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1. INTRODUCTION 
 
Human nuclear and industrial activities can substantially increase environmental 
exposure levels. Concerns about the damaging effect of ionizing radiation have led 
to the establishment of radioprotection norms by ICRP and national regulatory au-
thorities. A great deal of research has been carried out to specify and justify con-
straints for radionuclide discharges and safety levels, and regulatory decision-
making strategies are still an important topic for radiation protection of the envi-
ronment and the public. Contamination of territories through human civil and mili-
tary activities such as nuclear facilities operation, mining, nuclear weapon testing 
involves, however, a complex impact so that a mixture of radionuclides is often 
supplemented by other potentially hazardous substances (e.g. heavy or alkali met-
als). There is still a large lack of knowledge on actual hazard of such combined con-
tamination and a need to fill the gap between an acquisition of spectrum and levels 
of environmental pollutants to possible adverse effects to biota and human health.   
 
A study was aimed at developing a complex approach for the environment health 
assessment integrating information on contaminants levels registered with routine 
techniques and bioindication-based estimates of adverse effects of their combina-
tion.  
 
2. MATERIAL AND METHODS 
 
2.1. Study sites and samplings 
 
Findings from two studies carried out in sites with different scenarios of long-term 
impact caused by human industrial activity are presented. In both studies, samples 
of water and/or soil were taken, and their cyto- and genotoxicity was tested with 
Allium cepa plant system to assess a hazardous potential of complex contamina-
tion. 
 
Radioactive waste storage facility, Obninsk, Russia. A radioactive waste storage 
facility (RWSF) at the State Scientific Center of Russian Federation – Institute for 
Physics and Power Engineering, Obninsk, Russia was exploited in 1954-1961 to col-
lect radioactive wastes from the Central Russia. Since 1998, there has been de-
tected a presence of 90Sr in water from monitor wells due to a leakage in a storage 
tank, and possible consequences of this discharge have been analyzed in collabora-
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tive studies (Radioecology in…, 2004). In the present study, results from cyto- and 
genotoxicity testing of waters from the RWSF and nearby territory are presented. 
 
Water was sampled in 2004 from monitor wells at the RWSF territory (Variants 5, 
6, 7) and on the outside of the fence (Variant 8) as well as from nearby minor wa-
ter bodies formed by outflow of subsoil waters of the RWSF territory: a large pud-
dle (Variant 9) with an effluent stream (Variant 4) flowing into a bog (Variant 3). 
As controls, water from a woodland brook at a distance of about 10 km of the RWSF 
(Variant 1) and distilled water (Variant 2) were used. 
 
Upper Silesian Coal Basin, Poland. Saline waters from Polish underground mines in 
the Upper Silesian Coal Basin (USCB), the southern part of Poland, often contain 
natural radioactive isotopes, mainly 226Ra and 228Ra (Chalupnik et al., 2001). Dis-
charge of these brines into settling ponds and  rivers affects the natural environ-
ment due to both high salinity and radium activity.  
 
In April 2005, water samples were collected from underground galleries of 
Chwalowice (214W), Zory (798A) and Ziemowit (2899A) collieries, from the 
Gostynka River near the Bojszowy settling pond (5014A) and in a vicinity of the 
Rontok settling pond (5013A, natural control). As an additional control, distilled 
water (DW) was used. 
 
Soils and bottom sediments were sampled from the bank of the Rontok settling 
pond (R), the bottom of Bojszowy settling pond (B1 and B2), and underground gal-
leries (S). All samples were taken by “the envelop” method (samples from four cor-
ners and the centre of 0.5 × 0.5 m2 plot mixed together). Sample S was very mea-
ger, so, it was added with normal soil with nutrient mixture (N) bought in a garden-
ing store. Chernozem leached loamy soil was taken as control (C). 
 
As officially adopted limits for radionuclides activities, the intervention levels (IL) 
at radionuclides uptake to population with drinking water and minimum significant 
specific activity (MSSA) values (Radiation…, 1999) were used. For chemicals, the 
maximum permissible concentrations (MPCw) in water bodies assigned for domestic 
and recreation purposes (Maximum…, 2003) and maximum permissible concentra-
tions in soil (MPCs) (Maximum…, 1991) were used. 
 
2.2. Allium-test application 
 
Root meristem cells of Allium cepa L. used as test-system to indicate biological ef-
fects from chemical and radionuclides compositions of the sampled waters and soils 
is a sensitive and simple bioassay proven to be an efficient test system for bio-
monitoring of environmental pollutants (Grant, 1982; Fiskesjo, 1985). Only bulbs of 
good condition of a commercial variety of the common onion Allium cepa L. 
(Shtudgarten-riesen variety) with a diameter of 15 – 17 mm and a mass of 5 – 8 g 
were used. The bulbs were soaked for 24 h in distilled water at +4 ± 2° C in the 
darkness to synchronize cell division and provide evenness of swelling, then, main-
tained at +22 ± 2° C. When the roots began to grow (up to 0.2 cm length), the bulbs 
were plunged into the sampled water, soil, and corresponding control samples and 
maintained at +24°C. 30-40 bulbs per sampling point were used. In 30 hours of 
treatment roots reached a length of 5 – 14 mm. All these roots (70-100 per variant) 
were cut off and fixed in an alcohol/icy acetic acid mixture (3:1). The observed 
maximum number of cells in anaphase-telophase of the first mitosis was found at a 
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root length of 10-12 mm. Hence, roots of this length were further used. Temporary 
slides were prepared as described in (Vatti & Tihomirova, 1979), with aceto-orcein 
as a dye. To test water and soil genotoxicity, frequency of aberrant cells (AC) in 
anaphase-telophase of the first mitosis were scored. Chromosomal aberrations 
(chromatid (single) and chromosome (double) bridges and fragments) and mitotic 
abnormalities (multipolar mitoses and lagging chromosomes) were distinguished. 
1700-10200 cells per variant were scored, depending on variance value in AC fre-
quency. Water and sediment cytotoxicity was estimated from root proliferation 
that was, therefore, quantified in parallel in 1600-1900 cells as the mitotic index 
(MI).  
 
2.3. Statistics and mathematics methods used 
 
Experimental data were checked for outliers, according to (Sachs, 1976; Barnett & 
Lewis, 1984). To determine the significance of difference between mean values, the 
Student’s t-test for independent variance was applied. 
 
To reveal a relationship of biological effect on pollution levels at combined envi-
ronment contamination, the number of dimensions in predictors’ space is to be re-
duced through a selection of the most informative indices that can describe a de-
pendence of the resultant variable in the best way (Aivazyan et al., 1989). Thus, 
non-informative predictors that differ little between sampling points were ex-
cluded from the further analysis. From a group of predictors having high mutual 
correlation (r≥95%, �<0.05) only one was taken (Aivazyan et al., 1985). Then, an 
approach of the step-by-step inclusion/exclusion (SSIE) of predictors essential for 
multivariable regression (Aivazyan et al., 1985) was realized with Statgraph 3.1 
and Mathcad 2001. Biological effect observed at the Allium-test application, i.e. AC 
frequency or MI value, was considered as a resultant (dependent) variable Y. Y 
contains N values relating to the total number of preparations scored in all corre-
sponding variants. Input matrix of independent variables M was assembled of (N × 
p') units, where p' is the number of previously sifted predictors. A predictor was 
recognized as essential for inclusion or exclusion in output matrix M', if, in Stat-
graph 3.1, the Fisher statistics F<4 or, in Mathcad 2001, determination coefficient 
for multivariate regression, R2, does not change significantly (�<0.05). To test a 
significance of the R2 decreasing/increasing, the Hayek criterion (Gofman, 1990) 
was applied. H-statistics follows the Student distribution.  
 
From the SSIE algorithms, several sets of essential predictors were defined. To 
choose a set that fits the data best, quality for data approximation by multivari-
ate linear regression was compared with several most common statistics including 
the determination coefficients, R2, Fisher statistics, F, criteria of structural 
identification, T (Geras’kin & Sarapul’tzev, 1993), and the Hayek criterion, H. 
 
3. RESULTS 
 
3.1. Radioactive waste storage facility 
 
Pollution levels in sampled waters 
 
General indices for water quality (hardness, content of dissolved solids, nitrates 
and sulphates, pH value) in water samples from the RWSF and nearby territory 
meet the higienic requirements for surface waters in Russia (Hygienic …, 2000). 
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Specific activity of 90Sr in Variants 4 and 5 (Table 1) are 10.2 and 9 times over the 
intervention level of IL = 5.0 Bk/kg. Concentrations of Mn, Zn, Ni exceed the corre-
sponding MPCw (Table 1). Samples in Variants 5, 6, and 7 contain 6.7 – 15.9 MPCw of 
Ni, an element of the 2nd class of danger. 
 
Biological effect observed 
 
Water cytotoxicity. Mitotic activity in Allium root tip cells is increased in Variants 
5, 6, and 8, but only in Variant 6 significantly (Fig.1A) as compared to Variant 1 of 
‘natural control’. In all other Variants, MI is lower than in control (Fig.1A). Signifi-
cant inhibition of mitotic activity is observed for distilled water (Variant 2) and 
water from the bog (Variant 3); both these water samples are obviously unfavor-
able for higher plant ontogenesis.  
 
Water genotoxicity. AC occurrence in root meristem of Allim cepa is significantly 
over the control for all water samples taken from and nearby the territory of the 
RWSF (Fig. 1B). This emphasizes a possible adverse impact on the natural environ-
ment in a vicinity of the RWSF. Aberration spectrum analysis shows that the main 
contribution to the cytogenetic damage is caused by mitotic anomalies (lagging 
chromosomes), which frequency is increased in Variants 3 – 5, 7, and 8. 
 
Table 1. Specific activities of basic radionuclides and concentrations of chemicals in wa-

ters sampled from the RWSF and nearby territory 
 
Variant 1 3 4 5 6 7 8 9 Limits 

Radionuclides, Bq/kg IL 
90Sr  2.0 44.8* 51.2* <0.5 <0.5   5.0 

137Cs  <0.5 <0.5 <0.5 <0.5 <0.5   11.0 
Macroelements, mg/l MPCw 

K 0.08 0.97 1.68 2.35 0.17 0.67 0.65 1.13 50 
Na 2.82 4.09 4.22 3.63 2.42 3.28   200 
Ca 128.6 204.9* 92.6 248.6* 146.6 282.0* 134.1 133.8 180° 
Mg 16.3 19.6 10.3 19.0 19.5 12.4 18.5 18.6 50° 

Microelements, µg/l MPCw 
Sr 151 242 282 483 155 276 384 285 7000 
Al 8.83 1.76 8.02 3.57 7.85 9.31 15.10 13.70 200 
Fe 15.9 10.6 19.8 128.4 11.6 10.8 41.4 21.6 300 
Mn 0.54 1.44 11.2 1187* 2463* 105* 12.4 2.05 100 
Zn 3.11 10.1 11.4 1364* 687 11.3 14.7 6.9 1000 
Ni 0.96 1.12 3.20 318.2* 134.5* 179.2* 7.50 3.84 20 
Cu 0.92 3.09 2.59 1.53 1.11 2.77 8.57 4.95 1000 
Cr 0.49 0.16 0.17 0.02 0.18 0.004 0.40 0.06 500(1) 
Co 0.025 0.08 0.20 5.74 0.60 0.75 0.11 0.13 100 
Cd 0.032 0.009 0.017 0.298 0.095 0.138 0.161 0.033 1 
Pb 0.06 2.78 2.51 2.60 0.44 5.13 3.47 2.25 10 

° -  MPC in waters for fish-breeding; (1) – for Cr3+; * – limit is exceeded  
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Figure 1. Mitotic index (10-2), A, and aberrant cell frequency (%), B, in root tip cells 

of Allium cepa germinated in waters sampled from the RWSF and nearby ter-
ritory, (mean ± se) 
* - difference from Variant 1 (natural control), �<0.05 

 
Relationship between biological effect and water pollution 

 
Exclusion of non-informative and high-correlated predictors. The number of essen-
tial predictors was reduced from p=21 to p'=11 due to revealing non-informative 
and high-correlated indices, and [90Sr], [K], [Na], [Ca], [Mg], [Fe], [Mn], [Ni], 
[Cu], [Cr], and [Pb] are taken for further analysis. 
 
SSIE algorithm application. Four sets of essential predictors were obtained as pos-
sible for fitting a dependency of AC frequency, and four sets for MI (Table 2). Note 
that the AC occurrence is best correlated to Pb concentration (r = 68%, � = 0.06), 
and the MI value shows the highest correlation to [Mn] (r = 91%, � = 0.002); both 
[Pb] and [Mn] appeared in the corresponding sets (Table 2).  
 
Choosing the best-of-fit models. Models AC1-AC4 (Table 2) are all appropriate for 
fitting the AC frequency (F>1, p<0.05). SSres reaches the minimum value at Model 
AC2. This function, however, is the most complicated and has n = 4 parameters, 
which causes a high value of the structural identification criterion, T. But an im-
provement of the approximation quality is not significant at changing from Models 
1, 3, and 4 to Model 2 (Table 2), as shown by the Hayek value (pH>0.05). Thus, any 
of Models AC1-AC4 can be used. From solutions capable of explaining an equal part 
of variance, the more preferred one is to be based on the least number of parame-
ters. Hence, a preference is taken by the simplest Model 1, and cytogenetic damage 
in the study of waters sampled from the RWSF territory can be best described as: 
Y = (1.90 ± 0.15) + (0.20 ± 0.05) � [Pb], R2 = 7.76, F = 14.4. 
 
Analogous speculations at comparison of Models MI1-MI4 (Table 2) for mitotic activ-
ity dependence conclude that the best model is the simplest again, that is Model 1. 
Thus, mitotic index in root tips of Allium cepa germinated in the examined water 
samples can be presented by formula 
Y = (10.64 ± 0.82) + (4.26 ± 0.53) � 10-3 � [Mn] – (1.50 ± 0.65) � [K], R2 = 28.8, F = 
37.3. 
 
Table 2. Goodness-of-fit for cytogenetic damage and mitotic activity in Allium root tips 

germinated in the RWSF-affected waters by the sets of predictors sifted with the 
SSIE technique 
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Model Predictors SSres R2 F n T H �H 

AC frequency                                              SS = 242.12; N=173 
AC1 [Pb] 223.30 7.76 14.4 * 1 2.4 1.56 0.12
AC2 [Pb], [Fe], [Mg], [90Sr] 207.83 14.16 6.9 ** 4 5.7 – – 
AC3 [Pb], [Cu], [Mn] 218.47 9.77 6.1 * 3 4.8 1.35 0.18
AC4 [Pb], [Mg] 219.59 9.30 8.7 * 2 3.6 1.41 0.16

Mitotic index                                               SS  = 11836.0; N=187 
MI1 [Mn], [K] 8423.5 28.8 37.3 ** 2 137.3 1.72 0.09
MI2 [Mn], [K], [Mg], [Fe], [Na] 8138.7 31.2 16.4 ** 5 269.8 – – 
MI3 [Mn], [K], [Cr], [Ni] 8338.7 29.5 19.1 ** 4 229.1 1.44 0.15
MI4 [Mn], [K], [Cr] 8387.0 29.1 25.1 ** 3 183.3 1.6 0.11

SS – total sum of squires, SSres – sum of squired residuals, N – sample volume, R2 – determi-
nation coefficient, F – Fisher statistics, n – the number of parameters, T – structural identi-
fication criterion, H – Hayek statistics, �H – significance level for H. Regression is signifi-
cant : * – �<0.001; ** – �<0.0001 

 
3.2. Upper Silesian Coal Basin, Poland  
 
Pollution levels in sampled waters and soils 
 
Water. A significant violation of the hygienic standards for composition and prop-
erties of water (Hygienic …, 2000; Maximum…, 2003; Radiation…, 1999) was found 
for all variants of water sampling excluding 5013A sample considered as natural 
control. The samples from the underground galleries (214W, 798A, 2899A), and the 
Gostynka River (5014A) show extremely high salinity (16 –140 g/l) and pollution 
with radionuclides and chemicals. The highest pollution rates take place for Ba 
(600 - 1900 MPCw), Na (150 – 200 MPCw), Sr (30 – 40 MPCw), and Cd (up to 30 MPCw). 
Specific activities of 226Ra and 228Ra are over the corresponding IL’s in the samples 
from the underground galleries, and 228Ra activity in 5014A increases the IL as well. 
 
Soil. The most polluted samples of sediment, B-1 and B-2, were collected of the 
bottom of the Bojszowy settling pond, where concentrations of Ba, Cu, Mn, and Zn 
are above the permissible limits. Ba demonstrates extremely high concentrations of 
5-50.5 MPCs in all soil samples. Specific activities of radium nuclides in the sedi-
ment samples from the underground gallery, S, and the bank of the Rontok pond, R, 
are over the corresponding MSSA values, therefore, the soil samples S and R are to 
be treated as solid radioactive wastes (Basic…, 2000). 
 
Table 3. Physical-chemical characteristics and radionuclides activities in water used for 

bioindication assays after the corresponding dilution of the initial samples with dis-
tilled water  

 
Initial sampling 214W 798A 2899A 5013A 5014A 

Variant after dissolu-
tion W1 W2 W3 W4 W5 

Limits 

Solution ratio 20 20 20 1 3  
       
Dissolved solids, mg/l 6800* 6195* 4942.5* 236.9 5210* 1000 
Hardness, mval/l 21.20* 29.90* 14.91* 2.67 15.97* 10 
Chemicals, mg/l      MPCw 

Ca 180.35 305.6 98.4 40.68 126.9 - 
Mg 148.25* 178.0* 121.5* 7.78 117.0* 50 
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Na 2184* 1747* 1529* 29.66 1601.7* 200 
K 26 18.67 25.415 3.28 26.85 - 
Fe 0.025 0.029 0.018 0.11 0.093 0.3 
Mn 10-3 5 �10-3 0.019 0.01 0.28* 0.1 
Ba 22.0* 66.5* 0.055 0.17 0.067 0.7 
Sr 10.55* 14.35* 2.25 0.14 2.87 7 
Zn 0.037 0.053 0.023 0.022 0.043 1 
Pb <2.5�10-3 6.0�10-3 <5.0�10-4 <0.01 <6.7�10-3 0.01 
Al 0.01 <0.01 <0.01 0.06 <0.033 0.2 
Cr < 10-3 <10-3 <5.0�10-3 <0.01 0.01 0.5(1) 

Cu <10-3 <10-3 <5.0�10-4 0.014 <3.3�10-3 1 
Ni 1.3�10-3 2.0�10-3 1.3�10-3 <0.01 7.0�10-3 0.02 
Co <10-3 <10-3 <5.0�10-4 <0.01 <3.3�10-3 0.1 
Cd <10-3 1.5�10-3* 5.0�10-4 2.5�10-3* <1.7�10-3* 0.001 
Hg <2.5�10-4 <2.5�10-4 <1.5�10-4 <10-3* <3.3�10-4 0.0005 

Radionuclides, Bq/l      IL 
226Ra 4.767* 2.5145* 0.171 0.101 0.12 0.5 
228Ra 3.192* 0.949* 0.356* 0.04 0.23* 0.2 

(1) – for Cr3+; * – limit is exceeded 
 
Water and soil after dilution. The contamination levels in most samples of water 
and soil were so high, that medium was lethal for Allium cepa, and a dilution of 
some samples was necessary. 
 
Water samples 214W, 798A and 2899A were dissolved with distilled water at factor 
20 found from preliminary phytotoxic studies, and a dilution factor of 3 was ap-
plied for water sample 5014A (Table 3). Data on general water indices and pollu-
tion levels in Variants W1-W5 obtained after the dilution are shown in Table 3. De-
spite the significant dilution of other variants, the lowest values of hardness and 
mineralization, as well as the lowest concentrations of chlorides, Ca, Mg, Na, K, Sr, 
Zn and specific activities of 226Ra and 228Ra still take place in undiluted water of 
Variant W4 (Sample 5013A, natural control initially). Hardness, dissolved solids 
and chlorides content are over the sanitary-hygienic recommendations for natural 
water safety (Hygienic…, 2000) in Variants W1-W3 and W5.  Mg and Na concentra-
tions for all samples W4 as well as Ba and Sr in some samples still exceed the MPCw, 
despite the applied dilution. Specific activities of the radionuclides are over the 
IL’s for 228Ra in Variants W1-W3, W5, and for 226Ra in Variants W1 and W2.  
 
Table 4 presents data on non-organic chemicals content and radionuclides activity 
in soil samples used for the bioindication assays. Sample S1 is a mixture of sam-
pling collected in the underground gallery (S) with nutrient soil N at a ratio 1:1. 
However, onion bulbs were not able to grow and survive even on soil of sample S1, 
so, it was added with chernozem leached loamy soil C to do the bioindication tests. 
Thus, Variant S2 is a mixture of S1 and C at a ratio of 1:9.  
Table 4. Concentrations of chemical elements and specific activities of radionuclides in 

sediment variants used for bioindication assays  
 

Sampling  
variant S N S1 S2 R B-1 B-2 � Limits 

Mixture ra-
tio 

   10 1 1 1 1  

Chemicals, mg/kg MPCs 
As 2 8 5 0.5 6 5 4 - 10 
Ba 10100* 326 5213 521.3* 3082* 1065* 1092* - 200 
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Cd 1 1 1 0.11 1 1 1 0.013 2 
Co 1 2 1.5 11.56 11 44 28 12.7 - 
Cr 11 11 11 22.96 45 59 58 24.3 100(1) 

Cu 13 20 16.5 18.64 171* 158* 140* 18.9 132 
Hg <1 <1 1 0.1 <1 <1 <1 - 2.1 
Mn 167 226 196.5 523.2 931 8262* 2351* 559.5 1500 
Mo 1 2 1.5 0.15 2 3 3 - 10 
Ni 6 8 7 21.73 25 51 36 23.4 80 
Pb 12 19 15.5 18.52 32 67 69 18.9 130 
Zn 42 61 51.5 56.14 184 629* 321* 56.7 220 
Radionuclides, Bq/kg MSSA 

226Ra   70025* 7002.5 43007* 3551 3741 - 104 

228Ra   23011* 2301.1 29780* 6173 5985 - 104 

224Ra   17568* 1756.8 23516* 5756 6425 - 104 

40K   1452 145.2 2192 861 807 - 105 

Total   112056 11205.6 98495 16341 16958   
(1) - for Cr3+; * - limit is violated 
 
Biological effect observed 
 
Water cytotoxicity. Mitotic activity in Allium cepa root tips in Variants W1 - W3, 
W5 obtained from the technogenically affected territory of the USCB was lower 
than in control variant W4 and distilled water DW, but these differences were not 
significant (Fig.2A). 
 
Water genotoxicity. Even after the significant dilution of the waters sampled from 
the most polluted sites, the AC frequency in Variants W1-W3 (underground galler-
ies) significantly exceeds the levels of both controls (W4 and DW), and cytogenetic 
damage in Variant W5 (the Gostynka) is higher than in natural control. Thus, there 
is a clear genotoxic effect of sampled waters, according to the Allium-test. Aberra-
tion spectrum analysis shows that the main contribution to cytogenetic effect is 
made by double bridges (26-42 %) and lagging chromosomes (31-38 %).  
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Figure 2. Mitotic index (10-2), A, and aberrant cell frequency (%), B, in root tip cells 

of Allium cepa germinated in waters sampled from the USCB territory, (mean 
± se) 
* - difference from Variant W4 (natural control), �<0.05 

Soil cytotoxicity. Mitotic index in root meristem cells of Allium cepa, grown on soil 
sampled from the bank and bottom of the settling ponds (Variants R, B-1, B-2) do 
not differ significantly from each other and from the control (Fig. 3A).  In Variant 
S2, mitotic activity is significantly lower than in all other variants; the only essen-
tial difference of this sample from the control soil is the presence of radionuclides 
and high concentration of Ba (Table 4). 
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Soil genotoxicity. Cytogenetic damage to meristem cells of Allium cepa in all vari-
ants are significantly higher (p<0.01) than the control value (Fig.3B). The highest 
frequency of aberrant cells is obtained in Variant S2. Occurrences of double bridges 
in all variants and lagging chromosomes in S2 and B-2 are increased in comparison 
to the control. 
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Figure 3. Mitotic index (10-2), A, and aberrant cell frequency (%), B, in root tip cells 

of Allium cepa germinated in soils sampled from the USCB territory, (mean ± 
se) 

* - difference from Variant C (control), �<0.05 
 
Relationship between biological effect and pollution levels 

 
Exclusion of non-informative and high-correlated predictors. For water samples, 
the number of essential variables is reduced from p = 19 to p' = 11, and they are 
[Mg], [Na], [K], [Mn], [Ba], [Sr], [Zn], [Ni], [Cd], [Hg], and [228Ra]. Predictors 
selected as essential for biological effect analysis in sediment samples are [As], 
[Ba], [Co], [Cu], [Mn], [Mo], [Pb], [Ra�], and the number of variables is reduced 
from p = 16 to p' = 8. 
 
SSIE algorithm application and the best-of-fit models. Sets of essential predictors 
obtained with the SSIE algorithm for ‘water’ and ‘soil’ data are presented in Tables 
5. All models demonstrate acceptable approximation quality except for S_MI1 – 
S_MI3 (p>0.05). At careful comparison of these models using the statistics in Table 
5, the following conclusions were made. The best models for describing biological 
effect observed in the Allium-test for samples from the USCB are: 
 
Y = (37.93 ± 2.25) - (0.25 ± 0.10) �[K], R2 = 5.17%, F = 5.83 for MI in root meristem 
cells of onion germinated in water; 
 
Y = (0.96 ± 0.11) + (1.79 ± 0.46) � [228Ra] + (2.86 ± 0.56) � 10-3 � [Na] + (0.24 ± 
0.06) � [Ba] - (1.48 ± 0.38) � [Sr], R2 = 54.17%, F = 31.0 and  Y = (2.97 ± 0.13) – 
(196.76 ± 17.60) �[Ni], R2 = 53.65%, F = 126.0  for cytogenetic damage occurrence 
in root meristem cells of A.cepa germinated in water; 
 
Y = (29.51 ± 1.38) + (1.20 ± 0.66) � [Mo], R2 = 2.91%, F = 3.27 for MI value in root 
meristem cells of A. cepa germinated on soil; 
 
Y = (3.32 ± 0.28) – (0.104 ± 0.009) · [Cu] + (2.10 ± 0.18) � 10-2 · [Ba] + (4.94 ± 
0.46) ·10-4 · [Ra∑]; R2 = 60.2%; F = 49.5 for AC occurrence in root meristem cells of 
A.cepa germinated on soil. 
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Table 5. Goodness-of-fit for cytogenetic damage and mitotic activity in Allium root tips 

germinated in waters and soils from the USCB by the sets of predictors sifted with 
the SSIE technique 

 
Model Predictors SSres R2 F n T H 

AC frequency in water                             SS = 116.4; N=110 
W_AC1 [228Ra], [Na], [Ba], [Sr] 53.34 54.17 31.0 *** 4 2.54 - 
W_AC2 [228Ra], [Na], [Ba], [Hg] 53.34 54.17 31.0 *** 4 2.54 - 
W_AC3 [Ni], [Mg], [Zn], [Hg] 53.34 54.17 31.0 *** 4 2.54 - 
W_AC4 [Hg], [Sr] 57.87 50.29 54.1 *** 3 1.62 2.48 1) 
W_AC5 [Ni] 53.96 53.65 126.0 *** 1 1.00 0.93 

Mitotic index in water                             SS  = 10305.8; N=109 
W_MI1 [Hg], [K] 9763.8 5.26 2.94** 2 276.3 - 
W_MI2 [K] 9772.7 5.17 5.83** 1 182.7 0.10 

AC frequency in soil                                 SS = 838.2; N=102 
W_AC1 [As], [Cu], [Mo], [Ra∑] 317.2 62.2 39.8 *** 4 16.35 - 
W_AC2 [Cu], [Ba], [Ra∑] 333.3 60.2 49.5 *** 3 13.61 1.94 
W_AC3 [Cu], [Ba], [Mo], [Ra∑] 317.2 62.2 39.8 *** 4 16.35 - 

Mitotic index in soil                                  SS  = 9565.0; N=111 
S_MI1 [Mn], [Mo] 9166.1 4.17 2.35 2 254.6 - 
S_MI2 [Co], [Ba] 9215.9 3.65 2.04 2 256.0 0.21 
S_MI3 [Mo] 9286.3 2.91 3.27 * 1 170.4 0.31 

Indication is the same as in Table 2. Regression is significant: * – �<0.1, ** – �<0.001, ** – 
�<0.0001. 1) – significant reduction in approximation quality comparing to models with 
maximum R2 

 
CONCLUSION 
 
The present work and our previous investigations (Evseeva et al., 2005; Geras’kin 
et al., 2005) demonstrate that an adequate environment quality assessment cannot 
relies only on information about pollutants concentrations. Unfortunately, limited 
lists of toxicants are adopted to control the levels of man-made stress to the 
environment. Furthermore, there is a capability for a mutual intensification of the 
effects from environmental factors that actually occur in situations of low-level 
exposure, as demonstrated earlier (Evseeva et al., 2001; Geras’kin et al., 2005). It 
is therefore impossible to estimate biological risk from combined action based on 
the only contaminants levels in the environment. This conclusion emphasizes the 
need to update some current principles of ecological standardization, which are 
still in use nowadays.  
 
Measurements of dose and concentrations of contaminants provide detailed 
information on the acting agents but only indirectly indicate potential biological 
consequences. A biological assay, in turn, provides an integrative estimation of 
toxicity and genotoxicity of environmental pollutants. A combination of these two 
techniques allows identifying the major sources of risk which require continuous 
biological monitoring. An adequate assessment of the risk to the environment from 
contamination needs to be based on the simultaneous use of toxicity and 
genotoxicity tests. As a genotoxicity test, the Allium-based assay of chromosome 
aberration in anaphase-telophase is for many reasons especially useful for the 
rapid screening of chemicals involved in environmental hazards. In addition, 
mitotic index is a good toxicity indicator as well. The high sensitivity of the Allium-
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test (Fiskesjo, 1985) ensures that contaminants will not be overlooked, which may 
be of special importance when complex mixtures are to be tested. Therefore, 
positive results in the Allium-test should be considered as a warning and also an 
indication that the tested compounds may cause a risk to human health and to our 
environment. 
 
Complex issues are involved in evaluating environmental risk, and an effectively 
linking of bioindication screening assays to the well-established environmental 
pollution monitoring system is a way of improving and upgrading an existing system 
of the public and the environment protection to meet requirements of consistency 
between nowadays scientific knowledge and decision-making process. 
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