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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.

The procedures used to develop this document and those intended for i Irther maintenance are
descrfbed in the ISO/IEC Directives, Part 1. In particular, the different approval criterian¢eded for the

ISO dfraws attention to the possibility that the implementation of this document may inyolve the use
of (a)|patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed
patenlt rights in respect thereof. As of the date of publication of this dec¢ument, ISO had |not received
notic¢ of (a) patent(s) which may be required to implement this docunent. However, implgmenters are
cautigned that this may not represent the latest information, which-thay be obtained from the patent
database available at www.iso.org/patents. ISO shall not be held\responsible for identifyjng any or all
such patent rights.

Any trade name used in this document is information given for the convenience of users pnd does not
constjtute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
exprgssions related to conformity assessment,zas well as information about ISO's gdherence to
the World Trade Organization (WTO) principles in the Technical Barriers to Tradg (TBT), see
wwwliso.org/iso/foreword.html.

This locument was prepared by Techunieal Committee ISO/TC 190, Soil quality, Subcommittee SC 3
Chemjcal and physical characterization:

Any fgedback or questions on thissdocument should be directed to the user’s national standards body. A
compl]ete listing of these bodi€scan be found at www.iso.org/members.html.
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Introduction

Although perchlorate (Cl0,) occurs naturally, it is mainly considered a manmade anion. Usually, it is
combined with NH,*, Na*, and K* to form ammonium perchlorate, potassium perchlorate, and sodium
perchlorate, respectively. It has been reported that more than 90 % of manufactured perchlorate is
used in military activities. Due to the outstanding oxidizing capacity of perchlorate, it is added to
propellant for rockets, missiles, and satellites. Various routes of manmade perchlorate exposure to
soil can be assumed. For example, complete or incomplete explosion of a signal bomb in a target or

impact area, an oversupply of perchlorate for complete combustion at firing points, and large-
fireworks dlsplay can be sources of perchlorate exposure to 5011 Addltlonally, other routes
come from e s : e—H— ohe

-scale
could
over

time, they nded to be recharged In the past 1nc1nerat10n was the preferred treatment for deterlc rated

perchlorate.|[When the incineration process is carried out in an open space and kept asCash

bnsite

without cautfion, this becomes a detrimental route for soil contamination. Perchlorate is.very stable in
water and is[not strongly retained by soil particle. As such, surface water or groundwater can bgcome
easily contampinated by the surface runoff or the leaching process. Perchlorate in growth mediur also

contaminatep vegetation. This kind of pathway could subsequently affect higher level 6rganisms th
the food chajn. Perchlorate contamination of drinking water and the food chainycan potentially

rough
affect

human health through interfering with iodide uptake by the thyroid gland&This kind of interfgrence
causes a decfease in thyroid hormone production and leads to hyperthyroidism. The permitted level

of perchlorate concentration in drinking water is below 15 ppb in South*Korea. Although some

states

in the USA have an advisory level for perchlorate in drinking water, itis*very difficult to find a country

which regulates the perchlorate level in soil as perchlorate contamination of soil is rare in n

brmal

circumstancgs. However, perchlorate is considered a major contaminant in military fields and o the

managemen{ of perchlorate in soil is necessary. Accordingly, ISO 20295 proposes a standard m,

pthod

for determinfing perchlorate in soil using ion chromatography. For the standard method of ISO 20295,
the limit of ghantitation of perchlorate is 0,1 mg/kg soil. However, since perchlorate in soil is freqyently
found to be 1ower than the designated level, an analytical method for determining perchlorate 4t ppb

levels is required. For this purpose, a standard method for analysing the trace level of perchlor
soil has been|developed.

ate in
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Soil quality — Determination of perchlorate in soil using
liquid chromatography-tandem mass spectrometry (LC-
MS/MS)

1 Scope

liquid chromatography connected to a tandem mass spectrometry (LC-MS/MS). It defines pretreatment
(including drying and sieving) of sample, extraction, clean-up, analysis using LC-MS/MS, and calculation
of peylchlorate content in dry soil.

Thisﬂiocument specifies a method for determining of perchlorate in soil and soil-like mdterials using

Under the conditions specified in this document, the limit of quantitation(LOQ) is approximately
4,6 ng/kg-dry soil.
2 Normative references

The fpllowing documents are referred to in the text in such{a‘way that some or all of their content
constjtutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendmeénts) applies.

ISO 11464, Soil quality — Pretreatment of samples for. physico-chemical analysis

ISO 81t66-1, Water quality — Calibration and evaluétion of analytical methods — Part 1: Linegqr calibration
function

ISO 8466-2, Water quality — Calibratien-and evaluation of analytical methods and é¢stimation of
performance characteristics — Partg2x>Calibration strategy for non-linear second-order calibration
functions

3 Terms and definitions
No tefms and definition§-are listed in this document.

ISO apd [EC maintajn terminology databases for use in standardization at the following addresses:

— [$0 Online-b¥owsing platform: available at https://www.iso.org/obp

]

EC Eléctropedia: available at https://www.electropedia.org/

4 Principle

The soil and soil-like materials to be analysed are used for the experiment after pretreatment, air-
drying and sieving. Perchlorate in soil and soil like materials is extracted by distilled or deionized
water. Extraction of perchlorate is done by mechanical shaking and centrifugation.

After filtering the extract using 0,2 pm to 0,45 pm membrane filter (e.g. cellulose acetate, hydrophilic
polypropylene or polyethersulphone filter), the internal standard solution is spiked into the filtrate.
The filtrate is analysed by LC-MS/MS for the determination of perchlorate.

If the adverse effects of other anions (e.g. sulfate, chloride, and bicarbonate), cations, or organic
matter are not negligible, appropriate pretreatment for the elimination of these effects should be
applied. Selective removal of interfering elements with cartridge or column is one of the applicable
pretreatments.

©1S0 2023 - All rights reserved 1
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LC-MS/MS comprises of sample injection part, separation part, and detection part. Reversed-phase
liquid chromatography column is used as stationary phase and acetonitrile solution is used as mobile
phase. According to the characteristics of matrix, isocratic or gradient elution can be chosen.

The calibration and calculation of concentration of perchlorate in soil shall be conducted according to

[SO 8466-1 0

rISO 8466-2.

Annex A shows the examples of liquid chromatography-tandem mass spectrometry (LC-MS/MS)
conditions. Examples of chromatogram of perchlorate ion and 180-perchlorate ion are shown in

Figure A.1.

5

Any substan
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Interfefrences

re that has a similar retention time and shows a similar detector response with-perch
erference in the determination. Co-elution can be solved by changing columns’and ¢
.g. gradient elution), modifying the eluent with organic solvents, or cleaning up of s
removal of the interference in the pretreatment.

ration of chloride (Cl-), sulfate (SO427), and carbonate (CO527) in.éxtracts from salir
erference with the determination of perchlorate. According to ISO 20295, it was rep
DO mg/1 of chloride, sulfate, and carbonate ions are injected“into perchlorate sta
25 mg/l1), the recovery rate of perchlorate was 80 %.dsing cartridge for remo
or dilution of extracts can be an appropriate solution for"the interference by the ions

carbon in soil can interfere with the determination’@f’perchlorate by elevated basel

increased nojse in chromatogram. Using special type of cartridge (e.g. C;g) or dilution of extracts g

a good soluti

pn for this interference.
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time of the p
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| ts

gents of recognized analytical grade. Prepare alternative concentrations or volun
Hescribed in 6.1 to6.3/if necessary. Alternatively, use commercially available soluti
concentration. Andconsequently, act on 6.4.1 to 6.4.5 accordingly.

hes of
bns of

6.1.2 Acet

ks

pnitrile (CH;CN), HPLC grade
aaa:d (CIY N TI) lacial

C dliu l\.‘ll3\.a\.lzll}, slablal

6.1.3 Acetonitrile / acetic acid eluent

Mix 500 ml acetonitrile (6.1.1) with 500 ml water and spike 1 ml acetic acid (6.1.2). The solution contains
49,95 % acetonitrile and 0,1 % acetic acid solution.

6.2 Extractant

6.2.1 Water, distilled or deionized water or water of equivalent purity, with a resistivity of
> 18,2 MQ cm (25 °C).
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6.3 Reagents for standard solutions

6.3.1 Sodium perchlorate (NaClO,)

6.3.2 180-sodium perchlorate (NaCl180,)

6.4 Standard solutions

6.4.1 Stock standard solution, ¢ (C10,7) =1 000 mg/1

For efample, prepare a stock standard solution by dissolving 0,123 g of anhydrous sodiunp perchlorate
(6.3.1) in water (6.2.1) in a 100 ml volumetric flask. The solution shall be stored in thie r¢frigerator at
2 °Ctp 8 °C for a period of up to 12 months.

6.4.2 Working standard solution, ¢ (C10,7) = 10 mg/1

For example, prepare a working standard solution by diluting 1,0 ml of sto¢k standard solution (6.4.1)
to 100 ml with water (6.2.1). It shall be stored in the refrigerator at,2.°C to 8 °C for a pegriod of up to
3 months.

6.4.3| Calibration standards

Dilut¢ the working standard solution (6.4.2) to designated.cohcentrations.

6.4.4| Internal standard stock solution, c (C1180,)'= 10 mg/1

For gxample, prepare an internal standard stock solution by dissolving 1,21 mg off 180-sodium

perchlorate (6.3.2) in water (6.2.1) in a 100 mhyolumetric flask and dilute to volume with

Stock

6.4.5

For e}
stock

7 Apparatus

Gene

7.1
15 ml

standards shall be stored in the refrigerator at 2 °C to 8 °C for a period up to 12 mon

Internal standard spiking solution, ¢ (C1'80,7) =1 000 pg/1

kample, prepare an internalstandard spiking solution by diluting 1,0 ml of the inter

al laboratory/glassware.

Centrifuge tube

and 50 ml conical tube or glass tube with screw cap.

solution (6.4.4) to 10 mlI'with water (6.2.1). It shall be stored at < 4 °C when not in use¢.

ater (6.2.1).
ths.

nal standard

h

7.2

7.2.1

Equipment for extraction

Horizontal mechanical shaker

A shaker can retain shaking rate as 100 cycles per minute and have shaking width of about 10 cm.

7.2.2

Centrifuge

A centrifuge has a capacity of centrifuge rate of 1 800 g.

© IS0 2023 - All rights reserved
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7.3 Filtration device

Suitable for using 0,2 pm to 0,45 um membrane filter (e.g. syringe).

7.4 Membrane filter

0,2 pm to 0,45 pm membrane filter (e.g. cellulose acetate, hydrophilic polypropylene or
polyethersulphone filter), chemically inert.

7.5 C(Clean-

up cartridge

Cartridge (e!
equivalent fg

7.6 Micro
0,2 ml, 1 ml,

7.7 Liquid chromatograph/tandem mass spectrometer

7.7.1 Liquiid chromatograph

7.7.1.1 Ge

The instrument shall be equipped with a programmable sglvent delivery system and all nece

accessories
line degasse
system is ne
spectromete
(Annex A).

7.7.1.2 Anplytical column

Reversed-ph
perchlorate.

7.7.2 Mas

7.7.2.1 Ele

The ESI sou
example of a

c. Ba, Ag, and H cartridge) for removing selective interference ions and C;g cartrid
r removing organic matters in extracts.

pipette and Pasteur pipette

hnd 5 ml micro pipettes and Pasteur pipettes.

neral

ncluding injection loop, analytical column, €olumn heater, chromatography pum
I, etc. If a solvent gradient is used to obtain separation, then a binary solvent de
cessary. The chromatographic system shall be capable of interfacing with a tandem
. Table A.1 shows an example of a,LC’setup for separating perchlorate from sa

hse HPLC column [e.g. 4,6-/(i.d.) x 250 mm (length), 5 um (particle size)] for ana
The column utilizes the extra-dense bonding of organo-silane ligands.

b Spectrometer

ctrospray‘ionization (ESI) source

"ce generates gas phase ions of perchlorate from the liquid phase. Table A.2 shoj
h ESI setup for LC-MS/MS analysis with fragmentation.

ge or

ssary
p, in-
livery
mass
mples

ysing

(VS an

7.7.2.2 Tandem mass spectrometer

A triple quadrupole tandem mass spectrometer (MS/MS). Refer to the manufacturer’s instructions for
instrument tuning, conditions and verification. Tuning parameters are available from the instrument
manufacturer, along with mass tuning solutions and instructions on how to optimize the mass

spectromete

I.
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8 Procedure

8.1 Sampling and storage

Field moist soil sample is collected based on, for example, ISO 18400-101, ISO 18400-104, and
[SO 18400-107, using sampling devices recommended by ISO 18400-102. The sample should be extracted
within 28 days of its acquisition, and the extract shall be analysed within 28 days of its preparation.

8.2 Pretreatment

8.2.1Drying

Field moist soil sample is dried in the air or oven. Spread soil sample in a layer not thickér than 5 cm on
the tifay. The tray shall not absorb any moisture from the sample and contaminate the sample. In case
of air|drying, direct sunlight shall be avoided. In case of oven drying, temperature-in the gven shall not
exceed 40 °C and ventilation device to be equipped.

8.2.2]| Sieving

Dried| sample is passed through 2 mm sieve. Remaining particlecon-the 2 mm sieve is cfushed using
suitable apparatus. Apparatus for crushing (e.g. rubber hammef; pestle) should be used tp crush large
soil pprticles and enable the crushed particles to pass through the 2 mm sieve. The crushed particles
passed through 2 mm sieve are used as test portion.

The ofther details for drying and sieving shall be carried‘out according to ISO 11464.
8.3 |Extraction

8.3.1| Mechanical shaking

Weigh (10,0 £ 0,1) g of dried and sieved sample into 50 ml of centrifuge tube. Add 30 ml of ater (6.2.1).
Shakg it using horizontal mechanical shaker (7.2.1) for 1 h at 100 cycles per minute.

8.3.2| Centrifuge

After|shaking process, centrifuge the mixture at 1 800 g for 1 h.

8.3.3| Filter and-¢lean-up

Filter|the extract using filtration device (e.g. plastic syringe) (7.3) with 0,2 pm to 0,45 pin membrane
filter (7.4). TheTiltrate is used for LC-MS/MS analysis (7.7). If necessary, the filtrate is pagsed through
specific eantridge or C;g column (7.5) for clean-up of filtrate before analysing.

8.4 Liquid chromatography-Tandem mass spectrometry (LC-MS/MS)

8.4.1 Liquid chromatography

Optimize the liquid chromatograph for optimal perchlorate separation. An example of conditions of
liquid chromatograph for separation of perchlorate from sample is provided in Table A.1.

8.4.2 Tandem mass spectrometry

Tandem mass spectrometry shall have capacity of triple quadrupole or equivalent. Optimize the mass
spectrometry for optimal perchlorate detection. An example of condition of triple quadrupole mass
spectrometry is provided in Table A.2. The recommended mass numbers of perchlorate are provided
in Table 1.

© IS0 2023 - All rights reserved 5
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Table 1 — The recommended mass numbers of perchlorate for determining perchlorate using

LC-MS/MS
Ion Molecular weight Selected ion (m/z)
85C10,- 99 83
87C10,-- 101 85
85CI180,- 107 89

8.4.3 Calibration using internal standard material

This calibration-method is applied to determine mass content independent - is not affec
injection errpr, water content and matrix effects of sample. The recovery of target chemical in’s
shall be equdl to the recovery of standard solution.

Spike 50 pl of the internal standard spiking solution (6.4.5) in 10 ml of calibration standards and s

ed by

hmple

hmple

solutions. THe concentration of internal standard material (C1180,7) is 5 pug/l. The standard solytions

(6.4.3) are apalysed by LC-MS/MS. After plotting the ratio of mass in calibration-solutions to
area (or height) based on Formula (1), calculate the relative ratio of perchlorate (C10,) to 180 lal
perchlorate (CI'80,7).

A [

—S=a-+>+b

Ais is
where

4; isthe peak area of perchlorate in calibration solutions;

45 is the peak area of 180 labelled perchlorate in_¢alibration solutions;

a  isthe slope of calibration curve;

s is the mass concentration of perchlarate in calibration solutions (pg/1);

Cis is the mass concentration of 18@.Jabelled perchlorate in calibration solutions (pg/1);
b  isthe y-intercept of calibration curve.

Inject the sgme volume for calibration as for the sample measurement. While analysing saj

peak
belled

(M

nples,

check the validity of the calibration by injecting the middle range of the calibration standard solution.

If measured [values deviate\from the associated nominal values by more than 10 %, a recalibrat
necessary.

9 Quality centrol

ion is

After the calibration, initial catibration vertfication 15 performed Using biank (method btank) an

1 low-

level standard solution. Also, continuing calibration verification is performed in every batch. Generally,

the determined value range shall be #10 % of nominal value.

Accuracy is evaluated by recovery test. The ratio of determined value to spiked value range shall be in

between 80 % and 120 %. Precision is assessed as relative standard deviation (RSD). The RSD
shall be < +25 %.

The validation data are given in Annex B.

range

6 © IS0 2023 - All rights reserved
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10 Calculation

Calculate the perchlorate mass concentration in the soil sample using Formula (2).

A, /A )-b |4
Xs=@‘cis'f'— 2)
a m
where
X, is the mass concentration of perchlorate in the soil sample (ug/g);

T , ekt reatibrationsottions:

s is the peak area of 180 labelled perchlorate in calibration solution;

N

a4  is the slope of calibration curve;

H s the y-intercept of calibration curve;
(s isthe mass concentration of 180 labelled perchlorate in calibratien solutions (ug/l);
7 isthedilution factor in the LC-MS/MS analysis or other dilution steps (if necessarny);
H isthe total sample volume (ml);

M is the dried mass of soil sample (g).

11 Expression of results

Resullts shall be reported to a maximum of two, significant figures.
EXAMPLE

Perchlorate (C10,7) 2,1 pg/kg

Perchlorate (C10,7) 1,8 - 10%fig/kg

12 Test report
This fest report should contain at least the following information:

a) t]\e test method used, together with a reference to this document, i.e. ISO 5120:2023;
b) all infopmation necessary for complete identification of the sample;

c)

d) any details that are not specified in this document or that are optional, as well as any other factors
that may have affected the result.

(=

heTesults of the determination according to Clause 10;

©1S0 2023 - All rights reserved 7
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(informative)

Annex A

Examples of Liquid chromatography - tandem mass spectrometry
(LC-MS/MS) conditions

Key

N <X

18

16

14

12

10

o

retention
intensity,
20 pug/1C

time, mih
x 104
04(98,9/83,0) (6,65 min)

16 18 20 X

5 ug/1 C1180,- (106,9/89,0) (6,63 min)

Figure A.1 — Example of perchlorate analysed by LC-MS/MS
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Table A.1 — Example instrument setting for liquid chromatograph for determining perchlorate

Liquid chromato-
graph parameters

Example of setting

Analytical column Reversed-phase LC column (4,6 (i.d.) x 250 mm (length), 5 pm (particle size))
Column temperature 30°C
Injection volume 10 pul to 30 pl
Pump flow rate 0,5 ml/min

Mobile phase

49,95 9% acetonitrile, 0,1 % acetic acid

NOTE This example instrument setting is based on 1200 series LC system (Agilent, USA).

Table A.2 — Example instrument setting for a tandem mass spectrometer for det

perchlorate

Prmining

Mass spectrometry parameters

Example of setting

Ionization mode

Electrospray ionization (ESI)

Spray voltage -4,5 KV
Polarity Negative
Temperature 350°C
Curtain gas 25
Ion source gas 1 50
Ion source gas 2 50
Detection mode Mudltiple reaction monitoring (MRM) mode
Fragmentor voltage 200V
Dry gas flow 12,0 1/min
Capillary voltage Negative 3 000

NOTE| This example instrument setting is based(on API 3200 MSD (AB SCIEX, USA).

© IS0 2023 - All rights reserved
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Annex B
(informative)

Performance data

Environmental Soil Science and Contaminant Control Lab in Korea University organized an inter-
laboratory validation study in September 2022.

The test soil materials were collected from perchlorate- and related compounds-free site and|were
ground to legs than 150 um of particle size. Each sample was prepared by adding perchlorate\standard
solution to tgst soil materials at a certain concentration. Test samples were homogenized with V-rpixer.

8 laboratorigs from 2 countries participated in the validation study. All participants'received two soil
samples (1 bottle of known soil sample, 1 bottle of unknown soil sample, namely NICEM - VS5083 and
NICEM - VS04, respectively). The amount of soil sample in a brown glass bottle’ was approximately

50 g (Table 1)).

For both samples, all participants carried out triplicate analysis. FiguretB.1, Figure B.2, Table BJl and
Table B.2 shpw the summarized results of the inter-laboratory validation study. Data evaluatign has

been performed according to ISO 5725-2.

For a summgry, the average of the coefficient of variation, repeatability (Cy,) for NICEM - VS50 and
NICEM - VS304 were 0,98 % and 1,07 %, respectively. And:the average of the coefficient of variation,

reproducibiljty (Cy, ) for both samples were 3,11 % and 4,09 %, respectively.
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Figure B.1 — Scatter plot of test results for NICEM - VS503 sample
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