GEOLOGIJA. 2005. Nr. 50. P. 1-7
© Lietuvos mokslg akademija, 2005

© Lietuvos mokslg akademijos leidykla, 2005

Geochemija = Geochemistry = AaT6e1

Metropolitan areas: the problem of geochemical

background

Natalya N. Moskalenko,
Lev N. Ginzburg

Moskalenko N., Ginzburg L. Metropolitan areas: the problem of geochemical back-
ground. Geologija. Vilnius. 2005. No. 50. P. 1-7. ISSN 1392-110X.

The geochemical background is one of the most important and problematic cri-
teria of environmental geochemistry, especially in highly urbanized territories. The
correct choice of background is the basis for generation of all further envirogeoche-
mical pollution models and restoration measures. A comparison of two approaches
was made on an example of the soil database (—800 samples) for Mar’ino Municipal
District of Moscow Metropolitan Area. Data processing and map generation were
made in the ECOSCAN multi-functional data processing software.

Soil pollution maps generated by ECOSCAN showed completely different geoche-
mical patterns. In the case of regional background application, the whole Mar’ino
district territory was covered by anomalies of chemical elements in the soil. No back-
ground areas were revealed, and a few local baseline areas were contoured. The
application of baseline approach resulted in a completely different, better structured
soil pollution pattern, which gives more information on possible pollution sources and
reveals the baseline areas within the area studied. Besides the baseline areas, tran-
sitional areas from baseline to anomaly-forming state were allocated. We classify
them as areas of unstable baseline conditions. At a given moment of time these
transitional urban ecosystems exist in unstable equilibrium state, and their further
development can follow two ways — either to the baseline or to the anomalous state.

Thus, the application of the baseline approach in envirogeochemical assessment
of highly urbanized territories gives better results in pollution mapping and geoche-
mical data interpretation as compared to the traditional for Russia application of
regional background parameters.
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INTRODUCTION

background is the basis for generation of all further
envirogeochemical pollution models and reclamation

The geochemical background is one of the most im-
portant and problematic criteria in environmental ge-
ochemistry, especially in environmental geochemistry
of highly urbanized territories. The background is pre-
cisely the value used for determination of environ-
mental pollution levels, and a correct choice of the

measures.

The most versatile definition of background con-
centration as an average concentration of a chemical
element within a homogeneous area located outside
evident anomalies was proposed by A. P. Solovov
(ConoBoB u ap., 1990). This definition is similar to
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definitions given in the U. S. Glossary of Geology:
background is “the abundance of an element, or any
chemical property of a naturally occurring material,
in an area in which the concentration is not anoma-
lous” and in Dictionary of Environmental Science
(Dictionary ..., 1991): “concentration found ... due
to natural processes alone ...”.

However, it is quite evident that the “geochemi-
cal” background differs from “environmental” one.
On the one hand, concentrations of chemical ele-
ments in urban environments are always the sum of
two migration factors: natural (landscape geochemi-
cal conditions of particular territories prior to anthro-
pogenic impact) and anthropogenic (impact of pollu-
tion intensity, distance from pollution source, etc.).
On the other hand, from the point of view of explo-
ration geochemistry, the territories potentially pro-
spective for useful minerals are deliberately believed
to be anomalous, but at the same time in environ-
mental geochemistry, prior to the initiation of some
economic activity (e.g., beginning of a detailed sur-
vey of the prospective area accompanied by some
disturbance of the natural substance flow), such ter-
ritories are related to areas of baseline (background)
concentrations of chemical elements.

Two background-related conceptions exist in ap-
plied geochemistry outside Russia: the *“background
concentration” and the “baseline concentration” or
“baseline data”. Baseline data is “... information ac-
cumulated concerning the biological, chemical, and
physical properties of an ecosystem prior to the ini-
tiation of some activity that may result in the pollu-
tion of that ecosystem” (Dictionary ..., 1991). Base-
line concentrations present the existing level of air,
soil, water, etc., quality in an area prior to the initia-
tion of anthropogenic activities.

Thus, the baseline concentrations give the enviro-
geochemical standard of an ecosystem at a given mo-
ment of time and serve as an “environmental back-
ground”, the starting point for the environmental sta-
te assessment of an ecosystem, and the standard for
restoration of polluted areas to their natural baseli-
ne state.

Hence, the conception of baseline concentrations
as the information on biological, chemical, and phy-
sical properties of an ecosystem, prior to the initia-
tion of some activity that may result in the pollution
of that ecosystem, seems to be the most appropriate
for the choice of background in urban and metropo-
litan areas (Mopo3soBa, Mockanenko, 2001).

METHODS

Following the existing uncertainty in the choice of
background, we decided to compare both approa-
ches, both conceptions on the basis of the soil data-
base ([BOO samples) for Mar’ino municipal district,
one of the most polluted areas in Moscow Metropo-

litan Area (BypenkoB u ap., 1997). Sampling of the
soil A -horizon was conducted at a regular sampling
grid, 100 m x 100 m, scale 1:10000. All samples
were analyzed on a wide range of chemical elements
by OESA (BypeukoB u ap., 1997).

The study of regional soil background parameters
in Moscow Region began in IMGRE in 1976. The
test area for background monitoring, the UNESCO
reserve “Lake Glubokoye”, lies to the west of Mos-
cow City. The regional soil background data of Mos-
cow Region and Moscow Metropolitan Area are wi-
dely used currently in the IMGRE researches
(CamaeB u jap., 1999; Coxonos, Acrtpaxan, 1993,
1995), and we used these regional background data
in our comparative study. The baseline values for
Cd were added to a regional background from base-
lines calculated by ECOSCAN.

A comparison of two background conceptions (ba-
seline processed by ECOSCAN and the choice of
background data within the areas outside evident
anomalies, i.e. regional background) was made in
ECOSCAN (data processing and map generation).
The ECOSCAN multi-functional geochemical data
processing software, allowing to reveal and analyze
the structure of a multi-variate geochemical field, was
designed in IMGRE (BypenkoB u ap., 1997).
ECOSCAN determines the background on the base-
line background basis.

RESULTS AND DISCUSSION

The soil database of the Mar’ino municipal district
was processed by the basic ECOSCAN function, E,
which includes two heuristic functions, E. and E,
calculated simultaneously in each grid site. Calcula-
tion of the SCAN function (E) shows the intensity
of concentration values of chemical elements. Isoli-
nes of E_function values contour the elemental be-
havior patterns, i.e. the baseline and various anoma-
lous elemental geochemical fields revealed in the ter-
ritory.

The ECOSCAN system uses a rather simple al-
gorithm for estimation of baseline parameters. Base-
line areas processed by E_ function and plotted by
ECOSCAN are those where the behavior pattern of
chemical elements comprises low concentrations, low
variation coefficients and absence of interdependen-
cy in elemental spatial distribution (no stable asso-
ciations of chemical elements are formed).

The SCAN function (E) has the following speci-
fic features: a) a nonlinear character, due to which
the SCAN function is more sensitive to manifesta-
tions of synchronous increase (or decrease) of mea-
sured parameter values; b) the function doesn’t de-
pend on the number of parameters measured and
analytical methods used (E, can be adjusted to any
kind of analytical methods); c) it allows to classify a
study area by technogenic pollution types (in our



Metropolitan areas: the problem of geochemical background 3

100

— G 230
— G 250
— G 40
— G 100
— G 70
— G 160
— G 200
— G 225

’— Texture
C

Fig. 1. Mar’ino Municipal District of Moscow Metropolitan Area: Integrated Soil Pollution (relative to regional bac-

kground).

A - pollution intensity by SCAN (E,) function values: E,= 3.0-9.5 — transitional from baseline to anomaly-forming state
areas in texture; E, = 9.5-20.0 and 20.0-100.0 in hatching, E, > 100.0 in color intensity within anomalous areas;

B - pollution types by type (E) function: type # 1 - transitional areas; ## 2-9 - pollution types revealed;

C - grayscale palette: texture — transitional areas; G 225..., etc. — colors of pollution types ## 2-9

1 pav. Maskvos Marjino municipalinis rajonas: bendras dirvopemio upterStumas (regioninio fono atpvilgiu).

A - tarSos intensyvumas pagal SCAN (E,) funkcijos reikdmes. Pereinamosios bdklés (id bazinés 4 anomalijas formuojan-
gia) plotai, kai E, = 3,0-9,5, parodyti tekstdra, o intensyvumas anomalinguose plotuose, kai E, = 9,5-20,0 ir 20,0-100,0,

parodytas brikdniavimu, kai E, > 100.0, - spalva;

B - tardos tipai pagal tipg funkcija (E): # 1 tipas — tarpiniai plotai;, ## 2-9 — atskleisti tar3os tipai;

C - pilkos spalvos paleté: tekstlra — tarpiniai plotai; G 225...

case study, the E_ values vary from 9.5 to 100.0 and
>100.0 within polluted areas, and from 3.0 to 9.5
within areas of unstable pollution).

The second heuristic function E_ automatically
classifies the data by paragenetic (typomorphic) ge-
ochemical associations, i.e. reveals the pollution struc-
ture of a territory studied. A type is a spatially stab-
le association of anomalous toxic substances.

Thus, the maps generated by ECOSCAN reflect a
spatial geochemical model of a territory based on the
georeferenced database processing at a given moment
of time.

Soil pollution maps generated by ECOSCAN show
baseline and altered baseline areas by E_ function
(texture colors on maps, respectively, Figs. 1 and 2).
The baseline areas allocated in Mar’ino Municipal
District are characterized by low values of E_ func-
tion (from 0.0 to 3.0), i.e. a low content of chemical
elements and low variation coefficients (Fig. 2).

Soil pollution maps show also anomalous areas
in E_ isolines filled with the color reflecting the pol-
lution type calculated by the TYPE function E,
(grayscale palette, see Figs. 1 and 2). The color pa-
lette depends on the variety of pollution types reve-
aled (E, function values). Hatching types (Fig. 1) or

ir t. t. — ## 2-9 tardos tipg spalvos

Arabic numbers (Fig. 2) indicate the pollution in-
tensity (E, values) within pollution types.

The first conception assumes the choice of back-
ground outside evident anomalies. So we took the
regional soil background values of chemical elements
for Moscow Region and Moscow Metropolitan Area
(CamaeB u gap., 1999; Coxonos, Acrtpaxan, 1993,
1995). The second conception assumes baseline con-
centrations as the background, i.e. as the starting
point for the environmental state assessment of an
urban ecosystem or its components. We processed
the same soil data set in the ECOSCAN system.

Both backgrounds, regional and baseline, proces-
sed by ECOSCAN, are listed in Table. Regional
background values for As, Mn, Ti, Zr, and V are
6.6-1.2 times higher than baselines of these elements
determined by ECOSCAN; this seems rather stran-
ge, especially for As, Ti, and Zr (Table 1). The re-
gional background for Mn as a biophilous element
seems to be correct; it has been established earlier
(Mockanenko, 1989) that urban pollution depresses
Mn balance in plants and soil. The baselines for Ag,
W, and Zn are 10.0-5.0-4.0 times higher, respective-
ly, than the regional background. The baselines for
Mo, Sb, Ni, Cu, Cr, Co, Pb, and Sn are 3.0-1.15
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Fig. 2. Mar’'ino Municipal District of Moscow Metropolitan Area: Integrated Soil Pollution (relative to baselines deter-
mined by ECOSCAN geochemical data processing software).

A — pollution intensity by SCAN (E,) function values: E, = 0.0-3.0 — baseline areas; E, = 3.0-9.5 — transitional from
baseline to anomaly-forming state areas; E, = 9.5-20.0 in color, E, = 20.0-100.0, >100.0 in Arabic numbers (2, 1) -
intensity within anomalous areas;

B - pollution types by type (E,) function: type # 1 — baseline areas for Mar'ino Municipal District; type # 2 -
transitional areas; ## 3 — 12 — pollution types revealed,;

C - grayscale palette: texture — baseline areas; texture — transitional areas; G 240 ...
#H#t 3-12

2 pav. Maskvos Marjino municipalinis rajonas: bendras dirvopemio upterdtumas (bazinio fono atpvilgiu, nustatyto geoche-
minig duomeng apdorojimo programine dranga ECOSCAN).

A - tarSos intensyvumas pagal SCAN (E,) funkcijos reikSmes: E, = 0,0-3,0 — baziniai plotai; E, = 3,0-9,5 - pereina-
mosios (id bazinés 4 anomalijas formuojaneid) blklés plotai; intensyvumas anomalinguose plotuose parodytas spalva, kai
E, = 9,5-20,0, o kai E, = 20,0-100,0 ir >100,0, — dar ir arabidkais skaieiais (2, 1);

B — tardos tipai pagal tipg funkcija (E,): # 1 tipas — Marjino municipalinio rajono baziniai plotai; # 2 tipas — tarpiniai

black — colors of pollution types

plotai; ## 3-12 — atskleisti tarSos tipai;

C — pilkos spalvos paleté: tekst(ra — baziniai plotai; tekstdra — tarpiniai plotai; G 240 ...

times higher than the regional background values
(Table 1). We think that enhanced contents of these
elements — indicators of urban soil pollution are ty-
pical of urban ecosystems (in comparison with juve-
nile natural conditions).

Soil pollution maps generated by ECOSCAN
showed completely different geochemical patterns of
the same territory (Mar’'ino Municipal District of
Moscow).

In the case of regional background application we
obtained a picture of total and stable pollution of the
whole Mari'no Municipal District by four major para-
genetic associations of chemical elements (Fig. 1). Three
of them cover the whole territory of the Mari'no di-
strict, and the forth one lies along the railroad
(Fig. 1). Pollution type # 6 shown in G 100 color -
Ag,, . Zn,, W, Cd,, (Sn, Cu, Ni, Cr, Pb),, .. M
(Co, Bi),, has a hlgh pollution intensity (Es values

! Ag,, ., Zn,., etc. — background-normalized contents of
chemical elements (concentration coefficients).

juoda — ## 3-12 tardos tipg spalvos

from 20 to 100 and higher). Some anomalies within
this type have a lower pollution intensity. Pollution types
# 5 shown in G 70 color - Ag,,, Zn,, Ni,, W,, Cu,
(Pb, Cr, Mo) ,CoCd,, and # 4 (G 160 color)

Agz7sN|180 (Cu Cr)ss—sz (CO M0)37 35 30
Sn,, Cd, ; have the same intensity pattern The railroad
poIIutlon type (# 7) shown in G 40 color was outllned
in the SW part of the Mar’ino District: Ni,,, Cr,  (Co,
Cu),, s, Four pollution types (## 2, 3, 8, and 9) have
a local distribution character.

No background areas within the Mar’ino district
were revealed, and a few baselines were found (type
#1, texture color, see Fig. 1).

Application of baseline approach showed another
soil pollution pattern, which is far better structured,
gives more information on possible pollution sour-
ces, and reveals the baseline areas within the area
studied. Five major paragenetic associations of che-
mical elements were found, and these pollution types
have different spatial distribution peculiarities

(Fig. 2).

36—32
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Table. Background values of chemical elements in Moscow Metropolitan Area
Lentelé. Cheminig elementg foninés reikdomés Maskvos aglomeracijoje

Chemical element Concentration of chemical elements, ppm Ratios
Cheminis elementas Cheminig elementg koncentracija ppm Santykiai
Regional background (a) Baselines for Mar’ino alb b/a
Regioninis fonas (a) Municipal District (b)
Marjino municipalinio rajono
bazinis fonas (b)

Cu 27.0 50.0 0.54 1.85
Zn 50.0 200.0 0.25 4.0
Pb 26.0 40.0 0.65 1.54
Ni 20.0 40.0 0.5 2.0
Co 7.2 12.0 0.6 1.67
Cd 101? 1.0 1.0 1.0
Cr 46.0 80.0 0.58 1.74
\Y 83.0 70.0 1.2 0.84
Mo 1.0 3.0 0.33 3.0
Ag 0.06 0.6 0.1 10.0
Mn 1260 600.0 21 0.48
As 6.6 1.0 6.6 0.15
Sh 2.0 5.0 0.4 25
W 1.0 5.0 0.2 5.0
Sn 5.2 6.0 0.87 1.15
Bi 1.0 1.0 1.0 1.0
Ti 6000.0 3500.0 1.71 0.58
Be 1.0 1.0 1.0 1.0
Zr 420.0 300.0 14 0.71

! Regional background for Cd was not determined, and the baseline Cd content was used.
! Regioninis Cd fonas nebuvo nustatytas, buvo panaudotas bazinis Cd kiekis.

Pollution type # 7 (G 137 color) is widely spread
over the Mar’ino District territory: Cd, > Ag,,, Sn,,
(Cr, Ni, Zn, Cu, Bi),,,, Pb,,. Pollution types #11
(G 50 color) — Pb,, Cu,, Sn,. (Ni, Zn), ., (Ag, Cr,
Mn), .. #12 (black color) - Pb,, Ag., Cd,, (Sn,
Cu, Ni, Zn),,,,Cr ., and #10 (G 253 color) - Ag,,
Sn,. (Ni, Zn, Cu),,,, (Pb, Cr) . have local distribu-
tion patterns. Some local pollution types are charac-
terized by Cd (# 3) and Be accumulation (# 3 and
8, see Fig. 2). The railroad-specific paragenetic asso-
ciation of chemical elements (pollution type # 6, G
160 color) stretches along the railroad cutting the who-
le Mar’ino District territory from NE to SW: Ni,
Cr4.1 (CU, CO)3.9-3.7'

Baseline areas were allocated mostly in the S, E and
NE of Mar'ino District territory (Fig. 2: baseline type
#1, texture color). Besides the baseline areas, transitio-
nal areas from baseline state to anomaly-forming state
were found (Fig. 2: type # 2, texture color). These tran-
sitional areas are spread in the SW, W, NW, and NE of
Mar’ino District. Local areas occur over the other part
of its territory. We classify these transitional areas as
areas of unstable or fluctuating pollution, i.e. areas of

2 Cd,,,, etc. — baseline-normalized contents of chemical

elements (concentration coefficients).

unstable baseline conditions. It means that at a given
moment of time these transitional urban ecosystems exist
in a state of unstable equilibrium. Depending on the
situation their further development can take one of the
two ways either to baseline or to anomalous state.

The study of physical-chemical and microbiologi-
cal parameters in the soil conducted by Lev Ginz-
burg et al., 1997, proved the thesis of unstable equi-
librium state of transitional areas. The soil in these
areas showed the first signs of degradation and to-
xicity (bypenkoB u np., 1997).

The transitional areas require the most urgent
nature protection measures due to their unstable sta-
tus and quite possible chances to rescue them from
pollution. The faster the soil recultivation measures
would be undertaken, the more chances to improve
the soil quality and bring the transitional areas back
to the baseline state.

CONCLUSION

Thus, our small study and efforts in understanding
the urban baselines showed that application of the
baseline approach in envirogeochemical assessment
of highly urbanized territories gives better results in
pollution mapping and geochemical data interpreta-
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tion, in comparison with the traditional for Russia
application of regional background parameters.

The baseline concentrations of chemical elements
give the envirogeochemical standard of an ecosystem
at a given moment of time. Baselines serve as an
“environmental background”, the starting point for
the environmental state assessment of urban ecosys-
tems and a standard for restoration of polluted are-
as, and especially of unstable equilibrium (transitio-
nal) areas, to their baseline state.

The outlook, quality, and objectiveness of any en-
virogeochemical map depend essentially on the correct
approach to the definition and choice of a background.
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MIEST@ AGLOMERACIJOS GEOCHEMINIO FONO
PROBLEMA

Santrauka
Geocheminio fono reikdmés yra vienas svarbiausig ir pro-
blemidkiausig aplinkos geochemijos kriterijg, ypaé itin ur-

banizuotose teritorijose. Teisingas foninig reikdmig parin-
kimas yra visg aplinkos geocheminés tardos modelig, taip
pat aplinkos bdklés atstatymo priemonig pagrindas. Pasi-
telkus dirvopemig geocheminig tyrimg Marjino rajone, pri-
klausaneiame Maskvos aglomeracijai, duomeng baza (800
méginig), buvo palyginti du popidriai & fonines reikdmes.
Duomenys apdoroti ir pemélapiai sudaryti duomeng apdo-
rojimo daugiafunkcine programine éranga ECOSCAN.

Dirvopemio upterstumo pemélapiai, sudaryti su ECOSCAN,
atskleidé visidkai skirtingus geocheminius vaizdus. Taikant re-
gionines fonines reikdmes, visa Marjino rajono teritorija pa-
dengé cheminig elementg kiekig dirvobemyje anomalijos. Ne-
aptikta jokig foninig plotg, tik apibrépti vietinio bazinio fo-
no kelig teritorijg kontOrai. Taikant bazines fonines reikdmes,
gautas visidkai kitoks geresnés strukt(ros dirvopemio upterd-
tumo vaizdas, kuris suteikia daugiau informacijos apie gali-
mus tardos daltinius ir atskleidpia tiriamoje teritorijoje bazi-
nio fono plotus. Be jg, lokalizuoti ir pereinamieji plotai — id
bazinio fono link anomalijg. Mes juos laikome nestabilig ap-
linkosaugos salygg plotais. Dabartiniu metu dios pereinamo-
sios miesto ekosistemos yra nestabilios pusiausvyros, o jg to-
limesné raida galima link bazinés arba link anomalinés ba-
Senos.

Taigi bazinio fono taikymas itin urbanizuotg teritorijg ap-
linkos geocheminiams dvertinimams, kartografuojant upterd-
tuma ir interpretuojant duomenis, nulemia geresnius rezul-
tatus, negu tradicinis Rusijoje regioninig foninig reikdmig
panaudojimas.
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