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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

At the time of publishing this document, the mapping of soil pollution status is generally based on
geochemical methods that, despite development of new, more sophisticated and precise equipment,
have apparent disadvantages, among them uncertainty, as usually there is no satisfactory information
on the extent and range of pollution in the area. This results in the need of a large number of samples to
be collected, followed by expensive and time-consuming chemical analysis.

Among anthropogenic soil pollutants, trace elements [potentially toxic elements (PTEs)] are the most
problem beginning of
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The 4
of sp
with

technique (the 1st stage) is to be integrated with the classical geochemical methods (the¢

of th
reley
thus

implementation of the two-stage optimized geophysical/geochemical method of me
$patial anthropogenic pollution with airborne trace elements from the dry and wet
for fiirther delineation of polluted soil areas to be adequately managed. The method prov

atic, widespread and persistent group that has accumulated in soil since the

e atmosphere. Due to the historical and persistent character of pollution, determin|

method has not yet been standardized. For this purpose, a standard procedure, pi
blines for the using soil magnetometry as a screening methed are developed primaril

olume-specific magnetic susceptibility, x, which geflects cumulative anthropogenic
vith trace elements, expressed as a PLI. The method is intended to serve as a screeni
ing system to be applied at any scale, from loeal to large regional one, also for the inv
o-range airborne element transport.

pcific trace elements in soils. To carryeut a more precise survey of the anthropogenic §
airborne trace elements, soil magnétometry as the screening geophysical “in situ” m

e optimized procedure. Spectifically, on the basis of geophysical methods used for
ant dense geochemical monitoring network can be applied in the areas of diagnosed e
reducing the number ofisamples and chemical analyses required.
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Soil quality — Guideline for the screening of soil polluted
with toxic elements using soil magnetometry

1 Scope

This document specifies methods for the measurements of magnetic susceptibility of soils (k) as an
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eening geophysical method of determination of soil pollution with trace elements. T
urements are used for preparing the maps of magnetic susceptibility of soils in:the are
| these maps, the areas of elevated and high magnetic susceptibility indicating high ty
pollution load are discriminated for further identification of pollutants by geochemic3

document is applicable to screening all TMPs-related anthropogenic)emission sourc
range transport of airborne elements, of which TMPs are carriers-and indicators. Su
ces comprise the majority of high-temperature industrial processes, where iron is pr
ralogical form in raw materials, additives or fuels, is transformed into ferrimagnetid
fossil solid and liquid fuels combustion, metallurgy, cementand ceramics industry, coke
strial waste landfills, land transport). This document is ot applicable to screening an
sions not associated with TMPs, e.g. organic pollutants$)or emissions from agricultural

1  Copper, zinc and other non-ferrous metal ores(alSo contain iron (in many sulfides) as
indant in almost all environments. During smelting, the iron occurring in sulfides is tran
hagnetic oxides (TMPs). However, in such cases, the proportion of TMPs and related PTEs is usy
]l combustion or iron metallurgy, for example)\and not all PTEs are physically associated and
IPs. Non-airborne elements are deposited n the close proximity of the emission source, wh
ed in these cases as indicators of airborne elements and of the spatial distribution of the
bition from a smelter in the area.

re cases, some soils are deyeloped on bedrock exhibiting geogenically high magne
ause false-positive resultsiThis influence can, however, be easily indicated by meas

magnetic susceptibility along'seil profiles. This method is not applicable when the bedr
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Ferms and definitions

For the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— 1
|
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upper part of a natural soil that is generally dark coloured and has a higher content of organic matter
and nutrients when compared to the (mineral) horizons below, excluding the humus layer

Note 1 to entry: For arable land, topsoil refers to the ploughed soil depth, while for grassland it is the soil layer
with high root content.

3.2
subsoil
natural soil

material below the topsoil (3.1) and overlying the parent material

Note 1 to ent

3.3
technoge
different
anthropoge
trace elemel

3.4

soil magne
geophysical
magnetic sul

3.5
magnetic s\
measure of]
proportiong
cumulative

3.6

Fy: All or much of the original rock structure has been obliterated by pedogenic processes.

magnetic particles

ni
mri:neral forms of iron oxides exhibiting magnetic properties that areycdemponen

hic emissions from high-temperature technologic processes and are edrriers of airh
its

fometry
survey technique used for mapping spatial variations in th€ magnetic properties [m|
bceptibility (3.5)] of topsoil (3.1) and subsoil (3.2)

isceptibility

the ability of a material to be magnetized expressed in SI magnetic units, whi
| to the concentration of technogenic magnetic particles (3.3) in topsoil (3.1), indic
hnthropogenic contamination of soil with traée elements

mass magnletic susceptibility

magnetic su
mass of meg

3.7

bceptibility (3.5) divided by density-of sample material, measured in a laboratory whe
sured sample is known

frequency dependence of magneticsusceptibility

Xtd
parameter 1

biogenic prd

3.8
magnetic s\

cesses)

hsceptibility mapping

developmenft of 2D er 3D maps with the use of measured data of magnetic susceptibility (3.5) in the

of interest c

prrelated with pollution load index

s of
orne

ostly

ch is
pating

n the

evealing presences0fsuperparamagnetic particles, being the result of natural (pedogenic or

area

39

pollution load index
dimensionless index showing cumulative anthropogenic pollution of soil with trace elements used to
validate results of magnetic susceptibility (3.5) screening

3.10

contamination factor
ratio of specific metal concentration in soil and its background value in soil
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3.11

natural background concentration

concentration of a substance that is derived solely from natural sources (i.e. of geogenic origin)
commonly expressed in terms of average, a range of values or a natural background value

Note 1 to entry: For the practical purposes of this document, this is mean element concentration in subsoil
measured in soil cores collected from studied area.

3.12
soil core
core collected from an uppermost soil layer (min. 200 mm long and 35 mm in diameter)

3.13
boundary depth
depth in soil profile where magnetic susceptibility (3.5) stabilizes after decreasingftom ifs maximum
valug¢, indicating the transition from the polluted layer to unpolluted part of soil profile

4 $ymbols and abbreviated terms

PTE potentially toxic trace element
TMP technogenic magnetic particle

Ce element concentration in a sample
Cgle baseline value for an element e

CF, contamination factor

PLIgirg  pollution load index

K magnetic susceptibility
X mass magnetic susceptibility
Xfd frequency dependence)of magnetic susceptibility

5 Fundamentals

5.1 | Screeningprinciple

Magietic iron. oxides are components of industrial and urban dusts emitted to the atm¢sphere and
technogenic
cement and

Volume-specific magnetic susceptibility k is directly proportional to the concentration of magnetic
particles within the sensor penetration area and reflects cumulative anthropogenic contamination
of soil with PTEs. High interdependence between the total historic dust dry and wet deposition, and
magnetic susceptibility has been well confirmed. Magnetic susceptibility can be measured quickly and
accurately in trace amounts as validated in Annex D. Magnetic susceptibility mapping of an area of
interest based on the measurements of magnetic susceptibility in topsoil (soil surface and uppermost
horizons), correlates with cumulative anthropogenic pollution with airborne trace elements expressed
as pollution load index (PLI). Annex A describes the relation between magnetic susceptibility and trace
element contamination taking place in topsoil.
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5.2 Screening work processes

This screening method consists of two or three steps. All measurements may be performed either in
the field only (two-step procedure), or as field and laboratory works (three-step procedure):

field measurements and works;

— laboratory measurements;

data mapping.

The next step is related to the use of screening measurement data maps with delineated potentially

polluted ar
pollution st

soil san]

5.3 Field

eas for the targeted soil sampling within the proper geochemical analysis 0
ptus:

pling for geochemical analysis.

measurements and works

Field measufrements and works to be carried out are as follows:

surface

— insitun
— topsoil
5.4 Labo

Magnetic sy

5.5 Data

measurements of magnetic susceptibility of topsoil;

heasurements of magnetic susceptibility along soil profiles.(optional);

soil

core sampling for laboratory measurements of magnetie'susceptibility along soil profiles.

ratory measurements

sceptibility is measured along soil profiles:ifa laboratory.

mapping

Data mappinpg to be completed are as follows:

magnet

delineaf

5.6 Soils

Soil samplin

6 Appar

¢ susceptibility mapping ofithe area;

ion of contaminated sites/for further geochemical analysis.

ampling for geochemical analysis

g is necessary;-ih case geochemical analysis is additionally arranged. See 7.5.

atus

The followiy

1g-€quipment and devices are used.

6.1 Field

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

4

equipment

Field magnetic susceptibility loop sensor.
GPS.

Datalogger coupled with GPS or laptop.
Topsoil core sampler.

Plastic tubes for the topsoil core sampler.

© ISO 2019 - All rights reserved
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6.1.6 Hammer.

6.1.7 Field core magnetic susceptibility meter (optional).

6.1.8 Laptop coupled with a field core magnetic susceptibility meter (optional).
6.2 Laboratory equipment

6.2.1 Dual-frequency laboratory magnetic susceptibility sensor.

6.2.2 Laboratory core magnetic susceptibility meter.

6.3 | Data mapping

6.3.1 Visualization, contouring and surface modelling software.

NOTH
analy

Software used for terrain modelling, bathymetric modelling,Clanidscape visualizafion, surface

sis, contour mapping, 3D/2D surface mapping, gridding and volumetrics:

7 Procedures

7.1 | Measurement network

The
distn
area

main purpose of surface measurements of magnetic susceptibility is the determinati
ibution of pollution with trace elements. Bagic measurements of magnetic susceptibil
of interest are performed in the field in apossibly regular network that is designed §

bn of spatial
ty (k) in the
is discussed

in Annex B.2. The grid density is selected«depending on the size of an area to be screened, and the

avail
but 1

ability of preliminary information coficerning possible sources and extent of anticipat
10 less than 1/7 to 1/10 of the sutveyed area, at the distance ratio DR approximate

bd pollution,
y 1:1 to 1:2

between basic measurement points,

should be
ce ratio DR

In the areas of identified elevated magnetic susceptibility, additional measurements
perfgrmed close to about évery third basic point, at the considerably smaller distan
apprpximately 1:5 to 1:10¢

area, dense
stances.

Withiin delineated areas of magnetic susceptibility higher than the average for the
meagurements shotld be carried out. The measurement points may be sited in irregular di

7.2 | Measurements of magnetic susceptibility at the topsoil surface

Magnmneti€ susceptibility (k) at the topsoil surface is measured in the field with a portable hapd magnetic
susc¢ptibility loop sensor in network points. The geographic position of each measurenjent point is
recorded with GPS as is shown in the scheme in Annex B.1. Within about 2 m radius around the GPS
position, at least 11 measurements (odd number) of magnetic susceptibility shall be taken. The soil
surface shall be available for a sensor, thus a thick vegetation or litter in the measurement point should
be racked aside.

The time needed for a single measurement is approximately 1 s.

The measurement results can be downloaded from a datalogger coupled with GPS and are ready for
analysis. The downloaded table for a single measurement includes coordinates and measured values of
soil magnetic susceptibility.

NOTE Extraordinary high values of magnetic susceptibility (outliers) can be caused by the occasional

occurrence in topsoil layer of metallic artefacts. The possible impact of artefacts is eliminated by the rejection of
the highest and the lowest values from the measured set of results when calculating mean value for a single point.
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7.3 Measurements of vertical magnetic susceptibility distribution

7.3.1 Gen

eral

The main purpose of measurements of magnetic susceptibility (x) along the topsoil profile is: (a)
determination of vertical distribution of anthropogenic pollution of the soil with trace elements that
could be caused by different accumulation in organic horizons or by vertical migration of TMPs; (b)
detection of possible influence of magnetic properties of a bedrock; (c) evaluation of the background

magnetic su

sceptibility values;

Measurements of magnetic susceptibility along the soil profiles can be performed in two ways:

— by takir]
— by in sif]

The choice
instant info

7.3.2 Topsoil core sampling

The topsoil
susceptibilit
also of the 1
specified in

Cores are tg
layer. Plasti
the tube by
for the protd

7.3.3

In situ mea
preferably n
the results 4

The autom
a core mag
distribution|
graphs preg
coupled wit

NOTE1 A
equipment. T

Field measurements

g topsoil cores in the field and sending to the laboratory for magnetic susceptibility ana
u measurement of magnetic topsoil profile (optional).

pf field or laboratory measurements depends on the convenience, the reed of obta
‘mation for further measurement performance and availability of equipment.

core samples should be taken in the parts of the area showing the highest mag|
y (x). Additionally, for a reference at least one core samplé.from the area of the lowest
hoderate magnetic susceptibility shall be taken. The number of sampling points shou
lividually with regard of representativeness.

ken in the field in plastic tubes with the use of(s6il core sampler hammered into th
C tubes, after checking the core status, shall be protected from core destabilization W
capping from both sides with neutral caps, marked and wrapped tightly into thin plast
bction from moisture loss.

surements are more time-consuming, and slow down the measurement campaign;
eed dry weather for convenient performance. These measurements should be carried
re required for a further proper design and conducting spatial field measurements.

tic “in situ” measurément of magnetic topsoil profile can be performed with the u
etic susceptibility-meter for field measurements along the soil profile to detect vel
of pollutants and’horizons of pollutant accumulation. These data in the form of table
enting magnetie susceptibility values vs layer depth are available instantly at the 13
h the metert

core qnagnetic susceptibility meter for automated in situ measurements is not indispen
he sanie results can be obtained with the use of alaboratory analysis of core samples taken in the

ysis;

ning

netic
, and

[d be

b soil
ithin
c foil

they
but if

se of
rtical
5 and
ptop

sable
field.

NOTE 2

susceptibility meter.

7.3.4 Lab

oratory measurements

P . 3 1: c 1 : 3 s .
IIl Cd5C U6 IT SITU TIICASUT CIIICTILS, LI UI4IIICLEr O COIrc SAIIpICT IS COMIp4atinice WILIT COI'c umgnetlc

Soil cores taken in the field in plastic tubes with the use of soil core sampler are measured in a laboratory
using a laboratory magnetic susceptibility sensor.

7.3.5 Top
Topsoil mag

a)

origin o

soil magnetic profile analysis
netic susceptibility profiles are analysed to determine:

f elevated magnetic susceptibility (anthropogenic or natural);
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)

7.4

7.4.1 Data processing

Of the measured magnetic susceptibility data set for each measurethent point, the high
lowept values shall be rejected, and the mean value calculated (with standard deviation).

7.4.1 Magnetic susceptibility surface mapping

The
and

susc¢ptibility distribution in the analysed area.

7.4.3 Data analysis

In the map, the areas within the contours of‘the highest magnetic susceptibility values indic
or high trace element concentrations. These areas should be selected for further geochem
in orfder to detect specific pollutants @and evaluate the level of soil pollution.

In general, magnetic susceptibilitywvalues:

7.5

IS0 21226:2019(E)

NOTE In the case of an anthropogenic origin of elevated magnetic susceptibility.
vertical distribution of pollutants resulted from;
1) Anthropogenic accumulation in organic horizon;

2) Vertical redistribution of iron minerals and pollutants in pore solution;

3) Geogenic magnetic susceptibility of bedrock that is usually visualized by the increase

with the depth. In this case, false-positive errors of soil magnetometry may ind

icate higher

anthropogenic soil pollution of the area with trace elements. Make a decision with respect to

the applicability of the method in the screened area.

ILackground magnetic susceptibility values.

Magnetic susceptibility mapping and data analysis

mnean values of magnetic susceptibility shall be used as:input data into a visualization|
surface modelling computer program in order tg, obtain 3D or 2D contour maps

in the range within 0 to 30 x 10-> SI magnetic units, considered to indicate low pollutio
¢lements;

in the range within*30 x 1075 to 70 x 10-5 SI magnetic units, indicating moderate po
frace elements;

in the ramgg within 70 x 10~ to 100 x 10~> SI magnetic units, indicating elevated po
frace elements;

ahoye 100 x 105 SI magnetic units, indicating high pollution with trace elements.

est and the

contouring
of magnetic

ate elevated

cal analysis

n with trace

llution with

llution with

Soil sampling for geochemical analysis

Topsoil core samples within a delineated high pollution area taken at the screening stage are ready for
geochemical analysis.

If more detailed geochemical analysis is required, a network with a denser grid within delineated high-
pollution area should be developed and additional core samples taken in accordance with a procedure
described in 7.3.2.
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8 Screening report

The following information shall be documented in such a way that it is immediately available on request.
In the following list, at least, the items marked with an asterisk (*) shall be included in the screening
report. An example of the report form is provided in Annex C:

a) arefere

nce to this document, i.e. ISO 21226:2019;

b) name and characterization of a screened site*;

c) date of measurements®;

d) weathel
e) graphic
f) acompl
g) measur

h) wvalues {
deviatig

i) comput
control

j)  measur

k) comput
the soil

1) measur
m) the calc
n) backgrd

0) any dey
circumg

p) comput
q) delineat
r) alistof

s) anetwg

[ conditions during measurements*;

scheme of a screened site with a measurement network*;

bd topsoil surface magnetic susceptibility values (k) for the given meastirement positi
ejected and the calculated mean values of surface magnetic sus¢eptibility with stan
n*;

over all map parameters*;

ement method of magnetic susceptibility along soil profile*;

bd contour 2D maps of surface magnetic susceptibility distribution with identificati
profile measurement positions (coordinates) i the network*;

bd soil profile magnetic susceptibility values (k) for the given measurement position;
ulated mean values of topsoil and subsoil magnetic susceptibility with standard deviat
und magnetic susceptibility values*;

iation from measurement-imethods and the reason for these deviations together wit
tances that have influenced the results*;

bd magnetic susceptibility distribution graphs along soil profiles*;
ed areas of elevated/high trace element contamination*;
soil core samples ready for geochemical analysis*;

rk for additional core samples for geochemical analysis;

ete identification of the topsoil surface measurement positions (coordinates) in the grid*;

n;

dard

bd contour 2D or/and 3D maps of surface magnetic susgeptibility distribution with full

bn of

ion*;

h all

netic

t) any guijiance resulted from surface magnetic susceptibility distribution maps and topsoil mag|

pl"Ofile aua}_y Sts:

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=d5e25ed2179cea603a8c12142a5aadfc

A1l
The

temp
trace
long-
of ejf

subs

The
part

(LRT]
netw
adeq|
meth

mon

the c

Exte
soil,
mag

from|

Most

part

trace

tran

urba

sour

fuels

othe

This
pres
susc

IS0 21226:2019(E)

Annex A
(informative)

Relation between magnetic susceptibility and trace element

contamination of topsoil

General

sources of contamination contributing to total loads of elements in soil and_their mg
orally and spatially are of different character and origin. Environmentalfdte and Y
elements depends upon the character of emission and soil properties: they'may be a
range transport and affect remote areas far from the emission source)The extent ar
hissions and their impact may undergo temporal and spatial altérations, and thug
Fantially from the actual cumulative extent of soil pollution.

spatial variability of soil pollution from wet and dry deposition of trace element;
fcular in urban, industrial and post-industrial areas, but due‘to long-range transport (
P) also in areas far from anthropogenic activity. Thérefore, a relatively dense m
ork is required for identification of polluted areas and ones concerned about pollution
juate actions should be undertaken. The use of an efficient, fast, simple, and cost-effectiy
od for identifying such areas and conducting in.didgnosed polluted areas a relevant
toring in the network of a required density at the next stage would substantially redy
psts, the number of samples and chemical amalyses but increase precision.

hsive research conducted in the world fob over two decades proved that magnetic susq
which is an easily measurable geophysical parameter and directly related to the cong
netic particles in soil, can be usedas/an indicator of cumulative soil pollution with tra
dry and wet deposition.

of magnetic particles ocetirring in topsoil are of anthropogenic origin. Technogen
icles (TMPs) are generated’in practically all high temperature technological process

formed into highly-nragnetic iron oxides. Magnetic iron oxides are components of in

ces of pollution ¢ontaining Technogenic Magnetic Particles (TMPs) comprise combust
coke industfy, metallurgy, cement and ceramic industry, land transport, waste land
's. TMPs@né common components of urban dusts and aerosols[1l.

featuk€makes possible to use TMPs as tracers of anthropogenic pollution with trace me

bility differ
ehaviour of
subject of a
1d character
may differ

is high, in
f pollutants
easurement
risk, where
Ve screening
beochemical
Ice the time,

eptibility of
entration of
ce elements

ic magnetic
es involving

metals, where different iron minerals, present in raw materials, fuels and additives are

Hustrial and

n dusts emitted’to the atmosphere and deposited on the soil surface. Anthropogenic emission

ion of fossil
i1l sites and

tals, as their

¢rice, 'even in trace amounts, in soils can be easily detected by magnetic measuremenlt

itof'dry and wet

s. Magnetic

deposition of potentially toxic trace elements (PTEs) from industrial and urban sourcesl213], Moreover,
TMPs are known to serve as carriers of trace elementslll. Magnetic particles and trace elements may also
be produced independently by the same process and simultaneously emitted[4l. Besides magnetic iron
oxides are efficient sorbents of trace elements. In many extensive studies conducted worldwide for over
two decades, a high correlation between PTEs and magnetic parameters was observed[4l[2][6][Z][8][9],

TMPs and PTEs are enriched in the uppermost 100 mm of soil in undisturbed lands, where the highest
concentrations of trace elements are commonly observed. Also cultivated agricultural soils and
industrial/ post-industrial lands are well suitable for magnetic methods to indicate of PTE pollution.
Magnetic susceptibility has appeared as a valuable tool for identification of a long-range transport of
pollutants which in many cases plays an important role in the environmental pollution with PTEs.
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A large number of studies conducted so far confirm reliability of soil magnetometry as an indicator of
soil contamination with trace elements from dry and wet deposition. This shows its potential for use in

routine standardized soil quality monitoring.

A.2 Magnetic susceptibility (x) and pollution load index (PLI)

A.2.1 Relation between magnetic susceptibility k and trace element deposition

Volume-specific magnetic susceptibility k is directly proportional to the concentration of magnetic
particles within the sensor penetration area and reflects the cumulative anthropogenic contamination

of soil with

: p
dry and wef deposition and magnetic susceptibility. It can be measured fast and accuratelynin

amounts. M
uppermost

Magnetic sy
cumulative

anthropoge
proven long
(except In) 4

in airborne
information
period of in
the surface

entirely fron wet and dry deposition and are strongly affected by long range transport of polluf

follow the o
suggests thg
with PTEs. 4
carrier of T

S udles conducted SO Iar conrirme 19

18

gnetic mapping by measurements of magnetic susceptibility in topsoil (soil stirface
orizons) correlates with cumulative pollution with potentially toxic elements(PTEs).

Isceptibility does not differentiate specific trace elements but reflects la retrospe
load of airborne trace elements in soil originating from dry and [wet depositid
hic emissions. Of different trace elements, 15 are known to have airbarne properties a
L range migrants: V, Cr, Ni, Cu, Zn, As, Se, Mo, Cd, In, Sn, Sb, Hg, T1 and Pb. All these ele
re considered to be potentially toxic (PTEs).

iy
ents

These elemlents, in different proportions related to concentration inh emissions and differg

toric
race
and

ctive
n of
are

nces

properties, constitute cumulative anthropogenic pollution of soils. There is not
concerning distribution of trace elements in anthropegenic emissions during the
dustrial revolution and the development of motorization. However, PTE concentrati
layer of ombrotrophic peat bogs in southernmost Norway, which receive pollutant

rder: Zn, Pb > Cu, As, V, Ni, Se > Cd, Cr, Sn, Sbo > Hg, In, T1. This trace element distrib
e combustion of fossil fuels and traffic to be significant sources of soil pollution in the
\ fine particulate matter PM2.5 is an important part of anthropogenic emissions, the
MPs and airborne anthropogenic trace elements and a source of dry and wet depositi

pollutants
locations,

Singapore gnd China), shows a high Felcontent and a prevalence of the trace element sequen

Zn>Pb>C
in rare casq
elemental s¢
Pb in long-r

The content
anthropoge
historical si

to soil. The contemporary tracé element distribution in PM2.5 originating from diff
ostly in cities in 16 countries of the world (nine European countries, Canada, USA, ]

> Ni > As > Cd with a changeable position of V and Cr. Domination of Pb over Zn hap
sl10], The cease from.using leaded gasoline resulted in the farther position of Pb i
quence in PM2.5 frem/locations with high traffic, while petrol lead was the main sour
inge transported-aerosols for at least a few decades in the middle part of the 20th cent

of airborne(frace elements in soils constitutes a resultant of many decades of imp4
hic emissions changing with the development of industry, new technologies, economi
fuation."Therefore, the current status of land use and anthropogenic emissions in the

might be hig

hly misleading. Soil magnetometry provides a fingerprint of actual trace element poll

?

uch
tire
s in
oads
ants,
ition
area
main
on of
brent
hpan,
ce of
pens
h the
ce of
ury.

ct of
t and
area
ition

status of soill.

A.2.2 Contamination factor

To correlate magnetic susceptibility of soil with the state of soil pollution for validation purposes,
contamination factors CF, for airborne “technogenic” elements can be calculated from the equations
proposed by Tomlinson et al., 1980[11] for parameters indicating cumulative load: contamination factor
CF, and Pollution Load Index (PLI):
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mination factor is given in Formula (A.1):

e

CBl-e

aseline value CFp,_, for an element e, the following values may be used:

(A1)

a) aconcentration of the element in the subsoil in the reference site based on the soil core analysis;

b) a mean value of the lowest concentrations of the element detected in the surveyed site (in case of

1

acking soil cores).

A.2.3 Pollution Load Index
Pollution load index can be calculated as a point value (for a single sampling: site), ds shown in
Formula (A.2):

PLIgrg =I\1/CFZn -CFpy, -CFq -KK-CF, (A.2)

or spatially for a selected area represented by similar values of magnetic susceptibilit

y shown in

Formula (A.3)

PLIzRga =1 PLISITEl 'PLISITE2 'K'PLISITEm (A-3)
A.2.4 Validation of correlation and robustness
Correlation and robustness of geophysical screering should be examined routinely withiin a QA/QC
procedure after subsequent geochemical testing-of PTE concentrations in the network based on the
results of magnetic susceptibility measurements in the area. In such a case, 3D or 2D cdntour maps

of pd
proc
SuSCy

In a
mag
sepa
resu
geop

As a
(a ¢
ares

«

!

edure described in 7.4 and compafed for correlation with 3D or 2D contour maps
bptibility in the area (See Annex(D).

other case, the comparisenican be performed on the basis of independent meas
etic susceptibility and-geochemical measurements of trace element concentratior
Fate networks. In such a-ease, owing to the lack of interdependence, the most objectiv
ts are obtained and the tests are organized to aim primarily at the validation and r
hysical and integratéd geophysical-geochemical methods in specific cases and applicat

validation proof, the results of independent comparative studies are shown in Figureg
d, e and f).\The results of subsequent geochemical measurements based on geophysic
hown in\Figure A.2:

a”’shows the “true pollution distribution”. The PLI index is based on the regular

llution load index distribution in the analysed area should be developed in accordamnce with the

of magnetic

irements of
s in soil in
b and visible
bustness of
ions.

[A.1and A.2
al screening

network of

100/points;

“b” shows the PLI distribution based on 30 points of targeted soil sampling (on the basis of magnetic
screening);

— “c-f” show the PLI distribution based on 30 points of random soil sampling by four independent
persons.

Figure A.3 demonstrates validation studies for a large area (18 415 km?2) performed in parallel in the
same grid 4 x 4 km? by two independent teams: one conducted geophysical measurements of magnetic
susceptibility k and the other collected and analysed soil samples geochemically. In the investigated
target area, the pollution level is mostly moderate. Some spots, however, show lower or higher pollution
due to trace elements originating from different external and internal sources (industrial and transport
emissions, spatial anthropogenic activity and in some places of a geogenic character). The results of
measurements of magnetic susceptibility show high correlation with PLIs for groups of three (Zn, Cd
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and Pb) through five (Ni, Cu, Zn, Cd and Pb), 11 (V, Ni, Cu, Zn, As, Mo, Cd, W, Hg, Tl and Pb), 13 (V, Cr, Nj,
Cu, Zn, As, Mo, Cd, W, Hg, T1, Pb and U) and 15 elements in the soils of the area (V, Cr, Mn, Fe, Ni, Cu, Zn,
As, Mo, Cd, W, Hg, T1, Pb and U).

Z1

o—ma
RN

-

Z1 ” ’

y %
4 X QQ
b) Qj\
&
Key A\@$
X longitude \O
Y latitude ) C\)j:
Z1 magneti¢ susceptibility (k) C)\\
Z2 pollution} load index (PLI) .

Figure A.1 — Method vali@Qn: Spatial distribution of magnetic susceptibility (k)
obtained by different tools:@) based on 180 measurements on the soil surface; b) based gn

90 measurements in the ung_grmost 10 cm of soil vertical profiles; and c) Pollution Load Index
(PLI) based on 61 chegga analyses (Area in the vicinity of Schwarze Pumpe power plant,
Germany)

&
&
s
S

-+
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Key

T sample location
X longitude

Y latitude

Z

pollution load 1nde)%®)’

Grayscale shows
a) - f] see text

Flgu Method validation. PLIs: a) based on 100 chemical analyses (real pgllution
dist and c), d), e), and f) based on 30 points of random soil sampling by 4 inflependent
pers »b) based on 30 pomts of targeted soil sampling (on the basis of magnetic sugceptibility

)
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Key

top left

top right
center left
center right
bottom left

14

[ [ [T

100 300 700 1100 1500

magnetic susceptibility (k)

PLI 3 elements (Zn, Cd and Pb)

PLI 5 elements (Ni, Cu, Zn, Cd and Pb)

PLI 11 elements (V, Ni, Cu, Zn, As, Mo, Cd, W, Hg, Tl and Pb)

PLI 13 elements (V, Cr, Ni, Cu, Zn, As, Mo, Cd, W, Hg, T], Pb and U)

35 45 55 65 75 0 15 25

35 45 55 65 75
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bottom right PLI 15 elements (V, Cr, Mn, Fe, Ni, Cu, Zn, As, Mo, Cd, W, Hg, T1, Pb and U)
Grayscale top left shows magnetic susceptibility (x), all other show PLI.
Further explanation see text.

Figure A.3 — Method validation. 2D map of 18 415 km2 area measured/sampled in a regular
grid of 4 x 4 km at 1 168 points. Magnetic susceptibility vs PLI for three, five, 11, 13 and 15
elements determined geochemically at the same points (2014)
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Annex B
(informative)

Measurement performance according to 7.1 and 7.2

B.1 Measurement performance at the single network measurement point

Magnetic sysceptibility («) at the topsoil surface is measured in network points. Geographicrhpo4ition
of each meafurement point is recorded with GPS. The scheme of measurement performance'at a sfingle
measurement point is given in Figure B.1.

At least 11 measurements of magnetic susceptibility shall be taken within about 2 mrradius aroungd the
GPS position on a soil surface available for a sensor.

e ——

Key
1  single measuring spots within the network point
2 diametef of 2 m around.the network point

Figure B.1 — Measurement performance at a network point

B.2 Design of a measurement network

Measurements of magnetic susceptibility in an area of interest are performed in a preliminary designed
network following the three-stage procedure outlined in Figure B.2.

Stage 1: Basic measurements are to be conducted in a possibly regular major network. The grid density
depends on the size of an area to be screened, the availability of preliminary information concerning
possible sources and extent of anticipated pollution but no less than 1/7 to 1/10 of the surveyed area, at
the distance ratio DR approximately 1:1 to 1:2 between major (basic) measurement points. The number
of major measurement points: from several scores to several thousand, depending on the size of the area.
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Stage 2: In the areas of identified elevated magnetic susceptibility, additional measurements shall be
performed close to about every third major (basic) point, at the considerably smaller distance ratio DR
approximately 1:5 to 1:10.

Stage 3: Within delineated areas at risk, of magnetic susceptibility higher than the mean value for
the entire area, dense measurements shall be carried out. The measurement points may be sited in
irregular distances.

M+ 0 Q@ 3

SN

[ 1
%
O = = o)
\§ FaN
L )
\J /
/> 1

basic measurement points in the regular network covering the entire area

meagstirement points in an additional network in the areas of the elevated magnetic susceptibil

measurement points in the delineated potential polluted areas (hot spots)

hot spot

Figure B.2 — Design of the three-stage measurement network
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Annex C
(informative)

Example of a screening report to record measurement results

according to 9

thic dociimant taavg e lra oo of thic nracant for

T O T U CTITIC Ity HIois e oo O tro- P oo e ToT Iits

ements were performed according to ISO 21226.
F the screened site;

y of the screened site;

st;

ble land;

5slands;

t-industrial area;

An area;

a¢

cription (obligatory information);

st - type of forest, predominant forest stand, age of trees, undergrowth, slope of th¢
, slope < 5 %, slope > 5 %), other.important available information;

ble land - state of the field (e.g. stubble field, ploughed field, sowed field - type of crop),
he site (flat, slope < 5 %, slepe > 5 %) other important available information;

5sland - height of the grass, slope of the site (flat, slope < 5 %, slope > 5 %), other impo
jlable information;

t-industrial land ~ type of former industry, type of waste landfill/dumping site, kin
pfacts presentist topsoil, other important available information;

an area> type of site (park, lawn, roadside), kinds of artefacts present in topsoil,
ortant.available information;

b site

slope

rtant

ds of

bther

Name o
Categor
a) forg
b) ara
c) gra
d) pos
e) urb
f) oth
Site des
a) forg

(fla
b) ara

of t
c) gra

ava
d) pos

artq
e) urb

imp
f) oth

prs > slope of the site (flat, slope < 5 %, slope > 5 %), other important available informalion.

Dates of measurements;

a) start;

b) end;

c) total duration (days);

d) weather conditions during the measurements: numbers of days with:

e) dry conditions;

f) wet conditions (rain, drizzle, after rain, fog);
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g) frost.
Graphic scheme of the screened site with a measurement network;

Protocol on surface measurements (see Table C.1).

Table C.1 — Protocol on surface measurements

K values x 10-5 SI Geographical position of a point
Point no Measured k values Mean/ Outliers . . .
« 10-5 S median +sd (rejected) Latitude | Longitude | Altitude
/1
2
./3
J4
/5
/6
7
../8
/9
/...
./n
[raphic presentation of a computed contour 2D m@p of surface magnetic susceptibility|distribution
with information about software used);
[raphic presentation of a computed contour 2D map of surface magnetic susceptibility|distribution
ywith soil core location network;
Measurement method of magneticsusceptibility of soil cores:
4) insity;
1) laboratory:
rotocol on soil core collection:
Table G:2)=— Technical parameters of soil cores used (length and diameter)
Mean surface k Geographical position of a core
Core no. value . ] ] Remarkis
x 10-5 SI Latitude Longitude Altitude
LA
/B
© IS0 2019 - All rights reserved 19
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Table C.3 — Protocol on soil core measurements

Core no. Core no.
/A k value /B Kk value
x 1075 SI x 1075 SI
Depth Depth
0 cm 0 cm
1cm 1cm
2 cm 2 cm
3 cm 3 cm
4 cm 4 cm
5|cm 5cm

Graphic

presentation of vertical magnetic susceptibility along soil profiles;

in a soil|profile (see Table C.4).

Table C{4 — Protocol on calculation of the most important parameter'stelated to verticdl

distribution of k values in a soil profile

Protocd|l on calculation of the most important parameters related to vertical distribution of k values

Maximum Depth of
Core no. . p Boundary | Mean k value Mean k value
kvaluein | maximum k . +sd b t3d
/A topsoil value depth of topsoil? of subsoil
(x 1075 SI) (cm) (cm) (x 1075 SI) (x 1075 SI)
Core no.
.../B

a2 Calculatef as a mean k value above the houndary depth.

b Calculatef as a mean k value below the boundary depth.

Graphid
profile

Graphid

presentation of ascdmputed contour 2D map of the maximum k value distribution in

optional);

h soil

presentatienfof a computed contour 2D map of the mean x value distribution in a soil profile
(optional);

Protocdl oncere sampling for chemical analysis (see Table C.5).

Table C.5 — Protocol on core sampling for chemical analysis

Depth of Mean Mass magnetic | Mean mass mag- Frequency
sampled k value of susceptibility of |netic susceptibili- dependence of
Core no. . . +sd :
layer sampled layer soil sample ty of soil sample magnetic
susceptibility
(cm) (x 1075 SI) (x 10-8m3 kg (x 108 m3 kg™ (%)
20 © IS0 2019 - All rights reserved
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— Graphic presentation of the network for additional core samples for geochemical analysis (optional,
if necessary);

— Any deviation from measurement methods and the reason for the deviations together with all
circumstances that have influenced the results*;

— Other remarks.
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