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The article describes the results of the sanitary-epidemiological evaluation of Moscow soil quality as a 

possible risk factor for injury to citizens’ life and health. It presents a comparative analysis of the dynamic non-
standard soil samples on the sanitary-chemical, parasitological and microbiological indicators in the Russian 
Federation and in Moscow. The data for the soil quality analysis in the administrative districts of Moscow are 
summarized. It has been demonstrated, that in the metropolis territory there is a tendency of soil quality im-
provement in comparison with the year 2012 (according to the sanitary-chemical parameters - by 5.64 %, mi-
crobiological – by 4.52 % and parasitological – by 0.4 %). Levels of soil chemical and microbiological contami-
nation in Moscow for the years 2012–2014 were higher than levels in the Russian Federation by 2.43–2.71 and 
1.49–2.23 times respectively. The highest proportion of soil samples, that do not meet hygienic standards for 
chemical indicators in 2014, both in the Russian Federation and in Moscow, was recorded in the zones of influ-
ence of the industrial enterprises, highways (RF – 10.64 % Moscow – 17.65 %) and in the residential areas 
(RF – 6.53 %, Moscow – 17.63 %). More than 50 % of soil samples which do not meet hygienic standards for 
chemical indicators in 2014, was observed in 4 of the 10 administrative districts of Moscow Central Administra-
tive District (CAD) – 83.3 ± 36.5 %, West AD – 94.4 ± 31.7 %, North AD – 50.0 ± 25.3 %, South AD – 88.9 ± 
30.8 %. By the year 2014 the priority pollutants of urban soils in Moscow were lead, zinc, chromium, cadmium, 
cobalt. In two districts of Moscow the proportion of poor soil samples for bacteriological parameters exceeded 
50 % in 2014: South-Eastern Administrative District (54.2 ± 29.4 %) and Eastern Administrative District (75.0 ± 
30.0 %). Due to the microbiological parameters the unsatisfactory samples of soil in Moscow demonstrated the 
excessive indicators of coliforms and enterococci indices. The proportion of soil samples exceeding hygienic 
standards for parasitological indices ranged from 3.3 ± 6.5 % to 5.6 ± 7.7 % in the North AD, South AD and 
Central AD (non-viable helminthic eggs identified). 

Key words: soil quality, soil contamination indicators (sanitary-chemical, parasitological, microbiologi-
cal), space-dynamic analysis, priority pollutants. 
 

 
According to Great Medical Encyclope-

dia, soil is a complex of organic and mineral 
compounds which emerged on the Earth's crust 
as a result of physical, chemical, and biologi-
cal processes [2]. Soil studies are of great in-
terest for hygienists and epidemiologists as 
soil matters a lot when we speak about sanitary 
issues of our everyday life. Soil contamination 
and consequent soil waters contamination lead 
to epidemics evolvement [15, 23]. Knowledge 
on soil characteristics is very important for 
construction, camping, laying water-supply 
and sewer networks, projecting cemeteries and 
sprinkling beds etc. Besides, close relations 

between soils and climate in this or that area as 
well as between soils and vegetation make 
soils studies even more important for tackling 
settlements hygiene issues, in particular, pro-
jecting and constructing cities and villages etc. 
[3, 6, 7, 16, 17, 18]. Soils are considered to be 
a special natural membrane (biogeomembrane) 
which regulates interaction between the Earth's 
biosphere, hydrosphere and atmosphere. Sys-
temic analysis tells that soils is a multi-
functional, heterogeneous, open, and four-
phase system (solid phase, liquid phase, gase-
ous phase, and life forms). Taken form sani-
tary point of view, soils can cause population 
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endemic diseases; and soil contamination 
caused by anthropogenic activities leads to ad-
ditional morbidity cases, both of infectious and 
non-infectious nature [1, 4, 5, 9, 11-14, 19-22]. 
As per data provided by the Federal Service 
for Surveillance over Consumer Rights Protec-
tion and Human Well-being [8, 10] soil quality 
tended to improve in the Russian Federation in 
2014 (in comparison with 2012) as per sani-
tary-chemical, microbiological and parasito-
logical parameters. The same trend also oc-
curred in Moscow (table 1). 

The share of examined soil samples not 
conforming to hygienic standards as per sani-
tary-chemical parameters decreased by 1.47% 
in the RF (in comparison with 2012), and by 
5.64% in Moscow (table 2). However, level of 
soil chemical contamination in Moscow in 
2012-2014 was 2.43-2.71 times higher than in 
the RF. The level of soil microbiological con-
tamination was also  1.49-2.23 times higher in 
Moscow than in the RF over the last 3 years. 
We should note that the share of examined 
soils samples not conforming to hygienic 
standards as per parasitological parameters 
was 1.41-1.94 times lower in Moscow than in 
the RF on average (table 1). 

Microbiological contamination is a pa-
rameter which defines soil quality on the terri-
tories of children facilities and children play-
grounds. In Moscow in 2012-2014 the level of 

soil microbiological contamination on the ter-
ritories of children facilities and children play-
grounds was 2.16-3.67 times higher than in the 
RF on average. And its value remained high in 
spite of the fact that the share of soil samples 
not conforming to hygienic standards as per 
microbiological parameters decreased by 1.24 
times in the RF and by 1.84 times in Moscow 
(table 2).  

The specific weight of soil samples 
taken on the territories of children facilities 
and children playgrounds not conforming to 
hygienic standards as per sanitary-chemical 
parameters decreased by 1.07 times in the RF 
on the whole and by 1.3 times in Moscow (ta-
ble 2). 

The greatest specific weight of soil sam-
ples not conforming to hygienic standards as 
per sanitary-chemical parameters in 2014, both 
in the RF on the whole and in Moscow, was 
detected in zones influenced by industrial en-
terprises, roads and motorways (10.64% in the 
RF, 17.65% in Moscow), and on areas fir for 
development (6.53% in the RF, 17.63% in 
Moscow). At the same time the share of soil 
samples not conforming to hygienic standards 
as per sanitary-chemical parameters decreased 
in 2014 (in comparison with 2012) by 1.05 
times in the RF and by 2.88 in Moscow (figure 
1). 

Table 1 

Share of examined soil samples not conforming to hygienic standards, % 
Parameters 2012 2013  2014  

The RF Moscow The RF Moscow The RF Moscow 
Sanitary-chemical 8,75 ± 0,20 23,71 ± 3,66 8,60 ± 0,20 20,87 ± 3,06 7,28 ± 0,19 18,07 ± 2,77 
Microbiological 9,33 ± 0,19 16,35 ± 1,55 9,04 ± 0,18 20,23 ± 1,44 7,9 ± 0,17 11,83 ± 1,33 
Parasitological 1,68 ± 0,07 1,19 ± 0,32 1,61 ± 0,07 0,83 ± 0,23 1,48 ± 0,06 0,79 ± 0,26 

 
Table 2 

Share of examined soil samples taken on the territories of children facilities and children play-
grounds and not conforming to hygienic standards, % 

Parameters 2012 2013 2014 
The RF Moscow The RF Moscow The RF Moscow 

Sanitary-chemical 4,32 ± 0,26 14,38 ± 4,15 3,72 ± 0,24 16,67 ± 3,96 4,02 ± 0,25 11,04 ± 2,94 
Microbiological 7,53 ± 0,28 27,61 ± 4,80 7,24 ± 0,27 15,54 ± 3,03 6,03 ± 0,25 15,01 ± 3,17 
Parasitological 0,92 ± 0,07 0,43 ± 0,28 0,87 ± 0,07 0,43 ± 0,27 0,88 ± 0,07 0,45 ± 0,08 
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Figure 1. Share of examined soil samples not 
conforming to hygienic standards as per sani-

tary-chemical parameters, 
 in the RF and in Moscow, % 

 
Mercury, lead and cadmium were the main 

metals causing chemical contamination of soils 
in the RF. In 2012-2014 share of soils samples 
not conforming to hygienic standards as per 
heavy metals content (including lead and cad-
mium) tended to decrease both in the RF on the 
whole and in Moscow (table 3). 

In 2014 specific weight of samples not 
conforming to hygienic standards as per heavy 
metals content decreased (in comparison with 
2012) by 1.18 times in the RF (by 1.06 times in 
Moscow), including lead, by 1.4 times (by 1.61 
times in Moscow), cadmium, by 1.6 times (by 
1.65 times in Moscow). There were no soils 
samples not conforming to hygienic standards 
as per mercury content detected in Moscow ei-
ther in 2012 or in 2014. 0.33% of soil samples 
in the RF contained mercury in concentrations 
exceeding maximum permissible one.  

In 2014 specific weight of samples not 
conforming to hygienic standards as per heavy 
metals content decreased (in comparison with 
2012) by 1.18 times in the RF (by 1.06 times 

in Moscow), including lead, by 1.4 times (by 
1.61 times in Moscow), cadmium, by 1.6 times 
(by 1.65 times in Moscow). There were no 
soils samples not conforming to hygienic 
standards as per mercury content detected in 
Moscow either in 2012 or in 2014. 0.33% of 
soil samples in the RF contained mercury in 
concentrations exceeding maximum permissi-
ble one.  

We should note that, in spite of all the de-
tected positive trends in soils quality as per 
sanitary-chemical parameters, soils contamina-
tion with heavy metals is higher in Moscow 
than in the RF on average. Thus, in 2014, a 
share of soil samples not conforming to hy-
gienic standards as per heavy metals content 
was 3.64 times higher in Moscow than in the 
RF (table 3). 

311 soils samples were examined in 2014 
as per sanitary-chemical parameters (331 sam-
ples in 2013); 313 soils samples, as per micro-
biological parameters (341 samples in 2013); 
334 soil samples, as per parasitological param-
eters (576 samples in 2013). On the whole, 
958 soils samples were taken for examination 
in 2014; 198 samples out of the total number 
didn't conform to hygienic standards (table 4).  

In 2014 in Moscow 119 soils samples 
didn't conform to hygienic standards as per 
sanitary-chemical parameters (38.3±6.9%); 75 
soils samples, as per microbiological parame-
ters (24.0±5.4%); 4 soil samples, as per parasi-
tological parameters (1.2±0.7%). In 2013 the 
corresponding figures were 89 samples as per 
sanitary-chemical parameters (26.9±5.6%), 85 
samples as per microbiological parameters 
(24.9±5.3%), 8 samples as per parasitological 
parameters (1.4±1.0%). 

In 2014 more than 50% of soil samples 
not conforming to hygienic standards as per 
sanitary-chemical parameters were taken on 
the territory of 4 out of 10 Moscow adminis-
trative districts: 83.3±36.5% in TsAD1, 
94.4±31.7% in ZAD, 50.0±25.3% in SAD, 

__________________________ 
1 here and further on: TsAD is Tsentralniy AD, ZAD is Zaoadniy AD, SAD is Severniy AD, YuAD is 
Yuzhniy AD, VAD is Vostochniy AD, ZelAD is Zelenogradskiy AD, YuZAD is Yugo-Zaoadniy AD, 
YuVAD is Yugo-Vostochniy AD, SVAD is Severo-Vostochniy AD, SZAD is Severo-Zaoadniy AD. 
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88.9±30.8% in YuAD (table 4). A share of un-
satisfactory samples as per bacteriological pa-
rameters exceeded 50% only in two adminis-
trative districts in Moscow, namely YuVAD 
(54.2±29.4%) and VAD (75.0±30.0%). This 
parameter didn't exceed 46.7±24.4% in other 
administrative districts. In ZelAD, YuAD and 
SVAD all the examined soil samples con-
formed to hygienic standards as per microbio-
logical parameters. A share of soil samples not 
conforming to hygienic standards as per para-
sitological parameters varied from 3.3±1.5% 
to 5.6±2.7% in SAD, YuAD and TsAD. There 
were no unsatisfactory soil samples as per par-
asitological parameters registered in all other 
administrative districts in Moscow (table 4). 

Analysis of soil contamination dynamics 
in Moscow revealed that on the whole specific 
weight of samples not conforming to hygienic 
standards as per sanitary-chemical, microbio-

logical and parasitological parameters de-
creased over 2012-2014 (table 5). 

A share of soil samples not conforming to 
hygienic standards as per sanitary-chemical 
parameters decreased in 2014 by 0.4% in 
comparison with 2012. Specific weight of un-
satisfactory samples as per sanitary-chemical 
parameters decreased in 5 administrative dis-
tricts in Moscow, namely VAD, SAD, 
YuBAD, SVAD, and TsAD. A share of sam-
ples not conforming to hygienic standards in-
creased in 3 administrative districts, namely 
YuAD, YuZAD, and ZAD. And there were no 
soil samples not conforming to hygienic stand-
ards as per sanitary-chemical parameters regis-
tered in 2 administrative districts (ZelAD and 
SZAS). In 2014, just like in previous years, 
lead, zinc, chrome, cadmium, and cobalt, were 
priority contaminants of Moscow city soils.  

 

Table 3 
Share of soil samples not conforming to hygienic standards as per content  

of certain heavy metals, % 
Chemical substances 2012  2013  2014  

The RF Moscow The RF Moscow The RF Moscow 
Heavy metals,  
including: 6,52 ± 0,19 21,80 ± 3,55 6,26 ± 0,18 19,55 ± 3,15 5,50 ± 0,17 20,05 ± 3,20 

– mercury 0,25 ± 0,05 0,00 0,17 ± 0,04 1,34 ± 0,88 0,33 ± 0,05 0,00 
– lead 2,80 ± 0,13 9,88 ± 2,40 2,06 ± 0,11 5,76 ± 1,72 2,00 ± 0,11 6,13 ± 1,77 
– cadmium 1,09 ± 0,08 1,98 ± 1,07 0,90 ± 0,07 1,48 ± 0,88 0,68 ± 0,07 1,20 ± 0,78 

 
  

Table 4 
Soil contamination parameters in populated areas of Moscow  

as per social-hygienic monitoring data in 2014  

AD 
Sampling 

points num-
ber 

Contamination parameters 
Sanitary-chemical Microbiological Parasitological 

Samples  
number 

Not conforming to 
standards Samples 

 number 

Not conforming to 
standards Samples  

number 

Not conforming to 
standards 

units % units % units % 
VAD 16 16 0 0 32 24 75.0±30.0 32 0 0 
SAD 15 30 15 50.0±25.3 30 14 46.7±24.4 30 1 3.3±1.5 
ZelAD 5 10 0 0 10 0 0 10 0 0 
YuAD 18 36 32 88.9±30.8 36 0 0 36 2 5.6±2.7 
YuZAD 12 77 12 15.6±8.8 63 9 14.3±9.3 84 0 0 
ZAD 18 36 34 94.4±31.7 36 5 13.9±12.2 36 0 0 
YuVAD 12 24 4 16.7±16.3 24 13 54.2±29.4 24 0 0 
SVAD 17 34 2 5.9±8.1 34 0 0 34 0 0 
SZAD 11 24 0 0 24 2 8.3±3.5 24 0 0 
TsAD 12 24 20 83.3±36.5 24 8 33.3±23.1 24 1 4.2±2.2 
Total 136 311 119 38.3±6.9 313 75 24.0±5.4 334 4 1.2±0.7 
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Table 5 

Dynamics of changes in soil contamination parameters  
in populated areas of Moscow over 2012-2014 

AD 
A share of soils samples not conforming to hygienic standards, % 

Sanitary-chemical examination Microbiological examination Parasitological examination 
2012  2013 2014  2012  2013 2014  2012 2013 2014 

VAD 56.3±36.7 0 0 34.4±20.3 81.3±31.2 75.0±30.0 3.1±6.1 3.1±6.1 0 

SAD 63.3±28.4 73.3±30.6 50.0±25.3 63.3±28.4 10±11.3 46.7±24.4 3.3±6.5 6.7±9.2 3.3±1.5 

ZelAD 0 0 0 0 0 0 0±0 0 0 

YuAD 11.1±10.9 25±16.3 88.9±30.8 0 13.9±12.2 0 5.6±7.7 2.8±5.4 5.6±2.7 

YuZAD 12.5±14.1 20±9.2 15.6±8.8 87.5±37.4 11.9±7.4 14.3±9.3 0±0 0 0 

ZAD 63.9±26.1 47.2±22.4 94.4±31.7 47.2±22.4 58.3±24.9 13.9±12.2 0±0 2.8±5.4 0 

YuVAD 37.5±24.5 2.9±5.8 16.7±16.3 29.2±21.6 32.4±19.1 54.2±29.4 0±0 0 0 

SVAD 29.4±18.2 17.6±14.1 5.9±8.1 14.7±12.9 2.9±5.8 0 0±0 0 0 

SZAD 0 0 0 0 9.1±12.6 8.3±3.5 0±0 0 0 

TsAD 91.7±38.3 69.6±34.1 83.3±36.5 25±20 26.1±20.9 33.3±23.1 4.2±8.2 13±14.7 4.2±2.2 

TOTAL 38.7±7.6 26.9±5.6 38.3±6.9 31.6±6.7 24.9±5.3 24.0±5.4 1.9±1.7 1.4±1 1.2±0.7 
 
Specific weight of soil samples not con-

forming to hygienic standards as per microbio-
logical agents content decreased by 7.6% in 
2014 in comparison with 2012. The share of 
unsatisfactory soils samples as per microbio-
logical parameters went down in YuZAD, 
ZAD, and SVAD; their number grew in VAD, 
SAD, YuVAD, SZAD, and TsAD. The share 
of unsatisfactory samples remained the same 
in ZelAD and YuAD. 

Soil samples unsatisfactory as per micro-
biological parameters had increased content of 
colon bacillus group bacteria and high entero-
coccus index, but no pathogenic germs (in-
cluding salmonella) were detected.  

A share of soil samples not conforming to 
hygienic standards as per parasitological pa-
rameters decreased by 0.72% in Moscow in 
2014 in comparison with 2012. Decrease in 
soil parasitological contamination was detect-
ed in VAD. There were no changes in this pa-
rameter detected in any other administrative 
district.  

Soil quality deviating from hygienic 
standards as per parasitological parameters oc-
curred in single instances when unviable hel-
minth eggs were detected. 

So, hygienic characteristics of soil con-
tamination in Moscow revealed that: 

 soil quality tended to improve both in 
Moscow and in the RF on the whole in 2014 
(in comparison with 2012) as per sanitary-
chemical (by 1.47% in the RF, by 5.64% in 
Moscow), microbiological (by 1.43% in the 
RF, by 4.52% in Moscow), and parasitological 
parameters (by 0.2% in the RF, by 0.4% in 
Moscow); 

 the level of soil microbiological con-
tamination in Moscow exceeded average coun-
try level by 1.49-2.23 times over the last three 
years: 

 the share of examined soil samples not 
conforming to hygienic standards as per para-
sitological parameters was 1.41-1.94 times 
lower in Moscow than in the RF on average; 

 the level of soil chemical contamina-
tion in Moscow was 2.43-2.71 times higher 
than in the RF in 2012-2014; 

 the biggest specific weight of samples 
not conforming to hygienic standards as per 
sanitary-chemical parameters in 2014 both in 
the RF and in Moscow was registered in zones 
influenced by industrial enterprises, roads and 
motorways (10.64% in the RF, 17.65% in 
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Moscow) and on areas fit for development 
(6.53% in the RF, 17.63% in Moscow); 

 mercury, lead, and cadmium are priori-
ty metals influencing soil chemical contamina-
tion in the RF. In 2014 specific weight of sam-
ples not conforming to hygienic standards as 
per heavy metal contamination, decreased by 
1.18 in the RF in comparison with 2012 (it de-
creased by 1.06 in Moscow); it decreased by 
1.4 times in respect of lead (by 1.61 in Mos-
cow) and by 1.6 times in respect of cadmium 
(by 1.65 in Moscow); 

 more than 50% of soil samples not con-
forming to hygienic standards as per sanitary-
chemical parameters were detected in 4 out of 
10 administrative districts in Moscow; the fig-
ures were 83.3±36.5% in TsAD, 94.4±31.7% 
in ZAD, 50.0±25.3% in SAD, 88.9±30.8% in 
YuAD; 

 a share of unsatisfactory samples as per 
bacteriological parameters exceeded 50% in 

two administrative districts in Moscow in 
2014, namely YuVAD (54.2±29.4%) and 
VAD (75.0±30.0%); 

 a share of samples not conforming to 
hygienic standards as per parasitological pa-
rameters varied from 3.3±6.5% to 5.6±7.7% in 
SAD, YuAD and TsAD; 

 lead, zinc. chrome, cadmium, and co-
balt were main contaminants of city soils in 
2014; 

 soil samples not conforming to hygien-
ic standards as per microbiological parameters 
in Moscow had increased number of colon ba-
cillus group bacteria and high enterococcus 
index; 

 soil quality deviating from hygienic 
standards as per parasitological parameters 
was a rare case and occurred only when unvia-
ble  helminth eggs were detected. 
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