%);
Cyr is the coefficient of variation of reproducibility in-percent (%);
Cyr is the coefficient of variation of repeatability inpercent (%);
R is the reproducibility limit, R (2,77 x sg);
r is the repeatability limit, r (2,77 x s,)s
Rrel| isthereproducibility limit;
rrel. is the repeatability limit.

Table A.2 — Precision data for Ctot

Parameter Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
1 9 9 9 10 10 10
Nvrab 10 10 10 10 10 10
n 36 36 36 40 40 40
w(X) 57 4,2 2,2 32,8 23,5 38,1
SR 0,8 7 05 253 3 2,6
Sr 0,2 0,1 0,1 1,3 1,6 0,9
Cyr 13,94 34,32 24,70 7,17 12,74 6,75
Cyr 3,64 3,39 5,84 3,94 6,68 2,34
R 2,2 4 1,5 6,5 8,3 7,1
r 0,6 0,4 0,4 3,6 4,3 2,5
Rrel. 38,62 95,08 68,43 19,86 35,30 18,70
rrel. 10,08 9,38 16,19 10,92 18,50 6,47

For explanation of the symbols see Table A.1.
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