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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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INTERNATIONAL STANDARD

ISO 17586:2016(E)

Soil quality — Extraction of trace elements using dilute
nitric acid

WARNING — Users of this International Standard should be familiar with usual laboratory
practice. This International Standard does not address all of the safety problems, if any,
associated with its use. It is the responsibility of the user to establish appropriate safety and
health practices and to ensure compliance with any national regulatory conditions.

IMPthTANT — It is absolutely essential that tests conducted according to this InLernational
Standard be carried out by suitably trained staff.

1 3

This
pHO

The

bcope

[nternational Standard specifies a method of extracting trace elements from soil at approximately

5 using a dilute nitric acid solution. Using this method the potential’environmental av

elemIEnts as defined in ISO 17402 is extracted.

ethod is applicable for all soils and soil like materials.

2 Normative references

The
indig
refer

ISO 1

ISO
Grav

3
For t

3.1
test
anal
quary
remd

hilable trace

following documents, in whole or in part, are normatively referenced in this document and are
pensable for its application. For dated references, only the edition cited applies. For undated

ences, the latest edition of the referenced de€ument (including any amendments) appl

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

es.

11465, Soil quality — Determindation of dry matter and water content on a mdss basis —

imetric method

Terms and definitions

he purposes of thisifdocument, the following terms and definitions apply.

portion

ytical pertion

tity of material, of proper size, for measurement of the concentration or other propert
ved from the test sample

Note

7 of interest,

1 £ rs Tlhao & rs Y= baoitol £ o £1o14 | £ tla lol £
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ple directly if

no preparation of the sample is required (e.g. with liquids), but usually it is taken from the prepared test sample.

Note 2 to entry: A unit or increment of proper homogeneity, size, and fineness, needing no further preparation,
may be a test portion.

[SOU

RCE: ISO 11074:2005, 4.3.13]

4 Principle

The soil sample with particle size of <2 mm is extracted with (0,43 + 0,02) mol/I nitric acid solution at
a soil:solution ratio of 1:10 (m/V) for four hours at (20 + 2) °C. After centrifugation of the suspension,
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the liquid phase is filtered through an in-line membrane filter. The solution is then ready for the
determination of elements by appropriate analytical methods.

NOTE1 The determination of trace elements in extracts can be performed using flame, hydride generation
or electrothermal atomic absorption spectrometry, inductively coupled plasma atomic emission spectrometry,
inductively coupled plasma mass spectrometry or any other sensitive technique.

The pH after extraction is usually in the range of pH 0,5 to 1. For highly calcareous soils, the final pH
shall be less than 1,0. In this case, the pH should be adjusted accordingly or the method may not work

appropriately.

NOTE 2

The range of pH 0,5 to 1 is required to extract the potential environmental availability of trace

elements as d

5 Interfq

Sulfide ming
and hydrogs

The extracti
that soils w
soil carbona

6 Reage

Reagents us

6.1 Water.

Use only w4
less than 0,
that the waf
resistivity g

6.2 Nitrid

6.3 Nitric

Put 350 ml
flaskto 114

6.4 Nitrid

efined in ISO 17402.

erences

rals will interfere, e.g. if pyrite in soil or sediment change from anaerobic te'aerobic condi
n sulfide is evolved by contact with nitric acid. Heavy metal sulfides will precipitate.

on is directly applicable to all types of soil, with less than 5 % carbonate. In order to er
th more carbonate are extracted at the proper pH, the amount of acid neutralised b
te has to be accounted by adding extra acid.

nts

ter complying with the requirements-for ISO 3696 grade 2 water (electrical conduct
I mS m-1 equivalent to resistivity:greater than 0,01 MQ m at 25 °C). It is recomme|
er be obtained from a water purification system that delivers high purity water hav]
reater than 0,18 MQ m.

acid, pro analysis, w(HNO3) = 63 % to 68 %.

acid, diluted, 5 mel/l.

fnitric acid{6:2) into 500 ml of water, cool to room temperature and fill up in a volum
yith water:

acid,diluted, 0,43 mol/I.

fions

sure
y the

ed shall be of analytical or higher grade. The blafik value of the reagents shall be much
smaller than the lowest element concentration to be determined.

ivity
nded
ing a

etric

Dilute 30 m

NOTE

7 Appar

of mitricacid {65 %) to T Twater (6-1)- Add nitric acid (6:2) 10 tie water-

atus

All glassware used shall be thoroughly cleaned, e.g. with 5 % nitric acid to remove contaminants.

7.1 Balan

ce, accuracy 0,01 g.

Using another percentage of nitric acid (6.2), adjust the amount of nitric acid to obtain 0,43 + 0,02 mol/l.

7.2 Conical test tubes with screwing caps, of nominal capacity 150 ml to 200 ml, made of
polypropylene or another suitable material. Before use check cleanliness of tubes and caps.
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7.3 Shaking machine, end-over-end shaker, capable for revolutions of (25 * 10) per min, placed in a
room with a constant temperature of (20 * 2) °C.

7.4 Membrane filter for connection with a disposable syringe of 0,45 pm pore size.

7.5 Membrane filter for connection with a disposable syringe of 0,2 pm. If necessary, clean the
membrane filter and the syringe by rinsing with 5 % nitric acid.

7.6 Disposable plastic syringe, of nominal volume 10 ml or 20 ml with Luer-lock joint.

7.7 | Centrifuge, capable to centrifuge the test tubes (7.2) atleastat 1 000 g.

7.8 | Crushing equipment: jaw crusher or cutting device.
NOTH Due to crushing, contamination of the sample may occur to an extent which affects the doncentration

of soime constituents of concern e.g. cobalt and tungsten from tungsten carbide equipment or chrgmium, nickel
and molybdenum from stainless steel equipment.

7.9 | Sieving equipment, with 2 mm nominal screen size.
NOTH Due to sieving, contamination of the sample may occur t¢ an extent which affects the qoncentration

of some constituents of concern, e.g. chromium, nickel and molybdenim from stainless steel or copper and zinc
from|brass equipment.

8 Procedure

8.1 | Sample preparation

The method can be applied to wet field ‘samples (see also B.2) and samples pre-treated gccording to
ISO 11464. The pre-treated test sampléshall have a grain size less than or equal to 2 mm. Oversized
matgrial which is not of natural origin/shall be removed and if the fraction > 2 mm exceeds 5 % (mass
fraction), the entire oversized fraction shall be separated by sieving (7.9) and crushed with suitable
crushing equipment (7.8) to graip size <2 mm.

The drying temperature shall not exceed 40 °C.

On np account the material shall be finely ground.

8.2 | Determining water content

Detefmine the water content as specified in [SO 11465 using a separate test sample portior.

8.3 |LExtraction

8.3.1 Using a pipette or dispenser, add 100,0 ml of (0,43 + 0,02) mol/] nitric acid solution (6.4) to
(10 £ 0,1) g of the soil test portion (8.1) into a suitable test tube (7.2).

8.3.2 Add, with a pipette, drop by drop, 0,50 ml of 5 mol/I nitric acid (6.4) for each mass fraction of
calcium carbonate in percent which is above 5 %.

8.3.3 Close the test tube with a screw cap, mount it to an end-over-end shaker (7.3) and extract the soil
at room temperature (20 * 2) °C and (25 * 10) revolutions per min for (240 * 10) min.

NOTE After the addition of nitric acid, in case of effervescence, allow the foaming to stop; then continue.

© IS0 2016 - All rights reserved 3
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8.4 Phase separation

8.4.1 Place the closed test tubes into a centrifuge and separate the solid phase by centrifugation at
1 000 g or higher for 10 min.

8.4.2 Rinse the membrane filter and the syringe with at least 1 ml of extract solution and discard the
rinsing solution.

8.4.3 Filter a suitable amount for following analysis (e.g. 10 ml) of the supernatant solution directly
from the sample test tube by pushing it through a syringe equipped with a 0,45 pum disposable in-line

membrane

8.4.4 Stor

NOTE B

lter.

b the acid extract in a clean conical test tube.

cause the extract is already acid, extra addition for stabilization is not necessary.

8.5 Blank test

Subject atle

8.6 Meas

To determir
should be aj
down to thg
ISO 22036 0
inISO 11047%
matrix mod
solutions. A

9 (Calcul

Subtract the

ast one blank to the same extraction procedure.

urement of trace elements

e the element fraction extracted with 0,43 mol/I nitric acid solution, the extract sol
lalysed with a sufficiently sensitive analytical method capable to determine concentra
e ng/l level. Use inductively coupled plasma atémic emission spectrometry describ
Finductively coupled plasma mass spectrometty in ISO 17294-2, atomic absorption met]
or ISO 20280. Carefully designed temperature programmes in connection with approp
ifier should be used with ET-AAS determination. Apply matrix matching in calibr
ways expect non-negligible blank concentrations which shall be taken into account.

ation

the extract

blank concentration of ai element from the concentration in the sample solution. Calc
ble element mass fractionaccording to Formula (1) for air-dried samples or Formula (’

wet-field sample.

1ition
tions
bd in
hods
riate
htion

ulate
) for

Air-dried sample:
Pg -V-F~(1OO—|—WH20)
Wy = (W
air mo -100
Wet-field sapriple. The equation corrects for the dilution by the water present in the sample:
14 WH,0
Wi = P F | (2)
we m .
d PH,0

Determine t

he water content according to ISO 11465 and calculate using Formula (3).
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Water content in %:

m, —my
Wy o=—"—"100 3)
2 m
d
where
w or w is the nitric acid extractable mass fraction of an element (x) in soil, in micro-
Xair Xwet grams per kilogram, pg/kg;
0B is the blank-corrected concentration of the element (xJ, in microgramnis per litre,
ng/l;
|4 is the volume of nitric acid added to the soil sample, in litres-{(nominal 0,1 1);
¥ is the dilution factor, Venq/Vi: Vi aliquot taken of nitric a¢id, diluted to[volume
Vend of analysis solution;
Mo is the initial mass of air-dried or fresh-field sampl€,/in kilograms, kg;
mq is the mass of soil, dried according to ISO 11465, in kilograms, kg;
Ly is the percentage of water in soil sample/determined according to ISQ) 11465;
H,0
H is the density of water, usually taken as 1 kg/I.
H,0
Additionally, the concentration of the extracted element py, in pg/dm3, determined as |specified in
ISO 11465 may be calculated according to Formula (4).
MM =Wy Py ®)
wherte pq is the bulk density ofidry soil, determined in a separate analysis, in kilograms per cubic

decimetre (kg/dm3).

10 ]
Repd
EXAN
EXAN

Expression ofresults

rt the result§eXpressed in pug/kg.
IPLE 1 Swpp = 20,3 pg/kg.

IPLE 27~ wcq=1,3 ng/kg.

The

L £ 3 N | o 111 1z | +1 P £ ]
OOt T aCiTar prattsTCpuUTTCU Wi gCTIiCT diTy UCpCTia UTT tIIC pPpretISTOIT OT tIIC~alrary

ical method

used or on the limits of determination. As a rule, the contents should be reported with three significant
decimal places, but only in two or even one in the vicinity of the limit of determination.

11 Test report

The test report shall contain at least the following information:

a) areference to this International Standard, i.e. [ISO 17586;

b) the identification of the sample;

c) details of sample pre-treatment, indicating whether the sample was used as collected from the field
(wet or air-dried);

© ISO
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d)

f)

the dry matter content according to ISO 11465;
the result of the determination of trace elements according to the analytical method used;

any details not specified in this standard or that are optional, and any circumstances that may have
affected the result.

© ISO 2016 - All rights reserved
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Annex A
(informative)

Precision

An inter-laboratory comparison on the determination of trace elements by extraction with diluted
nitric acid according to this International Standard has been carried out in the beginning of 2015.

The
werd
back
and 4

The

part
samyj
proc

Six s
(Tab)

bxtracts were measured using the method applied in the individual laboratories. Md
analysed using ICP with AES or MS detection. One laboratory has used AAS includin
pround correction and for arsenic the hydride technique. The final results are@iven i
\.3. A more detailed report is available on www.wepal.nl.

btatistical test was carried out according to the ISO 5725 series. Six satnples were u
of the WEPAL proficiency scheme and distributed to 17 participating laboratorig
le should be extracted four times according to ISO 17586 and measured according th
bdures available in the laboratory.

pil samples have been used with different soil properties (Tdble A.1) and content of tr4
es A.2 and A.3):

Table A.1 — Consensus values of general soil parameters in the analysed so

st elements
o deuterium
n Tables A.2

sed that are
s. Each soil
e analytical

ce elements

Para

meter 1 2 3 4 5

6

Clay

(%) 13,3 25,2 22,0 26,7 13,6

8,9

Organic matter (LOI) (%)

5,6 5,3 5,3 12,0 3,0

2,1

CaCd

3 (%) 9,0 8,4 2,8 8,4 0

1,8

All 1
distn
distn
rand

Outliers were identified-using Cochran’s test and Grubb’s test described in ISO 5725-2. A

laboj
laboi
In th
mea

Tabld
repe

haterials used were homogeniZed*and grinded materials. They were sieved over
ibuted in pots to contain 100.g"of soil. Before sending, it was checked if the soils were
ibuted in the pots using previous test results and specific analysis of total concent
pm selection of 10 pots.[Participants have submitted their results electronically by ww

atories were asked-to analyse four replicates, two laboratories measured two replic3
atory analysedthree replicates. The results of the validation are summarized in Tables
ese tables, we-have added the total concentration measured using aqua regia. The cq
ured after €Xtraction using ISO 17586 is a part of the total concentration.

A.2 describes the results with more than four participating laboratories. For most e
htability and reproducibility are as expected for such an analysis, and the method is Y

thesé

,5 mm and
omogenous
rations in a

rw.wepal.nl.

Ithough the
ites and one
IA.2 and A.3.
ncentration

ements, the
ralidated for

b elements (n]] elementsin Table A 2 with exception of B Mo and Qp) Highpr valuesare

btained for

B, Mo and Se. For Mo and Se this is caused by the low concentrations and the higher values for B shows
that the method is less suitable for this element.

Table A.3 summarizes the results for elements with four or less than four participating laboratories.
Repeatability and reproducibility of the elements in Table A.3 are indicative. High values of repeatability
and reproducibility are obtained for Sn.

For all elements presented in Tables A.2 and A.3, it has to be considered that they are the results of
a chemical method and more precisely, the amount that can be extracted with a mild acid extraction
(approximately pH 0,5). If this amount is representative for the bioavailable, fraction has to be proven
using calibration studies (e.g. uptake by crops, effect on organisms, leaching to groundwater). The
guideline on bioavailability, ISO 17402, stated that it is necessary to correlate the results of a chemical
method and biologically measured effects.
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Table A.2 — Results of validation for elements with more than four participating laboratories

Sample | Element | Aquaregia 1 n Outliers X Sr Sr VCr | VCr
extractable
amount %
mg/kg
1 Ala 9,87 5 | 20 00 | 0640 | 0045 | 0025 | 70 | 39
2 Ala 18,9 5 | 20 00 | 0940 | 0040 | 0026 | 42 | 27
3 Ala 19,7 5 | 20 0,0 132 | 005 | 002 | 36 | 16
4 Al 264 5120 66 220|038 1| 0065 | 78 | 24
5 Ala 13,6 5 | 20 | 200 | 0849 | 0086 | 0010 | 102.P[12
6 Ala 9,15 5 | 20 00 | 0481 | 0053 | 0015 | 1L1 | [31
1 As 15,8 16| 61 | 625 | 668 | 091 | 03209137 | |48
2 As 10,4 16 | 61 0,0 419 | 048 | Qde” | 114 |39
3 As 9,83 16 | 61 | 250 | 0963 | 0155 |9,025 | 161 | [2,6
4 As 42,4 16| 61 | 125 | 1911 | 157~ 049 | 82 | |25
5 As 7,63 15 [ 57 | 133 [ o421 | o081 | 0013 | 193 [[30
6 As 3,09 15 | 57 | 133 | o611 [<p0s5 | 0033 | 90 |[55
1 B 24,0 7 | 25 | 143 650 ¢ 249 | 034 | 383 |[53
2 B 28,3 7 | 25| 286 | 505 | 195 | 013 | 387 | |26
3 B 17,1 7 | 25 | 286 JOZ73 | 096 | 007 | 354 | |27
4 B 73,0 7 | 25 | 1435 454 | 182 | o024 | 400 |53
5 B 9,45 5 | 17 | 200 | o511 | 0107 | 0073 | 21,0 | |43
6 B 10,3 6 | 21 [*333 | 126 | 015 | 008 | 117 |63
1 Ba 108 13 | 4280 231 | 252 15 10 | 60 |40
2 Ba 409 12 |6 | 83 15,9 09 03 | 55 |21
3 Ba 862 | 18\ 47 | 154 | 516 2,8 08 | 54 |16
4 Ba 826 ()13 | 47 7,7 345 34 10 | 99 |28
5 Ba 763. (O 12 | 43 | 167 | 486 | 24 08 | 50 |16
6 Ba 5237 | 12 | 43 8,3 32,5 2,5 09 | 77 ||27
1 Be 8,601 7 | 28 | 143 | o184 | 0033 | 0008 | 177 | 45
2 Be L.\~ 0,882 8 | 32 | 125 | 0271 | 0034 | 0006 | 126 | |22
3 Be <" 0876 8 | 32 00 | 0331 | 0026 | 0013 | 80 |[38
4 Be 1,58 8 | 32 00 | 0689 | 0078 | 0027 | 11,3 | [39
5 8. 0,624 6|24 06— 0,216| 0,619 | 0,006 901126
6 Be 0,538 6 | 24 00 | 0115 | 0009 | 0004 | 75 | 38
1 cd 1,28 17 | 63 | 118 114 | 006 | 004 | 55 | 33
2 cd 0,222 15 57 | 133 | 0180 | 0043 | 0006 | 238 | 33
3 cd 0,343 16 | 61 00 | 0264 | 0042 | 0007 | 159 | 2,8
4 cd 8,35 17 | 63 0,0 744 | 106 | 013 | 142 | 138
5 cd 0,635 16 | 59 | 125 | 0531 | 0054 | 0008 | 101 | 16
6 cd 0,178 14 | 53 | 143 | 0138 | o011 | 0008 | 77 | 59
1 Co 5,86 13 | 47 7,7 222 | 035 | 014 | 156 | 64
2 Co 715 13 | 47 7,7 248 | 027 | 006 | 109 | 25

8 © IS0 2016 - All rights reserved
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Table A.2 (continued)

Sample | Element | Aquaregia 1 n Outliers X SR Sr VCr | VCr
extractable
amount %
mg/kg
3 Co 8,86 13 47 | 154 181 | 030 | 003 | 163 | 15
4 Co 18,6 13| 47 | 154 | 861 | 098 | 022 | 114 | 25
Co 7,72 12 | 43 | 250 | 226 | 019 | 008 | 84 | 34
Co 388 12 | 43 83 097 0,09 0,04 9,0 3,8
l Cr 349 17 | 63 | 118 | 462 | 111 | 020, Pp41 | 42
Cr 35,1 16 | 59 6,3 207 | 055 | 0 26,6 | 2,6
; Cr 60,1 17 | 63 | 118 315 | 060 p00s | fio1 | 15
1 Cr 185 17 | 63 | 176 658 | 13209 14 | poo | 22
; Cr 28,6 15 | 59 0,0 111 | @17 | 004 | 151 | 35
3 Cr 13,2 15 | 51 71 0786 [\0,117 | 0024 | 149 | 30
l Cu 48,7 17 | 63 59 35010 588 | 442 | 168 | 126
Cu 10,6 17| 63 | 235 | & 054 | 009 | fi12 | 19
: Cu 22,8 17 | 63 | 204 X937 | 119 | 009 |27 | 10
! Cu 153 17 | 63 | 176%7] 1092 | 89 24 | |82 | 22
; Cu 11,4 16 | 590 | 250 | 427 | os50 | o010 | h17 | 23
3 Cu 28,4 16 | 59 |58 0,0 1867 | 196 | 074 | {105 | 39
] Fea 22,4 6 | 2201 333 5,74 1,28 012 | 22 | 21
: Fea 21,7 6 |*92 | 333 296 | 059 | 007 | |19 | 22
; Fea 21,7 | 6Of 22 | 167 | 0774 | 0097 | 0018 | 125 | 24
1 Fea 357 b | 22 0,0 594 | 113 | o021 | 91 | 36
; Fea 173« 6 | 22 | 167 | 0794 | 0076 | 0017 | [95 | 22
5 Fea ot 6 | 22 0,0 0397 | 0085 | 0015 | p13 | 38
l Mo | (239 7 | 26 | 143 160 | 240 | 505 | [i51 | 3.2
: Mn 5 470 7 | 26 0,0 338 | 599 | 142 | 177 | 42
: Mn | 1010 7 | 26 | 143 557 | 574 | 166 | 10,3 | 3,0
1 M 1040 7 | 26 0,0 763 141 | 252 | 185 | 33
5 | <\Mn 554 7 | 26 | 143 249 | 194 86 | |78 | 35
5 A0 Mn 304 7 | 26 0,0 184 | 183 | 641 | [99 | 35
2 Mo 123 a | 36 222 0,096 0,042 0010 | k41 | 104
2 Mo 0,322 9 | 36 | 11,1 | 0023 | 0017 | 0003 | 72,3 | 11,9
3 Mo 1,02 9 | 36 | 111 | 0013 | 0006 | 0002 | 490 | 162
4 Mo 141 9 | 36 0,0 0,077 | 0030 | 0,007 | 388 | 87
5 Mo 0,720 7 | 28 00 | 0009 | 0003 | 0003 | 388 | 325
6 Mo 0,222 7 | 27 | 286 | 0011 | 0002 | 0001 | 153 | 141
1 Ni 16,8 17 | 62 | 235 | 457 | 067 | 015 | 147 | 33
2 Ni 21,4 17 | 62 | 176 406 | 062 | 009 | 153 | 2,2
3 Ni 40,4 17 | 62 | 176 457 | 075 | 010 | 164 | 2,2
4 Ni 55,0 17 | 62 | 235 17,2 1,6 03 | 91 | 19
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Table A.2 (continued)

Sample | Element | Aqua regia 1 n Outliers D¢ SR Sr VCr | VCr
extractable
amount %
mg/kg
5 Ni 19,0 16 | 58 | 188 212 | 027 | 004 | 128 | 21
6 Ni 10,3 15 | 54 6,7 1,17 014 | 005 | 120 | 39
1 P 558 7 | 28 0 391 24 9 62 | 24
2 P 571 7 28 ﬁ,ﬁ 371 36 12 Q,Q 3’1
3 P 962 7 | 28 | 143 366 13 6 3,40 D[1,7
4 P 2500 7 | 28 0,0 1623 61 27 | 39 |17
5 P 368 7 | 28 0,0 50,4 5,3 14 ol0i05 | |27
6 P 573 7 | 28 0,0 412 37 18] 90 [ |43
1 Pb 239 17 | 63 59 218 23 9 | 105 | |41
2 Pb 31,4 17 | 63 | 235 25,1 42D 07 | 169 | |28
3 Pb 25,9 17 | 63 5,9 157 | 20" | o7 | 186 ||as
4 Pb 285 17 | 63 | 294 240 [ C14 4 60 | |15
5 Pb 30,5 16 | 59 | 125 1724 23 04 | 128 | [24
6 Pb 18,5 16 | 58 12,5 123 | 13 09 | 108 | |73
1 Se 0,437 7 | 28 | 429 J@00682| 00772 |0,0023 1133 34
2 Se 0,275 7 | 28 | 286500599 | 00611 |0,0027|102,0 | |44
3 Se 0,155 7 | 28 | 286 [00494] 00598 |00025] 1211 | [51
4 Se 1,78 7 | 28 |*$286 | 0,249 | 02055 | 00060 | 825 | |24
5 Se 0,190 7 | 28 143 |00686| 00973 00042 1418 | |61
6 Se 0,270 6 |24 | 333 |00057| 00042 [00030] 739 | 2,3
1 Sr 120 8.} 30 0 1099 | 46 19 | 42 | |17
2 Sr 894 (138 | 30 0,0 77,8 43 13 | 56 |[L6
3 Sr 227 (O] 8 | 30 0,0 16,2 0,7 04 | 41 |[22
4 Sr 1337 | 8 | 30 | 125 106 5 2 46 | |15
5 s 15,8 7 | 26 0,0 605 | 035 | 012 | 59 |20
6 st LV 267 7 | 26 | 143 22,5 18 11 | 81 |[s1
1 Ti Y 235 5 | 20 40 1061 | 1,59 | 011 | 150 | [1,0
2 ES 346 5 | 20 | 200 548 | 066 | 014 | 121 | |25
3 i 251 4 16 Q0 11 g 007 0,04 64 3,3
4 Ti 416 5 | 20 0,0 29,8 5,3 08 | 177 | 27
5 Ti 375 5 | 20 | 200 253 | 018 | 004 | 72 | 17
6 Ti i 5 | 20 0,0 3,11 018 | 012 | 57 | 38
1 v 31,2 10 | 40 0 9,63 162 | 033 | 168 | 34
2 v 35,8 10 | 40 0,0 845 | 1,37 | 024 | 163 | 29
3 v 54,6 10 | 40 | 10,0 16,0 2,7 03 | 168 | 2,0
4 v 56,1 10 | 40 0,0 16,0 3,2 03 | 199 | 21
5 v 28,1 8 | 32 0,0 252 | 044 | 007 | 173 | 2,8
6 v 15,4 9 | 36 0,0 273 | 028 | 012 | 103 | 44
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Table A.2 (continued)

ISO 17586:2016(E)

Sample | Element | Aqua regia 1 n Outliers D¢ Sk Sr VCr | VCr
extractable
amount %
mg/kg
1 Zn 378 17 63 11,8 282 22 9 79 3,3
2 Zn 83,0 17 63 17,6 33,0 3,8 0,7 11,6 | 2,3
3 Zn 67,8 17 63 17,6 12,6 1,8 0,2 14,3 1,6
Zn 1030 17 63 118 624 aQ 13 44 | 21
b Zn 97,1 16 59 6,3 29,4 4,1 1,1 14,1 3,8
b Zn 63,8 16 59 0,0 29,8 31 14 10,4 | 4,6
Explanation of symbols
1 is the number of laboratories after elimination of outliers;
n is the number of results;
b'¢ is the mean value, in milligrams per kilogram;
Sr is the repeatability standard deviation, in milligrams per kilogramj
Ve, is the relative repeatability standard deviation, in percent;
SR is the reproducibility standard deviation, in milligrams-per*kilogram;
VCr is the relative reproducibility standard deviation, in percent;
a Concentration in g/kg instead of mg/kg.
Table A.3 — Results of validation for elements with four or less than four participating
laboratories (indicative values)
Sample | Element | Aqua regia 1 n Outliers D¢ SR Sr VCr | VCr
extractable
amount %
mg/kg
| Ca2 36,3 4 16 0,0 37,6 34 1,5 89 4,0
p Caa 35,1 4 16 0,0 35,0 2,6 1,4 7,3 4,0
B Caa 10,9 4 16 0,0 10,8 0,6 0,3 5,3 3,1
4 Caa 36,2 4 16 25,0 36,4 2,6 0,7 71 1,9
b Ca® 2,19 4 16 0,0 1,75 0,19 0,03 10,6 1,9
b Ca2 8,27 4 16 0,0 8,32 1,16 0,50 139 | 6,0
| K 2770 4 16 0,0 277 24,5 6,27 8,8 2,3
K 4710 4 16 25,0 412 41,6 8,34 10,1 | 2,0
3 K 3730 4 16 0,0 340 229 9,63 6,7 2,8
4 K 5570 4 16 0,0 276 16,3 10,2 59 3,7
5 K 2200 4 16 25,0 98,9 7,09 1,97 7,2 2,0
6 K 3190 4 16 0,0 279 19,5 10,4 7,0 3,7
1 Mg 3800 4 16 0,0 1486 101 28,0 6,8 1,9
2 Mg 7070 4 15 0,0 2575 77,2 351 3,0 1,4
3 Mg 8510 4 16 0,0 2990 122 329 41 1,1
4 Mg 9520 4 16 0,0 3101 104 75,3 3,4 2,4
5 Mg 2470 4 16 0,0 168 26,3 2,52 157 | 1,5
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ISO 17586:2016(E)

Table A.3 (continued)

Sample | Element Aqua regia 1 n Outliers b'¢ Sk Sr VCr Ve,
extractable

amount %

mg/kg
6 Mg 4050 4 | 16 0,0 299 55,4 137 | 185 | 46
1 Na 248 4 | 16 0,0 150 9,77 722 | 65 | 48
2 Na 181 4 | 16 0,0 70,0 3,95 1,34 | 56 | 19
3 Na R'-\',A. 4 16 n,n 7“[6 1’14. ﬂ,RA. '-\','-\' 3,1
4 Na 324 4 | 16 0,0 132 544 | 393 | 41,.'DBo
5 Na 93,1 4 | 16 25,0 22,9 0,73 042 | 32 | |18
6 Na 105 4 | 16 25,0 221 191 19901086 | |90
1 Sb 2,14 4 | 16 25 0122 | 00069 |00034| 56 | |28
2 Sb 0,332 4 | 16 0 0,0208 | 0,0032 16,0010 152 | [4,7
3 Sh 0,575 4 | 16 0 |00338]| 00018Po00011| 52 |[33
4 Sb 3,03 4 | 16 0 0233 | 00373 |00072 | 160 | |31
5 Sb 0,430 4 | 16 0 0,0235 <00013 | 00012 | 54 | |49
6 sb 0,391 4 | 16 0 |00307¢ 00025 |00027| 83 ||[s38
1 Sn 14,4 5 | 18 0 %08 | 035 | 030 | 324 | k80
2 Sn 1,88 3 | 12 00 Jfc6020 | 0004 | 0002 | 219 |81
3 Sn 2,1 2 | 8 0,0 5| 0016 | 0,008 | 0,005 | 481 | B138
4 Sn 23,7 5 | 18 2000 | 221 0,69 003 | 31,3 | |13
5 Sn 1,07 2 | 8 |*Soo 0,014 | 0009 | 0003 | 621 | p29
6 Sn 1,78 3 | 120) 00 0,016 | 0,008 | 0,004 | 490 | k26

For an explahation of symbols see Table A.2. (O
Ay
@)
@)
£
QO
Q~
N
R
s
9

12 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=f76c8352d40d6fbf6d8a8ee3c22d6668

	Foreword
	1	Scope
	2	Normative references
	3	Terms and definitions
	4	Principle
	5	Interferences
	6	Reagents
	7	Apparatus
	8	Procedure
	8.1	Sample preparation
	8.2	Determining water content
	8.3	Extraction
	8.4	Phase separation
	8.5	Blank test
	8.6	Measurement of trace elements
	9	Calculation
	10	Expression of results
	11	Test report
	Annex A (informative)  Precision
	Annex B (informative)  Notes on homogenization, initial sample mass and extraction
	Bibliography

