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SUMMARY

Given that the quality of the urban environment is a key issue in planning a healthy home,
school, work, and recreational facilities, there is an urgent need to know the cdraenfra
chemical elementand compounds, which are currently in our urban environment, and how they
differ from the preurbanisation stage. Once we have defined the urban geochemical baseline,
this will serve as the timeline for monitoring future changBse produced results should be of
high quaity andintegrity for multipurpose usendto be legally defensiblas thg are very
sensitiveenvironmental data, because they inform us about the chkstateof our living,

work, andrecreational environmentahich affects our quality of life.

Sanpling, is the most important part urbangeochemicamapping, as in any applied
geochemical surveyagnd musbe carried outvith the utmost care. Any mistakes during this
stage are difficult to trace and correct afterwaitdsnce, his manuapresentairban
geochemicamethodologies tested and tried around the world. By its nature, recommends what
to do in order to standardise the approach to urban geochemical mapping across Eurbpe, and t
whole World and not to keep reinventing the methodolagthis is a waste of time and
resources.

The manuatlescribes the procedure of §gmpling topsoil, subsoil, house dust, attic dust,
road dust or sediment, air particulates andibaeatoss, including human tissuge@i) sample
preparation, (iii) laboratgranalysis, i) quality control, (v) dat@onditioning, and (vi) data
processing and map plottindt. stresses the necessity for the preparation of a reference sample
samplesbefore the start of the urban geochemical project, aidth collected samplesust
be prepared in just one laboratory, and analysed for the same suite of dewsrirtae same
laboratory following a strict quality control procedure.

Keywords: Geochemical mapping; Methodology; Systematic survey; Sample ;nSeatgling;
Soil; House dust; Attic dust; Road duRbpad sedimentir particulates; Bieindicators;Human
tissues; Sample preparation; Chemical analysis; Reference samples; Quality control; Data
treatment; Map plotting



Blank back page



CHECKLIST FOR URBAN GEOCHEMICAL MAPPING PROJECTS

The following is achecklistof salient points for Urban Geochemical Mapping projects using
topsoilsubsoil, house dust, road dust or road sedigranparticulates and bimdicator plants
¥ Nominal sample density 4 samplesfkim obtain an overall view of the quality of the
urban and suburban environment; detailed urban geochemical surveys can be of any
sample density, even down to the individual household level.
¥ Use 1:5000 topographical map sheets or cadastral plans or orthophotographs.
¥ Superimpose on the maps/plans/photos a 500 x 500 m grid (central part of city) to 1000 x
1000 m grid (suburbs); of course, denser grids can be superimposed depenldéng on t
objectives of the survey; this grid is suitable for the sampling of all sample media, except
air particulates
IMPORTANT: All hand jewellery must be removed before sampliSgoking is strictly
prohibited. All sampling tools and containers must eefof contaminantsAll sampling tools
must be thoroughly cleaned at each sample site before moving to the next one.
¥ Sample site selection:

¥ Select a suitablpatchof undisturbed (or leastisturbed)urban soil near to the grid nodes;

% The sampling site shoulsk preferablyof bare soilnot covered by grassic) as this is
directly amenable to children, and to deflation (removal of loose dngfmieed particles
(clay and silt sizes) by the turbulent eddy action of wintlx patch of bare soil cannot be
found, then select a site with sparse grass or short grass; the last choice should be grass
covered soil.

¥ Select suitable sites feamplinghouse dust, and road dust or road sediment near to the
grid nodes.

¥ Select suithle sites for sampling air particulates and-ipidicator plants.

% Human tissue sampling sites should be planned together with epidemiologists, as-a foll
up study to assess the exposure of the population to environmental contaminants.

¥ Sample numbering:

% Routine sample numbeshouldconsist of the town or city code (three letters) and the
samplesite number four digits); if different sample types are going to be collected from
the same site they should be suitably codagl, topsoil (just number)andsubsoil, house
dust, attic dust and road dust, should have after the number a suffix ddda Bnd R,
respectively.

% Duplicate field sample numbshouldbe collected at every 2Gample sitdor projects
with a total number >400 samples, andbe given the same sample number as that of the
routine sample, bighouldhave at the enthe capitaletter"D". For projects with a total
number of <400 sampleduplicate field samples should be collected at evefysaénple
site.

¥ Sample material: dpsoilshould be collecteffom 0 to 10 cm depth; the zero level starts
from the surface after removal of living vegetation, frigsér, andsurficial stones.
Subsoil is collected from a sampling depth of 50 to 60athqugh the optimum depth
range should be decided after carrying out an orientation suityis the only
orientation survey that is requiréalbe performedh each town or city

¥ Sampling: Each topsai0-10 cm)sampleshould becollected from asingle patch of 50 x
50 cm; similarly the subsoil sampl® betaken from the same patch.

¥ Bagging upall sample types

% Use only strong certified trace element free polyRitsar® bag;

% Use only black water resistant markers for writing on the bag;

% In addition, for safety purposes, write sample number on a small card, stiocld be
placed in a small plastic zipck bag, and theimserted in the Rils&nbag and on top of the
sample.

% Remove air from the Rils&rbag, and close it firmly with seltlocking plastictie strap
(plastic cable tie). This firm closing of the sample bag safeguards its accidesntiadgpt
any stage before reaching the sample preparation laboratory.

% For safety during packing and transportation, the Ril&mg should be placed in a larger
plasticbag.



Y

Place the gaple bag in a strong carton boXote Do not put too many sample bags in a
single box, because overfull boxes are a significant health and safety hazard, particularly
for the staff that will move them alane

¥ Field observations and documentation:

Y
Y

3,
%

TheField Observations Sheet must be completed at each sampkepgienlix5).

Coordinates: Thglobal positioning systenGP9 trackershould be tuned to record WGS

84 geographical coordinates in degrees, minatas secondénake sur¢hat you GPS is

turned to "WGS84").

The sample site and number should be marked on a topographical map.

Photographing: At each sampsliée,the conditions must be recorded with a number of
photographs. ALWAYS start by photographing (i) the samplaber, (ii) the dug up soil
before sampling, and at least (iii) one general landscape photograph. As the photographic
documentation is important, it is recommended that four (4) landscape photographs should
be taken, North, East, South and West (alvwayhbis order). Photographs should be taken

of the sites from where samples(aj road dust or road sediment, (b) hodgst, (c)attic

dust (d) bio-indicator plantsand (e) human tissuase taken; agajralways start by
photographing the sample number, and tiakeall the other photographghis is the only

safe way to ensure that the set of photographs takertrefteample number belong to that
particular sample.
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1. INTRODUCTION

Humans ever since their appearance on Earth are trying to improve timgjrclonditions. In

this attempthrough the ageshey have modified the natural environment, and especially in
urbansedareaswith the release of many toxic elements and compounds by industrial processes
and style of living.Such has been the impacttbé human race on our planet that a new
geological epoch, the Anthropocene, has recently been introduced recognising the significant
human changes made tasgstems (Chiet al, 2013) Starting from the industrial revolution,
with a peak after the Second World War, the urban environment has been contamirmated wit
many toxic elements and compounds emitted by a wide variety of human activities, and often
accunulated in urban soil (Johnsehal, 2011; Lyons and Harmon, 2012). Although the
negative longerm effects of certain elements, such as lead, were kimoanctient Hellenic

times (Conophagos, 1980), no precautions were taken to protect the workérs and
environment. Industries were, and often still are, haphazardly distributed thighurban

structure. Since, the 1970’s a conscious attempt is being made in many countries to develop
industrial estates outside the residentammercialand recreonal parts of cities. Within the
urban structure remain, however, the brownfield sites, and the enormous problem of thei
redevelopment in order to reduce the pressure on greenfield sites.

According to a 2014 United Nationsport,54% of the world's population resides in urban
areas, while in 1950 this figure was 30% (UN, 2014). The urban population is expected to reach
60% by 2030 (UN, 2006), and 66% by 2050 (UN, 2014). Presently, Tokyo is the world's largest
city with 38 million inhabitants, followed by Delhi with 25 million, Shanghai with 23ionill
and Mexico City, Mumbai and S&o Paulo, each with around 21 million inhabitants (UN, 2014).
By 2030, it is projected that the world will have 41 medgges eaclwith more than 10 million
inhabitants. As it may be appreciatédte quality of the urban environment is becoming an
important issue in the 2kentury and systematic applied geochemical surveys should be carried
out.

Johnson and Ander (2008, p.522-523) summaiasisfactorilythe most common sample
media used in urban geochemical studieSoil‘is the most widely used sample medium,
particularly for systematic sampling of complete urban areas. As many targeteskdtade
been in connection with vehicle pollution, roadside dust is also a frequently reportelé sam
medium. Drainage sediments are not as widely used as in nonurban studies, mainly on account
of their artificial and inaccessible nature.(., underground water culverts) in buiip-
environments. Studies that have used drainage sediment$-(eayceet al, 2004) are better
able to consider movement of contaminants between the different urban environmental
compartments. Tree bark and atticlise dustsg.g, Tyeet al, 2006) can be used for targeted
studies involving atmospheric transport of contaminants. Atmospheric levels of elements and
compounds are rarely reported in geochemical journals, and research tends to be done by other
disciplines. This point illustrates the need for greater interdisciplinary cooperataticplarly
in the study of the movement of chemicals and compounds between the different compdrtments
the urban environment, which will be represented by different sangulée.

Topsoil is tke principal sample type used in urban geochemical stugiiegthis is the
medium thathildren especially are in direct contact witirban topsoilparticularlyin the
older parts of cities, is a rather complex and heterogeneiatisrenof different materials and
substances, and its chemical composition depends on the anthropogenic abtatitiesd
operating during its historical development. This heterogeneous mixture is kndven as t
‘cultural layet (Blume, 1989; Burghart, 1994; Alexandrovskayal and Panova, 2003; Rossiter,
2007; Baltakov, 2008). Depending on the urbanisation history and age of the city, the cultural
layer varies from a few centimetres to a few metres (BHb$02).

Urban togzoil is a sink for a city’sontaminatingactivities(Appendix 3 and, whilst current
legislation may hee substantially reduced these activities, a legagoataminatiorcan remain
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in soil for tens, hundreds, or even thousands of years. Thus, with the frequent occurrence of
often highly contaminated soil in urban areas, a conscious management of soil excavation,
transportand redistribution within a city is also an important issue that should be tackled.

Since, many health related problems are linked to the state of the urban environment
(Thornton and Culbard, 1987; Demetriades, 20Filgpelli et al, 2012),each citizen wants to
know the geochemistry of the land his/her house is builSimilarly, it is just as important to
know the chemical quality of soil in schoolyardarks, playgrounds, kindergartensgreation
areasallotmentsgardensand workplaces. Town planners and estate agents want to know the
guality of the land they ay@anning andnarketing respectively, and insurance brokers the
potential risks taheir customers Local politiciansneed data of high integrity for sound policy
decisiors. It is important, therefore, to involve in the planning of an urban geochemical mapping
projectthe local authoriesand national environmental agency.

Given that soil contamination is a key issue in planning a healthy home, school, work, and
recreational environment, there is an urgent ne&daw "what chemical elements are in our
urban environment, and how this differs from the pre-industrialisation landscapee we have
defined the urban chemical baseline, then we can monitor it for future changes, understand the
sources of contamination and, with epidemiological and human health data, we will have a
better understanding of the chemical elements and their compounds that damage our health
(Johnson and Demetriades, 2011, p.7). This statement providasetiad objectives ofirban
geochemical mappin@nd further the need of close collaboration between city environmental
authorities, local politicians and soiésts from different disciplinesin fact, multidisciplinarity
and interdisciplinarityake on aompletelynew dimension in the tackling of urban
environmentaproblems, caused by contaminating activities, applied geochemists work
alongside public health officers, urban planners, medical doetiorstHence, for the production
of an urban geochemical database of high quality and integrity for multipurpoae use
multidisciplinary team is required

Production of a high quality database of the geochemistry of gidbio meet the
requirements of national legislation is time consuming and costly, given that inforrdatvn
to thescale ofproperty level is requiredBefore reaching this level of detailne should start
from mapping the overall or general urban soil geochemistry, especiallgnfigacison will be
made among towns and cities of the European or other continents, or even within a national
urban geochemical mapping programme. Saicbmpagon can only bachievedoy a
systematiarbangeochemicasurveyof the participating towns or citiesing the same
sampling, sample preparation and analytical methodolegly samples analysed in the same
laboratory following strict internal and extaal quality control procedured.hese are very
importantconditions in the development of a quality controlled geochemical database that wil
representhe urban baseline and timeline against which future human induced changes can be
assessedFurthermore, the results of the overall urban soil geochemical mapping willi@rovi
the necessary background information for planning more detailed projects in partwofrthe t
or citieswherethere is contamination, in order to delineate preciselgdhéaminated areas and
to reduce, therefore, the remediation costs, if this is deemed necessary

Systematic work to produce a high quality and legally defensible urban soil geodhemica
databaséor multipurpose endisecan only benanagedy national oregional Geological
Survey organisationdecauseheyhave the scientific expertise for such studies, and the
infrastructure to maintain the required Geographical Information System {&i&)ases to be
accessed by each citizaesearcher, town planner and State authofficial. Furthermore,
they have the storage facilities to archsadelythe collected samplebgcauséhese are very
important for future researchll sample types will represent the year of their collection, and
they will be anmvaluable source of information in case of a serious accident that has a health
related im@act an the urban environment.

12



As there is no standard or recommended methodology for mapping the chstatealf the
urbanenvironment in the way that there is tmmtinental scale geochemieabapping (Darnley
et al, 1995; Salminen, Tarvainet al, 1998 Lechet al, 2007; EGS, 200&mithet al, 2013,
this manual attempts to fill hgap. It alsocomplimentghe manual that was written for the
second URan_GEchemistrytopsoilmapping project in Europe (URGE II), to be carried out by
the EuroGeoSurveys Geochemistry Expert Group in different European towns and cities
(Demetriades and Birke, 2015).

The emphasief this manual is on urban topsoil, which if cantaated is unfit for sensitive
land uses, such as playgrounds, parks and vegetable gardens, as observed in many urban areas.
Contaminated urban topsoil may lead to contaminated indoor dust and, consequently, to an
increased human exposure to tosthemicds (Thornton and Culbard, 1987; Robestsal, 1992,
2009; Roberts and Dickey, 1995; Demetriades, 2010, 2011a; Demetiade2010a, . In
addition,othersampling media, such as subsoil, road dust or sediment, atti@olysrticulates
and bioindicators, including human tissuesn be collectetfom urban areasnd the
proceduresor their collectionaredescribedn this manual.

Decision makers, responsible for policy and legislation, are interdste@ver, in more
tangible proof that contamination in urban centres is affecting the health of thatpopul
(Kienzl et al, 2003). They are not satisfied with just statements from environmental
geochemical studies that urban soil, house dust, attic dust, and road dust are cauaamdat
determinand concentrations are above legislative guideline values, and that the human
population may be at risk. Biodicators, such as organisms (plants and animals), and human
tissues, offer an indirect or direct procedure, respectively, tosatsesnpact of anthropogenic
activities on the exposed population. If human tissues (blood, urine, hair, teettoreass
milk) are sampled, then the answer to the crucial question about the risk on the human
population can be answered directly. fdiere, for the sake of completeness of this manual,
sampling of plarg and human tissues aneluded, and procedures requiring the input of other
specialists frona multidisciplinary team.

Finally, it should be pointed out at the outset that the purpiodes manual is to introduce
well-testedmethods that can be used direcsinceit is considereshecessaryo standardise the
approach of urban geochemical mapping, across not only Europe but also the wholeTWerld.
only orientation survey that is needed concerns the depth range of subsoil sampling,thecause
geomorphological conditions amtbanisation history of each town or caétsedifferent, and the
thicknes=of soil and/or cultural layer is most likely different.

1.1.What constitutes an ‘urban area’'?

As there is a broad spectrum of definitions of what constitutesrban aredis essential to
define it at the onset of this manual, because it is important to compare likekevithien
contrasting thgeochemical data from differettwns anctities across Europe or the World.

The Oxford dictionary definition ofurban is thatgrammatically is an adjes®, and used
as an attribute ofor example‘areas’, ‘population’etc, and means that it isituated in or
living in a city or towrfi (Oxford, 1993).

TheNational Geographic’s (2018lefinition of an ‘urban areais “the region surrounding
a city. Most inhabitants of urban areas have non-agricultural jobs. Urban areas are very
developed, meanirtpere is a density of human structures, such as houses, commercial
buildings, roads, bridges, and railwaysAn ‘urban areacan refer to towns, cities, and
suburbs. An urban area includes the city itself, as well as the surrounding areas. Many urban
areas are called metropolitan areas, or ‘greater’ as in Greater New York or Greater Landon

Hence,an ‘urban areadescribes the bultip area that constituteg@wn or city, and is not
extended to rural settlements, such as villages and hamlets.



There are another two territgt should be defined in orderdelineatehe limits of urban
geochemical surveyse., ‘suburb and ‘peri-urban.

The Oxford dictionary definesuburb as*“the district outside the central part of a town or
city, e.g., an industrial suburb, a suburb of Naplés(Oxford, 1993).Hence, asuburb is the
built-up part around the metropolitan area, and it could be either residentidlstrial.

‘Peri-urban is defined as the landscape interface between town and country, or also as the
rural-urban transition zone where urban and rural uses mix and often clash. It can thus be
viewed as a landscape type in its own right, one forged from an interaction of urban and rural
land usé (Wikipedia, 20153 ‘Outskirts and ‘rurban’ are ynonymsto ‘peri-urbarni.

Urban geochemical surveys should definitely cover ¢ceatralurban or metropolitan aréa
of atown orcity, its ‘suburbg whether residential or industrial, and extend for at3€ét metres
in the ‘peri-urban ared, to cover sequentially areas with less human influence.

1.2 Composite versus spot sampling

Question Should composite or spot soil samples be takéhi® is, indeed, a dilemm&ome

applied geochemists prefer to make a composite sample from about fi &sithgeet al,

2005; Gosaet al, 2006; Abimbola and Olatunji, 2011; Albanexeal, 2011; Batistat al,

2011; Birkeet al, 2011a, b; Bityukova and Birke, 2011; Demetriades, 2011X UL a

JOLJKW DQG 6FKHLE et al.*20HL] IR dn K Ahddrdsapj 2011; Li, 2011;

Locutura and Bel-lan, 2011; Saghal, 2011; Tarvainen and Jarva, 200ILGRMHY LU DQG *X
2011; Argyraki and Kelepertzis, 2014), and others single site or spot samples (Andéeedson

2011; Demetriades, 2011bengnet al, 2011; Ottesert al, 2011; Smitret al, 2011).

A compositesoil sample ionsiderednore representative of the site from which it is taken.
Such a sampling scheme may be appropriate in natural conditions, but in an urban environment
with a multitude of contaminating activities, and the inherent heterogeneity ofssodf
considered suitable, because the distribution of contaminants is usually haphaaard, sdb-
samples of variable chemical compositame mixed and contaminatiowill either be enhanced
or diluted, depending on the volume of contaminated and uncontaminatedlisailed. The
strong heterogeneous nature of urban soil, and especially in the inner older paes,otaitde
observed at archaeologicles (Photo 19r excavations for construction purposes (Photo 2).

In the geochemical mapping of urbangop, "The Solution to Pollution is NOT dilutibrs
quite appropriate, because thigective is to map the chemical composition of soil in the urban
environment Consequently, with composite topsoil sampling, contaminant concentrations may
be either overestimated or underestimated.

Therefore, in the geochemical mapping of urban topsioidjle spot samplingg considered
more appropriate, because the sample characterises precisely the indpadfram which it is
taken, since there is no averaging involved, as with composite sampling. Thus, to avoid such
impasses, the collection of topsoil samples frosirayle spdtis recommended in this manual.

1.3. Samping depth

The second key issue is sampling depth. Johnson and Demetriadgdr{2B&it review of the
case studies in the EuroGeoSurveys textbdddgpping the Chemical Environment of Urban
Areas (published by Wiley-Blackwell), noted that the sampling depth of topsoil is quite
variable, namely 0-2 cm, 0-5 cm, 0-10 cnm®€m,0-20 cm and 0-25 cmi-or example

(i) 0-2 cm @Anderssoret al, 2011; Jenseet al, 2011; Ottesert al, 2011);
(i) 0-5cm Pemetriades, 2011&ajnet al, 201));
(i) 0-10 cm (Gregoraud L Hetx|, 201D);
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(d)

Photo 1. Archaeological sites portray very wed treterogeneity of urban sdihe so callettultural layer: (a) 4"
century BC to 8 century AD bath complex, and (b) shows clogeof a soil block left by the archaeologists,
Acropolis Museum, Athens, Hellas; (cf ® 4" century AD bath complex, and (d) clesp of ‘overburden’ (soil
and rubble) profile, Athens, Hellas (Sourdeemdriades, 2014, Photbl, p.21)

(b)

Photo 2. Excavations show the strong heterogeneous nature ofamibaheso-called'cultural layer —a mixture
of soil and rubbleespecially in the old parts of citiega) Athens, Hellas, and (b) Oslo, Norway (Source:
Demetriades, 2014, Photd, p.21).

(iv)  0-15 cm Albaneseet al, 2011; Abimbola and Olatunji, 2011; Li, 2011; Snetial,
201YD;

15



(v) 0-20 cm Birke et al, 2011a, bBatistaet al, 2011; Bityukova and Birke2011;
XulLa IREXWIEHLWIDPQG %HO

(vi)  5-20 cm (Flight and Scheib, 2011; Lax and Andersson, 2011), and
(vii)  0-25 cm (arvainen and Jarva, 2011

Other urban geochemical survags€Europeused0-10 cm Argyraki and Kelepertzis, 2014,
Bavecet al, 2015), 015 cm (Gosaet al, 2006), 0-20 cm (Pasiecza, 2003), arDxm
(Fordyceet al, 2005.

In some survey$Batistaet al, 2011; Flight and Scheib, 2011; Lax and Andersson, ;2011
Bavecet al, 2015),deepersoil samples were collected the same site for assessing probable
contamination of topsoil by comparing tamd subsoil sample element concentratipnsth
depths varying from 40-60 cm, 35-50 cm, >80 cm, and 10-20aspectively According to
Johnson and Ander (2008) subsoil samples are generally collected from depths >35 cm for the
purpose of establishing a relationship with parent material or using results in the context of a
regional baseline geochemical survey.

The choice otopsoil sampling depth is directly relatedcteld health criteria, and the risk
of exposure to contaminants in soil, which suggests that the top layer of urbantsoil
optimum sampling medium. As the definition of topsoil varies from 0-2 to 0-25 crmaime
criterion used is the maximum depliat any potential contamination is not diluted by geogenic
material, and this is the depth range df@cm. Topsil collected from greatetepth ranges
than thisthicknesswill most likely endup in diluting any potential contamination.

It is importantto remember that the objective of an urban geochemical survey, using topsoil
as the sampling medium, is to delineate areas with potential contaminated topsoil that directly
affects the quality of the living, working and recreational environments, anoulasot least
human health. Therefore, the depth range of 0-10 cm is the maximum soil thickness to be
sampledor mapping the geochemical baseline of an urban area. This will also serve as the
timeline against whicfuture human induced changes can Is=ssed.

Depending, however, on the objectives of the urban geochemical survey, other topsoil depth
ranges may be more appropriater exampleif there is anndustrialaccident and airborne
contaminants are dispersed in the environment, and the objexctiv assess the environmental
impactof this particular eventhen it will be more appropriate to collect topsoil samples from
the very surfacea,e., down to a depth of 1 cm or 2 dmaximum) However, because of the
difficulties in consistently sanipg a small column of soil with a high degree of precision, any
procedure for sampling depths of <5 cm is likely to introduce large uncertaintiesnesults
(Johnson and Ander, 2008vhich is referred to as theépth effe¢tby Ramsey and Ellison
(2007).

1.4. Systematic versus Random sampling

The third key issue igystematicversus random samplingsystematic samplingfers to the
collection of samples in a defined pattern, such as at intersection points (nodeqyareaysd
(Fig. 1). Because such a grid can be used to cover eagudyticular area, systematic sampling
is the most effective method of collecting samples for the detection, evaluation, a
interpretation of spatial patterns of geochemical variat@pe( University, 1972; Demetriades,
2014.

Random sampling refers to the independent collection of samples from random geagjraphi
locations. Such collection of samples does not usually provide an even coverage dica speci
area and it is, therefore, not suitable foraurlgeochemical mapping where the town or city
should be covered in a systematic manner fodéwelopmenof a database of high integrity,
and production ofleochemical baseline mafus utilisation by a multitude of end users.
Consequently, systematigilssampling on a square grishould be used in urban geochemical
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mapping Theadvantage of a square grid is that it can easily be converted to a denser grid in
parts of the town or city where it is deemed necess$agy 0.

& LS @ @
[ @ ¢ @
® & 3 #1000 m
500 m
O 250 m
® @ & ’ :
£ E E
o o o
o o w
9 w ™~

Figure 1. Sampling gridf 1000 x 1000 mt can easily be converted to a denser grid of 500 x 500 m, 250 m2
etc. The differentcolouredgrid lines show the development of denser sampling grids.

1.5. Sample density and number of samples

The fourth key issue is sample density, which is directly related to available findding is a
political issue that should be discussed by the officials of each Municipality.qdestion they

must somehow answer i$Vhat sort of urban environmenbwuld they like to live themselves,

and more importantly their children€onsiderable funds are invested on the construction and
maintenance of a town's infrastructures. Therefore, they should have the wisduast@n the
development of an urban soil geochemical database of high quality and integrity, ak this w
provide the necessary information of where there are patches of contaminated soil that require
remediation. Furthermore, this database will serve as the baseline and timeline against which
any future changes will be compared.

The nominal sample density of the EuroGeoSurveys urban topsoil geochemical project for
covering systematically a town or city is 4 sample$/idemetriades and Birke, 20}t 5t
recommends the use of a variable size gfifl00 x 500 m for the central older parts of towns or
cities, and 1000 x 1000 m for the newer parts (subtilgs;l). This density is considered
appropriate to obtain satisfactoryoverview of the spatial distribution of chemical elements in
urban topsoil. It will not provide, however, information at the individual property (&
parcel). Of course, each town or city is free to decide on a denser grid, depending on the
objectives of the urban geochemical survey and available funds.

It is important to understand the limitations even of systematic geochemical mapping with
respect to the delineation of areas with contaminated topsoil, as this depends directly on sample
density. Figure 2shows the variation in the character of a geochemical respaiisehanges in
the sampling point interval. Critical examination of these sketch distributipa sfews how
under-sampling can lead to the non-detection of contamination (Fig. 2c
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(a) Sampling grid 500 x 500 metres  (b) Sampling grid 1000 x 1000 metres  (c) Sampling grid 1500 x 1500 metres
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Figure 2. Sketch determinand distribution maps showing the chasgeeiof the contaminated areas with different
square grid dimensions (numbers over the crosses repkdstiXm concentration values in mg/kgThe statutory
limit for the concentration of the metdmin urban soil is set at 500 mg/k@he optimum gd in this case is (a)

500 x 500 m, while (b) 1000 x 1000 m gives a very generalised patdrenisses an importathot spotwith a
concentration of 2700 mg/kg of medain, and (¢) 1500 x 1500 m finds no contamination, and the aiysotl is
declared as being uncontaminat&oyrce: Demetriades, 2014&,ig. 5, p7, slightly modified.

1.6. Abbreviations, Acronyms,Glossaryand Chemistry of contaminating activities

The Abbreviations and Acronyms, and a Glossary of Terms used in this manual are given in
Appendices 1 and 2, respectivelyhe glossary is by no means exhaustive; it defines only
selected terms that were considered neces3drg.user of this manual can, of course, consult
the World Wide Web for any term that is not defined.

A very useful guide is Appendix 3 where ttieemistry of many anthropogenic activities is
given with respect to organic and inorganic contaminants.
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2.FIELD SAMPLING METHODOLOGY

2.1. Sampling equipment

The following equipment and materials are required for ugemthemicasampling:

2.1.1.Equipment for topsoil sampling

X
X
X

x

2.1.2.

X X X X X X X

2.1.3.

2.1.4.

2.1.5.

2.1.6.

Stainless steel digging to@iand hoeor grub hog—Photo 5b

Chiselend geological hamméPhoto 5b;

Plastic or stainless stestoop(Photcs 5b & h) or trowel(Note Do not use coloured plastic
scoops, because yellow, orange or red colours use pigments containing cadmium suighides a
sulphoselenides, as well as compounds with other metglsSn, Ti, Zn; use only white

coloured plastic scoops);

Strong fainlesssteelkitchen knife;

Unpaintedsteelor stainless steel spa@ldote Do not use painted steel, because the coating may
contain a variety of contaminantsg, Al, Cu, Zn, polyesters, plastisols, polyurethanes,
polyvinylidene fluorides, epoxies);

Wooden folded 2n longmetre or measur@lternate colouredections- Photo 5b;

Plasticised scatbarfor photograph$0-10 cm marked)- Photes 5¢ and 6b

Geological compass or any type of compass for orientation when taking the general indscap
photographs at each site towards North, Ezstith,and East.

Equipment for subsoil sampling

Unpaintedcutter mattock orpick axe or trenching toql

Soil awer;

Unpaintedsteelor stainless steel spade;

Chiselend geological hammer;

Plastic or stainless steel scamptrowel

Strong stainlessteel kitchen knife;

Wooden folded Zn long metreor measuréalternate colouredections}o be used for recording
depth, and as a scale for photographs

Geological compass or any type of compass for orientation when taking the general Endscap
photographs at each site towards North, Esmtith,and East.

Disposable plastic sheet for placing retrieved soil asgetiongplastic sheet to be used only
once).

Equipment for house dust sampling

High-volume cyclonic vacuum cleaner

Equipment for attic dust sampling

High-volume cyclonic vacuum cleaner, or paintbrasiddustpan;
Dust mask with disposabfiters;
Disposablgpowderfreevinyl gloves

Equipment for road dust sampling
Nylon brush and dustpaar rechargeable vacuum cleaner.

Equipment fomir particulatessampling

Seqiential gravimetric sampler
Reatltime particulate mattenonitor, and
Filters of 47 or 50 mme(g, depth or fibrous filters, membratilters, or coated fibre filters).

19



2.1.7.

X X X X X X X

2.1.8.

x

Equipment for bio-indicator plant sampling

Disposable powdefreevinyl gloves;

Ceramic kniie or pair ofscissors;

Perforated polyetigne(PE)or paper or linen traeelement free sample bags;
Aluminium foil for samples that will be analysed for organic compounds;

High speed cutter with a special titanium nitrite coating for tree bark sampling;
Self-sealablgolyethylenesample bags faree bark sampling, and

Car refrigerator or cool box.

Equipment for human tissue sampling

Blood sampling:Disposable powdeiree nitrilegloves, sterilised syringes, needles, and test
tubes; anticoagulants ethylenediaminetetraacetic acid (ECaR)heparin.

Urine sampling:Disposable powdeiree nitrilegloves, water for injection, sterilised gauze
sponges, 120 ml trace element free polyethylene cup, or 3 litre trace eleregrdlyethylene
container.

Hair sampling: Disposable poderfreenitrile gloves, stainlessteel scissors, ethanol, and self
sealable PE bags.

Deciduous teeth sampling: Sekalable PE bags.

Nail sampling: Stainless steel scissors or nail clippers, ethanol, arsgakelble PE bags.
Mother's breast milk samplinddisposable powerfreenitrile gloves, water for injection,
sterilised gauze sponges, sterilised 100 ml glass jar, and potassium dichromate pellets.

2.1.9 Equipment common for all sample media

x

X X X X X X X X X

X X X X X

X

X

Rilsar’ bags fotbaggingsamplesor any other type of certifictraceelement free plastic bags
Selflocking plastic tie strap (plastic cable tie) for the seseaingof the Rilsaff bags;

Small cards for writing sample number;

Small selfsealing (ziplock) plastic bags for the protection of the small cards;

Outside fmstic bag for protection dtilsarf bagsduring packing and transportation
Topographial mapsor cadastral plans arthophotographéscale 1:500@r other suitable scgle
Global Positioning SystenGPS;

Permanent drawing ink marker (prefesablack or blue);

Bristle brush for cleaningampling equipment;

Wire brush for cleaningnpainted steel or stainless steel spade; chisgtlgeological hammer,
stainless steel scoop or trowelc.

White cotton wador cleaning sampling equipment

Strongcartonboxes for transporting argforingsamples;

Field Observatios Sheetdor recording of observations at each sample(sgeAppendix5);
Digital camera (>7 Megapixelsppable of taking closep photographs

Spare htteries for GPS and digiteamerdif the camera has rechargeable lithium batteries
always carrywith you an extra fully charged lithium battgry

Extra memory card for digital cameend

Laptop/tablecomputeror smart phonédor the digital entry of observations in the evening.

Sample bagsThe Rlsar® bags can be obtained directly from TUB-EX ApS Industrivej 10, DK-
9830 Taars, Denmark, Tel.: +45 9896 1122 / 470&: info@tub-ex.com The website

where the bags are displayed igtp:/Avww.tub-ex.com/page38.aspx?recordid38=4&q=Rilsan

It is noted that Rils&hbags are suitable for storing samples on which-seaitile organic
compounds (PAHs and PCBs) are planned to be determiiaeaét al, 2014.

In case volatile organic compounds (VOCSs) are going to be determined, then amber (dar
brown) bottles with gas-tight caps should be purchased (Harrison and Reedgr, 2011
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IMPORTANT
During sampling, all hand jewellery must be removed.
Smoking is strictly prohibited.
All sampling toolsand containers must be free of contaminants.

All sampling tools must be thoroughly cleaned at each sample site before moving td treen

2.2. Topsoil sample collection

Topsoil is the most widely used sample medium, particularly for systematic sampling of the
whole urban and suburban area. The nominal sample density of the pending second urban
geochemistry mapping project of the EuroGeoSurveys Geochemistry Expert &dosamples

per square kilometrdoemetriades and Birke, 2015). A spot topsoil sample shmutmbllected

at each node of a 500 x 500 metfieser city)to 1000 x 1000 metres (suburbs) sampling grid.

Of course, a denser grid may be planned according to the objectives of the urban gebchemica
mapping survey. The nodes of the quadrangles of the 1:25000 or 1:10000 or 1:5000
topographical maps or corresponding scale orthophotographs, are used to plan and record the
sampling.

It is advisable to praumber all Rilsafi bags in the evening, and the small cahdsare
placed in the small plastic zlpck bag (Photo 7a)Hence, for safety the topsoil samples are
numbered tice: one on the outside of the &ilf bag, and second on the small card, which is
protected by the small plastic dipck bag and placed on top of the sample inside the Rilsan
bag. Since the small card will be used as the sample reference during sample preparation, the
sample number slud be written on both sides.

In the case of a national urban geochemical survey project, each participating ttyn or
should be given a three-letter code, and the routine topsoil sample rtorabesist of the town
or city code €.g, Athens: code AH), and the sample number (faurfive digits, depending on
the total number of samples to be collected from each town 9r tityubsoil samples are going
to be taken at each sitbgy should have the same number as that of the topsoil samples, and to
addattheir end the capital letter "Bbottom),e.g, the twentiethroutinetopsoil sample
collected in Athensvill bear the number ATHO002Qust number without a suffix letter code)
and the subsoil sample from the same site the number ATHO020B. In case different sample
types from the samecation or parcehre going to be collected, use the following codeng,

X topsoil (just number withousuffix codg - ATH0020;
subsoil (suffix code:B) - ATHO020B,

house dust (suffix code: HATHO020H,

attic dust(suffix code: A)- ATHO020A, and

road dust or road sedimg(suffix code: R} ATHO020R.

The sampling design for the collection of air particulaied bicindicatorsamples
including human tissues completely differentand their coding should be different.

X X X X

Field duplicate sampleshouldbe collected at every Gample sitdor a particular sample
type, and bear the same sample number as that of the routine samplethieutnd they should
be identified by theapital letter "D". In the case of collecting different duplicate sample types
(e.g.,topsoail, subsoil, house dust, attic dust, road dus),from the saméocation orparcel, use
the aforementioned suffix de for each sample type and add at the end the lettee!R",

X topsoil- ATH0020D,
X subsoil- ATHO020BD,
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X house dust ATHO020HD,
X attic dust ATHOO20AD, and
x road dust or road sedimerATHOO20RD.
Hence, each sample has a unique sample numbertoumsis
“City code +sample site number + sample typeDuplicate cod€)

Of course, each sample type is characterised by the site coordinates and the number or name of
the topographical map sheet, as well as the field observations reabetesh site.

It is noted that the rate of collection of field duplicate samples depends platimed total
number of routine samples. In large projects, exceeding a total number of 400 santpies,
the collection of duplicate field samples at every) 8@mplesite is satisfactory, but in projects,
with a total number of routine samples of <400, duplicate field samples should lotecode
every 18" sample sitdor a particular sample type.g, topsoil, subsoil, house dust, attic dust,
road dustetc). The limiting condition for small projects Ramsey's (1998) specificatioab
eight (8) duplicated sample sitiesa balanced ANOVA desigfseeSectiors 87 & §10.2.8

To ensure thabpsoil (and other samples types: subsoil, house dust, attic dust, road dust or
road sediment, and air particulatet;) are representative, it is necessary for all samples to be
taken using a standardised sampling method, as described below.

Select a suitable patch of undisturbed (or least-disturbed) urban topsoil ngad thede,
which is typical and representative of the land use type; the patch to be as flat as podsible
an open space (not under trees or bushes). Typical types of land use include domestic gardens
allotments, parks, recreational grounds, ceneteroadside verges, agricultural land, and
industrial sites.

For geochemical mapping of urban soil, the collectiospoit topsoil samplg®-10 cm) is
recommended, and should be taken from a patch of undistiobksdstdisturbed)surface soil
independent of soil horizomé., even if different horizons are mixed), as the objective of an
urban topsoil geochemical survisythe geochemical mapping of the current state of urban
topsoil, and the understanding of the distribution and fate of contaminants that may pkde a ri
the environment and human health. It is noted that in conventional soil geochemicgd,surve
soil samples are always collected from the same horizon, because each horizon has its own
physicoehemical properties.

IMPORTANT NOTE: If topsoil and subsoil samples are going to be collected at all samp)atsites
the two samples should be collected from the sdep¢h rangesAt most sites in the central parts of
towns or cities, th&ultural layer is heterogeneous to somepth (Photos 1 & 2, depending on the
historical activities and, therefore, it is unlikely to find natural soil with develapé horizons.
However, in thevery unlikely case of finding a site with naturally developed,sbén the topsoil should
be collected from the same horizon, and the same applies to the collection of tlesanfysle.

Locate in an open space a spot of bare topsajlnot covered by grass, as this is soil that is
directly amenable to children, é@mo deflation Photo 3). If a spot of bare topsoil cannot be
found, then the next best option is one with either sparse grass or short grass)(Photo 4

Other conditions for the selection of the topsoil sampling spot are to avoid:

x Forest soil, where theis development of humus layers, as these horizons with their high
percentage of organic material can compromise the comparability of the samples.
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(a) (b)
Photo 3. Select a bare spogimsscoveredareas for soil sampling. pfossibleavoid spots under trees in order to
minimise the effects of throughfall and stemflovegipitation.

(b)

Photo 4. Select a spot with a sparse grass cover for sgiling. Again if possible, avoid spots under trees in
order to minimise the effectd throughfall and stemflow precipitation.
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X Sites with layers of clearly anthropogenic origin; this condition concerns stawlgs
gravel, and similar layers of anthropogenic derived material, and

x Sites of recently dug up soil with fresh manure or fedil
Avoid, if possible, sampling during the winter months, and bad weather conditions with

pouring rain.

Remember aingle spot topsosample (610 cm) shoulde taken at each sampling site.

If organic compounds, such as polychlorinated biphenyls (PCBs; industrial cremizal
longer produced but persistent in the environment), and polycyclic aromatic hydrocarbons
(PAHSs; products of fuel combustion) (Andersstral, 2011; Harrison and Reeder, 2011; Jensen
et al, 2011, Ottesesnt al, 2011, Birkeet al, 2009, 2011a,)hare going to be determinédmay
be necessary to colleatsecond topsoil sample, a subsoil sangite(refer tonotebelow -

Section §2.2.1

2.2.1. Sampling a bartopsoil spot

a)

b)
c)

d)

f)

g)

h)
i)
)
K)

Select and @rk a 50 x 50 cm a bare topsoil spot using the folded wooden 2-
measurgseePhotos 5& b).
Remove by hand any fresh litter and stones from the surface.
Mark within the 50 x 50 cm spot, and in its centre, a 25 x 25 cm sulfRipatb
5b), and dig a pit down to 10 cm depth with a stainless steel digging tool or other
unpainted steel digging to(Photo 5¢.
Remove the topsoil down to a depth of 10 cm from the 25 x 25 cm sub-spot, and
expose the vertical sides of the shallow peg Photo 5¢
At this point is time to take all digital Photographs, and always in the following
order Photo6):

(i) the samplesite number (this helps to locate thet ofdigital photographs of each

sample site- Photo 6§
(ii) the dug up topsoil withhe plasticised scalear placed at a vertical position on
the side wall of the pitPhoto 6, and

(iif) a general landscape photograph portraying the dominant fg&taotos 6¢f).
As the photographic documentation is important, it is recommended that four (4)
general landscape photographs should be taken (North, East, SaliNest
always in this order) use the compass to orientate yourself @eetos 6c¢-f).
Record the number of each photograph on the Field Observations Sheet
(Appendix 5.
Note that the upper level of the bare topsoil section is the zero point (0.00 cm),
and the pit is dug down to a depth of 10 cm. In gcas®red patches, first cut or
scalp the grass down to its roots with a strstagnless steéditchen knife or
spadeand the zero point starts aetbeginning of the grass roatise pit isthen
dug down to a deptbf 10 cm. When digging and removing the grass roots shake
off the loose topsoil from the grass roots. In both cases, the vertical sides of the
pit should be studied carefully, and all field observations noted on the Field
Observations Sheé&tee Appendix 5)
Dig down to a depth of 10 cm with a stainless steel digging tool, or other
unpainted steel digging tool, the remaining part of the 50 x 50 cn{Ripobs
5d-g).
Remove pieces of rooteg, >1 cm) — Photo 7.
Remove coarse clastic materie&(>1 cm) — Photo 7.
Remove materialc@. >1 cm) that is recognisable as of anthropogenic orgin,
pieces of bricks, glass, scrap metal.
Mix thoroughly the dug up topsoil of the 50 x 50 cm spot with the plastic or
stainless steel scoop, break up any lumps, and shape it into a heap (Photo 5h
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l) Start taking scoops of topsoil from different points of the heap within the 50 x 50
cm spot(Photo 5h, and place theopsoil aliquots into a praumbered Rilsah
bag (250x500%0.04 mm, clear with a white field for writing); collect a sample
weight of 1 to 1.5 kg.

m) Place the small praumbered card, which is protected by the small zip-lock bag,
on top of the topsoil sample.

n) Remove air from the Rils&rbag, and close it firmly with a sdlfcking plastic tie
strap (plastic cable tie)Photo 7b. This firm closing of the sample bag
safeguards its accidental opening at any stage before reaching the sample
preparation laboratory.

0) For safety during packing and transportation, the Rilésm should be placed in
a larger plastic bad’fhoto 7§.

p) Place the sample bag in a strong carton box.

q) Record all observations on the Field Observations Sheeffgesndix 3,
including the GPS geographical coordinates in degrees, minutes and seconds
using the WGS 84 system, and finally

r) Mark on the topographical map or cadastral plan or orthophotograph the sample
site and number (this is an important step, in case the GPS fails to record correctly
the sample site coordinates).

s) All sampling equipment must be thoroughly cleaned at each site before moving to
the next sample site. Clean thoroughly all sampling equipment using the bristle
brush and white cotton wad. If the sampling equiprmeantot be cleaned
properly with the bristle brush and white cotton wad, use water and then dry the
equipment with the white cotton wad.

t) In the evening, transfer all field observations to the digital database.

Note for samples intended for the determinatio of semivolatile organic compounds (PAHs and

PCBs) According toUSEPA, 2014Chapter 4, p.1)Once the sample has been collected it must be
stored and preserved to maintain the chemical and physical properties that it possessdithat die
collection. The sample type, type of containers and their preparation, possible forms of contaminati
and preservation methods are all items which must be thoroughly examined in order to miaéntain t
integrity of the samplé&s It should be stressed thaetpreservation and preparation methods described in
different national regulations are cumberspara lack supporting experimental data that prove beyond
any doubt their validity

We do notrecommend therefore,any of these methods. dbbwa number ofprocedures are
presentedas well assome literature on the subject, and the decision is tefthe userof this methods
manual.

X To preserve the integrity of the samples the minimum requirements are to bapplessa
either Rilsafi bags or in amber gés containers, and in the field to be stored in a car
refrigerator or a cool box at a temperatureSdiC, and afterwards to be frozen at a
temperature of18°C.

X Vaneet al. (2014 for the determination of PAHs and PCBs on topsoil from London (United
Kingdom), packed samples in Ril§anags, stored them in the field at a temperaturg 3¢
for 1 to 3 hours and then frozen them18°C (1ISO, 2005.

x Similarfield sample preservation is describedBiske et al. (2009 andHarrison and
Reeder (2011kxcept that is recommended to store the samples in amber glass or metal
containers.

x 1SO 14507 recommesahemical drying followed by cryogenic grinding of samples prior to
PAH quantifiation (BSI, 2003 ISO, 2003.

X 1SO 13877 recommendsr-dryinga sample at room temperature, mortar crushing and
sieving to <2 mm prior to analysis bligh Performance liquid chromatography (HPLC)
(1SO, 1998.
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{3KRWR R @ @)Béldct a bare topsoil sample site; (b) mark thdimpignsions: outside spot of 50 x 50
cm, and inside subpot of 25 x 25 cm; (¢) excavate first the 25 x 25 cmabdown to a depth of 10 cm, and take
the photograpkhowing the characteristic features of topsoil:gavate back the'side; (e) excavate back th&' 2
side; (f) excavate back th&'3ide; (g) excavate back th¥ dnd final site; (h) brealap lumps of soil with the chisel
end of the geological hanenor stainless scoop and homogenise the dug up soil and prdpasainpling.

(a) (b)

(©

(e) (®
Photo 6. Photographic documentation of each topsoil sample s#kiby a series of photographs in the following
order: (a) Samplsitenumber; (b) topsoil sampling site showing the characteristics cktingled soilayer, (c)
North facing photograph{d) East facing photograph; (e) South facing photograph,faidest facing photograph.
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@)

(b) (©)
Photo 7. (a) Praumbered Rilsdhbag, prenumbered small yellow card in small digck bag, and selbcking
plastic tie strap (plastic cable tie); (b) Topsaimple in Rilsafibag, and on the right hand side the stones and plant
roots that were removed; (c) Topsoil sample wittsioleiplastic bag for the protection of the RilSamag during

transportation

() (b)
Photo 8. (a) Duplicate field sample siteaalistance of 3 m to the east of the routine sample site, maiked red
ellipse; (b) Closaup of the bare topsoil spfur collection of duplicate field sample using the same praeedsi that

of the routine sample (see Photos 5 & 6).

x BS EN 16179:2012 suggests that-preatment of samples prior to organic analysis should
besubjected to either freezlrying or chemical drying onlyBSI, 2013.

x The Environment Agency for England and Wales recognises that low molecular weight
PAHSs are borderline determinandsi.e., neither volatile nor nerolatile, placing the onus
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on the analyst to select physical treatment methodsatbditfor-purpose, and do not lead
to significant Ieses of analyte€E@, 2006.

X In Germany, the accredited laboratories are analysing PAHs and PCH3IBfI&O
18287:2006805 DIN ISO, 2006; ISO, 2006andDIN ISO 10382:2003)5 (DIN ISO, 2003;
ISO, 2M2). Both standards (horms) require the refrigerated storage and transport of samples
in suitablecontainers (<10°C), and the appropriate sampldrpegment (chemical dreeze
drying). The sample storage until the delivery to the laboratory shoulkekneed 7 days. A
possiblesolutionherecouldbethe storage afamples in afrozen state. In any case, the
determination must be carried aurt dry matter content on the field fresh sample after ISO
11465 prior to analysi@SO, 1993.

X In the United Khgdom, laboratories analysing organic compounds in soil for regulatory
purposes must be accredited to the Monitoring Certification Scheme (MCERT){EZ,
and have their methods accredited to the British, European and international standard
ISO/IEC 17025 BSI, 2009.

X In the United States of America, laboratories are required to follow prescribbddador
their regulatory analyses,g, methods 3540C ar@650C require a chemical drying step
prior to extraction and analysid$EPA, 2013

A few studies have shown that the accuracy and precision of\gatile organic
compoundssuch as PAHgan be affected by the physical sample preparation technique used
prior to extraction and analygiBersetet al, 1999; Shu and Lai, 2001; Thompson and
Nathanail, 2003; Belkessagh al, 2005; Kharet al, 2005; Narizzanet al, 2013. Howeveras
noted byBeriro et al. (2014) none of them have provided a comprediee statistical evaluation
of their effect. In their research workhey demonstrated that the selection of drying and
comminution type has a statistically significant effedtich can influence the outcome of the
risk evaluation stage of human heaigk assessment (HHRA) for rigdased land management.

As is pointed byBeriroet al. (2014 there is at present:

X A wide variety of inhouse or prescribed methods that have been devised by analysts,
standards committees and state agenhbetsproduce wide divergergsults in the
gquantification of PAHsand

X No universally agreed method, supported by published data for the physical treatsaént of
or sediment samples prior to PAH quantification.

They conclude that mecessary preliminary steguiding the development of a standardised
physical treatment combinatipis a robust statistical evaluation of the effect that drying and
comminution techniques have on the reliability and repeatability of PAHs coaib@midata.

2.2.2. Sampling a topsogdpot with sparse grass or short grass

a) Cut or scalghe sparse grass or short grass or grass using either a strong kitchen
stainless steddnife or unpainted spader stainless steel spagle)

Then follow the steps (b) to (t) of the samplinggedure described abo{®2.2.1). It is noted
that the loose topsoil should be shaken off the grass roots.

2.3.Sampling of field duplicates

The field duplicate topsoil sampéhouldbe taken at a distance 2to 3metres from the routine
sample siteand at every Z0site (Photo 8). For other urban geochemical surveys, where the
area of the town or city is smafield duplicates may be collected at every $@e. Duplicate

field samples can be taken, of course, in a random order, with either 10% or 20% duplication.
Forthe collection of the field duplicate topsedmple follow the steps described in section
'§2.2.1. Sampling a bare tepil spot (above).



It is noted thathedistance of 2 to 3 metres of the duplicate field sample site from the
routine sample site is very conservative. According to MicHaBlamsey ffers.comnun.,
2015, School of Life Sciences, University of Sussex, Falmer, Brightopthéike have been
several suggestions in the literature on how to select the distance bedwutie® and duplicate
samplesites:-

(1) To reflect the typical surveying ertor

(2) To reflect the ambiguity in the sampling protocaly, if the same sampleor ancher
person, repeat the surveying procedure, how far away might the actual sampling famint be
the same nominal locatian)

(3) To represent proportion of the grid spacing.g, 10%).

(4) To select aistance that enables the quantification of the contribution dvitten-location
in-situ heterogeneity to the measurement uncertainty arising from sampling

As pointed out by Michadll. Ramsey, the abowgiggestions are not mutually exclusive, as
fulfilling #2 achieves #4, and #1 is part of #2.

Ideally onecould experimentally determine #2 by asking several different samplgrs3(
people) to independently identify the physical location of severg] 8) independent nominal
sampling locations (using the specified survey methodgloblyese locationsheuld preferably
have different urbaland usesd.g, park, schoolyardjrban garden), to reflect hawe survey
methodology and the user's interpretation, changes between different situalio@sone could
measure the typical distance of separation between the replicated locattbusedfs as the
duplicate separation distance for all locations in the main survey.

Duplicate field samples should be taken for all sample typesalready discussedefd
quality control or duplicate samples are usually collected at a ra@oinlarge geochemical
surveys and in small surveys at a rate of L0Ramsey(1998)has devised a cosffective
method requiring the collection of duplicdield samples from deast 8 locations a balanced
designto estimate the geochemical, sampling and analytical variance, and measurement
uncertainty, using robust analysis of varigiRANOVA (Boon, 2007; Lyret al, 2007). The
experimental design of duplicate field sampling, and duplicgkeatechemical analysis, in a
balancedANOVA design was originally suggested by Miesch (1964, 1967, 1973, 1976), and
subsequently bgarrett (1969, 1973 A detailed description of the method proposed by
Ramsey (1998is given byDemetriades (2011b),ddnetriades and Vassiliades (2Da6d in
Section 810.2.8 of this manual.

2.4. Where does one collect urban soil samples in densely populated areas?

This is the question that all people are asking, and will be answered by using, Atberagpital

of Hellas, which is one of the most densely populated cities in Europe, with Vergrien

space. As can be observedrigure 3ahere are potential sample sites near to each 500 x 500 m
grid node. Even at the most difficult sample sites (E479000 & N4203500; E479000 &

N4204500 and E480000 & N4203500), there are within 100 m suitable open green spaces where
a topsoil sample can be taken. Therefore, a suitable topsoil sampling spot can betfuiand wi

100 m from the grid node. Figure 3b shows the 1000 x 1000 m grid in a northern suburb of
Athens, where it can be seen that suitable sites for sampling topsoil can easily be located.

Photos @ to 9D are a number of photographs showing possible sites for the collection of
topsoil samples. It is stressed again that sites under trees and bushes should be avoided, if
possible, in order to minimise the effects of throughfall and stemflow prempita
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Figure 3 Orthophotographs of Athens, the capital of Hellas: (a) centrabpathens(AmpaeldkipiGhoud#

llissia), and (b) a northern suburb (Thrakomakaedobnaes). Regsindicate the urban soil sample sites using a
grid of 500 x 500 m (central part) and 1000 x 1000 m (suburb). Emgerolour grid lines mark a grid of 100 x
100 m, andhe red circle the maximum radius of the search area aboutoghés o locate a suitable open patch of
land for sampling topsoil. Source of orthophotographs: Hellenia€ee and Mapping Agency
(http://www.okxe.qgr/é).
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In many municipalities of Athens is impossible to assess the quality ot sod sadividual
property level, because the non-built parts are covered by concrete. Consequeslysdise
sampling grid that can be applied in the central part of Athens is 100 x 100 m. Suchorestrict
to the planning of future denser urban geochemical surveys should be considered during the
planning of the current 500 x 500 m (inner city) to 1000 x 1000 m (suburbs) grid survey, because
these willgive the maximum search radius about each grid node to locate a suitable site for soil

sampling.

(a) Grasscovered area (b) Tram green spaces

(c) Small grassovered spot at a road junction. (d) Small grassovered spaces in a pedestriaad.

(f) A suitable spot for soil sampling at site shown in Photo
can be found, which is not under the tree.

Photo 9A. A number of photographs showing possible topsoil sasitedein a densely populated city, such as
Athens, Hellas.

(e) Small green space about a monument (see 9f).
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The series of photographs (Photos 9A-D) show possible sites for the collectionodf tops
samples, and places that should be avoided. The most suitable sites for samppeg are o
spaces, and not below trees and bushes in order to minimise the effects of thranghfall
stemflow precipitation.

(g) Small green space in a pedestrian street (see 9h). (h) Possible bare soil spot for sampling (see 99).

(i) Possible soil sampling at the opgpace at the back of the (j) Possible soil sampling site outside playground.
trees (avoid sampling below the trees).

(k) Possible soil sampling site in a small neighbourhood p: (I) Possible soil sampling site in a small neighbourhood pa

A spot not under the trees can be found at the front and centreAt the centre of theark,a spot not under the trees can be
of the small park. found.

Photo 9B. A number of photographs showing possible topsoil saitgden a densely populated city, sash

Athens, Hellas.



(m) Possible soil sampling in a roadside verge (see 9n)  (n) Possible soil sampling site in a roadside verge (see 91

(o) Possible soil sampling on the grass covered area away (p) Possible soil sampling site on grass covered area on th
the flowerbed. hand side of thBowerbed.

(q) Possible soil sampling site outside sports ground. A s (r) Possible sampling site in a nursery schooly#&dpot can
can be found that is not under trees. be found that is not under the trees.

Photo 9C. A number of photographs showing possible soil sampiasgisia densely populated city, such as
Athens, Hellas.
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(s) Possible sampling site in the grass covered plot ongthte  (t) Bare topsoil sampling site in a Secondary schoolyard. |
hand side The plot on the left is not an ideal site, because it inot, however, an ideal spot, because it is under the eucalyptus
under the trees. tree.

(u) Avoid, if possible, sampling below trees and bushes (< (v) Bare soil spot, but it is under trees (see 9u). Avoid, if
9v). possible, sampling below trees and bushes.

(w) Sampling site at the side of a main road. It is not, (x) Avoid, if possible, sampling below trees and bushes.
however, an ideal site because of the bushy vegetation
Photo 9D. A number of photographs showing possible soil samplésgiisia densely populated city, such as
Athens, Hellas.



2.5.0ther urban sampling media
Other sampling media used in urban geochemical mapping are
(a) subsaoill,
(b) house dust,
(c) attic dust
(d) road dust or road sediment,
(e) air particulates, and

() bio-indicators including human tissues.@, blood,urine, teeth,
hair, nails, breastnilk).

Ideally, subsoil should be collected at every topsoil sample site, as thsaville a good
comparison of element concentrations between topsoil and subsoil, and an assessment of
contamination provided, of course, the subsailollected deep enough to give the sit
geochemical background conditions.

House and attic dust, although they are very good sampling media for assessing
contamination in the home environmeate more difficult to plan and execute, because it
involves the active participation of the houseleotd

As many targeted urban geochemical studies are connected with vehiclepothadside
dust or sediment is a frequently reported sample me(fanagoet al, 1995, 1998; Elet al,
2001; Gomezat al, 2002; Whiteley, 2005; Mathwat al, 2010; Locutura and Bel-lan, 2011
Bavecet al, 2015. Road dust or road sediment is a rather difficult sample medium for it
involves the sweeping of pavements or road gutters, aubjsct taclimatic conditionse.g,
the sampling should be carried out during a prolonged dry period, which means the summer
period in almost all climatic zones.

Particle pollution in the air (particulate matter, PM) includes a complex mixture of solids
and liquid droplets. This pollution, also knownaasparticulate matteor air particulatesis
made up of a number of components, including acids, metals, organic chemicalsgssil or
particles, and allergens.

Primary PM originates from natural or anthropogenic sources. Natural sources include sea
salt, naturally suspended dust, pollen, and volcanic ash (EEA, 2012), and in some Mediterra
countries dust from the Sahara (M@tsl, 2010a). Theres evidence that the African dust
reaches Atlantic Islands and Florida in the USAihset al, 2007 2010b) and West Indies
(Muhs and Budahn, 2009). Anthropogenic sources include fuel combustion in thermal power
generation, incineration, domestic heating for households, and fuel combustion frolaesyelsic
well vehicle wear (tyre and brake), road wear, and other typestobangenic duste(g, road
dust re-suspension, burning of biomass or fossil fuels for domestic heating; EEA, 2014).

Particles less than 10 micromest (PM10) in diameter pose the greatest problernause
they carreachdeep into the lungs, and may even endhtp the bloodstreamSmall particles of
concern includdine particle§ which are 2.5 micromeds in diameter or less (PM2.5), and
‘coarse particleswhich have diameters between 2.5 and 10 micr@netihe particles most
likely to cause adverse health effects are the ‘fine’ particles PM10 and PMarécles smaller
than 10 and 2.5 umThey are sampledith either(i) a high volume sampler with a size
selective inlet using specia.@, quartz) filter or (ii) a dichotomous sequential sampler that
operates at a slower flow rate, separating on a Teflon or cellulose nitrate filter particles smaller
than 2.5 um, and sizes between 2.5 and 10 pantid@late matter measurement and sampling
should be done onlyy special technical sampler equigmt (Photo 10)according to the
European requirements of CEN EN 14907 for the PNM2d&ion (CEN, 2009 and CEN EN
12341 for thePM10fraction CEN, 1998).
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(a) (b)
Photol10. Equipment for sampling air particulates: (aghel SEQ 47/50 Sequential Gravimetric Sampler (Ssur
http://www.et.co.uk/docs/SEQ40%20Product%20Datasheet.pdf; http://www.et.co nadpcts/airquality-
monitoring/particulatenonitoring/seed 756 sequentialgravimetriecsamplery; (b) Thermo 5030 Synchronised
Hybrid Ambient Reatime Particulate Matter Monitor (SHARP 5030) (Sourbétp://www.socaar.utoronto.ca/fac
inst/instruments.htrrhttp://www.thermoscientific.com/content/tfs/en/puati5030sharp
monitor.html#sthash. UGWKTDas.dpuf

For the characterisation of emissions and the atmospheric transport of camtiznm urban
areasbio-indicators can be used, such as tree barks (outer and innerHairksinnet al,
2001;Birke et al, 2009, ryegrassl{olium multiflorum tobacco Nicotiana tabacury bush bean
(Phaseolus vulgar)s weaves€.g, Hypogymnia physodgine needlesRinus sylvestris
earthworms (Meyeet al, 1993) and terrestrial mossiglocomium splendehgReimanret al,
2011c). With these various bindicators,an active and passive environmental monitoring
survey can be carried out. For assessing heavy metal emission, especially ryegrass, pine needles,
earthworms and tree barks destsuited(Arnt et al, 1987).

As many contaminants can persist in the urban environment for a long time, the most
appropriate wayo assess exposure of the human population is to obtain biological
measurements from blood, urine or other hutiesues from cases and controls, because these
give a directassessment of internal dose of the contamin&ttek, 2008.

Threesampling media that are not discussed in this manuabafeain gutter sediment,
stream sedimenand overbank or floodplain sediment.

Sediment from roof rain guttergl{bonas and Doerfer, 200&lthough in¢resting is not
widely used in urban geochemical studies. The roof rain gutter sediment, apartifrom gr
particles originating from the composition of roof materialspitsists ofeaves and very fine
sediments derived from atmospheric fall@ard mayeven contain particles from meteorites
Hence, roof rain gutter sediment could be considered as similar to road sedimest, and i
sampling has the same drawbacks as attic dust, betcadgi®nalhouses with roofs are needed.

Stream sediment is the principal sampling medium used by applied geochemists to conduct
systematic regional geochemical surveys. Overbank or floodplain sediment has roekeicéot
in geochemical surveys l@tteseret al. (1989, andis used in regional(Otteseret al, 2000,
2010) and continentaeale geochemical mappingalminenret al, 2005; De Vos, Tarvainest
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al., 2006;Wangand CGB Project Team, 201/anget al, 2015). Stream and overbank
sedimens are therefore, inappropriate sampling media for use in an urban settitidpusare
not discussed in this manual.

2.5.1. Subsoil sample collection

The heterogeneitpar excellenceof urban soil, and especially iheold central part of most
European cities, can be observed in sections. Artbgieal sites Photo ) or excavations fo
construction purposes (Photpshow this feature quite well.

If there is an intention to collect subsoil samples, it is recommendsshtactfirst an
orientation survey in order find solutions to problems that may be encountered during the
systematiccampling. A effectiveway is to carry out a north-south and an easst transect
through thecentre of gown or city, and to collect top- and sabil samples. These samptes
be collected at the nodes of the planned sampling grid. Ideally, subsoil samples should be
collected below a depth of 50 cm, and from the same soil horizon in case natural zofiori
can be distinguished. However, in the central parts of most tovaitsesy natural soil may not
be found even below this depth. legpectedtherefore, that the recommended orientation
survey will provide the necessary informatimout the sampling depfbr the collection of
subsoil samples.

Subsoil samples can be collectadeither digging a pit down to the required depth, or using
a soil auger. In the Mediterranean countries of southern Europe, it may be difficsét a soll
auger for subsoil sampling, because of the dry nature of most urban soil. Hence, pitting should
be the preferred method. However, digging a soil pit can be time consusangplers can
collect subsoil samples much more rapidly using a soil auger, if conditions faiguft any
case, thesubsoil sampling deptio be used in the systematic urban geochemical survey will be
decided on the results of the recommended orientation survey.

Select the sample site from where the topsoil samillde collected. Collect first the
topsoil sampleaccording to the procedure already described, and then use either the soil auger
or dig a pit for the collection of the subsoil sample from a depth range of 50 to 60 cm (Photo 11),
or the depth resulting from the orientation survey

If a soil augelis going to be used, the retrezl successive subsoil sample sections should be
placed on a plastic shaatthe order retrievedIlt may be necessary to retrieve more than one
‘core’ for making a sample of about 1.5 kg. The subsoil ‘core(s)' should be photographed first
prior to samping; before photographing the 'subsmie’the folded wooden 2-mmeasure
should be opened and placed next tddbee; take at least two photographs, one showing the
whole'core’, and a second a clage of the part that will be sampled.fté& samplimg, all
observations should be recorded on tleddFObservations Igeet. The instructiongiven in
section'82.2.1. Sampling a bare topsoil spmom (f) to ¢) should be followed.

If pitting is going to be used for the collection of the subsoil sample, again filesttable
topsoil sample, and then dig the pit down to the decided depth. Place at one of the vertical
sides of the pit the folded wooden 2rmeasureand takea gereral photograph of the pit (Photo
11a), and a second a clage-of the section that will be sampléehoto 11k)if a fill-in flash is
used, take two photographs, one under natural conditions and the second with the flash. Again,
after sampling, all observatiotsbe recorded on the Field Observations Sheet. The instructions
given in section82.2.1. Sampling a bare topsoil sptm (f) to {) should be followed.

In case subsoil sampleannot be taken at each topsoil sampks #iis recommended to
collect subsoil samples from a few sites in such way to be representative of the different parts of
the town or city. The other alternative is to collect subsoil samples only atwitesanomalous
determinand concentratiofa differentiating geogenic and anthropogenic sourtiethis
procedure is followed, the subsoil samples will be collected after the domad
interpretation of the topsoil geochemical results.
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IMPORTANT NOTE : After collecting the subsoil sample, and completing the Field
Observations Sheet, the soil pit needs to be carefully filleahth the patch restored to its
previous condition without leaving a hole in the ground that could be a potential public hazard

(a) (b)
Photo 1. (a) Pit dug down to a depth of 50 cm at the same sitetsftthe topsoil (seBhots 5 & 6); (b) Digging
bottom of pit down to 60 cm, breaking up lumps, and homogenising sfdrssédmpling, Athens, Hellas.

2.5.2 House dust sample collection
The following descriptionwasabstracted fronbemetriades (2014, p.22-R3

"According toUSEPA (2008 the predominant pathway for lead exposure of young children
is ingestion of indoor surface dust, as a result of hafmdeuth activity USEPA, 19862005
Laxen et al, 1987; Lanpheaet al, 1998, 2002; Sterlingt al, 1998; Succopt al, 1998;
ATSDR, 1999; Mantoret al, 2000). It has been shown that lead-contaminated house dust is the
strongest predictor of bloddad levels in childrenRoberts and Dickey, 1995; Lanpheaial,
1998, 2002; Succogt al, 1998; Jacobst al, 2002). Therefore, house dust is the commonest
sampling medium used to assess exposure of young children to environmental contaminants.
However, there is no universally accepted standard technique for the collection oflistuse
samples.

Sampling techniques vary from asking the householder (a) to place in a given pre-numbered
bag all dust swept with a broom from the floor of the whole house for a period of 15 to 20 days,
or (b) to use a new bag, if a commercial vacuum cleaner is available, for collecting the dust for
again a period of 15 to 20 days (Photo 12), and at the end of the sampling period to place the
vacuum cleaner bag in a given prembered bagdemetriales, 2011a). The instructions given
to the householdaresimple, ador examplethe broom, or vacuum cleaner to be used only for
sweeping or vacuuming the indoor house dust. Hence, the quality of sampling of using non-
standardised techniques is a serious disadvantage. The best approach is to use a commercial
vacuum cleaner to sample house dust in all selected homes, and to cover similar size areas in the
home environment, especially rooms used by children, such as bedroom and living room or
playroom.

The American Society for Testing and Materig@STM) recommends the use of high-
volume cyclonic vacuum cleaners for collecting house dust - Phdi&SIEVI, 2005; USEPA,
2008. These vacuum cleaners are useful for a variety of surfaces, and have dod@resier
precision and collection efficiency than other sampling methods, andmpastantly,the
collected sample is substantially unmodified. The procedure covers theigolEaust from
carpets and bare tile or wooden floors, and the houseaingties can be analysed for Pb,
pesticides, or other chemical compounds and elements, except asbestos fibres.



(a) (b)
Photol12 House dust sampling: (a) Howest in vacuum cleaner bag; (b) Clageof house dust showing its
heterogeneous natuf®ource Demetriades, 2014 hoto 13, p.28

(a) (b)
A European higkvolume cyclonic vacuum cleaner for USGS scientist collecting house dust with a higlume
collecting house dugsource: cyclonic vacuum cleanggource:
https://upload.wikimedia.org/wikipedia/commons/5/5e/Dyson_DCO07 http://www.usgs.gov/envirohealth/geohealth/full_activities_list.html
Vacuum_Cleaner.jpg http://www.usgs.gov/envirohealth/geohealth/images/HouseDustCollect
ionWithVacum_1.jpg.

Photo B. Highvolume cyclonic vacuum cleaners for collecting house dust.

Houses to be sampled should be selected near to the planned grid node. If garden soil is
planned to be collected in the same sampling campaign, it is strongly recommenaepdo sa
house dust from these houses as well. Usually, a variable sample density is usetbydadi
samples from the older inner part of the city, where anthropogenic impact ergiieah from
the newer outer partJSEPA (2003 recommends the selectiohhouses by using a stratified
random sampling plan to increase the likelihood of obtaining a representative statistical sample
of houses, which should contain ranges of contaminant values that are deemed importaat, and a
consistent with the range of values for the attributes found in the population. Sinceathis i
specialised sampling design, it is recommended to use the expertise of a statistician. Finally, all
house dust samples should be collected within the same period.

All sampling equipment should be thoroughly cleaned after each sample to avoid any cross-
contamination.”
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House dust samples should be collected at each node of a 500 x 500 m grid (central part of
city) to 1000 x 1000 m sampling grid (suburbs), giving a nominal density of 4 sekmflethe
same as the urban soil survey. In towns and cities, where most people live in stdeggsaf f
decision must be made of collecting house thash either ground floor or firdtoor flats.

It is important to record all observat®on the Field Observations Shesetd to take digital
photographs of the house dust, and the areas from where the house dust is collected, and general
photographs of the exterior conditions of each selected house. In fact, the instgicgans
section'82.2.1. Sampling a bare topsoil spiobm (m) to () should be followed.

2.5.3.Attic dust sample collection
The following descriptionvasabstracted fronbemetriades (2014, p.23-R4

"In towns with traditional houses with tiled roofs and attics (Phot(, ic dust is a good
sample medium to assess urban airborne contamination in the home environine20(Sa
2005, 2006; Gosar and Sajn, 2003; Gasal, 2006; Henslewt al, 2007; USEPA, 2008). Sajn
(2005 definesattic dustas“the dust thaccumulates on wooden carpentry of attiekere the
influence of inhabitants is minimise(Photo 13b). Attic dust is a heterogeneous mixture of dust
particles, mainly derived from external household sources through aerosotidapasi as a
result ofsoil dusting. Dust settling within the attics is thus often preserved from the time the
house is built until its final demolition. Therefore, undisturbed attic dust carderavhistorical
record of ambient air pollution. It is thus recommended, when planning to use attic dust, to
select houses of similar age in order to assess urban contamination over asgréwific

Selection of sampling locations within each attic is done on dgitete basis, as each attic
has different physical constraintdgEPA, 2008). A composite sample should be made by
collecting dust from multiple points within the attic, such as beams, insulation, roof, and rafters,
and, especially, from places where the dust is undisturbed, as near eavevetatd 4b). In
some cases, however, access will be restricted to areas near the attic entry, and this would
represent dust that is most likely to be tracked into the living space.

@) (b)
Photol4. Attic dust sampling: (a) House with an attiz) &ttic dus{Source: Demetriades, 2014#hoto 14, p.23

“USEPA (2008 recommends the use of a high-volume cyclone vacuum to sample attic dust.
If this is not possible, then a paintbrush with a dustpan, or any other appropegtacks; such
as a polypropylene scoop, may be used. Itis stressed, as in all casefemyesampling,
the equipment must be thoroughly cleaned directly after the sample is bagged in order to avoid
anycrosscontamination. It is strongly recommended to sample attic dust from houseslaf s
age, and all samples to bdleoted during tk same period.”
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Ideally, attic dust samples should be collected at each node of a 500 x 500 m grid (central
part of city) to 1000 x 1000 metres sampling grid (suburbs), giving a nominal density of 4
samples/krfh the same as the urban soil and house dust surveys, but this depends on the housing
situation ineachtown or city. In AthensHellas),an attic dust survey is impossible to carry out,
because in the most populated parts of the city there are mostly storeys of flats. Therefore, an
attic dust surveylepends on the availability of houses with uninhabited attics.

It is important to record all observations on theldObservations geet, and to take digital
photographs of the areas from where the attic dust is collestddyeneral photographs of the
exterior conditions of each selected house. In fact, the instructions of S&idri. Sampling
a bare topsoil spofrom (m) to () should be followed.

2.5.4. Road dust sample collection
The following descriptionvasabstracted fronDemetriades (204, p.29.

"Road dust (or road deposited dust or road deposited sedimeadside sedimenis a
heterogeneous mixture of particles from exhaust fumes, warned tyre dedtésphd linings,
pulverised plant material, and dust from geological sources. Therefore, roadadgso
sampling medium to assess outdoor urban contamination (Fetraol998; Gémezat al,

2002; Varriceet al, 2004; Whiteley, 2005; Robertson and Taylor, 2007; Getey, 2009;
ODWKXU .® &.2®19;™Nddg and Lee, 2011; Locutura and Bel-lan, 2011; Singh,
2011, Bavecet al, 2015.

Road dust is collected with a nylon brush and a dustpan or a vacuum cleaner from either
road gutters or pavements (Photo 15). Samples of road dust are normally collectedéiom r
junctions. However, the sampling plan depends on the objectives of the survey. Road dust from
each sample site should be collected from an area of similaaszeluring the same period.

Again all sampling equipment must be thoroughly cleaned after the collectiooho$a@aple to
avoid cross-contamination.”

Road dust or sediment samples should be collected at each node of a 500 x 500 m grid
(central part of city) to 1000 x 1000 m sampling grid (suburbs), giving a nominal density of 4
samples/kM the same as the urban soil and house dust surveys. The nearest road junction to
each grid node should be selected. The reasons for selecting road junctions are:

X Vehicles use their brakes to stop, meaning that there is wear and tear of brake pads, and the
release into the urban environment of elemesushas Sb, Zn, Mo, Cu and Miuéxkull et
al., 2005; lijimaet al, 2007; Thorpe and Harrison, 2008; Gedtial, 2010; Amatcet al,
2012, and

x Vehicleidling (when a vehicle stops at a red light or a road junctiad has its engine
running), @art from burning fuel unnecessarily, increases emissions that affect the urban
environment. With the use of automobile catalgtavertersthere is a releas# platinum
group elements (PGESs), such as Rh, Pd, anddPagoet al, 1995, 1998; Zereini and Alt,
2000; Elyet al, 2001; Whiteley, 2005; Wichmaret al, 2007; Zereingt al, 2007,
:LVHPDQ DQG =HUHLQL. XULA

It is important to recordll observations on the Field Observations Sheet (see Appendix 5),
and to take digital photographs of (i) the road dust or road sediment, and general photographs
about the sample site. In fact, the instructions of Set§dr2.1. Sampling a bare togkspot’
from (m) to (t) should be followed.

42



(@) (b)

(©) (d)
Photo15. Road dust or road sedimesampling from a junction: (a) road junction near the Temple yih@ian
Zeus, Athens, Hellasthe sample was collected from the left gutserd the road dust sample has been placed on a
white piece of paper and is marked by wooden stick withwigitk ribbon; (b) closeip of road dust, which is a
heterogeneous mixture of dust particles, plant remains, cigévattéhabit of Hellene drivers throw the butiends
of their cigarettes on the road); (c) sampling of road dust fhenpavement at the road junctiethe pavement
within the marked area was swept and pavement dust is on theeshbét of paper; (d) closg of the road
pavement dust, which is again a heterogeneous mixture of duskgsasticall stones and plant remains (Source:
Demetriades, 2014hoto 15p.25.

2.5.5. Air particulates sample collection

The measurement methods for the determination of concentrations of PM2.5 and P&&iGremi
particles are based on the principle of impaction (VDI, 1999, 2004; DIN EN, 20a&jcufate
matter sampling and measurement, as well as the equipmenPhstds(1& 16) for this

purpose must comply with the requirements of the European technical rules by CEN (1998,
2005, and at the international level by ISDIN 1SO, 1991, 1995 UNEP/WHO, 1994VDlI,

1999, 2004).

Air filtration is the most widely used technique to collect air particle samples, because of its
efficiency, ease dfandling, and economy (Snedden, 1983owever, it is very important that
any filter used should satisfy the following conditions:

- mechanical stability (good weighing properties);

- chemical stability (compatibility to the applicable analytical methods);
- high particle collection efficiency (high particulate separation);

- low flow resistance;

- good retention without clogging, and

- low and consistent blank values and artefacts.

Generally, the filter material available for the particulate matter collection falls into three
broad classes: depth or fibrous filters, membrane filters, and coated fibre filters. Depth filters
are made from either glass or quartz fibres, and membrane filters from organic material, such as
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Teflon (PTFE), polycarbonates and cellulosea@es. Details about the properties of various
filter types can be found in Logde (198Pall (2000) andPesctet al. (2007).

(a) (b)
Photo B. Sampling of air particulates in the city of Sast, Germany. The equipment is installed onrtiod of a
house. (a) Real time particulate matter monitoatgtb030" MLU, 2006) on the left and SEQ 47/50 Sequential
Gravimetric Sampleon the right(Leckel, 2008; (b) Closeup of SEQ 47/50 Sequential Gravimetric Sampler
(Source: ManfredBirke, 2015.

The sequential sampler SEQ47/50 (Photas&.Q6) is designed for outdoor use at all
temperatures and environmental conditions. The magazines for the blank arelc@lagiion
filters are able to load 17 filter holders. By enclosing the upper sampleticoilélter holder,
and the superimposition of the other filter holders within the magazine forrtipteseollection
filters, the air volume above each filter is so small that particulate volatile material cannot
evaporate into the air. Additiomgal the complete sampling system up to the filter is cooled by
sheath air. By these measures, after a sampling period of 17 days, a reliablmatberof the
particle masses collected on the filters is guaranteed. The filter holders are capablditerso
with diameters of 47 and 50 mm. Taieflow’s temperature is measured directly behind the
filter that is currently sampled. If the temperature falls below the dew point, during winter
operation under ambient air conditions, the filter temperature will bedsed to avoid icing and
soaking of the filter.

The PM2.5 and PM10 particle measurements and sampling are carried out according to
CEN EN 14907 (CEN, 2005) and CEN EN 12341 (CEN, 1998). The dimensions of the suction
tube (inside diametaf 27 mm), between the inlet and the filters, are such that particle losses at
the tube’s inner wall cannot occur.

The selection of the sampling site is determined by the objectives of the studgrbudrth
some general rules that should be fulfilledenwtselecting a site for the installation of the
instruments YSEPA, 1975; Ott, 1977

- It should be easily accessible, secure for personnel, and not prone to vandalispeointa

- It should not be located near obstructions, such as trees or tall buildings, whichanbithance
the airflow.

- The sampling intake should be high enough to aveghteainment of large particles near the
ground, and

- Inlet should be at a height and location that reflects potential exposure.
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2.5.6. Bio-indicatorplant sampge collection

According to Arndtet al. (1987), Markeret al. (1999, 2008, 2011), Markert (2007) and Franzle
et al. (2012, the term bieindicator is used for organisms or organism associations that respond
to pollutant load with changes in vital functions, or which accumulate pollutantgmiation

about specific biological effects supplements data on air pollution.

Bio-indicatorsare commonly grouped inBccumulatiorandresponse indicatorsThe
former group stores pollutants without any evident changes in its metabolism. thNéHadter
group, theresponse indicatorgeacs with cell changes or visible symptoms of damage when
taking up even small amounts of harmful elements and substances. In addition to
microorganisms, fungi, algae, mosses, lichens, ferns and higher planke(tet al, 2003, and
animals, including human tissues (blood, urine, teeth, étaiy, can be used as bindicators.

When higher plantse(g, trees) are used for biaonitoring, it is important to consider the
influence of soil. In view of the fact that soil contamination could also be a significant factor,
samples are takenot only from the outer bark layers contaminated by emissions, but also from
the inner bark layers, which are protected against the direct impact of atiquo{Hofmann,

1998; Hofmanret al, 1999, 2001

Bio-monitoringis divided intoactiveandpassive Active biomonitoringincludes all
methods that insert organisnesd, green kale, eye grass, tobacco, beans) under controlled
conditions into the site to be monitored (Nobeal, 2005) While passive biemonitoringuses
organisms, organism associations, and parts of organesgig(ne needles, lichen, earthworms,
barks), which are a natural component of the ecosystem and appear there spontaneously.

The objectives of collecting bimdicator samples have to be clearly established, because it
will demand different sampling and preparation procedures.example plant samples for
determining pollutant deposition must be analysed in an unwashed condition (Ernst, 1994). In
all sample procedures, it is essential to avoid contamination. If possible, a mixed sample of
several plants of the same type should be taken. For grass samples, it is not necessary to
distinguish between different species of grad#hen taking grass samples a cutting height of at
least 68 cm should be adhered to.

Grass stems and flowers are to be avoided.

For moss monitoring, only samples of the specified moss spwetd be take(Herpinet
al., 1997; Siewers and Herpin, 1998; Marketral, 1999. The main moss species sampled in
Germany wa®leurozium schrebefiSiewers and Herpin, 1998).aiples sent to the laboratory
should be cleaned of material adhering to the moss, but not submitted to any further washing.
The green to brownish-green parts of moss, representing a growth period of two todlsee ye
are used for analysis.

It is recommended to collect® subsamples of plant material from each site, on a
completely random basis, and finally mix them to make up a single sample. The totalofeight
the mixed plant sample should be at least 300-500 g.

For plant sampling, ceramic knives or scissors should be used. If possible, always living
green and not withered or dead plant matshaluld be sampled. Within a single species, it
should be possible to sample plant parts of the same age. The plant parts musbbetbet
plants by sample collectors wearing powder-free vinyl gloves, and stored in perfoEate
paper.or linen trae-element free sample bags. Plant samples for the determination of organic
compounds should be kept refrigerated in aluminium foil, while samples for the aeteomiof
inorganic determinands may be stored and transported at temperatures below 10°C.

For bark samplingsuitable treesg(g, oaks, linden trees) of sufficient age should be used.
It is possible, therefore, to conduct standardised bark sampling for monitoringlay. gQater
bark has to be removed from several trees at each site as circumferential samples from a height
of approximately 1.5 m above the ground, with a total circumference of at least 5 m being
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maintained (Photo 17). The outer bark layer is removed to a defined thickness of 1 mm with a
specially developed bark samplétofmann, 1998). A precise description of the method and
sampling technique applied by the sampler is provided in Hofreeaih(2001). A high-speed

cutter with a special titanium nitrite coating is used, which is tested to ensure the absence of any
contamination from the range of substances analysed. The cutter speed is set apii5,000 r

The finegrained bark samples are placed directly intosedlable PE sample bad®hpto 17 -

inset); the bags are sealed immediately after completion of samplintheamolansported to the
laboratory for further processing.

Samples of the inner bark layers are taken, using a special cutting tool madmostzel,
after careful removal of the outer bark layers in order to avoid contamination at several places.
The samples are also placed in sdlable PE bags, and the bag surface is subsequently incised
with a bark cutter in the laboratory in order to avoid contamination.

Photo . Sampling of outer bark at location S11 (Industrial Streaf)eénStassfurt urban area, Germany (high
speed milling cutter with a special titanium nérhit, sampling depth: 1 mm, milling speed 15,00 {Source:
Birke et al, 2009 Fig. 200, p.327).

2.5.7. Human tissue sample collection

When applied geochemists map contamination in urbanised centres they, with support from
members of their multidisciplinary team, should go a step further by investigdigthev the
elevated determinand concentrations have affected the health of the exposed popuiaien. T
a necessary step in order to convince local politicians that the populatiarsis at

Exposure of the human population to urban contamination can be tested directly by the
collection of human tissues, such as blood, urine, hair (scalp or pubic), deciduousaisand
even mother's breast milk. Such samples cannot be collected, however, by the applied
geochemist, as the techniques are specialised and will usually require ethical afpaavaling
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of human tissues and the obtaining of ethical approval must be performed by trained medica
practitioners. Such public health studies are usually carried out by epidemictogigisr
specialist public health stafEpidemiologyis defined asthe study of the distribution and
determinants of health-related states or events (including disease), and the ampldaltiis
study to the control of diseases and other health probléWvsirld Health Organisation;
http://www.who.int/topics/epidemiology/é&n/Various methods can be used to carry out
epidemiological investigationssurveillanceanddescriptive studiesan be used to study
distribution;analytical studiesre used to study determinants. Epidemiolsgie cornerstone
of public health, and informs policy decisions and evidence-based practice by identgiing ri
factors for disease and targets for preventive health@drerefore, the applied geochemist
should collaborate closelyith an epidemiologist or other public health physician in the
collection and analysis of human tissue samples.

The medical practitioner will be responsible for the design of any epidemidlsgidy.
Such studies may be classified as follows (AlexatleBtewart, pers. commun., 2015

Study type Description Comments
Descriptive Answers “who, what, when and| Cannot attribute causality.
where” questions about the Example: case report; caseries
distribution of disease and/or risk(patients or situations with a
factors in a population. similar disease or outcome).

Crosssectional (prevalence) Describes status of an individug Gives prevalence and measure
with respect to a disease and/ofr risk, but cannot always
exposure at a given point in timedistinguish which came first,
exposure or disease.

Crosssectional (correlation) Describes status of a populatior] Often uses routinely collected
with respect to a disease and/or data (saving time and money).
exposure at a given point in timePopulatios defined in various
ways,e.g, geography, time
trends, social class, occupation
Cannot draw conclusions about

an individual.
Analytical (observational) Case contral compares two Case contral assesses risk
groups (ill/not ill) by exposure(s) factors; shows association not
of interest. causation. Useful for rare

[¢]

outcomes or diseases, with larg
numbers involved, an unknown
population at risk, or when only ja
small proportion of exposed
people beconsll. Can identify
multiple exposures.

Cohort follows twoor more
groups over time (prospective o
retrospective), comparing
outcomes by exposure.

=

Cohort retrospective cohort
study generally used with smalls
numbers, who can all be

contacted and grouped by
exposures. Prospective cohorts
expensie and timeconsuming.

19%
—_

Analytical (interventional / Investigates the impact an Time-consuming, expensive; be
experimental) intervention in a population. way to evaluate impact of
intervention.

The expertise of the applied geochemist in sampling designs, randomisation of samples,
guality control procedures, and plotting of data on topographical maps, can be very valuable in
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the design of an epidemiological study (Demetriades, 2011a; Scbnaildt2017), particularly

in ensuring that the health studyadlosely related to the environmental investigation.

Consequently, such collaboration will produce very useful and valuable results abouttthe hea
status of the urban population, and may identify the human health risks. The local and regional
health aithorities should be involved in such an epidemiological study. In some countries, this
may be a prerequisite, because only health organisations are authorised to carry out such surveys
(e.g, Germany).

As thehealth status of population is influencedabyariety of factors, such as
environmental, education level, dietary habits, workplace, lifestyde these have to be taken
into account. Hence, the epidemiologist may need to design a suitable questionnaires which i
completed by each sampled hunsaibject.

2.5.7.1. Blood sampling

Venous bloodi(e., related to veins) samples are collected by venipuncture from the subject's
arm. The correct sampling tube should be usay,polypropylene tubes containing the
anticoagulants ethylenediaminetetraaxcetid (EDTA)for lead, and heparin for haemoglobin
(WHO, 1994; Kafourowet al, 1997; Dobleet al, 2007a, b; 2008); heparin conflicts with any
analysis of proteins. The blood samples are subjected directly afterwards-foegeem at

20°C until their analysis.

Sample bottles, syringes, needles, test tubes, reagenthould be previously tested to
ensure that they are free from contaminants.

2.5.7.2. Urine sampling

Two different types of urine specimen samples may be collected, namely firshgweoid
urine, and timed urine samples; the latter can either behant8or 24hour urine sample
(Specimencare, 2015).

First morning void urine is the sample of choice for urine analysis, since thasurine
generally more concentrated (due to thetkrof time the urine is allowed to remain in the
bladder) and, therefore, contains relatively higher levels of cellular elements and analytes
(Hinwoodet al, 2004; Dobleet al, 2007a, b; Figueiredet al, 2007; ColinTorreset al, 2019.
Abnormal constituents are also likely to be present in higher concentratiomasdnore likely
to be detected. It is also a much simpler procedure to follow by the donors and, thksfore
prone to errors.

Timed urine samples may be required for quantitatieasurement of certain analytes,
including those subject to diurnal variation, such as creatinine, urea, cortrstgé, @mino
acids, catecholamines, metanephrines, vanillyimandelic acid (VMBydBoxyindoleacetic
acid, protein, oxalate, uric acid, kétosteroids, and if@ydroxysteroids, Ca, Cu, K and Na
(Specimencare, 20)15A timed urine sample allows measurement of the excretion of these
substances in urine over a specified length of time, usually, but not always, 8 or 24 hours; the
latter is normally preferred Eikmannet al, 1991; Makropoulost al, 1992. In this collection
method, the bladder is emptied prior to beginning the timed urine collection. Then, for the
duration of the designated time period, all urine is collected and pooled into d@ollec
container, with the final collection taking place at the very end of the predeésl period.
Half-an-hour before the end of the collection period, it is helpful to ask the donor to drink a glass
of water, so that the last urine specimen lba obtained. If no specimen is produced, then the
total volume and time of collection cannot be determined. It is also important tonctngi
donor not to lose urine sample to the toilet during defecation. Accurate timing isngaEmtant
as this nformation forms a critical part of the calculations performed to determime ur
clearance value®(g, creatinine clearance). Interpretation based on faulty calculations can
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result in improper diagnoses. Such 24-hour collections are fraught witulliéfs, particularly
completenessand should not be undertaken lightly.

In both cases, the donor should wash thoroughly the area of the genitals, then wear powder-
freenitrile gloves and rinse the genitals with injection water, which is completely trace element
free, and dry by gentle tapping with sterilised gauze sponges.

Each donor collects the first morning void urine in a sterilisaéproof 120 ml trace
element fregolyethylene cup, and screws the cap tightly. The time of collection is recorded.

In the case of collection of either and@ 24Hhour urine sample, each donor collects the
urine in a sterilised leagroof 3ditre trace element fregolyethylene containeand screws the
cap tightly.

Urine samples should be deep-frozen td€2@ithin 12 hours after collection until their
analysis.

2.5.7.3. Hair sampling

Hair is a very suitable alternative to both blood and urine, as determinand concentrations are
comparatively higher, at least tenfold than those in blood and urine, and hair is biblagic

more stable human tissu#ét.can be stored without deterioration, and, most importantly, hair
sampling is a non-invasive technique (Bland, 1983; Gedieai, 2008). Two different types of
human hair are collected, either scalp or pubic Ndithelm et al, 1990; Williamset al, 1998;
Hindmarshet al, 1999. The latter is usually preferred, because it minimises external
contamination, although, in many situasothe use of scalp hag an acceptable alternative
However, there is a minor drawback with pubic hair as in young children it doeonotigtil
puberty; in boys, puberty starts around 12 to 13 years of age; while in girls, it usu#dly sta
around 11 years of age.

An evaluation of the relationship between natural hair colour (blonde, black, brown, red,
grey) and trace element levels (Al, As, Ca, Cd, Cr, Cu, Fe, Hg, K, Mg, Mn, Na, Pb, Se, Zn),
performed on 3,564 scalp hair samples, showed that there is no significant relatiotvebgnbe
hair colour of men and women and trace elentevels, and the variation from natuhealir
colour to hair colour is not important (Bland, 138Bese results have been verified by
Chittleborough (1980in his review of the analysis of human hair for trace elements. Therefore,
it can be safely asswed that the chemical composition of human hair is independent of natural
hair colour. A drawback, however, is dyeing of hair by women, and nowadays men, as well as
hair bleaching and cold wavindicKenzie (1978 has determined that bleaching of the hair and
cold waving have an impact upon the concentration of Zn and Cu, but that dyeing, hair sprays,
and shampoos, which do not contain trace elements, have little or no impact upon hair eleme
concentrations. However, one has to be wary of Se-bearing anti-dandruff shampoos (Fordyce,
2005). ltis, therefore, recommended to record on the questionnaire the type of lagid chyei-
dandruff shampoo used.

The sampler should wear powdegenitrile gloves, and cut freshly washed scalp or pubic
hair with a pair of stainlessteel scissors that has been previously washed with ethanol. The
head hair sample is collected from sevemtsaround the nape of the neck, cutting close to the
scalp Revich, 1994; Williamst al, 1998; Hindmarslet al, 1999). The &ck of the head is
chosen largely for aesthetic reasons when removing such an amount of hair aeone tim
Similarly, each donor collects pubic hair samples randomly from any specifiq'gfithisms et
al., 1998). At least one gram of hair sample shtval@dollected and placed directly in a self
sealable polyethylene sample bakhe length of the hair from the shaft cut should be noted as
this allows comparison between individuals.



2.5.7.4 Deciduous teeth sampling

Human teeth are often used to monitor human exposure to harmful heavy elements, and
especially Pb. Studies use either shed deciduous teeth to monitor the extddhobd

exposure fFosse and Berdustesen, 1977, 1978; Needlenstial, 1979; Patersoet al, 1988;
Fergussoret al, 1989; Stavrakist al, 1994; Fosset al, 1995; Tsujet al, 2001) or permanent
teeth found at ancient burial sites to investigate the degree of human exposure in past times
(Fosse and Wesenberg, 1981; Patteetal, 1991; Budcet al, 1998, 2000, 2004

Deciduous teeth sampling requires collaboration with parents and dentiststs Baoaild
be informed about the aim and procedure of the study, and asked to complete a questionnaire.

Normally shed deciduous teeth are collected from children of 5 to 12 yea&taldakiset
al., 1994; Farmeet al, 2006; Barton, 2011; Khafdt al, 2012; Alomaryet al, 2013), and
placed directly into seléealable polyethylene (PE) sample bags.

2.5.7.5. Nail sampling

Nail sampling is a non-intrusive way of determining contaminant exposure of the human
population. Nail samples can be taken from either the hands or feet ov\hibiblrh et al.,
1994; Reixt al, 2015) Toenails grow more slowly and may have higher levels of
contaminants present.hedonor should wear powder-free vinyl gloves, and to cut freshly
washedhand and foot nailwith a pair of stainlessteel scissorsr nail clippers that hee been
previously washed with ethanol.

Varnished nails should not be sampled.

Nail clippings from each hand @wot are placed in selealable tracelement free bags;
each donor should place the nail clippings of the left hand, right hand, left foot and right foot in
different selfsealable PE bags, and label them accordinghe scissors or nail clippers shodu
be washed with ethanol between each nail set.

2.5.7.6. Mother's breast milk sampling

Mother's lseast milk sampling is a nantrusive way of determining contaminant exposure of
infants and a useful biomonitoring tool (Sharma and Pervez, 2005; UNER,\ 288RPGEF,
2010; Mandour and Ghanem, 2013). Breast milk sampling has been used topestisoent
organic pollutantsHOP$ globally for several decades, and is a good indication of regional
intake from diet and environmental pollution.

Breast milksampling should be conducted at the same time as the blood-sampling
programme, and mothers should donate both blood and breast milk samples (UNEP, 2007).

The guestionnaire given to mothers should include information on age, number of children
and number of childrethatthey have breastfed (including children of relatiess).

Breast milk is sampled from mothers between fl@ad &' week pospartum UNEP,
2007). The breasts, prior to sampling, are washed, rinsed with injection water, which is
comgetely trace element free, and then dried with sterilised gauze sponges. The dombr shoul
wear powdeffreenitrile gloves during the sampling procedure, extract a volume of 100 ml
breast milk, and place it directly in a sterilised glass jar, which contains three potassium
dichromate pellets to preserve the sample approprididfP-GEF, 2010). The breast milk
sample may be kept in the home refrigerator, at approximately 4°C, for no long&2thaurs,
and then at the laboratory deep-frozen at -20°@ it;mainalysis UNEP, 2007).

5C



3. SAMPLE PREPARATION AND STORAGE

3.1. Sample preparation and storagéor the determination of inorganic chemical elements

3.1.1. Soil sample preparation and storage

All collected sampleshould besent to a central laboratory for sample preparation,
homogenisation, and splitting into ssamples for laboratory analysis, and safe storage for
future use. The total number of splits depends on the analytical programme.t Atdesample
splits should be archived for future use. The following procedure is recommendeel for t
preparation of soil samples on which inorganic elements will be determined:

X

Soil (top- andsubsoil) samples for the determination of inorganic trace element
analysisareeither airdried at room temperature, or dried in a thermostatically
controlled oven at a temperature not excee@B@ (it is noted that Hg escapes
even aB0’C).

The small numbered card in the smalllopk bag accompanies the sample during
the samfe preparation. It should be placed in a secure position in the drying tray.

After drying, thesamplesare carefully disaggregated by a porcelain pestle in a
porcelain mortar, taking care not to grind small pebbles.

Following disaggregation, soil samples are sieved through a nylon screen of 2 mm.

The whole<2 mmsoil fractionis suitably homogenised, asglit intosubsamples
andplacedin traceelement free containerd’he process of homogenisation and
sample splitting is an art if it is done by hanel., coning and quartering

(Schumacheet al, 1990;Gerlachet al, 2002. Therefore, weltrained technicians
should be given the task of homogenisation and sample splitting. Of course, there is
an easier method by usiagiffle splitter(Schumacheet al, 1990. Whatever

method is used, the splits or ssdmpleshould be representative of the whole

sample.

All utensils are carefully cleaned after the preparation of each sample in order to
avoid cross-contamination of samples.

Soil (top- andsubsoil) sample splits for chemical and physideemical analyses are

sent to the selected laboratory or laboratories, remembering that all samples must be
analysed for the same suite of determinands at the same labénatbeysame

analytical metbd.

Theremaining splits 02 mmsoil (top- andsub-soil) should be archived in a dust
free storeroom where the ambient temperature does not 8@&xdThis is the
reference collection for future use.

Applied geochemistthatare interested in samplegparation and determination of
inorganic chemical elements should consult Chapter 3 (p.28S1ple preparation and
inorganic analysis for urban geochemical survey soil and sediment sabnypMien et al.
(2011) in C.C. Johnscet al. (Editors),Mapping the chemical environment of urban areas
(Published by Wiley-Blackwell, John Wiley & Sons Ltd., Chichester, U.K.).

3.1.2. House and attic dust sample preparation and storage

House and attic dust are, of course, completely different sample medmapaigson to topsoil

and subsoil, antheir particle sizas muchfiner grained. In casecomparisons are going to be
made among soil, and house and attic dust, the samples should be prepared according to the
aforementioned procedure for soil by skipping the disaggregation(segfgection 8.1.1). If,
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however, house and attic dust samples are not going to be compared with other media, then they
should be sieved to <0.125 mm.

3.1.3. Road dust sample preparation and storage

Similarly, road dust or roadediment is a completely inhomogeneous sample medium, and
different from all other media, with a variable particle size. As comparisons will be most likely
made between soil, house and attic dust, the samples should be prepared according to the
aforementioed procedure for soil by skipping the disaggregation gsgSection 8.1.1). If,
howeverroaddust samples are not going to be compared with other media, then they should be
sieved to <0.125 mm.

3.1.4. Air particulate sample preparation and storage

Before the start of the sampling campaign, different filters should be assessddrito find the
most suitable type for metal analysis. As fibrous filters are not mechanically strong and fibres
are lost during handling, only filters of membrane andnim@ne coated fibre types can be
recommended for analysis of metal composition.

For equilibration of the filters, before weighing they should be conditioned in a suitable
oven for at least 24 hours at a constant humidity of about 50% and a temperature of about 22°C
(DIN EN, 2019. The filters are placed in Petri dishes for better ventilation. For weighing the
filters, a laboratory balance.g, type micro M3P from Satorius) with a gravimetric resolution of
1 pg (of a total load of 1500 mg) should be used. The nominal precision of the balance should
be in the range from 0.1 to 100 mg (about 1%). The balance should be set up in a climatically
controlled weighing room, with humidity and air temperature control; thus, the atmosphere is
also the conditioningnedium for the filter material.

Immediately after determining the empty weight, the filters are placed in the filter holder for
the particulate sampling. The prepared filter holders are kept until transportation and installation
in a closed aluminium caainer. For the determination of dust mass concentration in the
atmosphere after controlled sampling, the enriched particulate matter masses on the filters are
determined gravimetrically. This takes place after returning the filter to the analytmaittzdy,
where they are kept for at least 24 hours equilibration in an air-conditioned weighmigezha

The gravimetric determination of particulate matter mass of the collected filter samples is
the basis for the calculation of particle concentratiahénatmosphere.

The metal content of the particulate matter fractions PM2.5 and PM10 is detdrasing
inductively coupled plasma atomic emission spectroscopy (ICP-AES) and inductwuglled
plasma mass spectroscopy (HUFS). Certified reference materials (CRMs) should be analysed
alsoto give an indication of typical extraction efficiency. The PM samples hawedsbolved,
along with blank samples and CRMs, using an acid microwave digestion mBthadet al,

2009. The samples are digestesing a mixture of hydrochloric and nitric acid, and then heated
for 15 minutes at 1000 psi by using an autoclave. The recovered samples are analysed along
with mixed standard solutions for the metals of interest.

3.1.5. Bio-indicatorplant sample preparation and storage

All plant samples€.g, grass, leaves, moss, barkk;) should be air-dried; they can also be
freezedried. Then the dried plant parts should be pulverised to pass a 0.150 mmed)0-
screen in a carbon steel or better agate rataball mill. The samples should be kept under
dark and dry conditions in PE sample bags or boxes.

The homogenised samples are then digested in an acid mixture (HNIQ HCI), and in a
microwave oven, using sealed Teflon vessels. All solutions should be analysed by ihductive
coupled plasma mass spectrometry (i@8) for at least 54 inorganic chemical elements.
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3.1.6.Human tissuesample preparation and storage

As the epidemiologists in the multidisciplinary team will be carrying out the hiissue
sampling, they will be also responsible for the sample preparation and storaggleissaSince
these are completely specialised techniques are not describedrmatiual.

3.2. Sample preparation and storage for the determination of organic chemicabmpounds

As mentioned in Section §2.2.1 we do not recommend any of the sample preparation foethods
samples destined for organic compound analysis. Differentahetire presented and the users
of this methods manual must make the decision, based on the required criteria obgbeir pr

This will include economic as well as scientific criteria.

Samples for the determination of persistent organic pollutants (PbBsld be kept at a
temperature of <€, and sent directly to the laboratory for sample preparation.

Samples to be analysed for volatile orgatmenpounds (VOCS) are placed directly in the
field into amber {lark brown)glass vials with a doublgafety cap, stored in a refrigerator at a
temperature of <€, and despatched directly to the laboratory for analysis without being
subjected to any preparation. In the laboratory, the samples should be stored ge@ateiat a
temperature of <€, and analysed within 12 days from the déygollection

Applied geochemistthatare interested in sample preparation and determination of organic
chemical compounds should consult Chapter 4 (p.47-683anic analysis for urban
geochemical survey soil samplasHarrison and Reeder (2011) in Johnebal. (Editors),
Mapping the chemical environment of urban ar@sblished by WileyBlackwell, John Wiley
& Sons Ltd., Chichester, U.K.).
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4. PROJECT REFERENCE MATERIALS

A large reference sample is being preparedi$er by the EuroGeoSurveys Urban Geochemistry
Mapping Projecat theGeological Survey of Slovakia (State Geological Institute of Dionyz Stur,
Spisska Nova VegDemetriades and Birke, 2015)\part from the homogeneity tests that will

be performed by the Geological Survey of Slovakia (Mackovych arjaasky, 2014), the
project reference sample will undergoing test with many participating laboratorierder to

be certified(Reimanret al, 2012; Reimann and Kriete, 2014

It is strongly recommended that other countries or continents planning an urbamgeakthe
mapping project in many cities, they should invest in thegregjon of at least one large
reference sample.

A large solid blank reference sample should ais@repared. Schermann (1990)
recommended such a reference saropkdther quartz or kaolin or bentonite to be prepared for
the Regional Geochemical Mapping of Europe (Western European Geological SWHS,
presently EuroGeoSurveys). Aliquots of this sample to be packed in the field, as thé norm
routine sample, and to undergo the whole procedure of sample preparation (drying,
disaggregation, homogenisation, sdmple splittingand analysis This sample will serve to
pin point any potentiatrosscontamination of samplekiring thér preparation and laboratory
analysis stages. Of course, the preparation of such a ssinapilel undergo homogeneity and
ring testing.
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5. ARRANGEMENT OF SAMPLES FOR ANALYSIS

5.1 Systematic errors and randomisation of samples

Randomisation of soil samplasd, of course all collected sample types necessary
procedure in a geochemical survey to locate systematic errors introduced during sample
preparation and analysis. Some of these systematic erroRamg (973Fletcher, 1981
1986:

X contamnaion of uncontaminated soil (house and attic dust, road sedietehsamples by
contaminated samples during sieving;

X within-batch contamination of soil samples from an external source during grinding and
pulverisation, and

X during the analysis of samples in the laboratory, changes in the conditions mayaowly,
weighing balancelrifting, analyticalinstrumental drift, interferencestc, such changes are
monitored by the analysis of reference or standard samples introduced in every batch.

The greatest problem is to attempt to interpret data affected by such systematic errors,
because of the inherent difficulty to distinguish between false and real geoahpatterns.

Randomisation of samples is the method devised by applied geochemists to remove any
systematic relationship between order of analysis and geographical locadior) {BI73 Plantet
al., 1975; Thompson, 1983; Schermann, 1990; Darelley, 1995; Reimanet al, 2009, 2011a,
2012 Demetriadegt al, 2014 Demetriades anBirke, 2015). By randomisation of samples
any systematic between batch variation in analytical level is transformed to increased analytical
variability, meaning that any systematic errors are spread randomly over all the sahfdes
converts data that would be reflected as areas of shifted geochemical background levels, and are
artefacts of the lack of accuracy in the chemical analyses, into increased local noise. Care should
be takenthereforefo include a sufficient number of control reference dasy@mnd to monitor
their analyses, in order to detect betwaich variation. If such variations are identified, then
the affected batches of soil samples should be submitted-émalgsis, and the new analytical
results utilised, provided they are satisfactory according to fitioegairpose.Furthermore,
randomisation of samples has another advantage, bquajset and internationakference
samplesand projecteplicatesamplesxan be hidden in the batches and, thus, not recognised by
the labaatory.

After the experience with tHeuroGeoSurveys Urban Geochemistry pilot projeds
strongly recommendetd have in large project&here many towns or cities are participatiag
very strict field sampling schedule, because it is important tmistib the analytical laboratory
all collectedurban topsoil samples in one large batch. Otherwise, serious quality control
problemswill most likely arise, with the production of incompatible analytical results.

5.1.1. Randomisation and insertion ebntrol samples
Randomisation of samples can be done in two different ways:

(1) During the planning of the field survey the total number of routinedapticate
field samplesand their replicated splits estimated, as well as the number of
reference sapies that will be inserted for analysi$hen this number is randomised,
and a list made dhe random numbegenerated Numbersshould be reservefdr
inclusion of reference and project replicate sampkesligital computer software
program can perform the randomisation of sample numbers, and an output produced
(Appendix 4). During the field survey, each sample is assigned in turn a random
number from the list. In the preparation laboratory, the samples are ordered in
ascending numbers during sample preparatiad the project reference samples
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and the routine and field duplicate sample spitsjnserted at the appropriate
reserved placessing the same coding, and a record kept.

(2) The randomisation of routine urbgaochemicasamples, and contreamples
(reference and analytical replicates) is performed in the sample preparation
laboratory, and project samples are assigned new nunalgaigs;,quality control
samples (reference sampbesd project replicate splits) are insertddhis procedure
has a major disadvantage, because the samplesndaet,their identity, as
completelynew numbers arassigned Hence, the procedure must be done very
carefully, and a good record kept of the project sample numbers, and their
correspnding new random numbetsecause upon receiving the analytical results
the original sample numbers must be given.

5.2. Arrangement of samples for analysis

Whichever of the two aforementioned randomisation meti®dsed, the project samples,
together with the quality control samples, should berstiéd tothe analyticalaboratory in a
random order and in one large single batch. In ordamr&mge the project's external quality
control samples in each analytical batch, you must ask the analyticedtiary toprovide the
following information:

(i) the number of samples analysed in eachlytical batch
(i) the number of blank samplaseach analytical batch
(i)  the number ointernational and internaéference samplés each analytical batcland
(iv) the number of replicatesfits of projectsamples.
When you have this information, you will be able to arrange randtralplace to insert:

X one project reference sampler20 samples
x the secondplit of the field routinesample and
x the two splits bthe field duplicate sample
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6. LABORATORY ANALYSIS

6.1. Analytical laboratory arrangements andobligations

All samplesshouldbe sent to a selected laboratory or laboratories for analysis. Each laboratory
shouldanalyse all samples for the same suite of elerfdgttsminands a short time, as this is
the only way to produce good quality and comparable results.

For the analysisf all urbangeochemical samplgpes,a reputable accredited laboratory
should be dected, and the analytical method agressiwell as the digital format for reporting
the resultsJohnson, 2011). The laboratory should:

x reanalyse second split ahe 20" sample of each batrh
x analysanternational and internakference materials
x analyse standard and blank solutions

x analyse the samples according to the submitted numerical angiNQOT to
randomise the samples, and

x mustreport all instrument readingsncensored valuesjithout any rounding or
cut-off at the laboratory’pre-determined detection limit, and even sad¥o
(negative) measurements should be recorded and subnttietther, the
analytical results should nbetruncated at any upper limit.

All the aforementionedesultsshould be made available to the applied geochemist, together
with:

™ a concise description of the analytical methsdd

™ Jower and uppedetection limits and limits of quantification of each determinand

™ recommended values of reference materéais,

™ a report of any problems encountered dutianalysis of the samples, and solutions given.

If a large number of samples is being analysed over agengd it is important to monitor
any changes by analysing the same reference materials in each batch of sahgem is
howeverto analysall project samples in the shortest possible period.

It is very important for the applied geochemist to have a good communication and
cooperation with the laboratory.

IMPORTANT CONDITION In the contract to be signed with the laboratory is important to
include a clausstatingthat payment will be madrubject to the acceptance of the analytical
results by following the underlying procedure:

X upon receipt of the analytical results from the laboratory, the responsible apgigtemist
should carry outanexhaustive statistical analysis of their qualising the internal and
external quality control results

x if analytical problems are locatdtie analytical batch or batches will lEanalysedy the
laboratorywithout any chargeand

X in case all the amgical results are of poor quality, then the laboratory will be obliged to
reanalyse all the samples without any charge, subject again to the same condittons fo
verification of thé quality (see the quality control about the determinatigmasticle or
grain sizen Reimanret al, 2011, p.10-11 and 2831).

6.2. Determination of inorganic elementsind other parameters

Ideally, a large suite of elements should be deternoneatban geochemical samples by a true
'total' and an aqua regia method, as the latter is normally used in environegiskation e.g,

Ag, Al, As, Au, B, Ba, Be, Bi, Ca, Cd, Ce, Co, Cr, Cs, Cu, Fe, Ga, Ge, Hf, Hg, In, K, La, Li, Mg,
Mn, Mo, Na, Nb, Ni, P, Pb, Pd, Pt, Rb, Re, S, Sb, Sc, Se, Sn, Sr, Ta, Te, Th, Ti, T, U, V, W, Y,
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Zn, andZr (Allen et al, 201]). The aqua regia method should be able to analyse a sample
aliquot of 15-gram weight, and the elements determined by an ICP-MS or a combina@én of |
AES andICP-MS (Reimam et al, 2009; Birkeet al, 2014. Commercialaboratories nowadays
even have aqua regia methods using 2Brgliquots. Some laboratories use methods with 0.5
gramaliquots; such methods should not be selected, because of the very small weight which
not representative of the sample to be analysed.

It is recommendetb determine platinum-group elements (PGESs), such as R@dRbs,
Ir, andPt, because@utomobile catalytic converters are dispersing these elements into the
environment (Faraget al, 1995, 1998; Zereini and Alt, 2008ly et al, 2001;Gémezeet al,
2002; Whiteley, 2005; Wichmaret al, 2007; Zereinget al, 2007; Wiseman and Zereini, 2009;
XULa ).

For total concentratigrmeasured by Xay fluorescenceXRF), the <2.0mm after sieving is
milled to 63 um for the preparation of fused beads.

Other parameters to be determined are: pH, Loss on Ignition (LOI),sizaietal
nitrogen and total organic carbon.

Applied geochemistthat are interested in the determinatiémorganic chemical elements
should consult Chapter 3 (p.28): Sample preparation and inorganic analysis for urban
geochemical survey soil and sediment samipyetllenet al. (2011) in C.C. Johnsoet al.
(Editors),Mapping the chemical environment of urban ar@asblished by WileyBlackwell,
John Wiley & Sons Ltd., Chichester, U.K.).

6.3. Determination of organic compounds

Organic compounds, such as polychlorinated bipheR@8§ industrial chemicals, no longer
produced but persistent in the enwineent),polycyclic aromatic hydrocarbonBAHs products

of fuel combustion), polychlorinated dibenzodioxins and polychlorinated dibenzofurans
(PCDDs/PCDFs; industrial process-psoducts) and benzene, toluene, ethylbenzene, and xylene
(BTEX; petroleum fuel hydrocarbons) malgo be determine@Birke et al, 2009, 2011b;

Harrison and Reeder, 2011; Jenséal, 2011; Anderssoat al, 2011; Ottesent al, 2011)).

Applied geochemistthat ae interested in the determination of organic chemical compounds
should consult Chapter 4 (p.4D): Organic analysis for urban geochemical survey soil
sampledy Harrison and Reeder (2011) in Johnebal. (Editors),Mapping the chemical
environment of urban areg®ublished by WileyBlackwell, John Wiley & Sons Ltd.,

Chichester, U.K.).
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7. QUALITY CONTROL PROCEDURES

Urban geochemical surveys produce data that are very sensitive, because theytlgreetited
to the quality of our living, workingnd recreationanvironments, and to our health.
Consequently, the generated data must be legally defensipt ffomthe estimation of
sampling, analytical, and geochemical varigtice installed quality control procedunesist
include the calculation of measurement uncertaf{Rgmsey 1997, 1998; Ramsey and Argyraki,
1997;Ellisonet al, 2000; Ramsey and Ellison, 2007; Ellison and Williams, 2007, 2012;
Demetriades, 2011Mjajcenet al, 2011).

A balance hierarchical sampling and analytical schemoald be used for the estimation of
geochemical, samplingndanalytical varianceandrandom components of measurement
uncertainty Robust analysis of varian@@ANOVA) is preferred, because it is suitable for small
areas due to the small number of duplicate samples requéreduplicde samples from at least
8 sites or locations, and the use of the scheme illustratédune 4 and because it
accommodates outlying values that exceed a certain distance from the mean (usually 1.5 times
the standard deviation) by dowveighting them rather than rejecting theRa(nsey, 1998; Lee
and Ramse)2001; Boon, 2009) The RANOVA method was proposed by Ramsey (1998), and
subsequently verified by Lyet al. (2007). In case for some reason, the routine and duplicate
samples from the same location cannot be split into twesaniples for analysis, théwo
different aliquots of each routine and duplicate sample should be analysed randomlyheithin t
sample suite of the project.

Collection offield duplicate samples an inherent part of tHeeld geochemical
investigationitself, because the different types of variation of a parametéeistudy area must
be known. Irfact, the ‘sampling & analytical noiseshould be estimate@Ramsey, 1998),e.,

| Sampling + Analytical variance <20% of the total variance in thelgtarea for each determinand studied |

BalancedANOVA design

Duplicate field
sample site

Routine Duplicate

Sampling uncertainty

Analytical uncertainty

Laboratory replicate samples

Replicate sample analyses

Figure4. Balance hierarchical geochemical sampling and analytical schemhe festimation of geochemical,
sampling,and analytical variance and random components of measuremenaintggRamseyet al, 1992;
Ramsey, 1998)Source: Demetriades, 204, Fig. 6.1, p.78)

This is a requirement in order to be able to map the spatial or geochemical variability of a
determinand or variable across the investigated area. In geochemical surveis 20086f
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sites are normally duplicatedepending on the size of the area covered and the total number of
samples collectedin small areas, however, with say 100 sample4®@5bof sitesshould be

replicated in order to have a satisfactory statistical number of sites (>30) in order to use reliably
single classical statistical analysis of variance schemes. Therefore, if a minimum of say 40 sites
is replicated, a total of 80 an#éiyal determinations for each parameter have to be performed (40
sites x 2 samples). Nowadays, witblust statistical two way analysis of variahce

(RANOVA), the total number of duplicated sites has been reduced to a minimum of 8, and each
routine and dplicate sample isplit into two subsamples for analysis

| (8 routine samples Analysis of2 splits) + (8 duplicate samples x Analysisd$plits) = 32 analyses |

Therefore, due to the costfectiveness of thRANOVA method, even small investigations
can afford to includd in order to test the reliability of the geochemical results, and the
estimation of measurement uncertainty.

7.1. Quality control report

Upon receiving the analytical results from the laboratorygtiedity and integrity of the data
should be verified, using various statistical techniques (Johnson 2011; Demetriades,&9it1b)
has been done in the GEMAS project, and a quality report written (Reehahn2009, 2011a,
2012; Demetriadest al, 2019. Seebelow Chapter 10 ‘Data checking'.
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8. SUPPORTING INFORMATION
For the interpretation of urban geochemical ddua following information is required:

a lithological(parent materialjnap as well as any lithogeochemical data;

a geological map;

a soil map;

a land use map with the location of mtentpotential contaminating activitiend petrol
stations;

historical record of past industrial activities, and

x climatic dataj.e., records of rainfall and teperature.

X X X X

x
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9. GUIDELINE VALUES

A guideline or intervention valuefers toa legislated contaminant concentration in a sample
medium below which no harm to human heualihoccur. Of course, there is theverse
definition: a guideline or intervention valuefers toa legislated contaminant concentration
above which there ia potential unacceptable chronic risk (long term) to human hedlthour
knowledge, with respect to the sample types (soil, house dust, attic dust, and road dust or
sediment) used in urban geochemical mapping, guideline values exist only for soilsanin
countries for sedimenVROM, 2000.

Nationalsoil guideline value§SGVs) are normally set for different land use tygeg,
residential, allotmentsecredional and work igdustrial and commercial They alsodke into
account human receptors, for examplechildren whamay be more susceptible to some
chemicals than adults, and women (especially pregnant women), who meyedsisceptible
to some chemicals than men.

Most European countries have set their own national soil guideline velgeé&\PAT,
2006; EA, 2009; VROM, 2000; FME, 2002; Carlon, 200iT)s very important to understand
that each country derives its SGVs according to different criteria andioifegrinese guideline
values cannot be used in other countries. To understand the futility of such attesnmispsof
the aqua regia extrattie Ni in the <2 mm soil fraction from the FOREGRochemical Atlas
of Europe'(Salmineret al, 2005) and the EuroGeoSurvegeochemical Mapping of
Agricultural and Grazing landlGEMAS) in Europe (Reimanet al, 2014 are presentedg.
5). As it can be observed, there are distinct differences from northern to southern Europe, with
the Balkans having the highest Ni concentrations in topsoil, and the countries north of the
Pleistocene glacial limit the lowest.

(a) (b)
Figure5. Geochemical distribution afqua regia extractabi in Europe (a) topsoilSalminenret al, 2005 p.360),
and (b) agricultural so{Reimanret al, 2014 Fig. 11.39.5, p.329).

Let us consider the Finnish soil guideline value of Ni, which is set at 50 mg/kg, and
determined by an aqua regia extraction (Tarvainen and Jarvg, 20itkel values in Finnish
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soil vary from <2 to 36 mg/kg, with a median of 6 mg/kg. Hence, the aforementioned guideline
value of Ni is appropriate for soil in Finland. If wewntook at the Hellenic Ni results, these

vary from 2 to 1812 mg/kg, with a median of 72 mg/kg; the high Ni values are geogenic and are
mainly due to the mafic-ultramafic (ophiolite) complexes, and their erosion psodlicerefore,

if someone attempts tse in Hellas the Finnish soil guideline value of Ni, these naturally
elevated values will be considered hazardous. This is, of course, absurd, but it eeuld ha
happened twelve years ago, during the Technical Working Group discussions, established under
the European Commission's Thematic Strategy for Soil Protection in 20083Camp, 2004),

as some were considering of proposing a single soil guideline for the whole of Europe.
Fortunately, the results of the FORE&®Rochemical Atlas of EuropSalmirenet al, 2005;

De Vos, Tarvaineet al, 2009 averted this proposal, as there was sound evidence about the
variable natural chemical variation in Europe.

The question posed is the followingre national guideline soil values valid for the whole
county? Taking into consideration the variable lithology of each country and, hence, the
inherentvariable chemical composition, the answer is emphatitddly Lax and Andersson
(201)) in their discussion of geochemical baseline levels in Sweden, théy §inggest that
local or sitespecific guideline values in each urban area should be established. Similar
conclusions have been reached in HelRenjetriades, 2011c), Finland@grvainen and Jarva,
2011) and the United Kingdom (Flight and Scheib, 2@&rideret al, 2013). Therefore, for the
assessment of potential urban soil contamination, local guideline values for each determinand
must be established. A good example in English of how soil guideline values (SGVs) are
derived is given by the United Kingdom's Environmental Agency (EA, 2009), and should be
consulted.
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10. DATA CHECKING

10.1. Obligations of applied geochemist

At the present timanost commercial laboratories are accreditiéds very important to
understandhe accreditation procesdt is a process of certifying that a laboratory is competent
in the application of specific documented laboratory methods and standard operating psocedur
Accreditation mandates to keep a record of all the procedures that absachples undergoes
in the laboratory. Hence, any errors can be located by backtrackowgeditation requires that
guality control and quality assurance programmeis Ipdace for all aspects of the laboratory
operations. All facilities and equipnteare tightly scrutinised to assure adequacy for intended
applications, and the laboratory must be participating in a proficiency analytical testing
programme. To put it simply, an accredited laboratory has the right procedureseitopla
analyse sampledt is, therefore, the professional responsibility of the applied geochemist to
install his/her own external quality control procedutesnsure that results received are of a
good standard and ffbr the purposg of the project

Checking the qualityrad integrity of analytical results is the first obligation of the
professional applied geochemist. It is important to remember that the analyticalaesthtn
geochemical mapping projects must be legally defendieleause they are related to thaldgy
of our living and working environmentastheir quality d&fects our health. Therefore, the
applied geochemist must not rely on tement concentratiomumbersgiven by the
laboratory. He/she must ensure thasdieumbersare meaningful, and are substantiated by
independenéxternalquality control results. Consequently, the professional applied geochemist,
upon receipt of results, must check them thoroughlyerify their quality

To begin with, the applied geochemist studies the analytical report of the laboraforg, b
proceedingo check the quality of analyticdlta. Then proceeds in the arduous task of
verification of the quality of the analytical data, using his/her exterraitg@ontrol resultsand
the laboratory internal quality control result§.the applied geochemist not satisfied with the
guality of analytical results, then the laboratory is obliged to reanalysedhlempatic batch of
samples, oeventhe whole sample suité/erifying the quality of the generated analytical results
IS an important condition that should be included in the contract with the laboratory.

When satisfied with the quality of the analytical results, gnahonly then the applied
geochemisshould proceed to the second step, which is the estimation of geochemical, sampling
and analytical variation, as well as measurement uncertainty, by usiraptist statistical
method proposed by Ramsey (1998; Lee and Ramsey, 200#&t bB{)n2007, Boon, 2009;
Demetriades, @L1b). These statistical results show the contribution thatsafisen the
processes of primary sampling and chemical analysiarban geochemical mapping surveys,
the estimation of measurement uncertainty of the analytical results of each deteismofand
paramount importance, because the results must be legally defensible. ltissngutipat courts
ask to be informed about the measurement uncertainty. Some laboratories nowadays report
measurement uncertainty, but it is prudent for the appkedigemist to estimate measurement
uncertainty using his/her own independent quality control results.

As urban geochemical data can be used in legal cases where health related issues are
involved it is important to write a detailed quality control repdtience, the statement tttae
generated urban geochemical data must be legally defendibkact,the first and foremost
obligation of the professional applied geochemist is the delivery of good quality geochemical
data for multipurpose useFinally, when the applied geochemist is satisfied that the quality and
integrity of survey results is up to the standard required for the investigation ¢(fibness
purpose), only then should proceed with data processing and map plotting.

For more infomation the quality control reports of the EuroGeoSurvaysgect
‘Geochemical Mapping of Agricultural and Grazing land 'SBEEMAS project should be
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consulted (Reimanet al, 2009, 2011a, 2012; Demetriaddsal, 2014), and the procedures
discussedby Johnson (2011) and Demetriades (2011b).

10.2 Checking of raw analytical data

Johnson (2011has written an excellent chaptéiiderstanding the Quality of Chemical Data

from the Urban Environmenit 3D U W 4XDOLW\ &RiQtheleRitpooR MappihgG X U H V
the Chemical Environment of Urban Aréashich should be consulted. The procedure for

checking the raw analytical data upon receipt from the laboratory haslbsteactecdndis

given below (p.67-71):

"An initial assessment of data quality will consist of simple and obvious proceithate
involve looking at the data, as they are received from the laboratory. This need®ie e a
systematic way, directly after the results are received, so any quality issues can be dealt with
promptly. A series of questions should be addressed:

Are all the elements specified in the contract reported?

Is the number of samples reported the same as the number of samples submitted?

Are the results reported with the correct concentration units?

Have results outside detection limits and/or missing data been reported correctly?

Does the range of element values for each element look reasonable for the survey area?
Can any systematic trends (analytical drift or cross saogoiamination) be identified in
samples reported in the order they were analysed?

ogkhwnE

Answers to the above questions will give an immediate impression of the qualitydaftéhe
and it is at this stage where the most obvious problems with the data cantifieddeAt this
point, something should also be done with respect to missing geemittative and unreliable
data (sedohnsoret al, 2009, as such data will affect the data analysis procesR(@esannet
al., 2008, Chapter 2, p.13-28).

An archive of the original data file, as received from the laboratory, should ahsas/ed
before any changes are mdde.

A work analytical data file should be prepared. If the project samples have been given new
random numbers, then the first task is to assothetawith those inthe original field database,
where all control samples are characterised. For extracting all control sample analytical results,
such aghose ofduplicates, replicates, project reference materials, and project blanks, it is
recommendethatthe samples should be suitably coded in the original database that is submitted
to the laboratoryi.e.:

x field duplicate samples: DUPA and DUPB

x field replicate samples: REPA and REPB;

X project reference sample(s): REF1 and REF2 (in case morerikaroject reference sample has
been prepared), and

X project blank sample: BLK

Upon preparing different files of the quality control data, the applied geocheamnist
proceed to check the quality of analytical resulta lariety of statistical techniques, which are
described belowMost of these descriptions have been abstrdobedJohnson (2011) and
Demetriades (2013b Other open file quality control reports that should be consulted are by
Reimanret al. (2009, 2011a, 2012).

10.2.1. Blank solution

First check thenalytical results of the blank solutions, which should all be below the
laboratory's detection limit for all determined elemeritse primary purpose of blank solutions
is to trace sources of artificially introduced contamination in the laboratdrgrefore, if
elevated values are observed for any element, then laboratory contamination iedyuspelat
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should be checked by resysis of the sample batches analysed during that particular date.
Once satisfied with this particular visual test, you can proceed in the agoifiof the quigty of
the analytical results.

10.2.2. Control chart

The following descriptioris abstractedrom Johnson (2011, p.67-7¥xcept where indicated,
and the Figure numbers changed according to the numerical order of this manual.

"The results for reference materials can be plotted on a control chart (also referred to as a
Shewhart plot or X-Chart), which is a time sequenced graph with fixed defining (vhller
and Miller, 200%. An example of such a chart is given in Figurel'e xaxis shows the date
of analysis or the laboratory batch, if batch numbers are assigned sequenltiallyaxisshows
the element concentration and the accepted value (AV) for the reference material, a value
calculated from previous repeated analyses of the reference maié@ahV will depend on the
method of chemical extraction and analysaspartial methodfaextraction will yield a lower
AV than a total extraction methodt is impossible to know what the ‘true’ value is, but the AV
should be a good approximation of Refining limits are also plotted on the chartfigure 6,
these are calculated as th¥ + 2 and 3 standard deviatior8§). The AV + 2SD threshold is
normally used as an alert to possible analytical problems, and exceeding theS®feq8ires
an explanation, and a possible indication that the batch of samples needs regreatigisrly
if this is a trend, observed for more than one element. This process of plotting a ¢antr ¢
something that is usually done by the laboratory itself with its own referenceaisat&Jsing
thestandard reference materiaBRM9 inserted in ach sample batch, the geochemists can
check accuracy for themselves by visual inspection of these plotsiracyis a measurement of
how close to a ‘true’ or ‘accepted’ value a resultAsscattering of results about the AV line is
to be expected, though a consistent trend to a higher or lower value would be referred to as
analytical bias

Control charts are invaluable in detecting analytical shifts that can occur over tifoe, as,
example after the installation of a new X-ray tube inrd§¢ fluorescece spectrometry (XRFS)
This can be used to identify levelling factors, required to level chemical results collected over a
long period of time (Johnsaet al, 2009."

Figure6. Example of a control chart plot using QI Analyst software fol Moroccan secondary reference
material MB1 éfter Johnsoet al, 2001,Fig. 2.4, p.10). Central solid line represents accepted (aAWje outer
dashed lines are at A¥Y 2SDand AV + 3SD. Symbol plotted in red represents a batch thst @C criteria
(Source: Johnson, 201IFig. 5.4, p.68).



The second exampis a control charof a project reference samp(Eig. 7), which does not
show the expected randarariation of the individual subample resultabout the mean. It has
manyoutliers, and evetimetrends. Such data cannot be accepted when the objective is to
compare the analytical results among different citiédsere are even problems between two
batches of one city.

Figure7. Example of a control chart plot using Golden Softwaeespher vi1for a secondary reference sample
used in the URGE | project. Central solid line esgents the mearalue;outer dashed lines are at mean +2SD and
stippled lines at mean +3SD. The secondary reference saeplesed in the urban geochemitepping projects

in different European citieshe results of which are separated by solid coloured. limesome cases, the city
samples were analysed in two different batches and at différ@)tand dashed lines separate the two batches

10.2.3. Pecision

Analytical precision can be calculated Oifferent statistical methag which are described
below. The underlying methadabstractedrom Johnson (2011, p.68).

"Precisionis a measurement of how closely the analytical results can be reprpdndas
independent of the true valuee(, results can all show close agreement, but they may be a long
way from the accepted value, AV). A visual impression of precision can be gained from the
control chart (Fig. B since data will plot in a much mawer band if the method has good
precision. Similar visual impressions of precision can be given by yha@ots Fig. 8 and
Thompson and Howarth plotBif¢s. 9 & 10),which aredescribed below Overall precision at
the 95% confidence level can alsoexpressed quantitatively, based on the mean (m) and
standard deviation (SD) expressed as a percentage:

Precision, P (%) :% *100 (1)
- i _ SD
Coefficient of variation, CV (%) — *100 (2)

Substituting CV in Equation 1:
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P (%)= 1.96*CV A3)

Precision varies with concentratiohrhompson and Howarth, 1976; Fletcher, 1981, 1986;
Demetriades, 2011b). At low concentrations, near to the detection limit precision,iamebor
normally improves with increasing concentration."

10.2.4. Duplicate-Replicate y-plot
Thefollowing description isabstracted frordohnson (2011, p.69-Y.0

"A simple xy plot of duplicatereplicate pair results for an element gives an immediate
visual appreciation of the laboratqguyecision for that particular elemeiiii@. 8). If in these
plots the cluster of points does not follow closely the line of gradient 1, but insteas d
dispersed scatter of points, then data for that element should either bedrejagsed with
cauton. A random scatter would indicate that variabilitgharesults is most likely generated
in the laboratory (for replicate samples) or inclusigsificantwithin-site variability (if seen in
the duplicate plots)Figure8 displays some example pldtem the BGS GBASE soil samples
for East Midlands urban samples. The Cu plot shows that the sampling and analytical variances
are low, so there is confidence that Cu results reflect actual between site variability. The Ni plot
exhibits a number of outlying DUPA versus DUPB points, indicating that when a sai@péesl
for a second time there are occasional significant wihevariations, a feature displayed for
the same duplicate pairs by other elemeats, (Fe, V, Cr and Co - not illustrated herein). This
is to be expected in urban areas, where there is greater inhomogeneity in soil ovilisisines
due to anthropogenic contamination.”

Figure 8. Duplicatereplicate plots for Cu and Ni for-BASE urban soil (3%0 cm) from UK EasMidlands Axis
unitsin mg/kg Triangle = DUPA versus DUPB; Square= REPA versus DUPA; and Diam®&PB versus
DUPB (all xaxis versus 3axis) (Source:Johnson, 201Fig. 5.6, p.69).

“This method is only applicable if there is a sufficient numbeupfidatereplicate pairs
with a range of element concentrations that can produce a meaningful plot. Whenglelpsi
a small number of duplicateplicate pairs are available the Thompstowarth plots
(Thompson and Howarth, 1976, 1978; Thompson, 1983; AMC, 2002) described below, can be
used.

A quantitative measure of variability can be determined from the duplicate arwhtepli
pairs for each element:
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™ _ 2
Variability (Var) = Bue Xpups) @

where X is an element concentration and n the number of sample pairs. Standamhd@iyti
is estimated by:

Standard deviation (SD) ¥ 9 D (5)
SubstitutingSD in equation 2with the terms of equatioh gives the:

¥9D

Coefficient of Variation (CV) % = *100 (6)

Substituting CV irequation 6 with the terms of equation 3 gives the:

Precision, P (%) = 1.96 +¥9D 4 409 (7)
m

Software for xy plots is readily available and MS Excel or R routines provide adequate
graphs (Reimanat al, 2008). The GBASE project uses the macro facility of MS Excel rapidly
to plot duplicate-replicate graphs for some 50 elements simultanediisdyts of interest can be
subsequently extracted and formatted in a suitable manner for publication."

10.2.5. Practicabetection limit and analytical precision
The following descriptioris abstracted fronrbemetriades (2011b, p.81-83).

"The practical detection limit and analytical precision can be estimated by using the method
proposed by Howarth and Thompson (1976) and Thompson and Howarth (1976wi$78),
modifications made by Demetriades and Karamanos (2003; Demetriadesata@@ticular
step of the procedure. Replicated analyses are performed on at least 50r(66pedtedomly
selected samples. The steps followed are:

1. Calculate the mean values of the 50 pgXsHX,)/2]. According to Thompson and
Howarth (1978)this mean value is an estimate of true concentration of an element for
the particular analytical method used.

2. Calculate the absolute differendsstween each pair{- ,|. The absolute difference is
an estimate of the standard deviatidnat that particular concentration.;q{ | is
QRUPDOO\ GLVWULEXWHG DQG UHODWHYV WRRWKIH SDUH

such that:

=32 4 (8)
where % is the standard deviation of the difference |,|;

G ¢ 1 (9)

where d is the mean value for the difference; and
Md c 1 (10)

whereMg is the median value for the difference. The stati§tman be obtained from

each of these relationships, but the medM) (s the most convenient estimator, because
it is (i) relatively little affected by wild or extreme values; (ii) readily estiate
graphically, and (iii) corresponds very closelyZavithout further calculationKletcher,
1981).
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3. Arrange list in increasing order of concentration means.

4. From the first 1Xesultscalculate the mean concentrati@r¢up meahand the median
difference Group mediahn

5. Repeat step 4 for each successive group of 11 samples, ignoring any remainder less than
11. Hence, the reason for suggesting that replicated analyses should be performed on at
least 55 randomly selected samples, which gives 5 gafulds samples

6. Calculate the linear regression of the median differeyrexi§, dependent variablen
the meansx-axis, independent variable At this point, thdirst author has introduced a
modification. In classical regressiolY, € a + bX), a Inear relationship is quantified by
fulfilling the following requirements of (a) dependency and (b) knowing one variable
without error. Thompson and Howarth (1978) assumed that the group means are the
independent variable or predictof)( by which the group median differencé (s
estimated. The question posed is the followingpich is really the dependent variable?
Since, both variables are derived from the grouping of the same analytical dtayset
are subject to errors of the same order of magnitude. It is concluded, thehefotlee t
requirements of classical regression cannot be met. To overcomeusi®siermack
and Haldane (1950) developed the reduced major axis line, which is the line ff best-
between a set of points (Fig. Bill, 1974). Essentially, is the beft line between the
two regression lines off(=a + bX) and X = a + bY). Hene, errors of estimation are
minimised;

7. Obtain from the major axis regression line of the group median differenges;||Xn
the group means, (XX,)/2, the interceptga, and coefficientb.

8. Multiply by 1.048 {.e., 1/0.954) the intercepd, and coeftient, b, to obtain } andk,
respectively; from the regressidn 1 + kc, so that the precisioR, is given by
Po=— 1 4+196%k (11)
xci
which is the variation at approximately the two standard deviation (95%) cocdide
level.

9. Calculate the percentage precisifo by using the equation:

1

0 =
P.% ( X

+1.96 * k ) * 100 (12)

- 1 106k (13)
><ci
where X; is the element concentration determined on individual samples. Hence, it is
possible to estimate, by this method, the precision for every determination.

10. Calculate the detection limit. Detection limit is normally defined as the concentration
that gives rise to a signal equal to twice the standard deviation of blank fioict, e,
at a value of P= 100% and ¥ 1 At concentrations higher théme detection
limit, precision falls asymptotically towards the value of 1.96k as defined in the
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expressiorP; ¥ X¢) + 1.96k (Equation 11). For further information, and the
implications involved in the estimation of these quality control patara,Thompson
and Howarth (1976) should be consulted.”

Figure9. The reduced major axis line is the best fit line of Y cend X on Y (SourceDemetriades, 20111ig.
6.2, p.82).

“It is important to understand the asymptotic nature of precision, and that it is terong
guote a single value for precisiarg., at concentrations higher than the detection limit, precision
falls asymptotically towards the value of 1.962k or 196k in the above expressionso(refer t
Fletcher, 1981, Figure 2-5, p.32; see Figb&®w). On the geochemical distribution maps the
relative precision equation should be givenitsithe reader can estimate precision at any
specific concentration.

Practical detection limits determined by this method are subject to theoran&element
concentrations in the selected random samples. In case the samples have artimaibadist
element concentrations, approaching a normal Gaussian distribution, the practical detection
limits of these elements are either the same orelese to instrument detection limits.

Elements that havernGaussian distribution, their practical detection limits are normally very
different from those quoted by the analysts.

Ideally, the samples selected for replicate measurements should inetydew, low,
moderate, high and very high concentrations of the determinands studied. However, this
selection can only be made upon completion of the routine site investigation, and evaluation of
analytical results. Therefore, the duplicate samples are selected in a completely random manner
across the project area, and in such a case, the most dominant features are replicated.

For the estimation of precision by the above method, an Excel Workbook is available from
thefirst author.

Further,Lee andRamsey (2001) modelled measurement uncertainty as a function of
concentration and they estimate analytical precision and detection limit, amonthoths."

The asymptotic nature of precision is shown in Figure 10, using the Be dupéiphtate
resuts from the aqua regia GEMAS grazing land soil data set. In this casdydhatday
provided uncensored data, and even zeHo- (negative) values. Using the procedure described
above, two different estimations were made, with and without the negative values.edib®pr
in both cases falls asymptotically towards the value of 1.962k or 196k in the above expressions.
Beyond thidimit, the curve reaches a plateau, and this is considered to be the overall precision.
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The practical detection limit (PDLas already mentioned above, is defined as the concentration
that gives rise to a signal equal to twice the standard deviation of blank fioict ia¢., at a

value ofP. = 100% and ¥ 1 On the graph, it is the tangent to the curve leadify to
100%. As expected, there are differences in the estimation, even by removing paimgfle
negative values:

(a) PDL =0.072 mg Be/kg, and an overall precision of 18.4% at the 95% confidence level,
and a precision equation:

Pc% = o858 18.385 (14)
Xci
(b) PDL =0.046 mg Be/kg, and an overall precision of 24.5% at the 95% confidence level,
and a precision equation:

3.439

P. % =
c 7P xci

+ 24.543 (15)
where X; in both cases is anyone concentration of Be that one is interested to know itsmrecisi

at the 95% confidence levelror examplea Be concentration of 50 mg/kg has a precision of
18.5% and 24.6% for (a) and (b), respectively.

The laboratory's lower detection limit is 0.1 mg Be/kg, which is higher than the values
estimated for the practical detection limie., 0.072 and 0.046 mg Be/kg (see Fig. 10). For
elements, such as Be, where most of the values are very low, and near to the method's detection
limit, it is an advantage to estimate the practical detection limit, using actual project data.
Otherwise, if the laboratory providegnsored analyticalata at the laboratory's detection limit
of 0.1 mg Be/kg, all values below this limit would have been given half the value of the
detection limit,.e., 0.05 mg Be/kg. Thus, losing many actual values.
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Figure D. Variation of precision with concentration. Two examplesefBm the aqua regia GEMAS grazing
land soil data seReimanret al, 2019 plotted with Microsoft Excel: (a) with negative values (n=94 pairs), and
(b) with negative values removed (n=93 pairs). The former giveserall precision of 18.4% at the 95%
confidence level, and the lattan overall precision of 24.5% at concetitrzgs beyond 50 mg Be/kg
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10.2.6. Cumulative probability plot
The following description is abstracted from Johnson (2016869).

"Replacing the below detection limit (DL) value with an arbitrary value (usually half the
cited detection limit) will introdce a distortion in the data distribution at low concentrations, and
this will have an impact on both descriptive and multivariate statistics.y#sdénd to be
conservative with their DLs and, furthermore, many results reported as belotiotetewe
recordable useful values that show structure in the data distribution belabdnatory’s cited
DL. This is illustrated irfFigure 11 by a cumulative probability plot, where the flattening of the
graph indicates a more realistic limit of detection, Wwhgmuch lower than that cited by the
analyst. Cumulative probability plots have long been used by geochemists to paditits re
into a combination of different populations (Tennant and White, 1959; Lepeltier, 1969;Sinclai
1976, 1983, 1986), anddin usefulness in establishing more realistic detection limits is shown
herein. A procedure for estimating practical detection limits for chemical elements determined
on project samples is described by Thompson and Howarth (1978).

Reporting of values belothe citedDL, as a single value should be discouraged(,
200)) in favour of delivering the values as measured by the analytical instrument. Users of the
data can then better utilise values at the lower end of the data distribitiontvdegrading the
quality of the data. A single below detection value applied to many samples will distort
statistically estimated parameters that may be significant in determining at which side of a
guideline value a result will fall.”

Figure 11. Cumulative probability plot indicatimgé detection limits for water samples determingtiim
different analytical methods (aft@ohnsoret al, 2008, Fig. 5.5, p.103)This was plotted using SigmaPlot v.10
software by E.L. Ander (BGS).Spurce: Johnson, 201Hig. 5.5, p.69).

Another example of cumulative frequency is displayed in Figure 12, using the uncensored
Be and Bi analytical results from the EuroGeoSurveys project of Geochemippingaf
Agricultural and grazing land soil of Eape (GEMAS). It is quite evident that the detection
limit of Be and Bi is lower than that given by the laboratory.

76



Figure 12. Cumulative probability plot indicatimge detection limits of Be and Bi for the grazingdaswil
samples of the EuroGeoSurveys project of Geochemical Mappifsgriultural and grazing land Soil (GEMAS)
of Europe, using uncensored dageimannet al, 2014. This was plotted using Golden Software's Grapher. v.1

10.2.7. Thompson-Howarth plot
The following descriptio is abstractetom Johnson (2013.70).

"Thompson and Howarth (1978) and Thompson (19@3rribe a method of estimating
analytical precision using duplicateplicate sample pairslhis is a graphical methodhich
can be used even for a single replicate pair that gives an immediate visual impression of the
precision of the analytical method (d&ig. 13). The absolute difference between the two
replicate analyses is plotted against the mean of the replicatesre@ulthe graptihe fit-for-
purpose criteria are defined by the detection limit (herein 0.2 ug/L As) and 99, 90, and 50
percentile lines. Ifrigurel3, precision is generally good with only a small percentage of
duplicatereplicate pairs plotting aboke 93" percentile line. The example graph shown here
was plotted using SigmaPlot software. Reimanal.(2008)give examplesf Thompson-
Howarth plots generated using R."

The second Thompson and Howarth plot (Fig. 14) is a variant using riorezabxes In
this case the 10% precision at the 95% confidence level is generally good at'tipe@@ntile,
as only 4 duplicate-replicate pairs plot above tHe@centile line.
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Figure 13 A logarithmic scal@f’hompsorHowarth plot used for visualising analytical prémis This is a plot of
G-BASE stream water duplicates for As with probaieiitcalculated at 0.2 pgdetection limit using SigmaPlot
v.10 software by E.L. Ander (BGSHeeAMC (2002)for rationale behindhe ThompsorHowarthplot. Solid,
dashed and dotted lines represent®9and 50 pecent confidence levelSource: Johnson, 201TFig. 5.7, p.71)

Figurel4. A normallinearscale Thompson and Howarth plot used for visualithegrecisionof Ph This is a
plot from the result®f the Hellenic Institute of Geology and Mineral Exploratiomizan soil geochemistry project
at Thrakomakedodnas, a suburb of Athendt was plotted with Golden Software's Grapherlv Colour lines
represent 10% and 20% precision at the 95% confidence leved tre®0" and 99 percentiles.
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10.2.8. Robust ANOVA and estimation of uncertainty due to sampling and analysis

Geochemical, sampling and analytical varianagosnally estinated by classical analysis of
variance (ANOVA), which is statistical methosdtrongly affected by a few outlying values, and
also is based on three assumptiasmes, (i) the variances should be independent, (ii) each level of
variance should be homogenous, meaning that it should not vary systematically within hne leve
and (iii) the distribution of errors within each level of variance should bezijppately
GaussianRamsey, 1998). These problems are largely overcome by using robust analysis of
variarce (RANOVA), as already mentioned.

The RANOVA method proposed biramsey (1998)apart from estimating the geochemical,
sampling and analytical variangecalculatesneasurement uncertainty, whichais essentially
parameter for the qualification of thieban geochemical data set, and its legal defensibility.

The underlying descriptiowasabstracted fronbemetriades (2011b, p.79-81).

"For the estimation of measurement, uncertainty two different methods have bpesegt,
l.e,, (a) the ‘bottom up’ (ofimodelling’, ‘theoretical’, ‘predictive’) and (b) the ‘top down’ (or
‘empirical’, ‘experimental’, ‘retrospective’) approach@amsey, 1998; Ramsey and Ellison,
2007).

The ‘bottom-up approach is comparatively simple, practical, and effgtetive for a
project, because the random error from each individual component of a method is guantifie
separately as a standard deviasormhen the overall uncertainty is estimated by summing up
the individual errors by their variance’s(Ramsey, 1998; Ellisoet al., 200Q Ellison and
Williams, 2012). Its limitation is the requirement to identify all sources of uncertainty.
However, it is relatively easy to consider the obvious sources of error, whickpéio#t @arts of
a methode.g, weighing, volumetric additions.

The ‘top-dowri approach is more difficult to use, comparatively impractical and somewhat
costly for a project, because for the estimation of the total uncertainty of a measurement inter
laboratory trials must be carried out, such as proficieestg tor collaborative trial$\(gyraki et
al., 1995). Thus, in this case many laboratories (n>8) are involved in the analysis ofi¢he sa
sample, by using exactly the same analytical method. The scatter of measurepueted by
all laboratories is threused to derive an overall estimate of uncertainty.

Whichever approach is followed, the general objective is to obtain a sufficielilyle
estimate of the overall uncertainty of measurement. It does not require all the individual sources
of uncertainty to be quantified, but only the combined effect to be assessed. If, however, the
overall level of uncertainty is found to be unacceptable, according to the requireféets
project,i.e., the measurements are not-fiir-purpose’, and then actions should be taken to
reduce the uncertainty. Alternagly, the estimated measurement uncertainty may be
unnecessarily small, in such a case there may be justification for increasing the analytical
uncertainty, and thereby decreasing the cost of analysis.

As pointed out by Ramsey (1998) two of the componanaxces can be classed as
measurement uncertaintgnd these are thmmplingszsampandanalytical variancesaa. The
third component is the between location variance, due to real variation of theidetel across
the investigated site. This is called thechemical varianc&geocn in this particular case of a
geochemical investigation.

Sampling uncertaintyor within-location varianceis partially due to small scale
geochemical variation within the location, and represents the uncertainty in all samples that can
be collected from that particuldocatiori, as specified by the investigatiang, one or two
metre radius, depending, however, on the distance of grid nodes.

All three variances of a particular determinand in a material, such as soil, can be summed up
to give thetotal variances’o Of a survey. This figure would be estimated when calculating the
variance of all analyses, and can be expressed by:
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S2tota| = Sdeoch'*' stamp+ Szanal (16)

Ramseyet al. (1992)proposed initially the terrrechnical variances?ecn for the sum of the
samplingszsampandanalytical S.nas Varianceof a particular determinand in a materiél has
been replaced since then by the teneasurement varian®neas(Ramsey and Argyraki, 1997;
Ramsey, 1998),e.,

Szmeas: stamp"' Szanal (17)
Hence, theotal variance(S%ow) Of a particuladeterminand in a material becomes:

— 2 2
total = S geoch+ S meas (18)

Themeasurement uncertaintycan be estimated using thisttom-upapproach, from the
combination of sampling and analytical variance:

measurement uncertainty Aneas= ¥ “Mmp+ S ana) (19)

It is a normal statistical procedure to increase the confidence interval of the uncertainty by
multiplying by acoverage factok 1.96 (for the 95% confidence level) to give éx@anded or
extended uncertainty:

expandedneasuremenincertainty, U = k * u = 1.96 * §eas (20)

Ramsey (1998)ises 2 as the coverage factor, but this represents a confidence level at
95.44%. Since, computers perform nowadays all calculations, it is recommended to use the
coverage factor of 1.96, representing the 95% confidence level.

Theexpanded or extended wrtainty U expressed as a percentage in relation to the mean
concentration of a particular determinand giveséh&tive measuremenincertaintyl%:

*
relative measurement uncertainty, U%% (21)

where:
mis the estimated mean concentration of a determinand at the investigated site.

The calculated value of the uncertainty is applied to measurements on single samples taken
during the investigation. According to Ramsey (1988),multiple samples areotlected at any
individual location within the investigated site, the uncertainty on the averati@fdocation is
the value given by Equation 21 divided ByXhis is equal to the standard error on the mean
value Gota/ ¥ I for exampletheestimated relative uncertainty at a location, where four
PHDVXUHPHQWY U (G U G KDYH EFHbHGtRDabEasHRe®G EH
equation 21). However, after due consideration, Ramsey and Ellison (2007) have proposed that
the uncertainty at a duplicated site should not be divided by the square rook pfauf by the
square root of 2¥ ), because the sampling uncertainty is the limiting factor. Therefore,
it is duplicated field sampling (x2) that reduces the confidemegval on the uncertainty
estimate. Thus, the value as given by Equaibshould be divided by the square root of 2
(¥), as is shown below:

(22)

196 * Smeas ]
m ) - ¥

relativeexpanded measurement uncertainty, U%(
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Theupper limit d relativeexpandedneasuremenincertainty U%at the 95% confidence level
is estimated by the equation:

U%
100

(23)

c+U=C ( 1+

and thdower limit o relativeexpandedneasuremenincertaintyis calculated by the equation:

U%
ciu=cC ( 1i (24)
100
where:
C = the concentration of the determinand in the sample medium
U = the expandedheasuremenincertainty at the 95% confidence level
U% = therelative expandetheasuremenincertainty at the 95% confidence level

The above Equations 23 and 24 may be refined iatiadytical biasB, is estimated by the
use of certified reference sampl&amsey and Argyraki, 1997; Ramsey, 1998), which is a
procedure employed by conventional accredited laboratories. According to Ramsey and
Argyraki (1997), the uncertainty interval of any concentra@drecomes asymmetric. The
upper limitof expandedneasuremenincertainty Uat the 95% confidence level is estimated by:

cru=c (1+ ij(c)yg) )( ’ 100 (25)

and the lower limit by:

Ci8:C(1| _U% (1. Ba ) (26)
100 100
where:
C = the concentration of the determinand in the sample medium
U = the expandetheasuremenincertainty at the 95% confidence level
U% = the relative expandedeasuremenincertainty at the 95% confidence level

B. = the analytical bias estimated as a percentage by regression

Ramsey and Argyraki (199ppint out that the interpretation adlative uncertaintyn the
measurements of a particular determinand in soil assumes that it does not vary with
concentration. Such a case has been observed in determinands, the analytiaai pfegisch
is considerably higher than the detection limithdmpson and Howarth, 1976, 1978). Since the
relative analytical precisio®.% varies according to the concentration of the determinand, the
above equations 23 and 24 may be improved, by incorporating precision, estimated on survey
samplesRamsey 1997, 1998; Ramsey and Argyraki, J99heupper limitof expanded
measuremenincertainty Uat the 95% confidence level cha calculatedthereforepy:

_ CU% P%
C+U=C (1+ 00 )(1 150 (27)
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and the lower limit of expandedeasuremenincertainty isalculated by the equation:

Ci8=C(1i%)(li% (28)
where:
C = the concentration of the determinand in the sample medium
U = theexpandedneasuremenincertainty at the 95% confidence level
U% = therelative expandetheasuremenincertainty at the 95% confidence level
P.% = the analytical precision at the 95% confidence level

The practical detection limit, and analytical precision, can easily beatstimsing the
method described abovéseeSection§810.2.5.
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11.PRESENTATION OF URBAN GEOCHEMICAL MAPPING RESULTS

11.1. Graphical plots

There are many univariate plots that can be used to display the statistighltion of
determinand value$-(g. 15), e.g, histogram, frequency plot, cumulative frequency plot, log-
probability plot,quantile plot, boxplot, notched box-and-whisker plot, one-dimensional
scatterplotetc. Goodstatisticalbooks to consulareby Till (1974) and Reimanaet al. (2008),
as well hapters in other books Reimanret al. (2011b) and-ilzmoseret al. (2014).

Figure 15 A composite univariate plot of the statisticatdbution of Pb, Thrakomakaeddnees, Athens, Hellas
(N=173): (a) cumulative frequency curve, (b) histogram n@iched bosxandwhisker plot and (d) ordimensional
scatterplot. The graphical plots (a) to (c) were plotted with Gol@erftware's Grapher viland (d) with Statpoint's
Statgraphics Centurion v.1Source of dataVassialiades, 2008; Tassiou, 2009
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Figure 15 shows a number of univariate plots. The different plots assist in thefstiuely
statistical distribution of a determinand.

Thehistogramgroups the data into classes and gives the frequency of each class as the bar
height, the spread of the data, skewness, presence of multiple modes;@amencef
outliners.

Thecumulative frequency curvge useful in distinguishing different populations, and the
percentage of samples above or below a specific value.

Theboxplot and especially theotched box-anavhisker plotis a powerful graphical tool
that provides information about the spread of the data (minimum and maximun) valeesn,
95% confidence interval on the median, meafl, &% 7%' percentiles, and outlier&{rzI,
1988).

Theone-dmensional scatterplgtrovides a quickisual representation ¢iie spread of data
values, and identifies outliers.

11.2. Map plotting

Thereis a tendency to present urban geochemical data as interpolated colour gragded
(Albaneseet al, 2011; Birkeet al. D E XulLa * eHal ROLD; X iV 2011+ Q
Locutura and Bel-lan, 2011; Saghal, 2011 Bavecet al, 2015). Reimanet al. (2011

caution that colours have different meanings in different cultures, and somduatsvare blind

to certain colours. Flight and Scheib (204é&e Fig16) and Smithet al. (2011 seeFig. 17

refer to the problems associated with evgerpolating in urban areas, something that can blight
property prices and cause local inhabitants much anxatymay even lead to legal actidos
healthrelated damages. The preference in urban ateadd be to use point symbol maps,
graduated symbols (growing or varialsiee dot¥, and exploratory data analysis (EDA)
symbols. Therefore, if the urban geochemical survey does not have information down to the
individual property level (parcel), which means a high sample density surveypritdent not to
plot interpolated colour gridded maps. In the caseidé-spacesamplingprojects with a

density of 1 sample/4 Kmit is strongly recommended to use point symbol maps.

If, however,wide-spacegeochemical data are going to be presented as coloured surface
maps, it is recommended to superimpose a layergréttiuated point symbols (Fig. 18Jhis
particularPb distribution map from the Lavrion urban a(eallas)is selected alsto show the
problems of extrapolating the colour surface into unsampled space (Cxlestrl 999;

Demetriades, 2011a). The optimspatial statisticainethodology ér estimating values in
unsampled space is geostatistigatheron, 1963; Marshall, 1972; Journel and Huijbreghts,

1978; Rendu, 1978; Clark, 1979; Isaaks and Srivastava, 1990; Oliver and Webster, 1990; Clark
and Harper, 20072007b, 2008). Kriging is the name given to the technique used in
geostatistics to estimate values in unsampled space. It compuBsstheearUnbiased
Estimator(BLUE) in such a way that it matches the correct expected value of the population
(unbiased), and mimisesthe kriging variancef the determinand concentrations (Best

estimate). Itis a cumbersome method, because it involves a number of steps, starting from the
variogram, which should be plotted in different directions in order to understasplatist

structure of the datdig. 19), and from whiclthe necessary parameters to validate the
interpolationare extracted. To obtain the optimum kriging model for a determinand, it could
take a whole day. €dstatistical routines that are included inpltpose software, such as

ESRI’'s ArcGIS fttp://www.esri.com/software/arcgjsshould be used with the utmost care.
Geostatitistics is technique that can be usétkerefore, only by people that have a good

working knowledge of the principles, and steps that should be followed.
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Figure B. Graduated coloured symbol map of total Pthan< 2 mm surface sdilaction collected frons-20 cm
Derby, United Kingdom Yellow shaded area represents alluvi@aurce Flight and Scheib, 201 Fig. 13.7,
p.200).

Figure 17. Graduated symbol map ofd#tribution inthe <0.250mm soil fraction collected fron®-15 cm depth
(N =493) Denver area, United States of Amer{&purce Smithet al, 2011, Fig.30.5 (b), p531).



Figurel8. Geochemical distribution of total Pbtire <0.177 mm fraction of overburden sammlekected fromD-
5 cmdepth Lavrion urban and suburbaneg Hellas using a combined colour gridded map with superimposed
graduated symbol§Source: Demetriades, 20H] Fig. 25.8, p.444).The map was plotted with Golden Software's

Surfer v.12.

<0.01

Figure 19 Experimental and modelled variogram surface ofglB in overburden samples$Xkm), Lavrion

urban area, HellaSource Demetriades, 199Map 3.4, p.3.4) The major trend is NESW, but there appears to be
minor geochemical structures with a N8 orientation (see map in Fig. 18). The geosigdisstructural analysis
was performed with VariowirRennatier1996, and plotted with Golden Sofware's Surfet2.
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As most likely interpolated colour gridded maps will be plotieid,considered necessary to
discuss below the limitains of a geochemical data set.

11.21. Limitations of a geochemical data set: quality and reliability
The following descriptioris abstracted from Demetriades (201p.83-84).

"Thecombined sampling and analytical variange., measurement variangeaccording to
Ramseyet al. (1992) and Ramsey (1993, 1998), should not exceed the upper limit of 20% of the
total variance An upper limit for analytical variance is set at 4% of the total variance. Hence,
the sampling variance should not exceed the upper limit of 16% of the total variance. Itis
significant, as pointed out by all researcharthis field, for the greatest part of the variance to
be ascribed to thgeochemical data variana geochemical (spatial) variatigrotherwise, an
interpolateccontoured geochemical distribution map cannot be prod@@aatt, 1969;

Howarth, 1983; Sharp, 1987). In casedkechemical data show no spatial persistence, element
concentrations may be plotted at the sample sites as vasiabldots Balvikenet al, 1986;

Bjorklund and Gustavsson, 1987; Laheret@l, 1990), symbolse Voset al, 1996),

Exploratory Data Analysis symbols (Englund and Sparks, 1988; O'Cetaby 1988;

Demetriades, 1990or recording on maps the sample site analytical 8&ta @er Sluy<t al,

1997). However, final decisions about geochemical distribution map plotting may be decided
upon following a thorough geostatistical structural analysis of the dlatange! and Huijbregts,

1978; Rendu, 1978; Clark, 1979; Isaaks and Srivastava, 1989; Clark and Harper, 2007a, 2007b,
2008). According to Sharp (1987, p.11), to construct a watkipolatedyeochemical contour

map from point data, two very specific rules should be satisfied:

X Rule 1: Point data must show spatial persistence (autocorrelation) up to the secestd near
neighbours. The rule insists that point data show sufficient continuity that auninim
determination of both the slope, and its general curvature, can be obtained for any trdarpola

X Rule 2: The contour interval shoubeé selected so that the probable error of any point does not
exceedonehalf of a contour interval. This rule insists that any new point randomly selected
between the drawn contour lines has at least an even chance of being valid.

Ramseyet al. (1992) and Ramsey (1993) stressed that, application of ANOVA and Robust
ANOVA techniques to environmental surveys, is particularly appropriate due to the high degre
of heterogeneity often associated with anthropogenic contamination of the enviroRan@sey
et al, 2013). They suggested the graphical display of data qualitynptaes in the form of a
pie chart Fig. 20). Visual representation of variance on all element distribution maps, gives the
reader direct access to significant information about the quality and iiglialbigjeochemical
data.

Apart from the estimation of sampling, analytical, and geochemical variabilgypassible
to estimate the practical detection limit and analytical precision for each element or determinand
for each survey areas has already been described. However, for the purposes of sgue pro
areas this may not be possible, due to the minimum number of random duepietate
analyses that must be made,, a minimum of at least 50 duplicateplicate analyses. In the
case of largsurveysiit is advisable to use this procedure.

Thefollowing example (Table Jlandpie charts Fig. 20) show some of the limitations that
may be encountered in a geochemical survey.

It is quite apparent from the quality control results tabulatddbie 1that:

xthe only elements with combined sampling and analytical variance of <20% ofaharéofs
and Zn; Hg is slightly above this limit.

xCr and Ni have a very high analytical variance, suggesting that the poxbBles not suitable
for their determinatioim this particular area; the reason most likely lies in the mode of
occurrence of these elements in soil, probably in disseminated pyritiferousegarti
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Table 1. Summary table of sampling, analytical and geochewsidahce, and relative expandedeatended
measurement uncertainty at the 95% confidence level, all calculatedust statistics from portabRF data
(Massa, Avenz&arrara, Italy) Ideally,the combined sampling and analytical variance should be <20% toit¢he
variance at the 95%onfidence level; the sampling variance to be <16%, and the anhii%s of the total
variance (Source: Demetriades, 201Table 6.1, p.85).

Variance As Cr Cu Hg Mn Ni Pb Zn
Geochemical (%) 87.44| 3.12| 33.88| 78.07| 55.72| 12.95| 34.77| 83.35
Sampling (%) 12.19| 28.84| 48.44| 18.66| 43.99| 0.87| 64.21| 13.11
Analytical (%) 0.37| 68.04| 17.68| 3.27| 0.29| 86.18| 1.02| 3.54

Combined sampling and analytical or

: 12.56| 96.88| 66.12| 21.93| 44.28| 87.05| 65.23| 16.65
measurement variance (%)

Relative expanded measurementertainty

(+/-U%) at the 95% confidence level 49.37| 36.50| 30.97| 27.41| 73.51| 75.86| 96.99| 45.10

Notation of colour scheme:  vegliow highlighted elements (Cr, Cu, Mn, Ni, Pb) have an unacceptably high combined samgling an
analytical or measurement variance (>20% of the total).

Bold black humbers show the variance contributing the greatest proportion to the measunesréainty.

Bold red colour numbers indicate combined sampling and analytical or measurement variancé th20%
total.

Analytical Geochemical

0.37% 12.95%

Sampling
0.87%

Sampling
12.19%

Geochemical Analytical
87.44% 86.18%

(a) (b)
Figure 20 Diagrammatic representation of the relative contributidngriance introduced by primary sampling
and geochemical analysis of (a) As and (b) Ni by portAIR€ to the total variance, Massa soil test invesitiga
data, Avenz&Carrara, Italy (SourceKaramanos and Demetriades, 2004, Figure 11, p.16; Demetrzaddb, Fig.
6.3, p.84). Thepie diagrams werplotted with Golden SoftwareGrapher.11.

xCu, Mn and Pb have a high sampling variance, which is ascribed to site heterogeneity, and

xCr, Cu, Mn Ni and Pb have unacceptably high combined sampling and analytical variance
(>20% of total variance), and may impair the delineation of contaminadiospotsor
neoanomaliedNote: The ternhot spotused to describe geochemical anomalies produced by
human activities is somehow confusing, because it is employed by other disciplines.
Neoanomaliess a better term, which was proposed by the Russian soil scientist and
geochemisV.A. Kovda (1974)and introduced in the Western World by Davies (1980)."
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The estimation of sampling, analytical and geochemical variance, and measurement
uncertainty is, therefore, very significant for the validation and legal dbfigysof analytical
results.

11.2.2 Effects of measurement uncertainty and probability risk assessment maps
The following descriptioris abstracted from Demetriades (201p.84-86).

"In order to address the uncertainty of measurements, a probabilistic classification of
samples is used to produce probabilistic hazard or risk assessmenRauass @nd Argyraki,
1997. The probabilistic hazard or risk assessment maps address decision rule uncertainty by
considering the uncertainty as being on the statutory threshold or trigger or guidelingsemlue
to determine the decision rule. The classifaadefines fourcategories based on the extent of
overlap of uncertainty with a single threshold valliakle 2):

(1) Uncontaminated,

(2) Possibly contaminated,

(3) Probably contaminated, and
(4) Contaminated.

Table 2. Probabilistic classification of contaméthtoil with measured concentration (C) and unceytéi),
based on the probability that the contaminant concentration is rgteatea particular threshold or trigger or
guideline value (T) (SourceRamsey and Argyraki, 1997, Table 3, p. 251; Demetriadesp20able6.2, p.85).

Classification Concentration range witfj Concentration range withl Probability of C > T,i.e,
uncertainty on C uncertainty on T C being over the

threshold T
(1) (2) 3) (4)
Uncontaminated C+U<T C<T-U <0.025

Possibly contaminated C<T<C+U T-U<C<T 0.0250.500

Probably contaminated C-U<T<C T<C<T+U 0.5060.975
Contaminated T<C-U C>T+U >0.975

NOTE: The effect of uncertainty on the concentration estimate is evaluated (column 2), but a rapid irtteicakudiktion can consider
the uncertainty as being on the threshold or guideline value (column 3). Uncertainty valueseatratstie 95% confidendevel, but could
be recalculatedor whatever confidence interval is considered appropriate for the site investigation.

"For the categoryuncontaminatet for examplethe entire range of uncertainty is lower
than the regulatory threshold or guideline value (T). The probability of this sgiig be
contaminated, because the element concentration lies over the statutory threshold is, therefore,
<0.025 (.e., 2.5%). This computational device can be used to classify soil samples directly,
without the need to calculate uncertainty valisgach measurement.

The use of field duplicate samples, as has been shown above, is one method that has been
proposed for the estimation of measurement uncertainty (Ramsey and Argyraki, TB83e
authors also mention that there is evidence of uncertainty changes with cdraenirhe upper
limit of uncertainty for each single concentration measurement is given by:

C+U=C (1+ ;18/8 ) (29)

where:
Cis the concentration of a determinand in soil or any other sanpkaiium;
U is the expanded measurement uncertainty, and
U% is the expanded uncertainty relative to the mean concentration.

Thelower limit of measuremenincertaintyis similarly given by:
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U%
100

A 'short cutcan be used by classifying geochemical samples directly, without calculating
uncertainties for each measuremest, the uncertainty values for the particular measurements
made are calculated for the concentration equal to the statutory threshol@TyaMéen the
'short cut method is used, with the measurement uncertainty expressed on the thrdsleold va
Equation29 and 30 are modified accordingly by replactdyy T, and the upper and lower
limits are correspondingly given by:

c-u=cC (1— (30)

Upper limit: T+U=T(1+U%/100) (31)
Lower limit: T-U=T(1-U%/100) (32)

The probabilistic classification limits can then be calculated using these equiatipns,
Uncontaminated: C=T-U%C or C+U%C=T (33)
Contaminated: C=T+U%Cor C-U%C=T (34)”

11.2.3. Worked example

The following example is from the urban geochemical mapping project carried out by the
Hellenic Institute of Geology and Mineral Exploration at Thrakosedé&naeand western part of
Varympompi,two northern suburbef Athens, Hellas (Vassiliades, Z80rassiou, 2009

11.2.3.1. Geochemical map using percentiles

The first mapFig. 21) is a normal colour surface map produced by kriging, with superimposed
graduated dots and Pb concentrations at each sampl@lséelass limit intervals are at 2.5, 5,
10, 15, 25, 50, 75, 90, 95, 97.5 percentil€kere are four anomalous patteais’lx

X Theanomaly in the western border of the map from KorakafoliMt. Parnithas over
limestone dolomiticlimestoneand dolomite of MidTriassic to Lower Triassic agend is
consdered to be of geogenic origin.

x Theanomalous patterdirectly to thewestern part of Thrakomakateshousing estatéand
to the soutkeastfrom Mt. Parnithauis overPleistoceneatream and scree conglomeratic
deposits, consisting of limestone, dolomitic limestone and dola®itentedy sandy
marl. As it is over deposits derived from the Mt. Parnitha carbonate rockas&ered to
be of geogenic origin, to@nd

x The two anomalies at thH2ek Uia Railway Station and TéitAirport areascribedo an
anthropogenic origin, because elevated values of S, SEnSand Cd aralsoobserved.

This detailed interpretation is required, because it is important to distinguish between
elevated valuedue to geogenic and anthropogenic sources. The prudent applied geochemist
does not jump directly to the conclusion that elevated determinand values are caused by
anthropogenic activitiesThe professional applied geochemist should investigate each anomaly
like a detective, and find the caus&lways searcHfirst for geogenic sources to explain the
geochemical anomalie®An unexplainedgyeochemical anomgain an urban environment, does
not mean thait is causedy anthropgenic activities. To ascribe the cause of a geochemical
anomaly to an anthropogenic source, there must be sound evidence, otherwise it is lefiter to s
that there is no explanation for the cause of the anomaly, and a more detailedadtivass
required to find the source.
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Figure 21 Geochemical distribution of aqua regia extraetd#b in the <2 mm fraction of topsoil samples extiéd
from 0-10 cm depth, Thrakomaéddees, Athens, Hellas, using a combined colour gridded map with spps&th
graduated symbols and site corication values.The map was plotted with Golden Software's Surf&? (Source:
Vassiliades, 2008viap 30, slightly modified by the addition of the variablee dots)

11.2.3.1. Deterministic risk assessment map

The second Pb distribution map is a detieistic risk assessment mdpd. 22). As there are no
national hellenic or sitepecific guideline values,theoreticalguidelineor thresholdvalue of 60
mg Pb/kg soils usedo classify themappedarea into two classes:

x Uncontaminated 0 mgPbkg), and
x Contaminated (60 mgPb/kg),
or better
X Concentrations of Pb below tltheoretica) guideline value of 60 mg/kgnd

x Concentrations of Pb exceeding (tieeoreticalguideling value of 60 mg/kgor simply Pb
anomalies)

The reasoffior preferring the latter classificatipas has already been pointed out, is that one has
to be verycareful injumping into the conclusion that soil is contaminated by human activities
without sound evidence abahie sourcer sources of the elevated elerheancentrations.

As it can be observash themap,the Pb anomalies are quite extensegpecially in the
western part of the mdpm AmygdaliUV WR 0W , abd@gitthaskaliBeady been explained
above, these anomalous patterns are of geogenin;dhg small NS elongated anomaly to the
southeast of Panaghias Monastery is also of geogenic origin. Whereas, the anomalies at Tatoi
Airport, Adamaes and Ddl O L D 5D L O Z D cabsEdoyaniRiQpayerattivities
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Figure 22 Deterministic risk assessment map of Pb showing how thegedutie balanceBRANOVA quality
control design of duplicate field sampling are used to estimaasumeEment uncertainty, and to classify the results
into (a) uncontaminated and (b) contaminated, usihgareticalguideline value 060 mg Pb/kg of soil,
Thrakomakednees, Athendilellas(Source of dataVassiliades, 2008; Tassiou, 2009 he map was plotted with
Golden Software's Surfer v.12.

11.2.3.2. Probabilistic risk assessment map

The third Pb distribution map is a probabiligigk assessment mapig. 23). It again usethe
sametheoretical guideline or threshold value of 60 mg Pb/kgisailbombination with the
estimated relative expanded measurement uncer{@ifty of 16.53% at the 95% confidence
level. Table3 shows the duplicatesplicate analytical resultsf P and the robust analysis of
variance output from the modified ROBCOOP4 softw&anisey, 1998; Demetriades and
Vassiliades2016). Below the grey bain Table 3are the calculationf®r the classification of
the urban geochemical mapping results into hazard or risk categories:

x Uncontaminated,

X Possibly contaminated,

X Probably contaminatednd
x Contaminated soil

using the Equation33 and 34of the'short-cut' method. However, until the verification ahe
source of elevated Pb concentratiahs better to use the following classification:

x Definitely below thesite-specificguideline value,

X Possibly exceeding thate-specificguideline value,

X Probably exceeding ttsite-specificguideline value, and
X

Definitely exceeding thsite-specificguideline value.
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Table3. (a) Duplicatereplicate analytical results of Pb (mg/kg) on roatand duplicate sebamples; (b) robust
analysis of variance (RANOVA) results and apportionment of totabwae into Geochemical, Sampling and
Analytical variance; (c) values of measurement uncertainty ané/eetatpanded measurement uncerta{fty at
the 95% confidence level according to thethme proposed biramsey (1998)nd (d) probabilistic classification
of Urban Geochemical Mapping results, using'shertcut' method into hazard or risk categorigstaking into
accounthe relativeexpandedneasuremenincertainty on a theoretical guideline or threshold (T) vall@®aohg
Pb/kg(Source of dataVassiliades, 2008; Tassiou, 2009

Routine susamples Duplicate subsamples Pb 1A Pb 1B Pb 2A Pb 2B
TH-C5 TH-C5A [TH-C5D TH-C5DB 56.3 56.9 45.6 46.5
TH-C8 TH-C8A [TH-C8D TH-C8DB 37.8 26.8 35.1 35.0
TH-D4 TH-A4A [TH-D4D TH-D4DB 60.3 60.2 57.2 52.2
TH-H3 TH-H3A [TH-H3D TH-H3DB 39.0 34.6 22.3 23.0
TH-13 TH-I3A [TH-13D TH-13DB 16.8 16.9 16.5 20.1
TH-K10 TH-K10A [TH-K10D TH-K10DB 18.1 19.3 16.4 14.8
TH-KS4 TH-KS4A [TH-KS4D TH-KS4DB 39.0 39.2 43.6 44.7
TH-L11 TH-L11A [TH-L11D TH-L11DB 103.8 102.6 99.4 99.8
TH-L4 TH-L4A [TH-L4D TH-L4DB 313 30.3 24.3 25.4
TH-M1 TH-M1A TH-M1D TH-M1DB 34.2 27.5 27.2 31.1
TH-N11 TH-N11A [TH-N11D TH-N11DB 28.4 32.0 28.7 28.8
TH-R10 TH-R10A [TH-R10D TH-R10DB 47.1 39.8 36.5 35.5
TH-R2 TH-R2A [TH-R2D TH-R2DB 11.8 10.4 9.8 11.0
TH-R6 TH-R6A [TH-R6D TH-R6DB 36.7 34.7 33.9 42.9
TH-TH8 TH-TH8 [TH-TH8D TH-TH8DB 28.5 28.0 28.2 30.9
TH-Z11 TH-Z11A [TH-Z11D TH-Z11DB 26.5 23.5 25.2 23.6
TH-Z3 TH-Z3A [TH-Z3D TH-Z3DB 29.1 32.1 22.8 26.9

Robust analysis of variance results

Statistical parameters Geochemical Sampling Analytical
Variance 176.17 11.02 4.09
Standard deviation (4/ 13.27 3.32 2.02
Variance (%) 92.10 5.76 2.14
Meanvalue 32.59
Total standard deviation (§/ 13.83
Measurementncertainty, u, for one sample U = Speas

3.89 U = SORT($amp* Sana)

Expandedneasuremenincertainty, y for one
sample at the 95% confidence level 7.62 Ue = k*u = 1.96*Seas
Relative expanded uncertainty% for one
sample at the 95% confidence level 23.38 U2 = (1.96*100)%eas/ Mean
Uncertainty, U, at a duplicated sample site 275 U = §mead SORT of 2 (see Note)
Relative expandedeasurementncertainty,
U%, at the95% confidence level 16.53 U% = (1.96*100)*U / Mean
Uncontaminatear below the guideline value of 60 mg/kg by takil C+U%*C=T
into account the relative expandetasuremenincertainty, U%, C + (16.53100)*C =60 mg/kgPb
at the 95% confidence level C +0.1653C = 60 mg/kgPb

1.1653*C = 60 mg/kg Pb
C = 60/1.1653 mgkg Pb
C = 51.48 ny/kgPb

Contaminatedr above the guideline value of 60 mg/kg by t@kin C-U%n*C=T
into account the relative expandettasuremenincertainty, U%, C-— (16.53100)*C =60 mg/kgPb
at the 95% confidence level C-0.1653C = 60 mg/kgPb

0.8347C = 60 mg/kgPb
C =60/0.8347mgkg Pb
C =71.88mg/kgPb

Classification of Urban Geochemical Mapping results into hazard orcasg&gories:

Uncontaminatear Definitelybelowthe guideline value <51.48 mgPbkg soil

Possibly contaminatedr Possiblyexceeding thguideline value 51.48< C < 60 mgPh/kg soll

Probably contaminatedr Probablyexceeding thguideline value 60< C < 71.88nmg Phykg sail

Contaminated or Definitelgxceeding thguideline value >71.88 mg Pb/kg sail

Note Ramsey and Ellison (200%ave proposed that the uncertainty at a duplicated site should not be divided by the square root
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In this particular case, only the three patterns at Tat6i Airport, Adamaes ardl @&kD
Railway Station are of anthropogenic origin and, thus, the topsoil can be alhasifie
contaminated.

The probabilistic classificatiori-{g. 23, as it can be observed by comparison with the
deterministic mapKig. 22), reduces the size of the anthropogenic anomalies. In these three
areas is important to delineate precisely the contamination by carrying out a more detailed
survey in order to reduce the cost of remediation, if this is deemed necessary.

Measuremenuncertainty in the interpretation of environmental sensitive urban geoctemica
investigations does have fundamental effects on the pragmatic assessment of the extent of
anthropogenic induced contamination, because it redousslassificatiohof samples. It
safeguards the prudent investigator in reaching wrong conclusions and making finskyial
recommendations to remediate land, which may be, in fact, uncontaminated, and eeen wors
parts of it could be regarded as uncontaminated but are truly contaminated. Ssiomsiespart
from financial implications, may have legal and health extensions. The recol®dbust
statistical technique separates the different components of variance (sampling, analytical,
geochemical), and indicates which onesanacceptably high, and may need improvement.
Further, the compilation of probabilistic hazard or risk assessment oregech determinand
addresses decision rule uncertainty by considering the uncertainty as being oty sta
threshold or guidetie value, used to determine the decision rule.

Figure 23 Probabilistic risk assessment map showing how the resttte bflanced quality control design of
duplicate field sampling are used to estimate nreasent uncertainty, and to classihe results, using a theoretical
site-specific guideline value 060 mg Pb/kg of soihto (a) uncontaminatear definitely below the (theoretical)
site-specific guideline valugb) possibly contaminateat possiblyexceeding th@heoretical) sitespedfic guideline
value (c) probably contaminateat probably exceeding the (theoretical) s#gecific guideline valyend (d)
contaminated odefinitely exceeding the (theoretical) siigecific guideline valydhrakomakednaes, Athens,
Hellas(Source ofdata: Vassiliades, 2008; Tassiou, 2009he map was plotted with Golden Software's Surfer
v.12.
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12 SUMMARY OF STAGES OF URBAN GEOCHEMICAL MAPPING PROJECTS
The following are the stages of an efficient designnofidban geochemical mapping project:

%0

%0

%0

%0

%0

%0

Design of optimum sample layout for obtaining reliable informatidrsquare sampling
grid is recommendedThe grid dimensions depend on project objectives
recommended to start from a widpaced gride.g, 500 x 500 m for the inner city to
1000 x 1000 m for the suburbsnd then carry out detailed surveys in areas that are
potential hazardous in order to delineate with a high degree of confidence the
contaminated parts.
Randomisation of samples to reduce systematic erf@erdomised numbers can be
either used durinthe field sampling, or assigned to the samples after sample preparation
the latter means veumbering the samples, a procedure that must be carried out very
carefully and a record keptVhichever sample randomisation procedsresed, it is
important to remember to reserve numbers for inclusion of reference and project replicate
samples. The laboratory must be informed not to randomise the samples.
Sampling
¥ Samples should be collected by the applied geochemist or well-tfaitestaff.
(Human tissue samples should be collected by trained medical practitioners).
¥ Field duplicates are taken to assess sample site representataetessiability,
and to estimate reliably measurement uncertainty.
¥, Samples are securely packedhe field incertifiedtraceelement free bags
(Rilsart’) for the determination of inorganic elements and organic compounds
(POPs), and in amber (dark brown) glass containers for determination of volatile
organic compounds (VOCs)Bamples for the determination of VOCs should be
kept at a temperature @ or frozen.
¥, Crosscontamination of soil samples, and other sample types, in the field must be
avoided, by using a good sampling procedure, and thorough cleaning of all
equipment at each sample site before moving to the next one.
¥ Each sample should be described and documented properly by completing the
appropriate Field Observations Sheetrking the sample site on a suitable scale
map, recording of coordinates by GPS, and docimg the sample site with a
number of site and general landscape photographs. (Human tissue samples should
be documented by a questionnaire that is completed by each donor).
¥ Blank samples, such as a kaolin, bentonite, or pure quartz of known composition
should be prepared and packed in the field, as the routine and duplicate samples
and, taken through the whole process of sample preparation and alailybisnk
sample will assess laboratory contamination.
Sample preparatian Samples should be driatlambient temperatuge in a
thermostatically controlled oven at a temperature not exce@8iGy Samples that need
disaggregation, this should be performed by a porcelain pestle in a porcelain mortar,
taking care not to grind small pebbles. Followtliigaggregation, soil samples are sieved
through a nylon screen of 2 mm. The whole <2 mm soil fraction is suitably
homogenised, and split into sshmples and placed in traeeement free containers. All
sample preparation apparatus should be thorowdgined after each sampléHouse
dust, road dust or sediment and attic diashples in the case that they will be compared
with topsoil should be sieved to the <2 mm fraction; if such a comparison will not be
made then should be sieved to the <0.125 nawctibn).
Archive sample collectionEnough material should be archived in a dust free storeroom
where the ambient temperature does not exce¥zl 3bhis is the reference collection for
future use.
Arrangement of samples for laboratory analydkandomisation of samples, if not
already collected in a random order, and insertion of blank, duplicate and project
reference/standard samples in the analytical batches:
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¥ Blank samples assess laboratory contamination;

¥ Duplicatereplicatesamples analyticgrecision, and

¥ Reference/standard samples analytical accuracy.
Analysis of samples imaaccreditedaboratory. Analytical methodology should be
agreed, as well as the laboratory's quality control procedure, and uncearsaiggital
resultsto be reporte.
Data check Thorough checking of analytical results to validate their quality.
Quality control problemsIn case, quality control problems are located, the laboratory is
obliged to provide explanations, and to reanalyse the problematic batches. If th
analytical results are nof the required quality, then the laboratory will be obliged to re-
analyse all samples. Thesgeality control issues about the analytical data should be
included in the contraetith the laboratory
Quality control report A quality control report should be written, as this is important as
a proof about the quality of the analytical datathim case of legal proceedings,
questions about the quality of the data will be required by the court. Hence, the
generatednalytical esults must be legally defensilideyond any reasonable doubt.
Data processing and map plottingpata processing begins after the applied geochemist
is satisfied about the quality and integuatiyanalytical resultsA variety of statistical
graphical diagrams, and geochemical distribution maps can be plotted.
Guideline values Use local or sitspecific guideline values, as each town or city has its
own variable natural geochemical background, and the anthropogenic influences are
superimposed on this.
Data interpretation For a good interpretation all supporting information should be used,
i.e., lithological map, lithogeochemical data (if available), land use map with potential
contaminating activities, climatic data and, of course, the field documentation
(observations and photographs). Do not jump to the conclusion that an area with element
concentrations exceeding thige-specificguideline value is contaminated. You must
have sound evidence to support such a conclugidmays look first for a gogenic
explanation for areas with high determinand concentrgtamngifit cannot be found,
then begin to consider other plausible sources by using all available current and historical
land use information.
Report writing The report must include a déded description of all stages of the urban
geochemical mapping survesymmary of the quality control results (reference to the QC
report),data processing procedurssatistical graphical diagrams, determinand
distribution maps, and sound interpretatwith conclusions and recommendations.
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13. FURTHER READING

An attempt has been made to a produce a detailed manual for the geochemical mappimg of urba
areas. Nevertheless, it is strongly recommended to study all references cigdsh buhave
copies of the following reference books, reports, and book chapters:

(1) The textbook Mapping the chemical environment of urban atesdited by C. Johnson,
A. Demetriades, J. Locutura & R.T. Ottesen, published in 29Wiley-Blackwell,
John Wiey & Sons Ltd., Chichester, U.K. (616 pp.), is strongly recommended
(http://eu.wiley.com/WileyCDA/WileyTitle/productG8470747242.html The first part
of the book, comprising 12 chaptetcsyers general aspects of urlgggechemical
mapping with an overview of current practieed reviews of different aspects of the
component methodologidsom sampling, sample preparation, laboratory analysis of
inorganic and organic chemical compounds, quality control procedures, and data
analysis, including hazard and exposassessmentThe second part includes @4se
histories from different urban areas around Eurapeted States of America, Africand
China.

(2) Demetriades, A 2014. Basic considerations: Sampling, the key for a successful applied
geochemical survey for mineral exploration and environmental purpd3espter 15.1
In: McDonough, W.F. (volume Editorjnalytical geochemistry/Inorganic instrument
analysis Volume 15 In: Holland, H.D. & Turekian, K.K. (Executive Editor&gatise
on Geochemistry Elsevier, Oxford, 1-31This is a chapter that describes sampling of all
sample medidi.e., stream sedimentverbank or floodplain sedimersil, streamand
ground-water, rock, house dust, attic dust, road gast) emphasises the significance of
good sampling techniques for the successful delineation of natural and human-induced
geochemical anomalies.

(3) The textbook Statistical data analysis explained: Applienvironmental statistics with
R' by C. Reimann, P. Filzmoser, R.G. Garret & R. Dutter, published in 2008 by John
Wiley & Sons, Ltd., Chichester, U.K343 pp.), is a good introduction in statistical
analysis of geochemical data that can be easily utoderby norstatisticians
(http://eu.wiley.com/WileyCDA/WileyTitle/productG84 7098581 X.htnjl

(4) The three open access quality control reports of the EuroGeoSurveys project
"Geochemical Mapping of Agricultural and Grazing land 'sdhown with the acronym
GEMAS, are worth studying for they provide good information on the quality control
procedure that should be followed, including a bad case example:

() Reimann, C., DemetriadeA,, Eggen, O.A., Filzmoser, P. and the
EuroGeoSurveys Geochemistry expert group, 200% EuroGeoSurveys
geochemical mapping of agricultural and grazing land soils project (GEMAS) -
Evaluation of quality control results of aqua regia extraction analysis
Geological Survey of Norway, Trondheim, NGU Report 2009.049, 94 pp.,
http://www.ngu.no/upload/Publikasjoner/Rapporter/2009/2009 049.pdf

(i) Reimann, C., Demetriades, A., Eggen, O.A., Filzmoser, P. and the
EuroGeoSurveys Geochemistry expert group, 20kfe EuroGeoSurveys
Geochemical Mapping of Agricultural and grazing land Soils (GEMAS) —
Evaluation of quality control results of total C and S, total organic carbon (TOC),
cation exchange capacity (CEC), XRF, pH, and particle size distribution (PSD)
analysis Geological Survey of Norway, Trondheim, NGU Report 2011.043, 92
pp., http://www.ngu.no/upload/Publikasjoner/Rapporter/2011/2011 043.pdf

(i) Reimann, C., Demetriades, A., Birke, M., Eggen, O. A., Filzmoser, P., Kriete, C.
& EuroGeoSurveys Geochemistry Expert Group, 20Ml2e EuroGeoSurveys
Geochemical Mapping of Agricultural and grazing land Spiigiect (GEMAS}-
Evaluation of quality control results of particle size estimation by MIR ptiedic
Pb-isotope and MM extraction analyses and results of the GEMAS ring test for
the standards Ap and GiGeological Survey of Norway, Trondheim, NGU
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Report 2012.051, 136 pp.,
http://www.ngu.no/upload/Publikasjoner/Rapporter/2012/2012_051.pdf

A good urban soil geochemical study was carried out in Dublin, and should betednsul
(http://www.gsi.ie/Surge.htin

(5) Glennon, M., Scanlon, R.P., O’'Connor, P.J., Finne, T.E., Andersson, M., Eggen, O.,
Jensen, H.K.B. & Ottesen, R.T., 201Rublin SURGE Project: Geochemical baseline
for heavymetals and organic pollutants in topsoils in the greater Dublin area
Technical Report, Geological Survey of Ireland, Dublin, 198 pp.,
http://www.gsi.ie/NR/rdonlyres/1F23753A-D662-44D&78
5029700472AE/41993/DublinSoilUrbanGeochemistry. pdf

(6) Dublin historic industry databasehttp://www.gsi.ie/NR/rdonlyres/EBE7C28BAD2-
42EA-92BD-8CC2CFA0809F/0/DublinHistoricindustryDatabaseReport. pdf

Concerning the availability @feochemical baselirgata, outside the urban areas, it is
strongly recommended to consult national geochemical atlases, published by thed@kologi
Survey of each countryFFurthermore, since 2005 continental scale geochemical atlases have
been published in Europe, Australia and the United States of America, and theseusaita
freely available infomation and geochemical baseline data, namely:

(7) Salminen, R., Batista, M.J., Bidovec, M., Demetriades, A., De Vivo, B., De Vos, W.,
Duris, M., Gilucis, A., Gregorauskiene, V., Halamic, J., Heitzmann, P., Lima, A.,
Jordan, G., Klaver, G., Klein, P., Lis, J., Locutura, J., Marsina, K., Mazreku, A.,
O’Connor, P.J., Olsson S.A., Ottesen, R.T., Petersell, V., Plant, J.A., Reeder, S.,
Salpeteur, I., Sandstrom, H., Siewers, U., Steenfelt, A. & Tarvainen, T., 2005.
FOREGS Geochemical Atlas of Europe, Part 1: Background Information,
Methodology and MapsGeological Survey of Finland, Espoo, 526 pp., 36 figures, 362
maps http://weppi.gtk.fi/publ/foregsatlas/

(8) De Vos, W., Tarvainen, T. (Chief Editors.), Salminen, R., Reeder, S., De Vivo, B.,
Demetriades, A., Pirc, S., Batista, M.J., Marsina, K., Ottesen, R.T., O’'Connor, P.J.,
Bidovec, M., Lima, A., Siewers, U., Smith, B., Taylor, H., Shaw, R., Salpeteur, I.,
Gregorauskiene, V., Halamic, J., Slaninka, I., Lax, K., Gravesen, P., Birke, M.,
Breward, N., Ander, E.L., Jordan, G., Duris, M., Klein, P., Locutura, J., Bel-lan, A.,
Pasieczna, A, Lis, J., Mazreku, A., Gilucis, A., Heitzmann, P., Klaver, Betérsell,
V., 2006,Geochemical Atlas of Europe. Part 2nterpretation of geochemical maps,
Additional Tables, Figures, Maps and related publicatio@eological Survey of
Finland, Espoo, Finland, 692 ppttp://weppi.gtk.fi/publ/foregsatlas/

(9) Caritat, Pde& Cooper, M., 2011 National Geochemical Survey of Australia: The
Geochemical Atlas of AustraliaGeoscience Australia, Record 2011/20 (2 Volumes),
557 pp. http://www.ga.gov.au/about/whate-do/projects/minerals/concluded/national-
geochemicaburvey/atlashttp://www.ga.gov.au/metadata-
gateway/metadata/record/gcat_71973
http://www.ga.gov.au/corporate data/71973/Rec2011 020 Vojl.pdf
http://www.ga.gov.au/corporate _data/71973/Rec2011 020 Vol2.pdf

(10) Reimann, C., Birke, M., Demetriades, A., Filzmoser, P. & O'Connor, P. (Editors),
2014. Chemistry of Europe's agricultural so#sPart A: Methodology and
interpretation of the GEMAS data seBeologisches Jahrbuch (Reihe B 102),
Schweizerbarth, Hannover, 528 pp.,
http://www.schweizerbart.de/publications/detail/isbn/9783510968466

(11) Reimann, C., Birke, M., Demetriades, A., Filzmoser, P. & O'Connor, P. (Editors),
2014. Chemistry of Europe's agricultural so#lsPart B: General background
information and further analysis of the GEMAS data $&e¢ologisches Jahrbuch
(Reihe B 103), Schweizerbarth, Hannover, 352 pp.,
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http://www.schweizerbart.de/publications/detail/isbn/9783510968473/Geologisahes J
hrbuch_Reihe B _Heft B103 ChemistBarts A& B:
http://www.schweizerbart.de/publications/list/series/geoljbb

(12) Smith, D.B., Cannon, W.F., Woodruff, L.G., Federico, S., Kilburn, J.E., and Fey, D.L.,
2013, Geochemical and mnadogical data for soils of the conterminous United States:
U.S. Geological Survey Data Series 801, 19p;://pubs.usgs.gov/ds/8Q1/
http://pubs.usgs.gov/ds/801/downloadidlp://pubs.usgs.gov/ds/801/pdf/ds801.pdf

(13) Smith, D.B., Cannon, W.F., Woodruff, L.G., Federico, S. and Ellefsen, K.J., 2014.
Geochemical and mineralogical maps for soils of the comt@us United States. U.S.
Geological Survey Opehile Report 2014-1082, 386 pp.,
http://dx.doi.org/10.3133/0fr20141082
http://pubs.usgs.gov/of/2014/1082/pdf/ofr2014-1082.pdf

The Analytical Methods Committee (AMC) of the Royal Society of Chemistry has
published many usefddMC Technical briefs, which areeely available at:
http://www.rsc.org/Membership/Networking/InterestGroups/Analytical/AWV&chnicalBriefs.asp

In addition, free of charge software is availadte
http://www.rsc.org/Membership/Networking/InterestGroups/Analytical/ AMOABaife/index.asp

X A Minitab local macro to calculate robust mean and standaratiwvi This macro
calculates Huber's '"H15' estimators for robust mean and standard deviation

X MS EXCEL Addin for Robust Statisticsvhich is witten for Excel 97 and later
versions.

x ROBAN: A standalone program, running in Windows, to execute robust analysis of
variance with nested balanced data

x RANOVA: A standalone program, running in Windows, to execute robust analysis of
variance with nested data.
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APPENDIX 1: Abbreviations and Acronyms

AD: Anno Dominj meaning after the birth of Jesus Christ

AMC: Analytical Methods Committe@Royal Society of Chemistry, London)
ANOVA : analysis of variance

AOX: adsorbable organically bound halogen

ASTM: American Society for Testing and Materials

ATSDR: Agency for Toxic Substances and Disease RegistnAJUS

AV: accepted value

BC: BeforeChrist

BGS: British Geological Survey

BLK: project blank sample

BS. shorter abbreviation of the British Standards InstitB&!)
BSI: British Standards Institute

BLUE: Best Linear Unbiased Estimator

BTEX: BenzeneToluene Ethylbenzene, andylene

C: temperature in degrees Celsius

ca circa; from Latin, meaning "around, about or approximately"

CEN: Comité Européen de Normalisation (European Committee for Standardisation)
cm: centimetre; 1x18of a metre

CRMs: Certified ReferenceMaterials

CV: Coefficient ofVariation

DIN: Deutsches Institut fir Normung e.V. (German Institute for Standardisation)
DL: detection limit

DUPA: first sample of duplicate pair

DUPB: second sample of duplicate pair

E: east

EDA: Exploratory Data Analysis

EDTA: EthylendDiamineTetraacetidAcid

e.g: Latinexempli gratiafor example

EGS: EuroGeoSurveys

et al: Latinet alii, et alig; and others

etc: Latinet ceteraand the rest; and similar things; and so on
EuroGeoSurveys Association of the Geologic&8urveys of Europe

FOREGS:. Forum of European Geological Surveys (now EuroGeoSurveys)
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g gram; 1x1G kg
G-BASE: Geochemical Baseline Survey of the Environment (UK Geochemical Mapping progyam

GEMAS: acronym of the EuroGeoSurveys Geochemistry Ex@eoup's projectGeochemical Mapping
of Agricultural and Grazing land soihttp://gemas.geolba.acat/

GIS: Geographical Information System
GPS. Global Positioning System

HHRA : HumanHealthRisk Assessment
HPLC: High Performancd.iquid Chromatography

ICP-AES: InductivelyCoupledPlasmaAtomic EmissionSpectrometry
ICP-MS: InductivelyCoupledPlasma atomidvlassSpectrometry

i.e. Latinid est that is to say

IEC: International Electrotechnical Commission

ISO: International Organisation for Standardisation

kg: kilogram or kilogramme, a common metric unit of mass, equivalent to 1000 grams
km: kilometre

I: litre
LOI': LossOn Ignition

m: metre (notation after a number)

m: mean- average value

ml: millilitre; 1x10° of alitre

um: micrometre; 1x10 of a metre

mg: milligram; 1x10 of a kilogram

mm: millimetre; 1x10° of a metre
MCERTS: Monitoring Certification Scheme

N: north
NW: northawest

P: precision

PAHs: PolycyclicAromaticHydrocarlons,e.g, anthracenephenanthrendetracenechrysene,
triphenylenepyrene,pentacenehenzo(a)pyrenesorannulenebenzo(g,h,i)perylenesoronene, and
ovalene.

PCBs PolyChlorinatedBiphenyls are persistent organic pollutants (POPS)
PCDDs PolyChlorinatedDibenzdioxins

PCDFs PolyChlorinatedDibenzd-urans

PDL: practical detection limit

PE: polyethylene
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pers. commun.: personal communication

PGEs PlatinumGroupElements; also abbreviated as PGMs (Platit@noup Metals)— iridium (Ir),
osmium (Os), palladium (Pd), platinum (Pt), rhodium (Rh), and ruthenium (Ru)

pH: German ‘potenz’ meaning ‘power’ plus the symbol for hydrogen (H); a logarithm ddc¢ipeacal
of the hydrogen ion concentration in moles per litre of a solution, giving a meafsts acidity or
alkalinity

PM: ParticulateMatter

PM2.5: particulate matter of 2.5 micrometres
PM10: particulate matter of 10 micrometres
POPs PersistenOrganicPollutants

psi: pounds per square inch

PTFE: PolyTetraFluoroEthylene (Teflon)

QC: QualityControl

RANOVA: robust analysis of variance
REF: reference sample

REPA: first replicate sample

REPB: second replicate sample

rpm: revolutions per minute

SD: standard deviation

SE: south-east

SGVs Soil GuidelineValues

SRMs: StandardReference Materials

UK: United Kingdom
UN: United Nations

URGE: acronym of the Urban Geochemistry project of the EuroGeoSurveys Geochemistry Exp
Group

USEPA: United States Environmental Protection Agency
USGS United States Geological Survey
UTM: Universal Transverse Mercator

Var: variability
VMA : VanillyIMandelicAcid
VOCs: Volatile OrganicCompounds

WGS84 World Geodetic System is a standard for use in cartography, geodesy, andaragiigding
from 1984 and last revised in 2004)

WHO: World Health Organisation

12t



XRF: X-ray fluorescence
XRFS: X-ray fluorescence spectrometry
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APPENDIX 2: Glossary

Accredited laboratory: see Accreditation

Accreditation: Formal recognition thatlaboratory is competent to carry out specific tests or
calibrations or types of tests or calibrations.

Accuracy: Accuracy expresses a measure of how close an analytical result is to a ‘Géaceepted’
value.

Allergen is a type ofantigenthat produces an abnormally vigorous immune response in which the
immune system fights off a perceived threat that would otherwise be harmless toytliSdaode:
https://en.wikipedia.org/wiki/Allerg®. Anantigenis any structural substance that serves as a
target for the receptors of an adaptive immune response (Source:
https://en.wikipedia.org/wiki/Antigen

Analytical bias is a quantitative ten describing the difference between the average of measurements
made on the same sample and its true value. In particular, for a measurematdrgliasis the
difference (generally unknown) between a laboratory's average value (overctiragg$item and
the average that would be achieved by the reference laboratory if it undertook ¢he sam
measurements on the same test item (Source:
http://chemwiki.iedavis.edu/Analytical_Chemistry/Data_Analysis/Bias_and_Accliracy

Anomaly (see Geochemical anomaly)

Anticoagulants are a class of drugs that work to prevent the coagulation (clotting) of blood (Source:
https://en.wikipedia.org/wiki/Anticoagulant

Anthropocene “ltis a term widely used since its coining by Paul Crutzen and Eugene Stae2060i
to denote the present time interval, in which many geologically significanitimmmsdand processes
are profoundly altered by human activitieBhese include changes in: erosion and sediment
transport associated with a variety of anthropogenic processes, including cmonegtticulture,
urbanisation and global warming; the chemical compositidgheoatmosphere, ocean and soil, with
significant anthropogenic perturbations of the cycles of elements, such as carbgenni
phosphorus and various metals; environmental conditions generated by these pertuwdatbns,
include global warming, ocean acidification and spreading oceanic 'dead zones';fthereibsth
on land and in the sea, as a result of habitat loss, predation, species invasions arsictieapty
chemical changes noted abby8ource:
http://quaternary.stratigraphy.org/workinggroups/anthropogtene/

Attic dust is the dust that accumulates on wooden carpentry of attics, where the influenabuéirth
is minimised Gajn, 200%.

Background (seeGeochemical background)
Baseline(see Geochemical baseline)
Bias (see Analytical bias)

Bio-indicator: A bio-indicator is a living organism that gives us an idea of the health of an ecosystem.
Some organisms are very sensitive to pollution in their enwiemt, so if pollutants are present, the
organism may change its morphology, physiology or behaviour, or it could eviSodiee:
http://sciencedarn.org.nz/Contexts/Enviimprints/Sciencddeasand Concepts/Bioindicatojs

Blank sample(Johnson, 2011, p.634): "There are three types of blank samples used to identify
laboratoryintroduced contamination: (a) solid blank control sample is ortbat contains very
low levels of all the chemical elements being determined; for soil or sediment® siliza sand is
often used; (b) aéagentblank is made up of the same acids (plusahésed water) which are
added to solid samples for bringiimgo solution chemical elements....réagent blankis
introduced during the addition of reagents to solid samples and, apart from checking yhef purit
reagents used, it monitors potential contamination during the whole laboratory proc&dcadél
blank samplés introduced prior to the sample preparation and analysis phase to show up any




introduced contamination during all laboratory processes, from sample pi@p&vdaboratory
analysis."

Brownfield: “It is a term used in urban planning to describe land previously used for industrialgsurpos
or some commercial uses. Such land may have been contaminated with hazardous waste or
pollution or is feared to be so. Once cleaned up, such an area can become host to a business
development, such as a retail park. Land that is more severely contaminated, and has high
concentrations of hazardous waste or pollution, suctsaperfund sitésee entry), does not fall
under the brownfield classificatidbiiSource: https://en.wikipedia.org/wiki/Brownfield land

Censored data Determinand concentration values that are reported as being below the laboratory's
detection limit,e.g, <0.01 mg/kg Be, with the consequent loss of information.

Comminution is the physical reduction in particle size of a sample and is typically achieved img roill
sieving
Contamination is the presence of an unwanted constitugmitaminanbr impurity in a material,

physical lmdy, natural environment, workplaag. (Source:
https://en.wikipedia.org/wiki/Contaminatijn

Contaminant: (a) Any physical, chemical, biological, or radiological substance or matter thanhas
adverse effect on air, water, or rocks. (b) An undesirable substance in water, air, drabisks t
either not normally present or is an unusually high concentration of a naturally mga@umistance
(Neuendortfet al, 2011). Soil should be, of cae, included in these definitions.

Control samples(see Quality control samples)
Control chart (see Shewhart chart)

Crosssectional epidemiological studys “an observational study in which exposure and disease are
determined at the same point in timaigiven population; the temporal relationship, however,
between exposure and disease cannot be determined; it assesses the prevalence of exposures and/or
of diseases in the population, and provides clues for further research into tlegpetiaiseases"
(Kanchanaraksa, 208

Cryogenic grinding: also known afreezer milling freezer grindingandcryomilling, is the act of
cooling or chilling a material and then reducing it into a small particle sized&our
https://en.wikipedia.org/wiki/Cryogenic_grinding

Cultural layer : It is a layer of earth on sites of human habitation containing traces or rerhhinean
activities. The thickness of a cultural layer varies from several centgrietB8-35 m and depends
mainly on the length and intensiveness of human activity at the given siteraClalyers are
excavated to study the remains of human activities and to reconstruct the histgiyeri
settlement (Sourcehttp://encyclopedia2.thefreedictionary.com/Cultural+Layer

Data conditioning (Johnson, 2011, p.§1 "The methods used to render the data fit for the purpose for
which they are to be uséd

Defecationis the final act of digestion, by which organisms eliminate solid, semisol@ior liquid
waste material from the digestive tract via the anus or urethra (Source:
https://en.wikipedia.org/wiki/Defstion).

Deflation: “The sorting out, lifting, and removal of loose dry figained particles (clay and silt sizes)
by the turbulent eddy action of the wind, as along a-slam@ coast or in a deskfiNeuendorfet
al., 2012.

Determinand: Any chemical or physicohemical parameter determined on a physical sarage,
major and trace elements, pétc.

Determinant (with respect to epidemiological studiesee Deternmiants of health)

Determinants of health “Many factors combine together to affect the health of individuals and
communities.Whether people are healthy or not, is determined by their circumstances and
environment.To a large extent, factors such as where we live, the state of our environment,
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genetics, our income and education level, and our relationships with friends and fiahmlyea
considerable impacts on health, whereas the more commonly considered factors such as access and
use of health care services often have less of an imphetdeerminants of healtinclude:

x the social and economic environment,
x the physical environment, and
x the person’s individual characteristics and behaviours.

The context of people’s lives determine their health, and so blaming individualiiog lpaor
healthor crediting them for good health is inappropriate. Individuals are unlikely to be able to
directly control many of thdeterminants of healthThesedeterminants—or things that make
people healthy or netinclude the above factors, and many others:

X Income and social statusigher income and social status are linked to battalth. The greater the
gap between the richest and poorest people, the greater tmerdiéfe in health.

x Education-low education levels are linked with poor healtlorenstres and lower sel€onfidence.

x Physical environment safe water and clean air, healthy workplaces, safe houses, cdgrasand
roads all contribute to good healtBmployment and working conditiorspeople in employment
are healthier, particularly thogého have more control over their working conditions

X Social support networksgreater support from families, friends and commiasiis linked to better
health. Culture- customs and traditions, and the beliefs of the family and commaih&yfect
heath.

X Genetics inheritance plays a part in determining lifespaeglthiness and the likelihood of
developing certain illnesse®ersonal behaviour and coping skilbalanced eating, keeping active,
smoking, drinking, and how we deal with life’s sses and challenges all affect health.

X Health servicesaccess and use of services that prevent and treat disease infhesties

X Gender Men and women suffer from different types of diseases ardiif ages

(Source: WHO, Health Impact Assessmétitp://www.who.int/hia/evidence/doh/gn/

Donor: a person that provides human tissue samples, namely blood, urine, hair, teethnddireast
milk.

Duplicate sample(Johnson, 2011, p.$4"A ‘duplicate samplas collected from the same site as
another sample in a manner defined by the sampling procedures manual (see Fig d)ntidii
sample, along with theoutine sample collected from the same site, form a duplicate pair, and
give anindication of 'within site' variabilityi.e., sampling variance. As it is collected during
fieldwork it is often also referred to agield duplicate”

Epidemiology is the science that studies the patterns, causes, and effects of health and didé&ses con
in defined populations; it is the cornerstone of public health, and informs poliisjotescand
evidencebased practice by identifying risk factors for disease and targets for preventihedreal
(Source: https://en.wikipedia.org/wiki/Epidemiology— See Crossectional epidemiological study

Exposure (see Human exposure)

Geochemical backgroundJohnson and Demetriades, 2011, p.19): "In the context of the urban
environment, the geochemical background can be defineddasldtive measure to distinguish
between natural element or compound concentrations and anthropogeindaignced
concentrations in real sample collectiVéMatschullatet al, 200Q. This can be expressed as a
simple equation:

URBAN BASELINE =BACKGROUND + Anthropogenic Contribution

This is a fundamental equation in the interpretation and modelling of urban geoctaatacaln

the absence of any or negligible anthropogenic contribution the urban bagklbeeequivalent to

the background, and many chapters in this volume use the principle that outside of urban areas we
can define the 'natural' baselidight and Scheib, 2011; Tarvainen and Jarva, R0The caveat

being that the 'natural' geochemibakeline around urban areas needs to have similar soil types and
underlying parent material, as those upon which the urban area has been developeequiatithe
above, if the 'natural' geochemical baseline replaces the term background, thénrtpegenic
contribution in an urban area can be estimated by subtracting the 'natural’ baselitteefurban
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baseline. In reality, this is a more complex estimation, because the background naaeherof
many contributing geochemical populations (causedariations in underlying parent materiai;
examplg, and the anthropogenic contribution is likely to be from multiple sources. tiStdtis
methods for distinguishing baselines and backgrounds are discussieaa§2008) and Albanese
et al.(2008)"

Geochemical anomalyGovett, 1983, 80): "An abnormally high or low content of an element or
element combination, or an abnormal spatial distribution of an element or elmd@ribation in a
particular sample type in a particular environment as measured by a particuféicanal
techniqué.

Geochemical baselindJohnson and Demetriades, 2011, gL98 "The following definition of a
geochemical baselinis based on that used by the Forum of European Geological Surveys
(FOREGS) Geochemical Baseline Mapping Group:

“A geochemical baseline is the concentration at a specific point in time of a chemical peteam
(element, species or compound) in a sample @blggical material. It is a fluctuating surface
rather than a given valué

Thegeochemical baselingf element/compound X can be defined as a function of the methodology
used to determine it:

Baseline X =f{A, B, C, D....}
for 1 to n samples from diffent locations at a specified point in time, where
A = a defined medium type,
B = a documented sampling method,
C = a documented sample preparation protocol, and
D = a documented analytical method.

A geochemical baselir@mply reports the chemical state of the surface environment, exactly as it
is, with no interpretation or partitioning of the data. feechemical baseliris defined at a
specific point in time.

Defining thegeochemical baselings a function in this way emphasises the fact thatreifit
methodologies will give different baselines. Hence, the need for standardised otahes] if
geochemical baselindggetween different projects and areas are to be compared.

When geochemical mapping in areas of little anthropogenic activity, with the excepti

catastrophic events, such as volcanic eruptions or extensive floodiggadtieemical baseline
changes slowly in response to natural changes in an order of magnitude of decades or centuries.
Changes to the urbayeochemical baselinasa result of constant anthropogenic activity, would be
anticipated as being more rapid, so the time component is a more important factar(dotths
Ander, 2008".

Greenfield: “Greenfield land is undeveloped land in a city or rural area either usedifariage,
landscape design, or left to evolve naturally. These areas of land are usually agricubimenity
properties being considered for urban development. Greenfield land can be unfenced open fields
urban lots or restricted closed propertlept off limits to the general public by a private or
government entityy(Source: https://en.wikipedia.org/wiki/Greenfield _land

Guideline or Intervention values(Johnson and Demetriades, 20p1,9: "These values, often
enshrined in legislation, are determined after lengthy consultations bydiseaiplinary teams to
which applied geochemists make an important contribution. A good example of how soihguidel
values (SGVs) are derived is/gn by the UK Environment Agency (EA, 2009)

Heterogeneity(noun): “the quality or state of beingeterogeneougadijective), meaning made up of
different” (Oxford, 1993, i.e., the soil is composed of widely dissimilar constituents.

Heterogeneougsee Heterogeneity)

Homogenise the process by which a sample is churned up by physical or mechanical means in such a
way that it finally has a uniform composition independent of whichssuple is taken.
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Hot spot (see neoanomaly)

Human exposure Exposure oturs when there are complete pathways between a chemical or physical
agent and humans.

Interdisciplinarity : See Multidisciplinarity
Intervention value (see Guideline)

Milling is the process of crushing or pulverising the sample to a fine powdéX D O O\ P

Multidisciplinarity “draws on knowledge from different disciplines but stays within their boundaries.
Interdisciplinarityanalyses, synthesises and harmonises links between disciplines into a
coordinated and coherent whol&ransdisciplinarityintegrates the natural, social and health
sciences in a humanities context, and transcends their traditional boundariegjettiees of
multiple disciplinary approaches are to resolve real world or complex probtepravide different
perspedves on problems, to develop comprehensive research questions and guidelines, and to
provide comprehensive health services. Multiple disciplinary teamwork has both$andfi
drawbacks (Choi and Pak, 2006

Neoanomaly A geochemical anomalyaused byndustrial and urban development. This is a term
introduced by the Russian geochemist V.A. Kovda (1974), and introduced in the Westernyworld b
Davies (1980).This is a far better term thamot spot, but for some peculiar reason is not used
(Demetriags, 2011h

Persistent organic pollutants (POPs}are chemical substances that persist in the environment,
bioaccumulate through the food web, and pose a risk of causing adverse effects to laltiman he
and the environment. With the evidence of leaggetransport of these substances to regions
where they have never been used or produced and the consequent threats they pose to the
environment of the whole globe, the international community has now, at severaboscadied
for urgent global actions t@duce and eliminate releases of these chemicals” (Source:
http://www.chem.unep.ch/pofs/This group of priority pollutants consists of pesticides (such as
DDT), industrial chemicals (such as polychlorinabgehenyls, PCBs) and unintentional-by
products of industrial processes (such as dioxins and furans).

Plasticiseis the process of adding a plasticiser on a card or sheet of paper to make it impervious to
moisture and water. In this particular case, thalksb®-cm card, used as a scale for taking
photographs, was plasticised.

Pollutant is a substance or energy introduced into the environment that has undesired effects, or
adversely affects the usefulness of a resource. A pollutant may causerlshgrtterm damage
by changing the growth rate of plant or animal species, or by interfering with humaitiesne
comfort, health, or property values (Sourtetps://en.wikipedia.org/wiki/Pollutant

Pollution: The introduction into the natural environment of a substance that has harmful or poisonous
effects or causes adverse changes (Sountps://en.wikipedia.org/wiki/Pollution

Precision (Johrson, 2011, p.68 "Precisionis a measurement of how closely the analytical results can
be reproduced, and is independent of the true value."

Primary reference material (see Reference material)

Quality control samples Quality control sampleare the samples that are used to validate the generated
analytical results. These incluBemary andSecondary reference samp(ese Reference
material), replicate splits of the field routine and duplicate samples and blah&asuoples.

Raw results The analytical data as received from the laboratory.
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Reference material(Johnson, 2011, p.6d5): "Reference materialre samples that have been
collected, prepared and analysed according to documented procedures, and analysetyrépeat
give what become acceptéai€ values. Primary reference material®®RMs) are internationally
certified standards with recognised and accepted elemental concentr&goosdary reference
materials(SRMs) are generally ihouse reference samples developed for internal use by projects,
and are kept ‘blind’ to the analyst. They are cheaper than PRMs, and are submitbeel at
frequent intervals in the analytical batdReference materialsan be used to indicate the accuracy
and precision of the analytical method, and are particularly important folinguedsults generated
over a long period of time, often by different laboratories or analytical metfiduse are not that
many PRMs and these thus have the disadvantage that the lab may have used the same PRM to
calibrate the instrument(s). Furthermore, PRMs are usually quite expemditanasaluable to be
used in large quantities for routine QC. In addition, they are more easily daéteatdmission
than a SRM- strong reasons to use SRMs for routine quality control.”

Replicate sample(Johnson, 2011, p.§4 "This is made at the field base or laboratory by dividing a
collected sample, according to a wadifined protocol. The replicate pair can be used to identify
laboratory error. Ifeplicatesare made from the pair of duplicate samples described above (see
Fig. 4), then ANOVA (analysis of variance) can be used to attribute sources of elamnibitity
between sites (geochemical or natural variance), within sites (sampling variathegjran the
laboratory (analytical variance), and estimate measurement uncertainDe(setriades, 201}b
Such samples are also referred to as laboratory duplicates or subsahwsiga the use of
‘replicate is preferred, since it gives a clear distinction from the field duplicate cotmgble."

Road dust “is earthen material or dirt that becomes airborne, primarily by the friofiires moving on
unpaved dirt roads and dustvered paved ras. It consists mainly of coarse patrticles, which in
some cases may be contaminated with humade and naturaligccurring pollutants, such as
asbestos, mining byroducts, animal and human waste, snow and ice control applications (salts)
and engine oil(USEPA, 2012).Synonyms Road sedimerdndroadside sediment

Road sediment see Road dust
Roadside sediment:see Road dust
Routine sample It is the sample collected from all the planned sample sites of a geochemigeat. proj

Secondary reference mierial (see Reference material)

Sheath air“is clean filtered air that surrounds the aerosol stream to prevent particulates tudating
or depositing within the optic chamBdSourcehttp://www.sensidyne.com/duptrticulate
monitor-nephelometeaerosoimonitor/sheatkair-dustmonitor.phyp.

Stemflow. “Water from precipitation that reaches the ground by running down the truttke®br
plant stems(Neuendorfet al, 2017).

Shewhart chart or control chartor X-chart or processbehaviour charin statistical process control is a
tool used to determine if an analytical process is in a state of statistical control.irtas a t
sajuenced graph with fixed defining limits (Miller and Miller, 2005; Johnson, R0The xaxis
shows the date of analysis or the laboratory batch, if batch numbers are assignedaigquérei
y-axis shows the element concentration and the accepted value (AV) for the reference material,
value calculated from previous repeated analyses of the reference material. The AV willatepend
the method of chemical extraction and analysigartial method of extraction will yield a lower
AV than a total extraction method. If the study of the control chart indicatesiéhanalytical
process is currently under controk(, is stable, with variation only coming from sources common
to the process), then no corrections or changes to the analytical process control passeneter
needed or desired. If the chart indicates that the monitored analytical process isontrtal) the
study of the chart can help determine the sources of variation, as this will resultaidegtkegrocess
performance. A process thatstable, but operating outside of desired (specification) limits needs
to be improved through a deliberate effort to understand the causes of currentgeséoamd
fundamentally improve the process (Sourbéps://en.wikipedia.org/wiki/Control_chaslightly
modified for checking of analytical results. The Shaxt chartis named after Walter Andrew
Shewhart (seehttps://en.wikigdia.org/wiki/Walter A. Shewhart
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Superfund site “Superfund or Comprehensive Environmental Response, Compensation, and Liability
Act of 1980 (CERCLA) is a United States federal law designed to clean up sites cattamith
hazardous substances adlae broadly defined "pollutants or contaminants”. Superfund also
gives authority to federal natural resource agencies, states and Native American tribagto reco
natural resource damages caused by releases of hazardous substances, and it deedgoey the
for Toxic Substances and Disease Registry (ATSBRYource:
https://en.wikipedia.org/wiki/Superfuhd

Toxic element An elements that is toxic to the human body, as it interferes wiilmitioning and
undermines healtke.g, mercury, lead, cadmium, aluminum, and arsefitese toxic metals have
no known physiological functions.

Transdisciplinarity : See Multidisciplinarity

Throughfall : “Water from precipitation that falls through thkant cover directly onto the ground or that
drips onto the ground from branches and Ieaisuendorket al, 2017).

Truncated data: Determinand concentration values that are not reported if the value exceeds some
upper limit.

Uncensored data Deternminand concentration values reported as measured by the analytical instrument.

Variogram: “,Q VSDWLDO VWDWLVWLFV WKH WKHRUHWLWRB @GBUURBIUF
spatial dependence of a spatial random variable or stochasticpEg{ges For instance in
geochemistry, a variogram will give a measure of how much two samples takehérpnoject
area will vary in gold percentage depending on the distance between those sampless ta&apl
far apart will vary more than samples taken close to each’ {®eurce:
https://en.wikipedia.org/wiki/Variogranslightly modified).

Venipuncture or “venopuncturer venepuncturés the process of obtaining intravenous access for the
purpase of blood sampling of venous (vein) blood. This procedure is performed by trained medical
practitioners (Source: https://en.wikipedia.org/wiki/Venipunctuye

Venous bloodis “deoxygenated blood which travels from the peripheral vessels, through the venous
system into the right atrium of the héai®ource: https://en.wikipedia.org/wiki/Venous blopd

Volatile Organic Pollutants (VOCs). “are organic chemicals that have a high vapor pressure at ordinary
room temperature. Their high vapour pressure results from a low boiling point, whsdsdarge
numbers of molecules to evaporate or sublimate from the liquid or solid form of tipewothand
enter the surrounding air. For example, formaldehyde, which evaporates fronnasiatboiling
point of only—19°C (Source:https://en.wikipedia.org/wiki/Volatile organic_cowynd for other
definitions consult the USGS Environmental Healfhoxic Substances web page on volatile
organic compoundshttp://toxics.usgs.gov/definitions/vocs.hjml

X-chart (see Shewharthart)
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APPENDIX 3: Chemical characteristics of contaminating activities

Table ofcontaminating activities and their probable organic and inorgamtaminants The
classification is according to the European Classification of Economic ActivitiesENB@oStat,

2008, which has been simplified for the purposes of this marNate At the end of the Tabl¢here is

a list of all abbreviations.

Activity: Industry,
Enterprise

Organic contaminants

Inorganic contaminants

Agriculture (including
chemical & livestock
fertilisers)

Pesticides, Herbicides,
Insecticides

As, B, Ba, Ca, Cd, Cr, Cu, Fe, Hg, K, Mg, Mn, Na,
Ni, P, Pb, Sh, Se, Zn, NHnitrateshitrites,
sulphates, CN, CIF

Airport

BTEX, PCBs, TPH, VHH,
MOHC, Phosphate ester

As, Br, Cd, Hg, Pb, SOCG,, CO, NQ, N,O, NH;

Automobile repair and
painting

BTEX, MTBE, PAHSs, PCBs,
TPH, VHH, aliphatic
hydrocarbons, Chlorinated
hydrocarbons, Organolead
compounds, AOX, Phenol inde

Cd, CI, Co, Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb, Se, Ti
Zn, Sulphate

Battery

PCBs, PAHs, Hydrocarbons

Be, Cd, Cu, Fe, Hg, K, Mg, Mn, Ni, Pb, Se, Zn,
Sulphate

Beverages manufacture

BTEX, PAHs, PCBs

Cu, Cr, Pb, Zn, SQ Nitrates, Phosphates

Brick making industries

BTEX, TPH, PAHs, PCBs,
Aliphatic hydrocarbons

Al, B, Ba, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Zn

Cartridges manufacture and
Shooting ranges

PCBs, Nitroaromatics

Ba, CI, Cu, Ni, P, Pb, Sn, Sr, Zn and inorganic
compounds

Cast iron smelting

BTEX, PAHs, PCBs, TPH,
Hydrocarbons, Phenol index

B, CI, CN, Fe, Mn, P, Sulphate

Cement manufacture

BTEX, HFCs, TPH, PAHSs,
PCBs, Aliphatic hydrocarbons,
Dioxins, Furans

Al, As, Be, Cd, ClI, Co, Cr, Cu, F, Fe, Hg, Mn, Ni,
Pb,Sh, Tl, V, Zn, NH, NG,, SQ,, Sulphate

Chemical fertilisers
manufacture, including
phosphate fertilisers

PAHs, TPH, Hydrocarbons,
Pesticides

As, Cd, Cr, Cu, Hg, Mn, Ni, P, Pb, Sb, Se, V, Zn a
inorganic compounds

Chromite smelting

BTEX, PAHs, PCBs, TPH

Cr, Ni, Fe, V

Copper smelting and
production

BTEX, PAHs, PCBs, TPH,
Hydrocarbons, AOX,
Hexachlorbenzol

Al, Ag, As, Au, B, Ba, Cd, Co, Cr, Cu,,Fe, Ni, P,
Pb, Pd, Pt, Sh, Se, Sn, Te, U, V, Zn, Nitrate, Nitrite
Sulphate, Sulphide, Sulphite, CN

Cosmetics, Toiletries &
Disinfectants manufacture

BTEX, PAHs, PAE, PCBs,
VHH, Phenols, Chlorophenols,
Dioxins, Furans, Chlorinated
aromatic hydrocarbons

As, B, Ba, Cr, Cu, Hg, Ni, Pb, Zn

Dockyards (including
shipbuilding)

BTEX, PAHs, PCBs, TPH,
VHH, Biocides, Pesticides,
Phenols, Chlorophenols,
Aliphatic hydrocarbons,
Organotin compounds

As, Cd, Cr, Cu, K Fe, Hg, Mg, Mn, Ni, Pb, Sn, Zn
and inorganic compounds (CN)

Electric power plant &

PAHs, PCBs, BTEX,

As, B, Ba, Cd, Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb, Sb,

goat & poultry)

distribution station Hydrocarbons Se, V, Zn, Sulphate
Farming of animals Pesticides, Phenol index, As, B, Cd, Cr, Cu, Fe, Hg, Mn, Ni, P, Pb, Sbh, Se, 7
(including pig, cow, sheep,| Hydrocarbons NHs, nitrates, nitrites, sulphates, Cl

Food products and beverag
manufacture (including all
types of food
manufacturinge.g, dairy
products, canned fruit,
juice & vegetable)

Acetaldehyde, Acetone,
Ethylene glycol, Methanol,
Pesticides, HFCs, GHBTEX,
PAHSs, Pesticides, Volatile
hydrocarbons

Ba, Cd, Cu, Hg, Ni, P, Zn, Ammonia, Ammonium
sulphate (solution), Phosphoric acid, Sulphuric aci
Nitric acid, Chlorine, NH, NQ,, nitrates, nitrites

Footwear manufacture

PAHSs, Toluene, Methyl ethyl
ketone, Acetone, Glycol ethers,
Xylene, Methyl isobutyl ketone

Al, As, B, Ca, Cd, Cr, FFe, Hg, Mg, Mn, Na, P, Ti,
Sr, NH;, Ammonium sulphate, Nitrate, Nitrite

Funeral and related activitie
(including Cemeteries)

Formaldehyde, various organic
pollutants (Furans, Dioxins,
Hydrocarbons, Phenols)

As, Cu,Fe, Hg, Pb, Zn, Phosphates, Ammonium,
Nitrates
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Activity: Industry,
Enterprise

Organic contaminants

Inorganic contaminants

Furniture manufacture

BTEX, PAHs, Phenols, Phenol
index, Total chlorophenols,
Pesticides, Aliphatic
hydrocarbons, Organotin
compounds

As, B, Cu, Cr, F Hg, Ni, Pb, Zn, NH

Glassmanufacture

BTEX, HFCs,PAHs, TPH,
VHH, Aliphatic hydrocarbons,
Dioxins, Furans, Phenol index

Ag, As, B, Ba, Bi, Cd, Cl, Co, Cr, Cu;,FFe, Hg,
Mn, Mo, Na, Ni, Pb, Sb, Se, Sn, Ti, Tl, Zn, Zr, NH
NOy, SQ, and inorganic compounds (Nitrate,
Sulphate, Sulphide)

Hospital activites

BTEX, PCBs, TPH, PAHSs,
Phenol index, Phenols,
Hydrocarbons, Organic acids,
Pesticides

Ag, Al, As, B, Ba, Be, Bi, Cd, CICo, Cr, Cu, Fe,F
Ge, Hg, K, Mg, Mn, Mo, Na, Ni, P, Pb, Sb, Se, Sn,
Ti, Pt, Zn, Zr, CN

Leather clothes manufacturg

PAHSs, Toluene, Methyl ethyl
ketone, Acetone, Glycol ethers,
Xylene, Methyl isobutyl ketone,
Phenol index, Hydrocarbons

As, B, Ca, Cd, Cr, Cu, Fe, Hg, K, Mg, Mn, Na, Ni,
Pb, CN, Ammonium sulphate, Nitrates, Nitrites, NH

i

Machinery including
electrical

BTEX, PAHs, PCBs, TPH,
VHH, Phenols, Chlorophenols,
Dioxins, Furans, Aliphatic
hydrocarbons, 1,1;1
Trichloroethane, Freon 113,
Trichloroethylene, Methyl ethyl
ketone, Dichloromethane,
Hydrocarbons

As, B, Cd, C], Cr, Cu, Fe, Hg, Ni, P, Pb, Sn, Zn an
inorganic compounds (Sulphuric acid, Nitric acid,
Nitrite, Ammonium sulphate, Sulphate)

Metal plating & aluminium
anodising including
galvanised pipes

NMVOC, PAHSs, PFCs, SF
Cyanide, Benzene, 1,1,1
Trichloroethane, Dioxins,
Furans, BTEX, Hydrocarbons,
AOX, Organicacids

Al, As, B, Cd, C|, Co, Cr, Cu, F, Fe, Hg, Mg, Mo,
Ni, P, Pb, Sb, Sn, V, Zn, Sulphuric acid,
Hydrochloric acid, NH, NO,, SQ,, Sulphate, CN

Metal smelting, Metal
treatment & Metal Works

BTEX, PAHs, PCBs, HCB,
TPH, Phenols, Dioxins, Furans

Al, As, Ca Cd, CI, Cr, Cu, F, Fe, Hg, Mg, Mn, Mo,
Ni, Pb, Sn, V, Zn, Zr, and inorganic compounds
(HCN, CN, Sulphate)

Military installations,
including explosives

BTEX, NMVOC, PAHs, PCBs,
TPH, Hydrocarbons,
Nitroaromatics

As, Ba, B, Ca, Cd, CICr, Cu, Hg, KMg, Na, Ni, P,
Pb, Sn, Sr, Zn, NEI NQ,, Asbestos, Nitrate, Nitrite,
Sulphate

Mining of nonferrous metal
ores, except uranium and
thorium ores

BTEX, PAHs, PCBs, TPH

As, B, Cd, Cr, Cu, Hg, Ni, Zn, Clsulphates

Mining: Asbestos

BTEX, PAHs, PCBs, TPH

Co, Cr, Ni, asbestos fibres

Mining: Chromite

BTEX, PAHs, PCBs, TPH

As, Cr, Ni, Fe, V, Zn

Mining: Copper

BTEX, PAHs, PCBs, TPH

As, Ba, Cd, Co, Cr, Cu, Fe, Ni, Pb, U, V, Zn

Mining: Pyrite

BTEX, PAHs, PCBs, TPH

As, Ba, Cd, Co, Cr, Cu, Fe, Ni, Pb, U, X

Non-metallic industries
(including brick makers,
stone makers & plaster)

BTEX, TPH, PAHs, PCBs,
Aliphatic hydrocarbons

Al, B, Ba, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Zn

Paint and lacquer
manufacture

BTEX, PAHs, PCBs, VHH,
Phenols, Organotin compounds

Ba, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se, Ti, Zn
Sulphide

Pesticides/ herbicides/
Insecticides manufacture

BTEX, PAHs, TPH, VHH,
Chlorophenols, Dioxins, Furans
Aliphatic hydrocarbons,
Organotin compounds

As, Ca, Cd, Co, Cr, Cu, HHg, K, Mg, Na, NiPb,
REE, Sb, U, Zn and inorganic compounds (sulpha

Petrol station

BTEX, MTBE, TPH, Aliphatic
hydrocarbons, Organolead
compounds, Trichloroethylene,
AOX

Ba, CI, Cu, Cd, Fe, Mn, Pb, Ni, Zn, Sulphate

Petroleum bulk storage

BTEX, MTBE, NWVOC, PAHSs,
PCBs, TPH, Phenols, Aliphatic
hydrocarbons, Organolead
compounds, AOX

As, Cd, C|, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Sb, V,
Zn, CN, NH;, SQ, Ammonium sulphate, Sulphate

Petroleum refinery & Bulk
storage (Manufacture of
coke, refined petroleum
products ancduclear fuel)

BTEX, MTBE, NWVOC, PAHs,
PCBs, TPH, Phenols, Aliphatic
hydrocarbons, Organolead
compounds, Pesticides
(screening)

As, Cd, ClI, Co, Cr, Cu, Hg, Mo, Ni, Pb, Sbh, V, Zn,
CN, NHs, SQ, Ammonium sulphate
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Activity: Industry,
Enterprise

Organic contaminants

Inorganic contaminants

Pharmaceuticals

BTEX, DCM, NMVOC, PAHSs,
PER, TCM, TRI, VHH,
Chlorophenols, Phenol index,
Aliphatic hydrocarbons,
Chlorinated aromatic
hydrocarbons, Organic acids

As, Cd, Cr, Cu, Hg, Mo, Ni, Pb, Sb, Se, Sn, V, Zn
and inorganic compounds (NHNG,, SQ,), CN

Photographic processing

BTEX, VHH, Pheml index,
Aromatic amines, Organic acidg

Ag, As, B, Br, Ca, Cd, Cr, Cu, Hg, K, Mg, Na, Pb,
Sb, Zn and inorganic compounds (CN, Ammoniun
Sulphate, Sulphite, Sulphide)

Plaster making industries

BTEX, TPH, PAHs, PCBs,
Aliphatic hydrocarbons

Al, B, Cd, CI, Cr, Cu, F, Fe, Hg, Mn, Ni, P, Pb, Ti,
n

Plastic products

BTEX, PCBs, Acetone,
Dichloromethane, Methyl ethyl
ketone, Methanol, 1,151
Trichloroethane, Styrene,
Phenols, Pesticides (screening
Hydrocarbons, Organic P,
Phenol index, AOX,
Tetrahydrofuran,
Dimethylformamide

Al, B, Ba, Ca, Cd, Cr, Cu, Fe, Hg, Pb, Sb, Sn, Sr, ]
Zn, CN, Carbon disulphide, Nitrite, Sulphate,
Sulphite, Sulphide

Pottery/Ceramics

BTEX, HFCs, PAHs, PCBs,
TPH, Aliphatic hydrocarbons,

As, B, Be, Cd, Cl, Co, Cr, Ck, Hg, Ni, Pb, Se, Sn,
Ti, Tl, Zn, Zr, NH;, NGy, SQ,, and inorganic

Dioxins, Furans compounds
Prepared feeds manufactur¢ BTEX, PAHs, VHH, Pesticides,| As, Cd, Cr, P
for farm animals Phenols
Prepared pet foods BTEX, PAHs, VHH, Pesticides,| As, Cd, Cr, P

manufacture

Phenols

Processing and preserving
meat and meat products

BTEX, HFCs, PAHs, VHH,
Pesticides, Phenols

As, Cd, Cr, NH, NO,

Publishing, printing and
reproduction of recorded
media

BTEX, PAHs, PCBs, VHH,
Phenols, Organotin compounds

B, Ba, Cd, Cr, Cu, Fe, MiNi, Pb, Sb, Se, Ti, Zn

Pulp, paper and paperboard
manufacture

PAHs, PCBs, NMVOC, TPH,
VHH, Pesticides, Phenols,
Chlorophenols, Dioxins, Furans
Aliphatic hydrocarbons, Phenol
index, Derivatives chlorinated
benzene

Al, As, Ba, Cd, Cr, Cu, Hg, Mn, Na, N®, Pb, Sb,
Ti, Zn, Hydrochloric acid, Sulphuric acid, NC5Q,,
Ammonium sulphate, Chlorine, Chlorine dioxide

Rubber products

BTEX, PAHs, TPH, VHH,
Phenols, Chlorophenols,
Aliphatic hydrocarbons,
Chlorinated aromatic
hydrocarbons, Phenol index

Al, As, Ba, Ca, Cd, C| Cr, Cu, Fe, K, Mn, Mg, Na,
Ni, Pb, S, Sb, Se, Te, Ti, Zn, and inorganic
compounds (Thiocarbonate, Sulphuric acid,
Hydrochloric acid, Sulphate, Sulphide)

Sawmilling and planing of
wood; impregnation of
wood

BTEX, PAHs, PCBs, Phenols,
Total chlorophenols, Phenols,
Pesticides, Aliphatic
hydrocarbons, Organotin
compounds, Nitroaromatics

As, B, Ba, Ca, CJ Cu, Cr, F, Hg, Mg, Na, Ni, P, Pb,
Zn, NHs, Nitrate, Nitrite, Sulphate

Sewage and refuse disposal
sanitation and similar
activities(including
household wastes)

BTEX, MTBE, PAHSs, PCBs,
HFCs, PFCs, TCE, TCM, TPH,
VHH, Pesticides, Phenols,
Chlorophenols, Dioxins, Furans
Aliphatic hydrocarbons, CH
Chlorinated aromatic
hydrocarbons, Organolead and
Organotin compounds

As, B, Cd, Cr, Cu, Hg, Ni, Pb, Sh, Se, Zn and
inorganic compounds (NQSQ,, Hydrochloride,
etc)

Shipbuilding

BTEX, PAHs, PCBs, TPH,
VHH, Biocides, Pesticides,
Phenols, Chlorophenols,
Aliphatic hydrocarbons,
Organotin compounds

As, Cd, Cr, Cu, FFe, Hg, Mg, Mn, Ni, PbSn, Zn
and inorganic compounds (CN, Sulphate)

Slaughterhouses

BTEX, HFCs, PAHs, VHH,
Pesticides, Phenols

As, Cd, Cr, NH, NO,

Stone making industries

BTEX, TPH, PAHs, PCBs,

Aliphatic hydrocarbons

B, Cd, Cr, Cu, Hg, Ni, Pb, Zn




Activity: Industry, Organic contaminants Inorganic contaminants
Enterprise

Tanning and dressing of BTEX, MTBE, VHH, Aliphatic | Cr*, C*, Cd, Pb and inorganic compounds (NO
leather hydrocarbons, phenols Hydrochloric acid, Chlorides, Sulphides)

Textile finishing é.9, BTEX, NMVOC, PAHs, TPH, Al, B, Ba, Cd, Cr, Cu, Hg, P, Sn, Ti, Zn, Sulphates
Textile bleaching & PCPs, Pesticides, Phenols, Sulphuric acid, Caustic soda, Sodium hypochlorite|,
dyeing) Chlorophenols, Hydrocarbons | Ammonium sulphate, Ammonia, Phosphoric acid,

NO,, SQ, CI, F

Tobacco products Propylene, Toluene, Acetone, | Al, As, Ba, Be, Br, Cd, Co, F, Fe, Ge, Hg, Mn, Pb,

manufacture Styrene, ZEthoxyethanol, Sh, Sr, Ti, Zn, Zr, NK Chlorine compounds,
Dibutyl phthalate, Methanol

Umber, Bentonite & BTEX, HFCs, TPHPAHS, Al, As, B, Be, Cd, CI, Co, Cr, Cu, F, Fe, Hg, Mn, N

Gypsum manufacture PCBs, Aliphatic hydrocarbons, | P, Pb, Sb, Sr, Ti, Tl, V, Zn, NHINO,, SQ, Sulphate,
Dioxins, Furans Sulphide

Vegetable and animal oils | Pectins, Tannins, Phenols and | Ba, Cu, Fe, Mn, Ni, S, P, Zn, Chlorine & N
and fats manufacture Organicacids, Volatile compounds,

hydrocarbons

Washing and drgleaning of | BTEX, TPH, VHH, Aliphatic B, Ca, Fe, K, Mg, Mn, Na, P, Ammonium, Sulphaté
textile and fur products hydrocarbons Sulphide

Waste treatmenrqlant BTEX, MTBE, PAHSs, PCBs, Al, As, B, Ba, Ca, Cd, CICr, Cu, Fe, Hg, K, Mg,

PCPs, TPH, VHH, Pesticides, | Mn, Na, Ni,P, Pb, Sb, Se, Zn, Ammonium, Nitrate,
Phenols, Chlorophenols, Nitrite, Sulphate, Sulphide

Dioxins, Furans, Aliphatic

hydrocarbons, Chlorinated

aromatic hydrocarbons,

Organolead and Organotin

compounds

Wearing apparel and 1,1,1Trichloroethane, Methyl | As, B, Cr, CuMn, Sh, Zn, Sulphuric acid, Chlorine

accessories manufacture | ethyl ketone, Toluene,
Dichloromethane, Acetone,
Xylene, Tetrachloroethylene,
Pesticides (screening)

Wines manufacture BTEX, PAHs, PCBs Cu, Cr, Pb, Zn, SQ Nitrates, Phosphates

AOX: Adsorbable organically bound halogen PCBs: PolyChlorinated Biphenyls

DCM: Dichloromethane PCPs: i(1-Phencyclohexylpiperidine

HCB: Hexachlorobenzene PER: Tetrachloroethylene

HFCs: Total mass of hydrogen fluorocarbares, sum of PFCs: Total mass of perfluorocarboins, sum of CF4, C2F6,

HFC23, HFC32, HFC41, HFC4310mee, HFC125, HFC134, C3F8, C4F10,«C4F8, C5F12, C6F14
HFC134a, HFC152a, HFC143, HFC143a, HFC227ea,

HFC236fa, HFC245¢ca SF6: Total mass of sulphur hexafluoride

MOHC: Metal Organic Heat Carrier TCE: Trichloroethand,1,1

MTBE: MethylTertiaryButyl Ether TCM: Tetrachloromethane

NMVOC: Total mass of Volatile Organic Compounds TPH: Total Petroleum Hydrocarbons

PAE: Phthalatic Acid Esters (phthalates) TRI: Trichloroethylene

PAHSs: Polycyclic aromatic hydrocarbons VHH: Volatile Halogenated Hydrocarbons (Trichloromethaate)

NOTE: This table was first compiled for use in the European Commissifinaraced projecNORISC
(Network Oriented Risk assessment bysitu Screening of Contaminated sjtE¥KT-CT-2000-0026),

which was completed in 2@0
(http://ec.europa.eu/research/environment/print.cfm?file=/comm/regeavaionment/newsanddoc/article 1442 en)htm

It was subsequently developed for use in the recording of potential contaminatiitgeaati Hellas
(Demetriades and Kaminari, 200andfinally updated in 2015 for inclusion in this manuaith
additions fromGihr et al. (1990) and Birkest al. (2009.
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APPENDIX 4. Generation ofrandom sample numbers

Random numbers can be generated quite easily using tools from the \Welexasnplethe
facility provided by the Random Organisation. Since, most random number functiong usuall
generate duplicates theandom Sequence Generatrould be used at
http://www.random.org/sequencgebécause it generates a sequence of uniqgue numbers. The
case of Ajka (Hungaryyiused as an example (see Figéyéd and A4.%:

(1) Enter the URLhttp://www.random.org/sequences/your web browser.

(2) Enter Smallest value: 1

(3) Enter Largest value: 67

(4) Format in: 1 (to give you the output in a single column)

(5) Click on ‘Get Sequence’

(6) Output is displayed in a window

(7) Use the ‘Copy & Paste’ command to copy the output into an Excel Worksheet.
(8) Place your samples according to the generated random number sequence, and
(9) Order your samples in a consegatnumber sequence

FigureA4.1. Random number sequence generator input page from 1 kdt7/(vww.random.org/sequenckes/

FigureA4.2. Output of random number sequence from 1 to 67. In the a&lasee the random numbers were output
into twelve columns to include in this figure.
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APPENDIX 5: Field ObservationsSheets

Urban Soil Field Observations $ieet

House Dust or Attic Dust Field Observations $ieet
Road Dust or Road ®&diment Field ObservationsSheet

Soil Sampling Protocolfor Detailed Urban Soil GeochemicalMapping Surveys
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URBAN TOPSOIL FIELD OBSERVATIONS SHEET

SAMPLE ID: ... Date: ....ooviiiiiiienn Sampler ID:
SAMPLE SITE LOCATION
O MAP SHEET: ...

COORDINATES (in Degrees, Minutes and Seconds)

Projection: Universal Transverse Mercator  Zone: 36N (+30 to +36) Datum: WGS 1984
Degrees: Longitude:  ........ S oo, " Latitude: ... T oo, "
National: X-coordinate: ... Y-coordinate: ...,

SITE DESCRIPTION

Landscape/Topography: Altitude (m):
Land use:
Garden (SPECITY PIANTS) . ... eiiiiee ittt et bbbttt e e e e e e e s e s a bt e be e eeaaanbbebe e e e e e ae e e e beneaeas
Playground Kindergarten Schoolyard
Grasscovered plot Park: Deciduous tree Park: Coniferous trees [ | Park: Mixedtrees
Unused land Wetland Industrial (Specify): ......oooviiiiiiiece e
(01 [T o (5] o T=Ted 11V TSR
Bedrock lithology: Outcrops: Yes, SPeCify: ..ot
Formation: No outcrops

Number of visible soil

0TI ZON S, et ——————— a1 e et ettt eeeete et b eaeeteraentee b aaeaeranareraranaaaaee
TOPSOIL sampling interval (@0 cm); if Natural soil
other please state: cm Anthropogenic modified soil

ABUNDANCE OF SOIL CLASTS % (>2mm):

o[ ] o2 ] 25 [ ] 515: [ |  1540:[ ] 4080: [ ]  >80:[ |

TEXTURE:

Sandy:[ | Sandyloam:| ] Loamy:[ |  Clayeyloam:[ | Clayey:| | Clay:[ |

SAMPLE HUMIDITY: Dry: [ ] Moist: [ | Wet: [ |

ORGANIC CONTENT: Low: [ | Medium: [ | High: [ |

POSSIBLE SOURCES OF CONTAMINATION

(SPECITY ) e ——————————ttaaaaaaaanaannrraare e
REMARKS : <....ooctiiiitiee st sesses s 2242412125412



Sample NUMDbBEr: ... e Sample site photograph: .........ccccciiiiiiieree s

North facing photograph: .........ccccoiiiiiimmnecieeeee, East facing photograph: ........cccccooviiiimcerenieee
South facing photograph: ........cccccoeviiiiceceeeeeeeen, West facingohotograph: ...,
Additional photograph: .........ccccciiiiiiimmemeee Additional photograph: ........cceeeeeiiiiiiieeeeen
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HOUSE or ATTIC DUST FIELD OBSERVATIONS SHEET

SAMPLE ID: ... Date: .....ovviiiiiinnn Sampler ID:
SAMPLE SITE LOCATION

REGION: i e e e MAP SHEET: ..
COORDINATES (in Degrees, Minutes and Seconds)

Projection: Universal Transverse Mercator  Zone: 36N (+30 to +36) Datum: WGS 1984
Degrees: Longitude:  ........ o ovoiian " Latitude: ... o ovoriean "
National: X-coordinate: ... Y-coordinate: ...

SITE DESCRIPTION

Landscape/Topography: .o, Altitude (M): oo,
Land usdn the immediate vicinity of house/ftat
Garden (SPECITY PIANTS) ..ottt ettt e e e e e e e e ea bbb e e et e eeae et e et e e e e e e e e aa e teaeaeas
Playground Kindergarten Schoolyard
Grasscovered plot Park: Deciduous tree Park: Coniferous trees | | Park: Mixedtrees
Unused land Wetland Industrial (SPecCify): ...,
(01 [T (S o=Tol1 )Y TSRO
Bedrock lithology:  ..cvvviiiiii i Outcrops: Yes, SPECIfY: vovirii i,
Formation: ... No outcrops
TYPE Of OV DUI N o e e e e e e et e e e
SAMPLE TYPE:
House dust I:l Specify part of house (WhoIE/fOOM): ............ommmeereeerereeeeeeiisiiieieeerereeesee e
If in storey of flats, Specify floOr..........c.oo o,

Attic dust I:l

POSSIBLE SOURCES OF CONTAMINATION 15t 15t st ss sttt

(specify):

REM A RK S & ittt ittt e e ettt e ettt e et s s 222422222422t 2 442 b e e e eR b e e e ek bt e e A beennenateeeanteeeaate nhbeeeteeeaataeeaateeeensamnnnnes
General photograph Site photograph
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ROAD DUST or ROAD SEDIMENT FIELD OBSERVATIONS SHEET

SAMPLE ID: ... Date: .....cvviiiiininnn, Sampler ID:
SAMPLE SITE LOCATION

REGION: i e e e MAP SHEET: ..
COORDINATES (in Degrees, Minutes and Seconds)

Projection: Universal Transverse Mercator Zone: 36N (+30 to +36) Datum: WGS 1984
Degrees: Longitude:  ........ o ovoiian " Latitude: ... o ovoriean "
National: X-coordinate: ... Y-coordinate: ...

SITE DESCRIPTION

Landscape/Topography: .o, Altitude (M): oo,
Land use in the immediate vicinity of sampling site
Garden (SPECITY PIANTS) ..ottt ettt e e e e e e e e ea bbb e e et e eeae et e et e e e e e e e e aa e teaeaeas
Playground Kindergarten Schooyard
Grasscovered plot Park: Deciduous tree Park: Coniferous trees | | Park: Mixedtrees
Unused land Wetland Industrial (SPecCify): ...,
(01 [T (S o=Tol1 )Y TSRO
Bedrock lithology:  ..cvvviiiiii i Outcrops: Yes, SPECIfY: vovirii i,
Formation: ... No outcrops
TYPE Of OV DUI N o e e e e e e et e e e
SAMPLE TYPE:

Road dust I:l

Road sediment I:I

POSSIBLE SOURCES OF CONTAMINATION  f* 1t st aes st sttt

(specify):

REM A R K S & ittt e oottt e e e et s+ 442122222242kttt e e e 4Rt e e e e e e antte e e e ammeeeentteeeeeataee thbbeeeeeannbeeeeeanreeeeeemnnnrs
General photograph Site photograph
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Appendix 5: Instructions of how to completethe Soil Sampling Protocolfor Detailed
Urban Soil Geochemical Mapping Surveys

The soil samplingprotocol facilitates the systematiecording of observations that should be
made at each tepil/subsoilsamplesitein a detailed urban geochemical mapping survey, and
their electronic storage for subsequent computerised data treatiseintéld observations are
important in the interpretation of geochemical data, it is absolngslgssary to prade all the
information requested in thedid Observation ProtocolExceptions and further information are
given in the following description of the protocol form. To ensbhatthe sample descriptions
of the different sample collectors can be compatteelform for the data recorded in the field
should becompleted as precisely as possible.

In general, the following should be noted:

The sample number is already printed onSbé Sampling Protocol Ensurethat the

sample number is the same
On all four pages of the form, and
On the outside of the Rils&sample bagand on both sides ttie small card
Each town or city should be given a three letter code, and the routine sample
number shall consist of the town or city code, and the sample number (four
digits).
The topsoil sample collected at each site bears the town or city code and just the
sample site number.
The subsoil sample collected at the same site as the topsoil sample bears the same
sample number as the topsaihd at the end of the number the capital letter "B" is
added.
Field duplicate sampleshouldbe collected at every $Gample site, and bear the
same sample number as that of the routine sample, but at the end they will have a
capital letter "D". The t@soil samplenumberhas at the engistthe letter "D",
and the subsoil sample numibiee letters "BD".

x In general, all of the parts of the form are tacbepleted Exceptions are given in the
following description of the individual parts of the form.

X The squares at the top and the righ) §hould not be completdry the sample collector.
They will be used for respective characteristics and provide a control of thegbfotoc
logical errors and missing data.

x Simple lines (___) are provided fariting alphanumeric data.

X The squares shaded at the bottom and the righsiiould be used for numbers or letters,
depending on the information requestedite only onenumber or letter per square).

x Circles ({ ) will be used for the various possibilities o§pecific characteristi®.g,
grain size.Tick only one circle for each characteristic. Multiple ticks cannot be ¢oded
and thus invalidte the recorded informatiorHence, the importance that each evening
all field observations are checked to ensure that the recorded information is correct

x Circles containing a numbeg(d ) are for complex characteristias.€, colour) or for
two characteristics with the same codey( regional land use or regional sub-land use).
Each number for a characteristidasbe ticked only oncee., IX ¢, 1Xd, 1IXe.

Multiple ticks for a number are invalid.

x Numbers in a white or black circleg(n ) are for characteristics for differeswil horizons
(e.g, colou). The numbers in a white circle are for thedoijbhorizon; the numbers in a
black circle ardor the lowersubsoil horizon; if there is only one horizon, only the field
for the togsoil horizon should bé&cked.
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1. Sampling Date
Enter the date the sample is collectehy (01 to 31); month (01 to 12); year (20%o

2. Sample Collector
Enter the name dhe person collertg and descriing the sample material.

3. TopographicalMap Sheet

Give the number of the topographienap sheet 1:25000, 1:10000 or 1:500€he area from
which the samplés taken. Write the name of the map on the line,iendational reference
number in the boxes.

4./5. Northing/Easting

The fields for Northing and Easting are todmenpleted in the fieldNational and Universal
Transverse Mercator (WGS 1984) should be recorded.

Thelocationat which the samplis taken shouldbe marked with a cross as exactly as
possible on the topographianap, together with the last three or four digits of the sample
number for example

x sampleATH0321 should be marked on the map as agad,
X sampleATH1765 should be marked as 1765.

The recording of the sample location on the topograbhi@ap should be done in the field,
just in case the GPS fails to record correctly the coordinates.

6. Sampling Depth

The upper and lower deplivels(in centmetes)shouldbe entered in the respectivexes. The
lower level should beat 10 an except in the case of a vertical soil profilthe uppetevel

should beat0.00 cmwhere possibleln case, of grass or humus horizons, the zero level starts at
the base of the grass roots, and the bottom of the humus horizon, respectively.

7. Geology/Soll
This sectionshould not beompletedn the field

8. Slope gradient

Try to select a flat patch of land for sampling. If this is not possible, theroihe gtadient is to
be classifiedaccording to the following table:

Classification of slope gradient Description
Not sloped <0.5°gradient <1°
Very slightly sloped 1°” JUDGIPHQW
Slightly sloped 2" JUDGI°PHQW
Medium slightly sloped " JUDGI°PHQW
Medium sloped 5" JUDGLEHQW
Medium strong sloped 7" JUDGLHQW f
Strong sloped 10°” JUDGLHQW f
Very strong sloped 15°” JUDGLHQW f
Steep 20°” JUDGLHQW f
Very steep e f
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9. Soil moisture
The moisture content oféhsample is to be classifiedcording to the following table:

Classification Criteria
dry x Soil feels dry, powdery
x becomes distinctly darker when moistened
slightly moist x Solil feels cool, does not break down into a powde
x does not become significantly darker when
moistened
moist x Soil feels distctly moist
x in contact withpaper, the paper becomes moist
x can beshaped into lumps
x does not drain any water
wet x When squeezed, the hand becomes moist
x Soil is saturated and drops of water drain from it
very wet x Water seeps from the soil

10. Colou of the sample

Typically, thesoil colou is classified according to the Munsell cotahart. The colar,
however,can also be charactsed by older norms or state-owned coltables.

Henceeach colar description consists of three parts:
x the hue (basic colp) (field b, number 3 € p),
x the value (field b, number 2d o), and

x the chroma (intensity) (field a, number L n).

The hue (basic colw) and the chroma (intensitghouldalways berecorded.If the colou is
unambiguously described by basic colour and intensity, then value and hue (basjcazelou
identical.

For example, if the colour is dark brownish grey:

a) Colour intensity: c n a cross is toe marked at number 4, dark
b) Colour: d o across is to be marked at number 5, brown
b) Colour: e p across is to be marked at number 1, grey.

If the colow is dark brown

a) Colour intensity: c n a cross is to be marked at number 4, dark
b) Colour: d o across is to be marked at number 5, brown
b) Colour: e p across is to be marked at number 5, brown.

The colour of the upper horizon is to be enteaed, d, and e in the field for thetopsoll
horizon andat n, o and p for the lower (subsoilporizon. If there is only one horizon, then
only the field for the upper horizon is used.

On theMunsell colarr chart the colows are definedby a combination o§ymbols of letters
and numbersyherethe hue (colar), the value (brightnessky scale), and chroma (intensity)
are considered.
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11. Grain size
The grain size is classified accordinghe following table:

Grain size Characteristic
clay x sticky, soapy, shiny
x can beshapednto a roll with a diameter <1 mm
x easily pliable
x grain size <0.002 mm
silt x like flour, not sticky, not slimy
x cannot beshapednto a roll
x No visible grains
x grain size 0.002<0.063 mm
silty to fine sand x aggregates easily fall apadusty when dry
x cannot beshapednto a roll
x ca. 30-70% of thesample with visible grains
x grain size of the sand 0.063 - <0.2 mm
fine sand x not cohesive, not like flour, hardly dirties the ha
x grain size 0.063<0.2 mm
fine to medium-grained| x not cohesive, does not dirty the hands
sand x grain size 0.063<0.63 mm
mediumgrained sand | x not cohesive, does not dittye hands
x grain size 0.2 - <0.63 mrgrains like coarse
powder
medium to coarse x No aggregate formation even when moist
grained sand x grain size 0.2 -  mnt grains like coarse sugar
coarsegrained sand to | x no aggregate formation even when moist
gravel x grain size 0.63 - <6.3 mm
fine gravel x grain size 2 - <6.3 mm
mediumsized gravel x grain size 6.3 - <20 mm
coarse gravel x grain size 20 - <63 mm
cobbles x grain size* 63 mm

Only the dominangirain size of theoil sampleshould be recordedA smaller grain size of
up to 10% of the sample is considered as nortoatger proportions of smalleand especially
of larger grain sizeare to be accounted for under Section “12. Skeleton grains”.

12.Stoniness

This entry has two partghe grain size and the percentage of grainghe Soil Sampling
Protocol only the sampled horizon should be described.

The percentage of grains to be estimdgdsing the schematics on the next page and
ertered at (a).The grain size to be entered at (b).
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The following definitions are tbe used:

%0 L Yo
%o percentage %o stonegrain size
entry % entry d _ .
: escription grain size
number proportion | number

1 d5% 1 sand 0.063to 2 mm
2 5-25% 2 gravel 21063 mm
3 > 25% 3 cobbles >63 mm

13. Content of organic material / humus

The proportion of organic material is estimated squantitatively and requires much
experience.There are no unambiguous field methods for describing this progdréy.
following table can serve as a guide, whereby there are problems with thatplic

Description Proportion (%)
none 0
very slightly humic <1
slightly humic 1-<2
medium humic 2-<4
considerable humic 4 -<8
very considerable humi 8 - <15
extremely considerable 15 - <30
humic, half-boggy
organic, peaty t30

14. Root penetration

The amount of root penetration is also estimated semi-quantitatively. Theifigiltakle can
serve as a gual

Amount of root Number of fine roots per
penetration decimetre square (an?)

none none
very slight 1-2
slight 3-5
medium 6-10
considerable 11 - 20
very considerable 21 - 50
extreme considerable to >50
root mat/system

15. Morphological features

This entry has two partghe type of morphological feature and the material of that feafure.
distinction is made among the following types of features:
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veins:

bands:

coatings:
spots:

concretions:
nests:

Veins are fungumyceliumlike network that generally occurs as a lining of the pore
system of soil.

Bands are strips of material with a different emlor grain size within an otherwise
uniform horizon. Bands with athickness of more thar-%0 cm are to be congded
as aseparate horizon.

Coatings are visible on the fabric structur€atings have different featurder(
example a different colar or grain size) than the fabric of the sample.

Spots have a different calothan the horizon as a whole; they are generally
irregularly distributed and of different sizes.

Concretions, in contrast to spots, are hard material in the soil.

Nests (also called lenses or impurities) are accumulations of rlesstike material
with a different grain size, texture or catowithin the horizon.

Tubes/channels: Tubes and channels are relatively perpendicular, usually filled structures.

The following specifications are possible for the materials of the morpilcaldeatures:

Specification Specification Specification
bleaching gravel- silt-
iron/manganese- siliceous powder detritus/rubble
mica coal cobble-
grit- loam- clay-
humus- pyrite- WOrm-
humic clay rust- root-
lime/calc sand slag

Up to two morphological characteristics can be entardle protocol for a horizonf
there are more than two characteristics, then the two most important are to be entered, and the
othersto be notedn the Remarks (number 23 in the protocol).

16. Sal Association

This characteristicefers towhether the soil at the sampling site is natural or it has been
anthropogenicallynodified for exampleby dumping of material from elsewhere.

Note: Farmland (agricultural land) is considered naturalesst is clearly a result of
dumping of material from elsewhere.

17. Horizon description
The description of the soil horizon(s) has three parts:

a) Enter whether the profile was recorded at the sampling site?
If a vertical profile at the sampling site is recordasl extending significantly
deeper than the bottom level of the subsoil sample, the answer here is "Yes". The
horizons of the whole profile are not a part of the protocol and they have to be
described separately.

b) In the detailed urban geochemical mapping project, single soil horizons should be
sampled
Enter the number of visible horizons in the dug-up section. A horizon below the
sample is not to be included nor is any layer, such a humus of foliage layer.

c) Soil horizon
The alphanumeric symbol for the type of horizon is to be entered here. The
number of symbols must correspond to the number of horizons given at (b).
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Symbol Horizon description
A Mineral soil horizon
topsoil horizon up to 30% organic matter
An Humic mineral soil horizon
a topsoil horizon with a higher proportion of humis ( RUJDQLF PD
_____________ the underlying horizon_________ .|
Ap Arable soil horizon
_____________ an agricultural soil horizon formed by cultivation, or similar kinds of disturh)
Agr Pasturesoil horizon
a grazing land soil horizon formed by grazing; horizon under grassland an
_____________ fallow land .l
Ya Anthropogenic material of soil formation
a horizon containing particulate precipitation (mostly fly ash)
Yb Anthropogenic material of soil formation
a horizon containing rubble materiald, cultural layer)
A Transition horizon
a loesdike A-horizon with clay depletiorighter colaired horizon with little
clay and sesquioxides; caused by washing out of lower horiaoasts in
haplic luvisol (parabroweart) andhaplic dbeluvisol
Ae Transition horizon
an A-horizon, acid bleached, podsolised, mostly formed over an illuvial hg
Al Transition horizon
an A-horizon, characterised by a considerable clay and humus depéatidn;
bleached horizgrighter colaured horizon with little clay and sesquioxides ar
humus, caused by washing out to lower horizons
Ane Transition horizon
an Ae-horizon, horizon with clay depletion and horizontal uneven hupals;
horizon with a little humus anstattered bleachegpots
Sw Mineral subsoil with influence of stagnating water
a pale hydromorphic S-horizon caused by water logging of soil; very poorly
drained horizon; temporary stagnardter leadingo a horizon with wet
_____________ bleachedspots) and oxidation (rust spots, concretions) features |
Sy a water stagma S-horizon, usually between 50% and 70% rust and bésbsibots
B Mineral subsoil; weathering, enriched, and restructured fabric horizon
By Brown horizon
abrown or yellow weathering horizon without significant washing out of clg
_____________ sesquioxides or humussually acidicsoil |
Bs [lluvial horizon
a B-horizon with sesquioxides hardened or cemented horizon formed by
_____________ enrichment of sesquioxidesot recogrsable enrichment of humus _________|
B [lluvial horizon
a B-horizon;a clayenriched horizon with clay coating on the fabric grains a
_____________ clay fill-in cavities enriched by washing iof clay ________________________|
Bht Transition horizon
a B-horizon with recognisable humus enrichment; clay and/or humus enrig
horizon charactesed by humic clay coatings on the fabric grains and clay /
humus fill in cavitiese.g, parabrowr(luvisol) and black earth (chernang
G Mineral soil horizon with ground water influence
Go a Ghorizon in waterlogged soil with varying enrichment of Fe and Mn oxides
. RI WKH DUHD ZLWK UXVW VSRWYV
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G a Ghorizon in waterlogged soil with reducing conditi@mlprevalent grey,
greenish, and bluish basic colours or spo8p-<of the area with rust spots
C Mineral soil subgrade, parent material

Ce Carbonate C-horizon

horizon enriched with CaCG{2-75%) as pore filling, bands, concretions,

coatingsetc.

H Organic horizon (peat horizon)

horizon containinge R U J nqter

Hy Earthy horizon

an earthy horizon (topsoil) in which the high organic matter content has been

_____________ aerobically decomposed, clumpy ... ______]
Hm Transition horizon

a topsoil horizon of intensive drainaged bogs in which the high organic magter

content has beeamerobically decomposetigh resistance to wettingrainy to

_____________ powdery whendry ...
Ha Subsoil H-horizon

a subsoil horizon in which the high organic matter content has been

anaerobically decomposed, resulting in shrinkégghle lumpy peat horizon

H: Peat shrinkage horizon
an H-horizon in which the high organic matter content has been anaerobicplly
decomposed, resulting in shrinkage, prismatic structure

M Mineral soil horizon, (displacement horizon)
horizon of dislocated soil usually containiaipchthonous or synsedimentary
humus

aM aM-horizon formed by alluvial sediments in the Holocemrganic matter content

as in A-horizon; colou significantly brown (chroma ); typically in floodplain
and colluvial soilhorizon with restructured fabribut with only little material
changes, some rusty or pale spots felopewater

18. Hydrological conditions
The predominant hydrological conditions are to be entered here (see sampling protocol)

19. Contaminationand abandoned waste

At (a) is to be entered whether the sampling aitel immediate arehas surface contamination.
Because this is not always unambiguously recadphés there are four possible entries.

At (b) is to be enterethe presence of contamiran, which is not recognéble at the
surface for exampledumped material in the subsurface.

20. Land use

A distinction is made between regional, area (local), and site landrsearea land use can be
subdivided into a primary and a secondary use.

The predominant land use within 500 — 10,000 m of the sampling site that significantly
influences the geochemical conditions is to be entered asglonal land use.

The predominant land use within 500 — 2000 m around the sampling site that significantly
influences the geochemical conditions is to be entered &sciddand use If there are large
differences in land use in this area, the land use that has the larger influence at the sampling site
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IS to be entered as tpemary local land usgand the one with less influence is to be entered as
thesecondary local land use

The land use within 50 m of the sampling site is to be entered Emthase at the site

Example A topsoilsample idaken from a small unmowed grass amear an animal barn of a
farm with cropland. Next to the barn is a workshop/garage for farm machinery.

The following entries would then be made:

regional land use: agriculure

primary local land use: agricultural buildings
secondary local land use: machine workshop
land use at sampling site: meadow, grass, lawn

21. Were samplegaken for analysis of organic contaminants?

The field has to be completed and ticked by the sample collector if a second additigpial sa
for organic compoundnalysiss taken or not.

22. Land user

The user of the site at which ttepsoilsamples taken shouldbe entered here (name of
companygetc.).

23. Remarks

Any information about the sample and the sampling site and surrounding area that seems
significant and cannot be documented elsewhere in the protocol can be written here.

¥% PHOTOGRAPHING : At each sample site, the conditions must be recosdithda
number of photographs. ALWAYS start by photographing (i) the samytder, (ii) the
dug up soil before sampling, and at least (iii) one general landscape photogsable. A
photographic documentation is important, it is recommended that folan@ycape
photographs should be taken, North, East, South and West (always in this order).
Photographs should be taken of the dites) where samples ¢&) road dust or road
sediment, (b) housdust, (c)attic dust (d) bio-indicator plantsand (e) hman tissuegre
taken; again, always start by photographing the sample number, and then take all the other
photographs.

NOTE: This very detailed sampling protocol was used in the urban geochemical study of Berlin
(Birke et al., 2011a).
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SO” Sampllng PrOtOCOI Sample number ~ A~~~ A~ A A A

1.Sampling date: %0 %o %P %o %o 2. Sample collector
3. Topographicalmap sheet N- %0 %60 %o %o %o %o
4.Northing: =~~~ 777 Eastng: =~~~ """ "
5.NorthingOD MM SS): =~ 07~ =7 Easting: =~ °°° °°
6. Sample depth  upper leveinam: 9%, %0 %o %o

lower levelinem: %4 %o %o %o
7. Geology Soil:
8.Slope gradient =~ Note:
1 { not sloped 2 { very slightly sloped 3 { slightly sloped
4 § medium slightly sloped 5 § mediumsloped 6 { medium strong sloped
7 { strongsloped 8 { very strongsloped 9 { steep 10{ very steep
9. Moisture content
14 dry 2 { slightly moist 3{ moist
4 I wet 5 { very wet
10. Colou of the sample 1. Upper horizon- ¢ d e AR 2.Lower horizon- n 0 p AR
a) Colour intensity: (¢ n)|1 ¢ n white 2 cn Dbright 3¢cn medium

4 ¢cn dark 5¢n black

b) Colour: ) give the hue( d 0) and the basic colour( e p)

1de olp gey (2de op oive [3de op velow 4de O p oclre
5de op brown (6de op orange |7 d e op red 8de O p Vviolet
9de op blue |0de O p green

11. Grain size

1{ clay 2 { silt 3 { silty to fine sand 4 { fine sand

5 { fine to medium sand| 6 medium sand 7 mediumto coarse sand8 { coarse sand to gravel
9 { fine gravel 10 { medium gravel 11 { coarse gravel 12 { cobbles

12. Stoniness ~
a) Percentage of stones 1 b% 2§ 5-25% 3 { >25%
b) Stonegrain size 1{ sand 2 { gravel 3 { cobbles

13. Content of organic material / humus

1 { nore 2 { very slightly humic 3 { slightly humic 4 §{ medium humic

5 { considerably humic | 6 { very considerably 7 { extremelysemiboggy 8 { organic, peaty
14. Root penetration -7

1 { nore 2 { very slight 34 slight 4 { medium

5 { considerable 6 { very considerable 7 { extreme to root system

Explanations of the symbols used in the soil samplingrotocol:
" % ) field to be completetly the sample collectdr% or later when the protocol is enterd into thgital database ) with numbers or letters
{ ) field to be ticked by the sample collector when appropriate
cde ) field for a complex features(g, colou) or for tvo features with the saneding numberd.g, regional and local land use), to be ticked
by sample collector
chn ) field for a feature related to a specific horizerg( colour) b be ticked by the sample collector
) textfield to be completedhen needed by the sample collector
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Soil Sampling Protocol

A ANANANAANANANANAANANANAANAN

Sample numbet

15. Morphological characteristics 1. upper horizon (¢ d) a) b)

2. lower horizon (n o) a) ~- b) -7
a) The type of morphological features
1 ¢cn vens 2 ¢ n bands 3 ¢ N coatings 4 ¢ N spots
5 € N concretions 6 C N nests 7 C N tubes/channels ? ¢ n
b) The specification of morphological features
1 d o bleaching 2 d o iron/manganese 3 d @ mica 4 do ogrit
5 do humus 6 d o humicclay 7 d o lime/chalk 8 d o gravel
9 d 0 siliceous powdef10 d @ coal/charcoal |11 d O loam 12 d 0 pyrite
13 d 0 rust 14 d o sand 15 d o silt 16 d 0 rubble
17 d 0 cobble 18 d o clay 19 d o worm 20 d O root
21 d o slag ?2do
16. Soil association =~
1 naturalsoil 2 anthropogenically modified
17. Horizon description a) by =~ 0SS §°°° 9
a) Was the profile recorded at the sampling site? 1 { vyes 0{ no

b) Number of horizons collected in the sampte

%00

¢) Soil horizons )

1. Horizon (above- ¢), 2.Horizon (under 1- d), 3. Horizon (under 2- e)

c A de A| de B | de 6| de Cc | cdeH | cdeM
C An de A.| de B/ | de G | de C | cdeH | cde aM
cC Ap de Ael de Bs de Gr cde Hn
C Agr de Aw| de B cde Ha
C Ya de Bn cde H
C Yb de Sw
de S
18. Hydrological conditions =~ ~
1 { surface runoff 2 { slope water
3 { stagnating water 4 { groundwater
19. Contamination and abandoned waste ~ ~
a) The sampling site and immediate| 0 { none 1 { possible
area have surface contamination| 2 f probable 3 f certain
b) The samplingsite and immediate | 0 { none 1 { possible
area haveabandoned waste 2 f probable 3 f certain
20. Land use:
a) regional land use ~onn
0100 { residential
0101 { high density, city ceng¢ 0103 { low density, village
0102 { mediumdensity, city periphery, suburb 0104 { high proportion of green areas
0200 { industial and/or commercial area ‘
0300 ¢ agriculture
04004 forestry
0500 { uncultivated, fallow
0600 { utilities (water, electricity, gas, waste disposal)
07004 military
0800 { park or sport area
??00{ not classifiable
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A ANANANAANANANANAANANANAANAN

Soll Sampllng Protocol Sample number

AN AN A NN AN

(c):
(d):

b) primary local land use
P a N o YR o N o N o W o W 2 W o9

secondarylocal land use

01000000¢ (d residential

01010000¢ d no commercial use 01020000¢ d some commercial use
01010100 C d core area 01020100 C d core area
01010200 C d recent building area 01020200 C d recent building area
01010300 C d old building area 01020300 C d old building area
01010400 C d residential highrise area 01020400 C d residential highrise area
01010500 C d row houses 01020500 C d row houses
01010600 C d detached houses, villas 01020600 C d detached houses, villas

02000000¢ d industrial and / or commercial area

02010000¢ d commecial area
02010100 C d trading and / or business area 02010200 C d petrol stations
02010300 C d warehouses 02010400 C d radio / tv and telephone towers
02010500 C d workshops (autos, machinerygtc) 02017200 C d
02020000¢ d industrial area
02020100 ¢ ( refining

02020101 C d iron refining 02020102 C d nonferrous refining
02020200 C d metal work industry
02020300 G d machinery construction
02020400 C d eletrolytic plants
02020500 C d electronic and electric production
02020600 C d battery production
02020700 C d chemical industry
02020701 C d paint and dye industry
02020703 C d plastics production and processing
02020705 C d rubber production
02020707 C d pharmaceutical industry

02020702 C

d
02020704 ¢ d
d
d

photochemical industry
asphalt production
02020706 C petroleum processing

020207?? G

02020800 C d wood working (saw mill, cabinet making,etc)
02020900 C d leather industry
02021000 C ( textile industry
02021100 C d food processing
02021200 C d gas works,coking plants
02021300 C d construction and construction material industry
02021400 ¢ d
02030000¢ d agricultural buildings
02040000¢ d mining
02040100 C ( open pit 02040200 C @ underground

02040122 ¢ 02040222 ¢ d

03000000¢ d agriculture

03010000¢ d agriculture area
03010100 C d pasture | 03010200 C d crop land
03020000¢ d market gardenrursery
03020100 C @ open land | 03020200 C @ greenhouses
03030000¢ d fruit and vegetable farms
03040000¢ d fruit grove, nursery
03040100 ¢ ( fruit grove | 03040200 ¢  nursery
03050000¢ d vineyards
03??0000¢ d
04000000¢ ( forest
04010000¢ d dense forest 04020000¢c @ open forest
04010100 C d coniferous forest 04020100 C coniferous forest
04010200 C d deciduous forest 04020200 C deciduous forest

04010300 C d mixed forest mixed forest

05000000¢ d unused areas

05010000¢ d fallow land with herbaceous vegetation 05030000¢ ¢ barren land

and / or bushes
05020000¢ d grassland, meadow

05040000 ¢
05?7?0000 C

marsh bog

d
d
d
04020300 C d
d
d
d

161



Soil Sampling Protocol

A ANANANAANANANANAANANANAANAN

Sample numbet

06000000¢ d utilities, waste disposal
06010000¢ d utilities (water, electricity, gas)
06010100 C d power plant, substation
06010200 C d waterworks, water conservation facilities
06010300 C d medical facilities (hospital, nursing home,
old people’s home)
06020000¢ d waste disposal facility
06020100 C d sewage facility
06020101 C d sewage farm, composting
06020200 C d waste incinerator, crematorium
06020300 C  landfill
06020301 C ( building rubble
06020302 C d household waste landfill
06020400 C d recycling, junkyard, etc.
06020500 C d waste heap, landfill
06020600 G ( fill area

06010400 C d underground reservoir
06012200 C d

| 06020102 C d sewage plant

06020303 C d hazardous waste depot
06020304 C d mixed waste landfill

07000000¢ ( leisure and recreation areas
07010000¢ d city forest
07020000¢ d park
07030000¢ d green land
07040000¢ d sport field, playground
07050000¢ d weekend and vacation houses

07060000¢ d allotment garden
07070000¢ d zoo
07080000¢ d camping sites
07090000¢ d cemetery
072?0000¢ d

08000000 d transportation area
08010000¢ ( street, road
08010100 ¢ (@ motorway, freeway
08010200 C d street /road, verge, associated vegetation
08020000¢ ( railroad land
08020100 G ( tram area
08030000¢ d airport
08040000 d port facilities

08010300 C ( parking area

08020200 C d railroad / tram yard

09000000¢ d military

09010000¢ d military exercise area, firing range

09020000¢ d barracks
09030000¢ d airport

09040000¢ d military depot
09050000¢ d border land

AN AN AN

¢) land use at the site

0100 { forest/woods 0600 { bushes, ornamental plants
0200 ¢ agriculture 07004 barren land
03004 fallow land with herbaceous vegetation, heath] 08004{ sediment above or below sealed surface
0400 ¢ meadow,grass, lawn 0900 { vegetation along roads
0500 ¢ pasture, grasdand
1000{ waste

1001 { domestic waste, bulky refuse, waste from stfeet 1004 { rubble

cleaning 1005 ¢ sewage sluge

1002 { slag 1006 { industrial sludge

1003 L ash
1100 orticultural used soll
1200} recent fill

21. Were sample taken for analysis of organic contaminants? -7

1 { vyes

129

no

22. Land user:

23. Remarks (continue on the back side if needed.
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Back cover photograph: Twentyst century
Athens, the capital of Hellas (Z2June 2015).

In the western part of the central green patch is
the Temple of Olympian Zeus; its foundations
were laid down by the popular tyrant Heigatos
in 515 BC, and upon his death in 510 BC the
construction stopped; it restarted in tfec&ntury
BC during the reign of Antiochus IV Epiphanes,
and it again stopped upon his death in 164 BC; it
was finally completed in 129 AD during the reign
of the Roman emperor Publius Aelius Hadrianus
(known as Hadrian or Andrias).

The central part is modern2&entury Athens,
and on the right hand side is LycabstHill with
the 19" century chapel of Saint George.

Thus, in this photograph we see the Athens
urban history from the'®BC to the present time.
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