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Microorganisms as Indicators of Soil Pollution with
Heavy Metals
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Abstract: Since indication geobotany and indication biolbgye not succeeded
to identify microorganisms for early indication ebil pollution yet, microbiological
indication has been approached differently - amadysiagnostic signs of isolated levels
of soil pollution with heavy metals. In this reganthe distribution occurring in the
amylolytic microbial community under the effect thie anthropogenic soil loading and
particular indicators of biochemical activity of ilsanicroorganisms (nitrogen fixing
activities) should be analysed when studying resesnof higher plants and the
occurrence of microorganisms, which are resistasbtl pollution with heavy metals.
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Introduction

Environmental pollution with heavy metals is a glblssue. It is present
everywhere, though to different degrees, and igifipdo certain parts of the
biogeosphere (Djukic, 1992; Djukic et al., 19965k, 1997). The environment is
polluted by numerous organic and inorganic compsuhedavy metals in particular.
Living organisms are not able to prepare and adgptly to a sudden and huge
environmental load with different toxic substanae®] therefore, the accumulation
of certain elements, especially of heavy metalf witinly toxic effect, can cause
undesirable changes in the biosphere with unfoabdeeonsequences (Djukic and
Mandic, 2000a).

With this and the pronounced cumulative soil cagyaédr different
kinds of xenobiotics in mind, we have consideregkeity appropriate to examine
the possibility of microbiological indication of s@ollution with heavy metals.
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Microbiological indication of soil pollution with h eavy metals

An important activity in environmental preservatigrsearching for and
establishing necessary criteria and manners ofpadilition indication. Efforts
of microbiological indications of soil pollution eraccompanied by serious
difficulties. Traditional soil microbiology methodsannot provide successful
early indication. On the one hand, the difficulsya masking effect of dormant
microorganisms, which survive in the soil for adotime, and on the other —
considerable fluctuations in the number and biodbalmactivity of specific
systematic groups of microorganisms. Numerous &fféo detect indicator
microorganisms have not resulted in a common swiut the problem. Without
disputing the cause-and-effect links between pafitieffects and changes in the
microbial soil system (Djukic, 1992; Djukic et d@996), it should be borne in mind
that alterations at low and medium pollution lewell refer to different groups of
microorganisms (graphs 1, 2, 3, 4). Moreover, patits differing in the effect they
produce can cause analogous changes. This makeddipretation of the results
obtained very difficult and detection of indicatoicroorganisms for early indication
of sail pollution pointless. It should be emphadigieat a borderline discipline —
indication geobotany, also, has not had great sadnehis sense. Indication biology
as well is still at the "preindication” developmestage (Mjalo, Gorjainova, 1980;
Mirkin, 1985).
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Fig. 1. Effect of diverse Pb concentrations ortatel number of bacteria (¥g absolutely
dry soil), number of fungi and actinomycetes’(16 absolutely dry soil} Djukcer al, 1996.

Isolated levels of soil pollution with heavy metalsd their diagnostic
signs enable a different approach to the microlgickd indication issue.

The provisionality of the boundary between a nomtaminated soil and
soil with low pollution level, as well as a sigiint variability in micro-biological
indicators prevent performance of microbiologicatlication of low pollution
level. In that case chemical analysis should bewate for the purpose since it is
incomparably simpler to carry out and the concéomaof heavy metals in the
studied soil can be determined with certaintyhtiidd be borne in mind here that
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nominal values of basic concentrations (which arigue for all soils) are relative
(Zirin et al., 1985), due to which basic conceirat of heavy metals chara-
cteristic of concrete soil-geochemical entity (®)ahould be considered.
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Fig. 2. Effect of diverse Cu concentrations orttttal number of bacteria (g absolutely
dry soil), number of fungi and actinomycetes’(1§ absolutely dry soif) Djukic er a/., 1996.
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Fig. 3. Effect of diverse Cd concentrations oritttal number of bacteria (1Qg absolutely
dry soil), number of fungi and actinomycetes’(16 absolutely dry soi) Djukic et al., 1996.
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Fig. 4. Effect of diverseHg concentrations on thaltnumber of bacteria (¥@g absolutely
dry soil), number of fungi and actinomycetes’(16 absolutely dry soi) Djukic et al., 1996.

When the concentration of heavy metals in theisaibove their basic level
it is possible to make a distinction between namtanminated soils and the ones with
a low pollution level. However, using this trait,i$ not possible to determine the
boundary between the low pollution level and thextphemedium level.
Microbiological indicators are the most approprife indication of this pollution
level because at a medium pollution level therauochanges in the composition of
the soil microbial community which have adversee@f (Djukic and Mandic,
2000b; Mandic et al., 2002). As seen from the aimlgf diagnostic traits of this
level, the occurrence of negative properties insttikis directly associated with the
distribution of activities of special components ihe complex of soil
microorganisms. For example, the proportion of legip chromogenic forms of
microorganisms and the amount of toxinogenic mig@tes are increased in the
soil. Owing to this, the redistribution of activeicnmorganisms according to the
domination degree can be justifiably consideredaadasic property of pre-
pathological stage of soil microbial communitythis respect, and for the purpose of
indication, a factor of redistribution in any grogb microorganisms should be
determined, with the redistribution being direcligked to the polluter effect.
However, there are still no commonly accepted neithvehich should provide direct
determination of the fact. Direct methods use toad taxonomic categories, and the
masking effect of dead forms of microorganisms éiadthe application of the
method of introduction into nutritive media. Evidgna complex of indicators,
including every possible change in the soil mia@bbbommunity, cannot be used for
indication, but a simple test is required which ldatlearly (synonymously) point to
the link between the anthropogenic load and miofobical reaction. In our opinion,
the simplest test is the response of initiated alytj¢ microbial community to soil
pollution. Redistribution in the amylolytic micraticommunity under the effect of
the anthropogenic load can be easily identifiethlioratory conditions. Changes in
the composition of other groups of soil microorgams are likely to happen in the
similar way, as confirmed by the example of celidio initiated microbial
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community (Kurakov, 1983; Djukic and Mandic, 199¥his can be used to propose
a manner of indication of soil pollution with heametals, which is based on the
introduction of pollutants into the soil at theeratlentical to the doubled conce-
ntration characteristic of the homeostasis zone.

The introduction of this rate into the non-contaatéd soil causes the
redistribution according to the degree of domimatiaf microorganisms of
initiated community. If this should happen, it wdwhean that the studied soil is
unpolluted or that it has a low pollution level.tHe soil is characterised by
medium pollution level, additional introduction tife mentioned rate does not
necessarily lead to described changes, becauséhtiveyalready taken place in
field conditions. The proposed manner of the mimialgical indication of soil
pollution is rather simple to perform and suitafdewider use. First, it does not
necessarily need control samples, because ther® isomparison between
absolute but rather between relative differenceshen feedback of microbial
community to the additional introduction of the lptdnt. Samples of unpolluted
soil of equal type can be used as the control. i8Hgpthe performance of such
indication does not require a too experienced miganism systematist. In
microbial community dominant forms with clear moopdgical properties
should be differentiated, but their species idadtfon is not needed. In other
words, for certain purposes, morphological typehjctv will be most likely
presented to different species can be used. Asyafillustration, the results of
the vegetation trial with the introduction into tkeil of mercury compounds
with different solubility degrees can be used. bgradditional introduction of
mercury (at the rate of 4 mg/kg soil) in the forfnndric acid salts (the size of
the homeostasis zone for the compound is 2 mghkg) the soil previously
polluted with the same mercury compound, the retigion of dominant
microorganisms of the initiated microbial communitycurs only in the control
variant of the soil (graph 5). In all other varignduring additional introduction
of pollutant, the redistribution does not occurcdngse it occurred earlier. Based
on this, the variants mentioned are classified adiam pollution level. In an
analogous experiment (graph 6), where at the bawginma poorly soluble
mercury sulfide (the size of the homeostasis zon¢hie compound is 10 mg/kg)
is introduced into the soil, followed by the menrcgalt of nitric acid (at the rate
of 4 mg/kg), the redistribution occurs in the cohtand in the variant where
mercury is introduced at the rate of 10 mg/kg (e form of sulfide). That
variant can be classified as a variant with lowlyd@n level, and the other ones
— as medium pollution level.

The manner proposed, including organisation, thposition of initiated
microbial community and redistribution of communityembers, according to the
domination degree, can be accepted as a basisdfoation of medium level of soil
pollution with heavy metals. Evidently, as an dddal indication trait, changes in
special indicators of biochemical activity of spiicroorganisms can be used, for
example, the nitrogen fixing activity, and partanly the change in its variability.
When describing the response of soil microbial comity to the medium pollution
level, changes with negative aspect should beatetic such as a reduction in the
abundance of species and in the diversity of coxepleof soil microorganisms,
domination of toxinogenic micromycetes etc. Fortdnse, in the trials already
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described, where mercury concentration in the exieeds 50 mg/kg (which is
considerably higher than its basic content in th#),sthe composition of the
amylolytic microbial community is dominated by toegenic microorganisms —
Penicillium furiculosum(graph 5) andP. vermiculatum(graph 5, 6). Their high
phytotoxic activity is determined as follows. Thed of the test plant — garden cress
(Lepidium sativun is spread over the surface of the soil plate, revhihe
microorganisms mentioned have developed. The silh wdentical mercury
concentrations is used as a control, but initiatimlgstrate (starch) is not introduced
and therefore active development of microorganidoes not ensue. Therefore the
seed spread over the surface of the starch plateremb by mycelium does not
germinate, whereas 50-80% of seed spread on theitsmiut microbial growth does.
In this case, a medium level of soil pollution witkercury with the domination of
toxinogenic microorganisms can be recorded.
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Fig. 5. Change of predominant composition of angitomicrobial community of podzol soil
as a response to additional incorporation of mgrelg(NOs), - 4 mg/kg soil: 1-original
community; community after mercury application
Soil was previously contaminated by the same mgmpound.
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Variants of vegetation trial with different rates of HgS, mg/kg soil
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Fig. 6. Change of predominant composition of angitomicrobial community of podzol soil
as a response to additional incorporation of mgselg(NOs), - 4 mg/kg soil: 1-original
community; community after mercury application
Soil was previously contaminated by mercury inftimen of sulfide (HgS).

Almost all microbiological indicators are suitabitg indication of high
level of soil pollution with heavy metals, since the given load level, the
majority of them should strongly differ from the aogous indicators, in
unpolluted soil of the same type. In our opinidre tnost illustrative indicator of
the change in soil microbial community in highlylipted soil is the occurrence
of resistant forms of microorganisms, which areatd@ of expressing specific
stability toward a pollutant, and moreover, of aelty developing in its presence.
These very microorganisms are used in geologicakahiology (Rozanova,
Kuznecov, 1974; Hood et al., 1975). Irrespectivéheffact that the high level of
soil pollution with heavy metals can be quite gasietermined according to
microbiological indicators (Djukic et al., 1996,aph 1, 2, 3, 4), we think that
other tests are more appropriate. As the soildatgiven pollution level are
highly toxic, the existence of this level can berenappropriately, and obviously
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more simply, determined by monitoring of the pleegponse (Obuhov i sar., 1980;
lliin, 1986), as well as of indicators of heavy aleiccumulation in the phytomass
etc. (Zirin et al., 1985; Petrovic et al., 1990;skui et al., 1993; Petrovic, Kastori,
1994, Kastori et al., 1997. tab. 1, 2).

Tab. 1. Heavy metal content of soil and pasturatplat different distances from lead-
zinc smeltersKastori et al, 1997, cit. Vetter et al., 1974

Distance in km

Elements 0.75 1.50 3.00 6.00 12.00
kg/ha at 0-80 cm soil depth

Zn 7500 1850 620 350 240

Pb 2700 730 360 160 130

Cd 71 14 4 1.9 0.8
mg/kg DW in pasture plants

Zn 523 118 116 74 78

Pb 98 55 11 12 7

Cd 2.1 1.1 0.6 0.4 0.2

Tab. 2. Cadmium uptake by different crop speciesvgron a soil enriched with 10 ppm
cadmium derived from sewage sludi@stori et al, 1997, cit. Marschner, 1983)

pg Cd g* dry matter

Crop species Above-ground plant parts  Seed, fruit, or edible root

Rice 2.0 -
Sudan grass 6.0 -
White clover 7.0 -
Alfalfa 8.0 -
Bermudagrass 8.9 -
Bean 10.2 1.6
Wheat 11.4 5.8
Squash 12.3 1.8
Tall fescue 14.1 -
Soybean 16.2 9.6
Corn 26.0 1.9
Carrot 36.2 14.6
Cabbage 37.0 2.0
Radish 38.1 3.9
Red beet 44.0 5.0
Lettuce 58.7 -
Tomato 66.2 3.0
Spinach 161.0 -
Turnip 162.0 9.3

Therefore, with the aim of indicating different & of soil pollution
with heavy metals in real field conditions, theldaling can be proposed. Low
pollution level can be detected according to ameiase in basic concentrations
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of heavy metals using common methods of chemicallyais. Medium pollution
level can be most clearly established based oraltisence of redistribution of
members of initiated microbial soil community follimg the additional
introduction of a double pollutant rate comparedh® one adequate to the size
of the homeostasis zone of unpolluted soil. Addiioindication signs may
include: a reduction of the nitrogen-fixing activin the soil and its variability, a
decrease in the abundance of species and in tkesiivof soil microorganism
complexes and an increase in the number of toximog®rms, epiphytic and
pigmented microorganisms. As regards indicatiorhigh pollution level, the
most appropriate thing to do is to consider thgpoase of higher plants to
pollution. The soil presence of the high populatdensity of microorganisms
resistant to a specific pollutant can be used aditional trait.

Conclusion

An attempt has been made toward analysing the elsaimgsoil micro-
organism composition due to the anthropogenic faictoorder to assess such
effect from the aspect of a special scientific ghikae - soil microbiology. The
criteria and manners proposed for this assessméht am emphasis on the
peculiarity of the response of soil microorganisimsheavy metals, have been
explained in detail. Different levels of anthropogeload have been detected
and their diagnostic traits have been describece @&bksessment ways and
indicators proposed for microbiological indicatiaf the soil pollution with
heavy metals, have also been worked out.

To which extent this approach to the environmeptatection from soil
pollution with heavy metals will be prospectivedther scientific fields, remains
to be seen in the future.
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MIKROORGANIZMI KAO INDIKATORI ZAGA  DENOSTI
ZEMLJISTA TESKIM METALIMA

- pregledni rad -

D. DBukié, L. Mandié
Agronomski fakultei(acak

Rezime

Polazéi od ¢injenice da u indikacionoj geobotanici i indikaaipiologiji
jo8 uvek nisu postignuti zsajniji uspesi u pravcu pronalazenja mikroorganizama
ranu indikaciju zag#enosti zemljiSta, smatrali smo neophodnim da sblgmmom
mikrobioloSke indikacije pde na drugéji na¢in - analizom dijagnostkih obeleZja
izdvojenih nivoa zagkenosti zemljiSta teSkim metalima. U tom smislu arebbei,
pre svega, analizi preraspodele u amilolitskoj ofikioj zajednici do koje dolazi pod
uticajem antropogenog optéemja zemljiSta, kao i analizi posebnih pokazatelja
biohemijske aktivhosti zemljidnih mikroorganizama frimer, azotofiksirajie akti-

vnosti), praenju reakcije visih biljaka i pojave mikrootganizarkoji su rezistentni
na zagdenje teSkim metalima.



