Review of the Use of Bioindication Method for Appraisal of the
State of Urban Soilsin Two Areas of Saint Peter sburg, Russa

K. A. Gyekye
Department of Geography and Resource Developmefl, Box LG 59, Legon, Ghana

Abstract

The paper examines the use of culturé®afamecium caudaturfinfusoria) as an indicator to determine soil tityiof urban
soils within the areas of Vsileostrovsky and Ela@istrovin St Petersburg, Russia. The results of the studgatet that urban
soils of Vasileostrovsky were toxic; index of smikicity (T) ranged within the limits of 0.27—-0.7Results of tested soils from
Elagin Ostrov showed a significant negative indésal toxicity, which ranged from —0.86 to —1.2fecified that soils were
not toxic. Comparing results from this study to 8tedy conducted on ecological zoning of Vasilenatky, on the basis of
green plants reaction to complex pollutants, showeétk disparities between the two bioindication rmaghes, which was
attributed to specific biological characteristidsspecies tolerance (test organisms) and theildeofsensitivity to complex
ecological factors. In view of the growing needcinserve soils in urban areas the investigatioriclwhsed paramecium
caudatum as bioindicator to detect soil toxicityll promote monitoring of state of soils in develog cities.

Introduction

It is generally acknowledged that urbanization setdtransformation of natural landscapes and diama
changes in the state of natural resources suchater,wsoils, vegetation, atmospheric air and clignat
conditions. In place of natural soils, specificlsotalled urban soils (urbic), are formed (Kupden
1977; Osimov & Perelman, 1995; Dobrovolsky, 1997)cated in a semi-marshy environment, the
development of St Petersburg has resulted in sufidtahanges of its natural resources. A changbén
state of natural resources of the urban environmeite often creates critical ecological situatibe
state of which can be assessed and monitored hysthef physical, chemical and biological methods.

The ecological status of St Petershurg has beenalflgsassociated with automobile and industrial
emissions (Baeva, 1995). Several studies carriécbouthe ecological state of St Petersburg on such
components such as sails, air pollution, heavy lmepdants and macrobenthic invertebrates by phj;sic
chemical and biological methods revealed not oahjosis ecological threats but also wide disparities
research results (Andreiva & Baeva, 1995, 1996,812®00, 2002; Terekhina, 1998; Ufimtseva &
Terekhina, 2000).

The disparities of research results obtained orettidogical state of various sections of urban sarea
within St Petersburg, for example, Vasileostrovfikig. 2) create ambiguity about the ecologicalestt
the city and, thus, makes it difficult to take ammiate decisions on monitoring of urban natural
resources. Such circumstances specified the neeview the ecological state of sections of St
Petersburg by using bioindication method (in thigdg, by usingParameciumcaudatum as means of
verifying such disparities. The use PBrameciumcaudatum(chemotaxis infusoria) as a test-object has
the potential to determine the presence of toxiifty substance in the environment (Soldo & Ma72;
Berket al, 1978, Belichinskay&000).

It is considered that one of the reliable methoals dssessing the ecological state of the urban
environment is the use of bioindicators. Bioindicat react to data and complex information on
environmental conditions and, thus, provide a #@gessment on the ecological state of the envinatame
It also forms the basis of adopting preventive messand for selecting more reliable methods fahér
research into the natural components of the urlmarament (Rolya, 1990; Ufimtseva & Terekhin,
1996). However, it is far from being always truattltonclusions made on the basis of bioindication
results reflect the true environmental situationtbe ground(Alekseevet al., 2002; Alimovaet al.,
1999).

The widely use of bioindicators to assess the cerpgitate of the natural environment and for
determining specific problems related to monitoriofy the environment justify the need to adopt
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bioindication methods for this resear@eliverstov, 1994; Pozhar@t al., 1998; Ufimtseva & Terekhin
2000; Chibrik, 2001). Such approaches have thetegeaalue in their application to the studying of
larger cities (for example, Saint Petersburg witlpapulation of about 4 million), where there are
environmental degradation caused by human develosnsech as industrial activities and transport.

As part of the review strategy and to help compeselts, two quite distinct areas within St Petergb
were selected for the study; these were Vasileastsoand Elagin Ostrov. Apparently, the two chosen
study areas differ from each other in terms of nh&ure of ecological characteristics and the |@fel
human impacts on the environment. Located nearth® central part of St Petersburg city,
Vasileostrovsky faces increasing ecological threlats to its high population and the attendant riegat
human impacts as compare to Elaging Ostrov, siualbeut 3 km from the center of St Petersburg, and
functions as a recreational zone. Generally, thir@mmental problems, as stated above, requirdleéta
and comprehensive review of the ecological stati&t.dPetersburg to asses the extent of negatinehu
impacts, and to provide the requisite data to entid#d monitoring of anthropogenic impacts over time

The paper reviews the use of bioindication methwdHte appraisal of the state of urban soils and to
provide a basis for sustainable urban soils managenihe specific objectives of the study werei}o (
examine the presence and level of soil toxicityiban soils by usin@aramecium caudaturfinfusoria)
as an indicator, (i) compare the results of thelgto the results of previous findings by othesel@chers
using bioindication methods to assess soil toxigit}in the selected study area, and (iii) provédeetter
understanding of the disparity nature of the egicll zoning of Vasileostrovsky and to come outhwit
appropriate recommendation for sustainable manageoh@rban soils.

Materialsand methods
Study area
The study covered two areas, namely VasileostroaskiElagin Ostrov, all located within St Petergbur
(Fig.1 and 2). Even though the two study areadairky close to each other, they are quiet distiinocin
each other in terms of land use pattern: Vasitewsky is an administrative unit of St Petersbung &
characterized by settlements, commercial and lighistrial activities. Elagin Ostrov, sited abous Bm
north of Vasileostrovsky, serves exclusively ageergational zone. The differences in land use atte
and the availability of data made it convenientsébect Elagin Ostrov and Vasileostrovsky as model
territories to carry out a comparative study on seale of human influence on these two apparently
different environments.
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Fig 2. Map of St. Petersburg showing the two staidyas of Vasileostrovsky and Elagin Ostrov

The methodology involved an evaluation of literaton selected bioindicators, reviewed of data from
previous researchers on physical and chemical cfeistics of various components of the urban
environ-ment, which forms the baseline informationthe study. The field work involved examininggth
characteristics of natural and anthropogenic factbat are likely to influence the character ofaurb
environment and research results. These includaehivassessment of selected study sites to degermin
the nature of land use, relief, drainage charasttesiand vegetative cover. Information on the abeas

used to specify sampling sites.
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Soil sampling sites

Soil samples from Vasileostrovsky were obtaineanfimad sides and some distance away from the
roads, industrial fringes, parks and gardens, atttement areas. Such carefully planned selectias tw
help determine the pattern and the character dhdisator’'s reaction to different points of landeus
Sampled points included those points which have Ipeeviously investigated by other researchers such
as Terekhina (1998) and Ufimseva & Terekhina (2Q@g express methods of plant-indication. Within
Elagin, soil samples were taken from different emwinent —road edges, areas burdened with recrahtion
activities, slopes, footpaths and flat plains.

Total number of sampled points was 22. Eighteerpsssrwere taken from Vasileostrovsky and only
four from Elagin Ostrov. The difference in numbefsampled points was due to not only the diffeeenc
in size between the two study areas but also tamipkes taken from Elgin Ostrov were used as a
comparative measure with samples taken from Vastileesky. Sampled soils were taken with the aid of
stainless tool known as sheath Dutch anger. Sagplapth was 0-20 cm which is considered as the
active biological zone and acts as barrier to aphesc pollutants on deeper soils (Gaborvskatyal.,
2001). Samples were kept in labeled polyethylemys laamd stored under laboratory conditions.

To determine the presence and level of soil toxiditioindication method based on chemotaxis
reaction ofParamecium caudatuifinfusoria) was used (Soldo & Merlin, 1972; Bextkal, 1985; Gills &
Roger, 2002). For assessing soil toxicity, 5% s$otutof polyvinyl alcohol (PVA) was prepared by
boiling 0.05 g PVA in 0.95 ml distilled water. Asible boundary between two separate zones in a
photometric ditch was created by adding 1.32 mlL@¥ solution of eosin indicator to the prepared
solution of PVA. To the photometric ditch was ad@@ ml of extracted soil solution on the layetttud
mixed PVA and eosin, and pure culture of infusoria

The boundary section between the two liquid envitents does not interfere with the free movement
of infusoria. Simultaneously, control experimentsw@nducted in Lozina Lozinsky (LL) medium by
using copper salt solution. Both test soils androbtest, in separate photometric ditches, weaeqd in
a Biotester Time for an exposition was 15 min. During thigipé infusoria were distributed in the
following ways: if the tested soil solution is todnfusoria remain at the bottom of the ditch. @e tther
hand, if tested soil solution is clean infusoriave@owards the surface (Soldo & Merlin, 1972). Gont
value for each sampled soil was measured andcim @se, a value of 38.86 was recorded with thg onl
exception of sample point 30, in which case, anerdivo consecutive measurements, a control vdlue o
27.40 was recorded. There was no immediate acdoumtrriving at this figure, therefore, investigati
into the physical and chemical properties of the@ad soil, and operation of the biotester was neegh
necessary.

At the end of the experiment, the index of toxicdky expressed by Beet al., (1985) was calculated
under the formula:

T = (Icontr - lexp): Icont.
where:T refers to index of toxicitylcontr — Biotester readings for control tekxp — Biotester readings
for sampled soil test;

Resultsand discussion
Results of tested soils from Elagin Ostrov, basedmw estimation of reaction of infusoria indicatbdt
sampled soils were not toxic; this is indicatedthy significant negative index of soil toxicity, igh
ranged from —0.86 to —1.26, as shown in Table N darileostrovsky, the degree of soil toxicity varie
significantly from one section of the city to théher. Results indicated that soils from the wesgemt of
Vasileostrovsky (considered to be the youngest imréarms of development) were not toxic, registgri
index of soil toxicity of less than zero (T < 0:.58, -0.76, —0.21). The degree of soil toxicity foe rest
of Vasileostrovsky varied within the range of —010.77. Such a wide variation in toxicity values
indicated the heterogeneous nature of urban Sdiks.most toxic soils were found in the southerrisec
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of central Vasileostrovsky Island and in the eastart; within these areas index of soil toxicianged
from 0.50 to 0.81, which corresponds to the rarfgexic and strongly toxic, respectfully (Table 2).

TABLE 1
Biotest results showing index of soil toxicity #tetent points of Elagin Ostrov by method of crdtRaramecium caudatum
(infusoria)
Sampling points Biotester readings for Biotest=dings for Index of soil toxicity (T)
control test sampled soil test (I exp.)
46 38.86 72.70 -0.86
51 38.86 88.50 -1.28
61 38.86 71.69 -0.84
69 38.86 98.72 -1.54

T <0 - non-toxic; 0 < T < 0.25 - weakly toxic; 0.29 <0.5 - moderately toxic; 0.5 <T <0.75 - toxi6,75 <T <1.0 - strongly
toxic. (Source: Soldo & Merlin, 1972; Begk al.,1985)

TABLE 2
Index of soil toxicity at different points in Vasiktrovsky by method of cultUParamecium caudatum (infusoria)

Sampling points Biotester readings for Biotesterdiags for Index of toxicity (T)
control test sampled soil test (I exp.)
2 38.86 59.56 -0.53 5
38.86 68.30 -0.76
7 38.86 46.90 -0.21 11
38.86 21.42 0.45
12 38.86 72.29 -0.86
13 38.86 78.40 1.02
14 38.86 7.20 -0.81
15 38.86 19.43 0.50
16 38.86 11.67 0.70
17 38.86 14.9 0.63
18 38.86 19.00 0.51
20 38.86 10.40 0.73
21 38.86 13.90 0.64
22 38.86 125.00 -2.22
25 38.86 34.00 0.13
26 38.86 260.80 -5.71
27 38.86 36.83 0.05
30 27.40 6.30 0.77

T <0 - non-toxic; 0 <T <0.25 - weakly toxic; 0.25 <0.5 - moderately toxic; 0.5 <T <0.75 - toxic75.<T <1.0 - strongly toxic
(Source: Soldo & Merlin, 1972; Bes al.,1985)

Many factors have been linked to such high toxiele such as high density of vehicular movements,
industrial activities that are located closely hede study points, and the presence of heavy métals
example, according to Andrei al. (1998), total concentration of heavy metals (TcHM}¥oils made
up of Pb, Cu, Mg and Zn in most part of central idastrovsky ranged within TcHM.32-128, which is
measured as dangerous, whilst in the easterntptat concentration of Pb, Cu, Mg and Zn was fotmd
be in the range of TcHM 128-132, and it is congEdas extremely dangerous by Russia standard. Such
high concentra-tions of heavy metals above regipeahissible levels in soils (TcHM < 32) frequently
inhibit the normal functioning of soil ecosystemdahave lethal effects on biological activities
(Dobrovolsky, 1997; Feodorov, 2002).
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Similar studies confirmed wide variations in phgsithemical parameters. For example, phevalue
for Vasileostrovsky ranged within 4.7-8.1, whils##Cand Md* ranged within 2.4-28.1 m.eq/100 g of
soil and for total basic cation exchange, 12-48 /a@@® g of soil (Movcharet al, 1997). Various
investigations have also confirmed significant etation betweempH and parameters of biological
activities of soils (Dobrovolsky & Nikitin, 198@abjeva & Zenov, 1989lovchanet al., 1997). Such
significant variations in physico-chemical charaistics of the study area might have accountedter
wide differences in infusorian’s reaction to saillptants and, for that matter, the variationshia tevels
of soil toxicity. However, the study did not revealy direct relationship between site-specific étioals
such as the level giH, organic contents, €aand Md, etc. and levels of soil toxicity. This explains the
fact that the level of soil toxicity may depend oomplex environmental factors and not just on few
selected parameters.

Generally, low index of soil toxicity (0-0.25) wexbserved, mostly in settlement areas and areas
outside high traffic density zones. There was nmddiate explanation to account for such pattern of
distribution. Even though high values of toxiclsaiiere observed mainly in the south-western [aest,
shown in Fig. 3, low levels of soil toxicity werésa noted. Thus, it was observed that areas wgh boil
toxicity level, with an average value of 0.75 (tlissgenerally found between the south-western and
eastern parts), also recorded low values of tgxreihging from 0 to 0.50. Similarly, in the nortlestern
part, both non toxic and moderately toxic soilsevercorded. Such anomalies in the distributionepatt
might be due to site specific conditions, whicH &l further investigation into such anomalies.

It can be said from the results obtained that tifi@énce of territorial heterogeneity of urban sah
the level of soil toxicity was clearly noted, toxgoils varied from non-toxic, weakly toxic to modtsly
toxic soils (Fig. 3). Thus, a careful assessmenirb&n soils based on method of chemotaxis infasori
revealed territorial differences in terms of thelify components of urban environment from the poin
view of essential conditions necessary for hetespkte nature of living organisms. Again, it is netsting
to note the reaction of infusoria from the varidasted soils taken from Vasileostrovsky. Withinsthi
territory, the reaction of infusoria indicated thasted soils were toxic, particularly in the see#istern
portions of the central part and to the easterhgiarasiloestrovsky, whilst the western and a tgepart
of eastern Vasileostrovsky and Elagin revealed sbds were not toxic. Such wide variations in bgit
results could be explained as specific biologitedracteristics of species tolerance (test orgarisms
levels of sensitivity to different environmental nelitions. Com-paratively, results obtained for all
analysed soils sampled from different section aigitl recoded negative values and showed insignifica
variation.
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Fig.3. Map of Vasileostrovsky showing Index of goiticity

On the whole, it can be argued that soils in Eldgiand were more favourable for living organisms
than soils in Vasileostrovsky area; the former wstrikely due to insigni-ficant human impacts twe t
environment and effects of landscape gardeningcgerarried out in Elagin to improve soil condito
(Mets et al., 1989). A compara-tive analysis of the resultshig study on biotest submitted above with
information on ecological zoning of Vasileostrovsgkyg. 4), which was carried out on the basis efegr
plants (bioindication) reaction to complex envir@mtal conditions (Terekhina, 1998), showed wide
disparities between the two results. It was obskri@ example, that zones considered to be ofdsgh
ecological risk according to Terekhina (1998) (Whiacluded sites investigated by this study) were
classified as toxic according RBarameciumreaction to soils from these zones. However, ireotreas
zoned as unsatisfactory, soil toxicity ranged froom toxic, weak toxic (0—25) to strong toxic (0.153).
Besides, tested urban soils, taken from a greatergh areas classified as ecologically risk zonesse
found to be non-toxic by the resultsRdrameciuncaudatum
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Fig 4 Risk Map of the ecological zones of Vasileostrovsky (by Terekhina)
Conclusion

The study demonstrated thRrameciumcaudatumwas capable of registering the presence of toxic
pollutants in soils. Soils tested from Elagin welassified as not toxic as compared to Vasileoskpy
where soil toxicity ranged from non-toxic to straiogic. The results revealed influence of heteregers
nature of urban environment on the level of sailgidity and this cor-relates with land use pattern.
Parameciumcaudatumwas found to be, generally, more sensitive tosstilat are highly under
anthropogenic pressure which suggested the nestbftP. caudatunfor monitoring urban environment
which is always under anthropogenic pressure. Rielfig two or more indicators should be used to
assess the presence of toxic substances in sails.would help one to draw a comparative measure
between different species reaction to pollutanisrban soils.

On the basis of this research results, it can loktlat the ecological zoning of Vasileostrovskytba
results of bioindication reflects not so much arhteogenic impacts (in the first place, chemicalyiiin
as it is most often considered), but are as atrefubmplex ecological factors. To determine tiead of
soil toxicity, it is recommended that the study w@dobe carried out on regular basis and its scope
extended. This would provide more detail informatiemt only on the level of toxicity in soils busalto
determine the character of indicators reaction iffergént environmental conditions. Appropriate and
efficient land use mechanism is recommended to cedhe level of anthropogenic emissions of
pollutants into urban environment.
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