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Introduction. The comprehensive studies of heavy metal content in soils around the world are extremely important for the assessment and prediction of environmental
risks due to their impact on human health. To prevent and restore heavy metal pollution in soil, source identification and risk assessment of heavy metals are
requiring.

Aims and objectives. The purpose of the present work is to find the correlations (direct links) between human’s health (endocrine diseases) and a heavy metal to
prevent the endocrine diseases of the population.

Materials and methods. A total of six hundred fifty seven samples of agricultural soil were collected and five heavy metals (Zn, Cu, Mn, Co, and Pb), were analyzed
Jor their concentrations, pollution levels and human health impact.

Results. A total of 657 surface soil samples (0—20 cm) from agricultural areas of Dagestan Republic, five kinds of metals (Zn, Co, Cu, Mn, and Pb) were analyzed.
Limitations. To check of the reliability of the results obtained on the relationship between the content of Zn, Co, Cu, Mn, Pb in soils and blood of the population
with the prevalence of endocrine diseases (diabetes mellitus, endemic goiter) in the population, repeated studies are needed to expand the list of heavy elements,
diseases of the population, and the geography of coverage of the study area.

Conclusions. The relationship of endocrine diseases with the concentration of heavy metals in the soils of the flat zone of Dagestan Republic (DR) and patient’s
blood was found. The level of MPC (maximum permissible concentration) for Mn was is revealed to be within (0.45—1.29), while for Pb as 0.5—0.0). The results
of the present study showed that the concentrations of Co and Cu in the soils of DR are low than MPC.
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Besedenue. Komnaexchoie uccaedosarnus co0epucanus majicénsix Memanios 8 no48ax no cemy Mupy 4pe3gobiHaiino 6axicHvl 05 OUeHKU U NPOSHO3UPOBAHUS KO-
N02UMeCKUX PUCKOB U UX 6AUsHUS HA 300p08be venoseka. Jlns npedomepauenus 3aepsa3Henus No4ebl MANCENbIMU MEMANIaMU U e€ 60CCMAHO8AeHUs mpefyemcs
8blABACHUE UCIOYHUKA U OUEHKA PUCKA 3A2PA3HEHUs MANCENbIMU MEMAatiamu.

Lleav pabomot — Haiimu KoppeasyuoHHble C83U (NpamMble C83U) Medcdy 300p08beM Hen08exa (SHOOKPUHHBIMU 3A00Ae8aAHUIMU) U MANCENLIMU MEMANIAMU 8
nouee 043 NPOGUAAKMUKY IHOOKPUHHBIX 30001e6AHULL HACEACHUSL.

Mamepuaast u memoodst. Bceeo 6b1.10 cobpano 657 npob ceabckoxo3saicmeeHHOl no4esl, U Nams maxcénvix memannos (Zn, Cu, Mn, Co u Pb) 6viau npoananu-
3UpPOBAHBL HA NPpeOMem UX KOHUeHmMpayuu, yposHeil 3a2pasHeHuUs U 8030elicmeus Ha 300p08be Yen06eKd.

Pesyavmamut. [losepxrocmubie npobut houswst (0—20 cm) uz ceabckoxo3siicmeeHHbix paiionog Pecnyoauxu lacecman 6biau NPOAHANU3UPOBAHbL HA COOEPIHCAHUE
namu eudog memannog (Zn, Co, Cu, Mn u Pb). Bvisereno ux érusnue Ha 300p08ve HaceneHUsl 8 IMOM PatioHe.
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Oczpanuuenus uccaedosanus. /1ns nposepku 00CmMo8epHOCIU U HAOEHCHOCMU NOAYHEHHbIX Pe3yAbmamos o cea3u codepycanus Zn, Co, Cu, Mn, Pb 6 nousax u
KPOBU HACeNeHUs. ¢ PACAPOCMPAHEHHOCMbIO SHOOKPUHHBIX 3a004e8anull (caxapHulil duabem, sHOemuueckuil 300) HaceaeHus HeoOX00UMbl NHOBMOPHbIE UCCAe00-
6aHUSI C pacUlUPeHUeM CRUCKA MANCENBIX INeMEHMO08, 3a001e8aHUL HACEAEHUS, 2e02padul 0X6ama meppumopull Uccie008anuil.

Bakarouenue. Hecnedosanus nokazanu, 4mo 04s 8cex UCCAC08AHHBIX PE2UOHOE8 UHOCKC NOMEHUUANbHO0 HKON02UHECKO20 PUCKA 3HAYUMENbHO HUdIce npedeid
aKon0euecko2o pucka, < 150. O0HaKo omHOCUMENbHO BbICOKUI IK0A02UMecKUll puck umeem Xacasropmosckuii paiion = 19,2, 3a num caedyem babaropmog-
ckuil paiton (18,9). Kpome moeo, Pb umeem omuocumensto vicokuii sxonoeuteckuii puck = 6,9, a Mn — camuvtii nuzkuil puck = 0,81. Pakmop mokcuuecioeo
OMKAUKA HA 8Ce UCCAeO08AHHbIe MANCENbIe MEMANAbl OMHOCUMEAbHO HU3KUll. MHOekc eeoakkymyasyuu 04 Haubonee uzyueHHwix paiionoé < 0 (6 npedenax
om —0,25 do —0,89), kpome Zn = 0,02 u = 0,04 dan paiionos Xacagiopma u babaiopma coomeemcmeenno. Hacmosuee uccaedoganue nokasvieaem, 4mo uem
menvuie Zn u Cu 6 nouee u 6oaviue Pb, mem viuie uucao 604bHbIX CaxapHbvim duabemom.

Karoueeote caosa: cenvckoxossiicmeennas nou4ea, 3HaOKIpLIHOﬂ02Llﬂ,' mscénvie memainnsl; OUeHKa pucka ons 300p06bﬂ,’ UHOCKC IKO0N02UYECK020 pucka; uHoekc
2COAKKYymyaauuu

Cobaro0enue smuneckux cmanoapmos. Hacmosiwee uccaedosanue ne mpebyem npeocmasienus 3aKA04eHUs KoMumema no OUomMeouyuHCcKol JMuie Uil UHbIX
dokymeHmoe.
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Introduction

Heavy metals (Zn, Co, Cu, Mn, and Pb) at low concentrations
play an essential role in the growth and development of plants and
animals. However, at concentrations higher than certain threshold
levels its cause toxicity to the plants [1]. The toxicity in plants
(or shortage of heavy metals) depends on many factors such as
concentration of heavy metals in the soil, pH of the soil, efc. Plants
growing at contaminated sites take up heavy metals from affected
soil-water, and keep on accumulating its. These heavy metals in
plants are increasing by of food chains which may affect human
health [2]. An exposure, greater than their permissible limits, leads
to diseases. Shortage or excess of trace elements in soils leads to
their migration in the human body occurs along the chain: soil-
water-food (plants and animals)-human to the emergence of
diseases of the population. When heavy metals enter the soil,
they not only reduce environmental quality but also endanger
the health of people and other organisms through the food chain.
The soil continuously receives a significant number of pollutants
from different sources including heavy metals due to rapid
industrialization and urbanization. Accurate quantification of the
risk related by heavy metals is essential for developing effective
risk management strategies to protect the urban environment.
According to numerous studies, the anthropogenic activity such
as agriculture, urbanization, and industrialization is one of the key
factors in increasing the heavy metal content in soils. Agricultural
practices tend to increase heavy metals (Cu, Pb, Cd and Zn)
contents. The comprehensive studies of heavy metal content in
soils around the world are extremely important for the assessment
and prediction of environmental risks. Heavy metals are very
toxic, unlike some organic pollutants, may accumulate in soils
over time because they are hardly removed by natural degradation
process and resistant to biochemical degradation, which can
cause potential threat to human health. Considering its direct
connection with ecosystem and food safety, heavy metal contents
in agricultural soil has drawn growing academic and public
concern worldwide [3]. In order to the prevention and restoration
of heavy metal pollution in soil source identification and risk
assessment of heavy metals are requiring. Most researches have
generalized agricultural impact as a factor in the analysis of heavy
metal sources [4]. Therefore, it is of great importance to study the
heavy metal contents (pollution characteristics of soil) and their
sources in agricultural soil to protect the environment and human
health. The heavy elements, such as Cu, Fe and Zn, could play
important roles in plants growth and human health, while some

metals such as Hg, Cd and Pb are toxic for biological activity.
Many diseases of the population have a geochemical nature of
distribution. The elemental status of the organism is largely
determined by the ecological and biogeochemical characteristics
of a particular area. In our previous series publications [5—8]
we found a wide spread of some types of diseases among the
local population due to geochemical factors, namely, the
concentration of heavy metals Zn, Co, Cu, Mn, Pb in the soils of
the flat zone of Dagestan Republic. This is initiated the present
study. Many other researchers studied the relationship between
noninfectious diseases of the local population in the different
regions of Russia and the level of metals in human blood [9].
Other researchers [10] point to the geochemical nature of the
spread of endocrine diseases (disruption) in the population. For
a better assessment of soil pollution of Russia and its impact
on the population health it is necessary to increase the area of
surveys, to unify approaches to select the pollution indicators
and to develop regulatory standards dependent on land use. This
is one of the reasons which motivated the present work.

Dagestan Republic (South of Russia) is ecologically less
studied region in the Russian Federation. Therefore, the main
goal of the present work is to study the geochemical role of the
concentration of five key heavy metals (Zn, Cu, Co, Mn, Pb)
in soils and human blood related with the spread of endocrine
diseases (disruption) among the population in the flat zone of
Dagestan Republic. The concentration of selected heavy metals
in soils and human blood was assessed in the Dagestan Republic.
Another purpose of the present work is to find the correlations
(direct links) between human’s health (endocrine diseases or
any disruption) and a particular chemical, namely, heavy metals
(Zn, Co, Cu, Mn, and Pb). Considering the correlation between
the composition of the environment and the spread of diseases
of the population, an attempt is made to establish a connection
of the concentration of Zn, Co, Cu, Mn, and Pb in the soils of
the Dagestan Republic with the prevalence of endocrine diseases
of the population. The results obtained in this study can provide
reference for the prevention and control of heavy metal pollution
from the perspective of source.

Materials and methods

Characteristics of study area. The study area is located in the
Dagestan Republic (flat zone of Dagestan, western shore of the
Caspian Sea, Southwestern Russia, 43°06°’N — 46°53’E, coastal
plain between the mountains and the Caspian Sea), six districts
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Region characteristics
XapaKTepuCTHKH pernoHa

Table 1| / Tabauma 1

L Region / Pernon
Characteristics Xl K B Xl T
XapakrepHcTHKH ilyurt asavyurt abayurt zlyar arum Nogay
Kuznmopr XacasiopT Babaiopt Kusnsp Tapym Horaii
Population / Hacenenue 70 996 128 096 42033 59 466 29 198 22 094
Number of sites / KosmuecTBo yuacTkos 16 22 85 22 17
Area, km? / Tlnomans, km? 524 1423 3109 3047 3109 8871

(Kizilyurt, Khasavyurt, Babayurt, Kizlyar, Tarum, and Nogay),
which has a population of more than 350 000 (see Table 1).
A total of 657 topsoil samples (0—20 cm depth) were collected
from agricultural fields in the study area. The total study area was
divided into six parts (regions) with different size (see Table 1),
and the sites were selected at the different location of each regions.
All samples sites were located in cultivated land in plains. At each
sampling site, 6—10 subsamples of topsoil (0—20 cm) within
50—100 m radius were collected.

The area has an average annual temperature of 12.9 °C,
and an annual average rainfall is about 250 mm (for Kizilyurt,
Khasavyurt, Kizlyar, and Tarum), 138 mm for Babayurt and
99 mm Nogay regions. The prevailing wind comes from the
Caspian Sea (East side), and the annual average wind speed is
within (1.7 to 3.8) mec™!. The relative air humidity is (72 to 74)%.
Previous studies showed that the agricultural soil of Dagestan
was greatly affected by atmospheric deposition [ccbuika]. The
samples collection was performed in the summer time (dry
weather season). The main crops in this area are (rice, corn,
wheat), vegetables (potatoes, cabbage, onion, beets, etc.), fruits
(apricot, cherry, plum, apple, grape, pears, quince, etc.). All the
samples were collected a few miles away from the main Federal
Highway (Moscow—Baku) to eliminate the interference of
traffic. The study area is the north part of the Dagestan Republic
with a total area of about 17299 km? (see Table 1). The plain is
covered by marine sediments, saline swamp soils are common,
rolling sandy plain of the Nogay steppe, and mainly consist of
sand, clay and sandy clay. The soil types in the study area are
mainly paddy soil. It is predominantly flat region, with elevations
approximately within of —15 m to 15 m. The area has a traditional
mix of urban land uses, basically including residential and
commercial areas. There are smaller-scale industrial activities in
the regions. This region is commonly known for its rich natural
surface geothermal springs (about 24 wells), Kizlyar (geothermal
wells No. 6 and No. 17T).

The database of the Medical Information and Analytical
Center of the Department of Health of the Dagestan Republic
(MI & AC DH) has been used for the present study (Health
Measures Survey [11]). Figure 1 showsthe spread of endocrinology
diseases among the population (per 1000 population) in the flat
regions of Dagestan Republic according to the Health Measures
Survey [11]).

As one can see from figure, endemic goiter diseases are
most common in the Tarum and in Babaurt regions, 78.5 and
57 patients per 1000 population, respectively. Relative low
spreading of diabetes mellitus was observed in the Baburt
(16.9 patients per 1000 population) and Nogay (12.4 patients
per 1000 population) regions. All chemicals used in the present
work and their purities were provided by Aldrich.

Soil sampling: samples collections, preparation and analysis.
Soil samples were collected from different locations (657 sites),
belonging to 6 distinct lands (Kizilyurt, Khasavyurt, Babayurt,
Kizlyar, Tarum, and Nogay) of the Dagestan Republic using a wood
spade by means of a completely randomized design, on the basis
of sizes of agricultural area, waste discharging, irrigative water and
the prevailing wind direction to assess the human activity on soil
quality. Each main soil sample, consisted of 10—15 sub-samples,
were randomly taken from the surroundings of each site, pooled

and homogenized to form a representative sample and at least
500 m away from industry, traffic and residential areas.

The elemental composition of soils was determined at the
biogeochemistry laboratory of the Pre-Caspian Institute of
Biological Resources of the Dagestan Federal Research Centre
of the Russian Academy of Sciences. All collected soil samples
were air-dried at room temperature (20—23 °C), the roots,
stones, plant materials and other debris were carefully removed
before analysis according the requirements ISO-11464 [12], then
passed through 2 mm polyethylene sieve. To analyze the soil
samples with the mass of 0.2 g were selected. The unseeded soil
lumps were rubbed and sifted again, then a sample was taken
for analysis. The prepared soil samples were then stored in
polyethylene bottles for analysis. These prepared samples were
analyzed for pH and five main key metals Zn, Co, Cu, Mn, and
Pb. Determination of mobile forms of the metals in soil was
carried out by extraction of metals using 1 M hydrochloric acid.
The extract was passed through a dry folded ash free (<0.01%)
filter (TY 2642-001-68085491-2011) with 150 mm pore size
(diameter) and average density and porosity. The obtained
filtrates were used to metals determination. At the same time,
we performed standard (control or reference) analysis. Soil pH
was determined with the supernatants of water-soil ratio of 2.5:1
using a pH meter. The soil reaction ranged from (8.1 to 8.9) pH
(an average value of pH is 8.5), see below Table 5.

Study population. The study population included the adults
(age above 40 years old) living in the area under study (Dagestan
Republic), which was diverse in term of the type of living
environment, sex (50% males and 50% females), education and
occupation (serving agriculture).

Blood sampling and analysis. Population-based biomonitoring
is an efficient tool for characterizing the body burden of metals,

80- 85
701
601 57
oy
501
401 35.5 387
304 26
] 16.9
20 15.3 124
101 5 5.8 6.1
3.6
Kizilyurt Khasavyurt Babayurt  Kizlyar Tarum Nogay
Kuauniopt  Xacaetopt  Babatopt Kuansip Tapym Horan

Diabetes mellitus
CaxapHbin anabet

Endemic goiter
OHaemunyecknin 306

The spread of endocrine diseases among the population (per 1000
population) in the flat regions of the Dagestan Republic (Health Measures
Survey [11]).

PacnpoctpaHeHne 3HAOKPUHONOrNYECKNX 3aB0NeBaHUA Cpean Hacene-
HWA Ha paBHWUHHbIX nnowaaax farectaHa Ha 1000 HaceneHus.
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Table 2 / Tabnuuma 2

Summary statistics of the heavy metals concentrations (mg/kg) in the agricultural soils of Dagestan Republic
CBO/IHASI CTATHCTHKA CONEPKAHMS TSIKENBIX METAJLIOB (MI/Kr) B CeJIbCKOXO03siiCTBEHHBIX MouBax Pecmy6iuku larecran

Parameters / ITapametpsi
Metals Region number of samples standard deviation standard error coefficient of variation
Mertain Peruon YHCJI0 00Pa3I0B Min cg:i:se Max | cTaHzapTHOe OTKJIOHEHHe | CTaHAapTHas ommOKa | Koddduuuent Bapuanuu
n SD SE Cv
Zn Kizilyurt / Kusumiopr 48 0.89 1.83 2.24 0.04 0.006 2.19
Khasavyurt / Xacasiopr 171 0.67 1.72 2.38 0.13 0.001 7.56
Babayurt / ba6aiopt 66 0.91 1.68 1.87 0.04 0.005 2.38
Kizlyar / Kusnsap 255 1.32 1.97 2.32 0.07 0.004 3.55
Tarum / Tapym 66 0.93 1.48 1.84 0.11 0.014 7.43
Nogay / Horaii 51 0.47 0.64 1.78 0.09 0.013 14.06
Cu Kizilyurt / Kuswuiopr 48 0.78 0.91 1.61 0.09 0.013 9.89
Khasavyurt / Xacasiopr 171 0.52 0.71 1.14 0.04 0.003 5.63
Babayurt / Ba6aiopt 66 0.48 0.65 1.09 0.06 0.007 9.23
Kizlyar / Kusnsp 255 0.59 0.73 1.23 0.03 0.002 4.11
Tarum / Tapym 66 0.1 0.45 0.63 0.04 0.005 8.89
Nogay / Horait 51 0.3 0.57 0.81 0.07 0.010 12.28
Mn Kizilyurt / Kusutopt 48 89 119 232 2.9 0.42 2.44
Khasavyurt / Xacasiopt 171 149 167 247 33 0.25 1.98
Babayurt / baGatopt 66 162 181 209 3.8 0.47 2.10
Kizlyar / Kusnsip 255 143 155 174 3.6 0.23 2.32
Tarum / Tapym 66 131 156 170 4.2 0.52 2.69
Nogay / Horaii 51 20 63 91 3.6 0.50 5.71
Co Kizilyurt / Kusuntopr 48 0.64 0.83 1.08 0.09 0.013 10.84
Khasavyurt / Xacasiopr 171 0.58 0.71 1.24 0.06 0.005 8.45
Babayurt / Ba6atopt 66 0.49 0.67 0.85 0.09 0.011 13.43
Kizlyar / Kusnsp 255 0.32 0.48 0.71 0.03 0.002 6.25
Tarum / Tapym 66 0.24 0.33 0.59 0.03 0.004 9.09
Nogay / Horaii 51 0.18 0.23 0.64 0.04 0.006 17.39
Pb Kizilyurt / Kusumopr 48 2.5 3.1 43 0.9 0.130 29.03
Khasavyurt / Xacasiopt 171 2.8 3.5 5.2 1.2 0.091 34.29
Babayurt / Ba6aiopr 66 3.5 4.2 5.0 0.9 0.111 21.43
Kizlyar / Kusnsap 255 2.5 3.7 4.9 1.8 0.113 48.65
Tarum / Tapym 66 2.9 39 44 0.9 0.111 23.08
Nogay / Horaii 51 2.8 3.6 4.7 1.2 0.168 33.33

toxics and nutrients as well. It is important for those metals
with relevant health effects and that are inadequately controlled.
Thus, data from a biomonitoring test can show where stronger
environmental actions or medical decisions are required.

Blood was obtained in clinical laboratories of medical
institutions from 10 patients in each studied area, prone to diabetes
and endemic goiter. Whole blood samples were taken from the
elbow vein (venous blood), in the morning, on an empty stomach
(fasting). The samples were collected in vacuum containers
Vacuette 456084 ("Greiner Bio-One GmbH", Austria) and stored
in refrigerator until analysis in a frozen state. For determination of
Zn, Co, Cu, Mn, and Pb concentrations in the blood, 0.2% aqueous
solution of Triton X-100 and 0.2% solution of Antifoam-B were
prepared for dilution whole blood. Equal amounts of whole blood
and the prepared solution (5 cm®) were combined, the resulting
mixture was vigorously stirred for 30 seconds to obtain a complete
dissolution of blood cell elements. The sample was centrifuged and
a clean supernatant layer was analyzed. A solution of ammonium
acid phosphate, (NH,);PO,, was prepared. For the purpose

2 g of this substance (supernatant) was dissolved in 100 cm® of
distilled water. 1% solution of AMPC (ammonium — pyrrolidine —
dithiocarbamate) was prepared in distilled water. This reagent
was prepared daily. 5 cm’® of AMPC solution was mixed with
100 cm?® of ammonium acid phosphate solution. The solution
was shaken in a separating funnel with 10 cm® MIBK (Methyl
Isobutyl Ketone) for 2—3 minutes. The water layer was removed
and the organic layer was separated. The extraction process was
repeated a few times. The extracted compound is a modifier for
the determination of trace elements in the blood, allowing to raise
the temperature of ash and was stored in a polyethylene tube.
Determination of the content of heavy metals in the blood was
carried out according to the manual of the separating procedure,
considering that 5 ul of the obtained modifier should be added to
the analyzed sample. The metal content in the analyzed sample
is calculated using a simple relation x = kC, where C is the metal
content in the analyzed blood sample from the calibration curve
or using calibration coefficients, mg/dm?; and k is the coefficient
considering dilution or concentration.
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Table 3 / Tabauma 3

Comparison of the median heavy metals’ concentrations (mg/kg) for the present studied regions with the other regions of Russia
CpaBHeHHe MEeIMAHHBIX KOHIIEHTPAIMIA TSRKEIBIX METAJLIOB (MI/Kr) JJISl HCC/IyeMbIX PETHOHOB ¢ APYruMu pernoHamu Poccun

Region Metals / Meran Reference

Pernon Zn ‘ Cu ‘ Mn ‘ Co ‘ Pb Hcrounnk
Flat zone of the Dagestan Republic 1.31 0.91 0.92 1.14 1.18  This study / lanHast paGora
PaBHuHHas 3oHa Pecryosniuku [larectan
Volgograd Region / Bosrorpanckas o6iacthb 0.64 023 1620 0.04 - 0O.V. Sukhova et al. / O.B. Cyxosa u ap. [13]
Krasnoyarsk Region / KpacHosipckast 061acThb 0.53 024 6.10 0.08 - A.P. Sergeev et al. / A.I1. Ceprees [14]
Belgorod Region / Benroposnckast o61acTb 049 0.14 10.9  0.13 - S.V. Lukin / C.B. JlykuH [15]
Republic of Karelia / Pecriy6nuka Kapenust 0.50 0.32 13.03 0.23 — G.V. Akhmetova / I'.B. Axmerosa [16]
Kemerovo Region / Kemeposckast 061acTh 043 0.17 3392 0.22 — O.1. Prosyannikova and V.I. Prosyannikov [17]

O.U. IpocsaHuukoBa u B.U. TpocsHHukoB [17]

Sakhalin Lowland / Caxanunckast Husmennocts — 3.40 0.26 4.26 — 0.70  E.A. Zharikova / E.A. Xapuxosa [18]
Kabardino-Balcaria Republic 7.50 1.00  23.0 — 2.7  C.M. Beslaneev et al. / C.M. becnanees u 1p. [19]

Kabapnuno-bankapckast Pecriybiuka

Heavy metals and whole blood concentrations measurements.
The metal (Zn, Co, Cu, Mn, and Pb) concentrations in soils
and whole blood were determined using atomic absorption
spectroscopy with a graphite atomizer (Zeeman modulation
polarization spectrometry, AAS-ETA Hitachi 170—70, Japan) in
a high purity (99.9999 wt%) argon medium and a tubular graphite
cuvette 170—5100 D. The concentration of metals was determined
by comparing the analyzed solution with standard solutions Zn,
Co, Cu, Mn, and Pb with a concentration of 1 mg/cm® using
the calibration procedure. The uncertainty of a concentration
measurements is less than 1% at the p=95% confidence level.

Statistical analyses. For all measured soil characteristic
properties were assigned basic statistical parameters such as
maximum and minimum, arithmetic mean, standard error
(SE), standard deviation (SD), coefficient of variation (CV),
and Pearson correlation coefficient. Statistical analyses of the
results (type of sample distribution using the Shapiro—Wilk test,
t-statistics, and Pearson linear correlation coefficient, Pearson
and Altman and Gardner, were performed using the Statistic 6.0
application software package (StatSoft Inc., USA). The critical
level of statistical significance was taken at p<0.05.

Results

Summary statistics of heavy metals concentration (mg/kg) of
the soils under study for each studied districts of the flat zone of
Dagestan Republic are given in Table 2.

The highest content elements in the studied areas are Mn
and Pb. Compared with the background value in Dagestan
Republic, the average and median Cu and Co concentration in
the agricultural soil were lower, while those of Mn, Pb, and Zn
were much higher. However, in compared with the other industrial
regions of Russia (see Table 3), the average concentrations of Co
and Cu in Dagestan soil is higher. Also, the concentration of Zn
was higher than in Volgograd, Krasnoyarsk, Belgorod, Karelia,
and Kemerovo, although the Mn content is lower (Table 3) than
in other industrial areas of Russia. In general, the agricultural
soil heavy metal contents in this area did not exceed the risk
MPC values. Table 3 shows the comparison of the heavy metals’
distribution in the present studied area with other regions of the
Russian Federation.

The concentration of Zn, Co, Cu, Mn, and Pb in the soils of
the flat zone of Dagestan Republic is varying in the wide range
(mg/kg): Zn — from (0,47 to 2,4); Cu — from (0,10 to 1,61); Mn —
from (20 to 247); Co — from (0,18 to 1,24); and Pb — from (2,5 to
5,2) of soil (Table 4). The highest values of Zn, Cu, Mn, Co, and
Pb concentration were found in Kizlyar (1,97), Kizilyurt (0,91),
Babayurt (181), Kizilyurt (0,83), and Babayurt (4,2), respectively.

Table 4 / Tabnuima 4
The level of metal cations (mg/kg) in the soils of flat zone
of Dagestan Republic

‘YpoBeHb conep:KaHusi KATHOHOB MeTAJLIOB (MI/Kr) B HOYBAX
paBHuHHO¥ 30HbI PecnyOuku Jlarecran

Metals
Region | Deptha* " Humus, % pH MeTamn
Peron  |[nyOuna * Tymyce, %
Zn | Cu | Mn| Co| P
Kizilyurt A 48 3.87 8.6 1.83 091 119 0.83 3.1
Kuszumopt
B 1.79 8.5 148 0.68 158 0.79 2.9
C 10 095 8.7 1.31 096 172 0.70 2.7
Khasavyurt A 171 3.39 8.1 1.72 0.71 167 0.71 3.5
XacaBlopT
B 1.74 8.3 1.41 0.64 170 0.68 3.1
C 10 081 84 1.03 0.76 187 0.64 2.4
Babayurt A 66 342 8.4 1.68 0.65 181 0.67 4.2
babatopt
B 1.87 8.5 1.46 0.68 142 0.62 3.9
C 10 0.76 8.8 1.02 0.79 183 0.54 3.3
Kizlyar A 255 276 83 197 0.73 155 0.48 3.7
Kusznsip
B 1.49 8.5 1.73 0.67 167 0.44 3.5
C 10 0.85 8.6 147 0.85 181 042 3.2
Tarum A 66 247 83 1.48 045 156 0.33 39
Tapym
B 1.53 85 1.21 0.51 162 0.30 3.6
C 10 099 86 1.09 0.57 170 0.28 3.4
Nogay A 51 2.5 82 0.64 0.57 63 0.23 3.6
Horait
B 1.34 84 0.55 0.52 57 0.28 3.5

C 10 054 89 058 044 55 022 3.2

Note. * A — top layer, mostly humus, 0—25 cm; B — middle layer, clay
and oxidized material, 76 cm; C — bottom layer, parent rock, loose rock
and other mineral materials, 122 cm, are the genetic horizons.

IMIpumevyanue. ¥ A — BepxHUI CJIOH, B OCHOBHOM Tymyc, 0—25 cmM;
B — cpenHwmii ciioif, TIMHA U OKUCIIEHHBIN MaTepual, 76 cM; C — HIDKHUIT
CJIOM, MaTepuHCKas Mopona, peixjas NMopona W Ipyrue MUHEpasbHblE
MaTepuaibl, 122 cM, TeHeTU4eCKIe TOPU3OHTHI.
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Table 5 / Tabnuua 5

Summary of heavy metal concentrations (mg/kg) together with standard deviations for the soils collected from flat regions

of Dagestan Republic, M + m

CBo/1HAS1 KOHIIEHTPALMS TSDKENBIX METAJLIOB (Mr/Kr) BMECTe CO CTAHAAPTHBIMHM OTKJIOHEHUAMM JUIS MI0YB, COOPAHHBIX B PABHHHHBIX PailoHaX

Pecnyosmku Jlarectan, M + m

Region Humus, % Metals / Merann

Pervion Tymye, % pH Zn Cu ‘ Mn ‘ Co Pb
Kizilyurt / Kusutopt 3.87+£0.2 8.6+0.2 1.83£0.1 091+£0.03 11909 0.83+0.03 3.1£0.3
Khasavyurt / Xacasropt 3.39+0.3 8.1x£0.3 1.72+£0.3 0.71£0.01 167+£1.0 0.71£0.02 3.5%+04
Babayurt / BaGatopt 3.42+0.2 8.4+0.2 1.68§ 0.1 0.65%+0.02 181+t1.2 0.67+£0.03 42%0.3
Kizlyar / Kuznsap 2.76 £ 0.5 83104 1.97+0.2 0.73£0.01 155%+1.1 0.48x0.01 3.7x0.6
Tarum / Tapym 247+0.2 83102 148+£0.3 045+0.01 156+t1.3 0.33£0.01 39%0.3
Nogay / Horait 2.15+0.2 8.2+0.3 064+03 057£0.02 63£1.1 0.23+£0.02 3.6x04
Ka [20] (Clark number, the relative abundance of a chemical element 5 1.5 40 1 10
in Earth's crust / Yucno Kiapka, oTHOCUTeIbHASI pACIIPOCTPAHEHHOCTh
XUMHUYECKOTO 3JIEMEHTA B 3eMHOI1 KOpe)
MPC /T1AK [21] 23 5 140 5 6

(maximum permissible concentration / npezesibHO A0IycTUMAsk KOHLIEHTPALIKST)

Discussion

The concentration analysis of the studied heavy metals
shows that their average values in the soils of the areas are
lower than the Clark number (Ka) reported by Vinogradov [20]:
Zn (2,5) — 8 times; Cu (1,6) — 3; and Co (1,2) in 4 times, while the
concentration of Mn (1,5) in 4,5 times higher than Clark number
Ka. Studies by Alexandrova et al. [21] show different levels and
criteria for assessing the ecological status of soils, depending on
the concentration of the elements under consideration. According
to the data reported by Alexandrova et al. [21], the soils studied in
the present work contain low concentration of Cu and Co, while
Zn is at the level of the lower limit of the maximum permissible
concentration of Zn. However, the concentrations of Mn and Pb
are higher than MPC (the excepted values are 0,45—1,29 for Mn
and 0,5—0,7 for Pb). The lower the Zn, Cu, Co and the more
Mn contents in the soil, relative to the Clark coefficient (Ka) and
MPC, the greater the population morbidity (sickness rate), i.e., in
general, increase of the Mn and Pb content in the soil leads to the
sickness rate increases, while the increasing of Zn, Cu, Co content
leads to it decreases.

To assess the contamination levels of heavy metals, the
pollution index (P[) was calculated Pl = C; / C,, where C; is
the concentration of the metal element i in topsoil (0—20 cm)
samples, while Cy; is the background value of the target element.
The derived values of PI for each individual heavy metals under
study are presented in Table 6, where PI<1 is no contamination,
1<PI<3 is slight contamination. As one can see from Table 6,
the PI values for Zn, Cu, Mn, Co, and Pb ranged from (1,02 to
1,54), (0,82 to 1,24), (0,81 to 1,09), (1,09 to 1,16), and (1,10 to
1,38), respectively. This indicates that, on average, heavy metal
pollution for most studied regions is at a relatively low or slight
level. However, the percentages of sampling locations exhibiting
PI values larger than 1 were found to be: (2—54)% for Zn,
24% for Cu, 9% for Mn, (10—19)% for Co, (10—38)% for Pb,
which indicate significant local accumulation of heavy metal
pollutants within the study area.

Accordingly, the ecological risk index E; can be used to
assess the risk of metals based on their toxicity response in the
environment. The Hakanson potential ecological risk index £;. was
calculated using equation E, = T,C; / Cy;and RI = ,)::IE"’ , where E;,
is the individual potential ecological risk index of heavy metal i,
T, is the toxic response factor of heavy metal i, C; is the average
content for heavy metal / (the present results, see above), and Cy;
is the geochemical background reference value in soil, R/ is the
sum of the potential ecological risk of metals in the region, The
toxic response factors of heavy metals studied in the present work

are: Zn =Mn= 1 and Co =Cu = Pb = 5. The combined ecological
risk (sum of the potential ecological risk, R/) of the studied
metals are: Kizilyurt (17.8), Khasavyurt (19.2), Babayurt (18.9),
Kizlyar (17.6), Tarum (17.37), and Nogay (19.4), As one can see,
risk assessment showed that for all studied regions considerably
lower than low ecological risk limit, E;,<150. However, Khasavyurt
area has the relatively high ecological risk R/=19.2, followed by
Babayurt area (18.9). Also, Pb has the relative highest ecological
risk E;=6.9 (Khasavyurt area), while Mn has the lowest risk
FE,=0.81 (Kizilyurt area).

The geoaccumulation index (/o) also evaluates the pollution
level of metals in soils using the relation /., = log,[C; / (1.5:Cy)].
The constant 1,5 is used due to potential variations in the baseline
data. For .,<0, the soil is practically uncontaminated, 0</e,<1 —
uncontaminated to moderately contaminated, 1</[,<2 —
moderately contaminated, and 2</,,<3 — moderately to heavily
contaminated. For the present results the most data is <0
(within -0,25 to -0,89, soil is practically uncontaminated), except
10=0,02 and [.,=0,04 for Zn, for regions of Khasavyurt and
Babayurt, respectively.

Effects of metal content in the soil on human health. Under
conditions of environmental distress, the immune, endocrine and
central nervous systems react before other systems, causing a wide
range of functional disorders. Then there are metabolic disorders
and mechanisms of formation of environmentally dependent
pathological process. In the present work, we have studied the

Table 6 / TaGunuma 6
The values of PI (Pollution Index) for heavy metals for studied

3navenns ungexca 3arpssHenus (M3) TskénpiMu MeTauiaMu
JUISI M3yYA€eMBIX PETHOHOB

Region Metals / Merann

Peruon Zn Cu Mn Co Pb

Kizilyurt / Kusumopr 1.26 0.83 0.81 1.16 1.15
Khasavyurt / Xacasiopr ~ 1.52 0.89 0.90 1.09 1.38

Babayurt / ba6aiopt 1.54 0.84 0.88 1.19 1.23
Kizlyar / Kusnap 1.26 0.82 0.89 1.10 1.13
Tarum / Tapym 1.23 0.84 0.94 1.13 1.10
Nogay / Horaii 1.02 1.24 1.09 1.16 1.11
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Table 7 / Tabnuuma 7

Level of metal cations in blood (ug/L) of the studied population of the flat zone of Dagestan Republic
‘YpoBeHb KATHOHOB METAJLIOB (MKT/JI) B KPOBH HCCJIEZIyeMOT0 HACeIeHUsI PABHUHHOI 30HbI Pecny®iukn /larecran

Metals / Meraui
Region Zn ‘ Cu ‘ Mn ‘ Co ‘ Pb
Peruon diabetes mellitus / endemic goiter
caxapHblii 1ua0eT / 3HIeMHYeCKHii 300

Kizilyurt / Kusumopt 4110 /4032 635 /623 33.2 /3431 2.21/2.19 233 /228
Khasavyurt / Xacasiopt 4078 / 4084 605 /598 34.8 /35.28 1.74 / 1.79 249 /239
Babayurt / Ba6aiopt 3748 / 3752 557 /534 37.3/36.41 1.98/1.85 272 /251
Kizlyar / Kusnsip 4184 /4261 654 /637 37.6 /35.95 2.41/2.44 267 / 244
Tarum / Tapym 3945 /4059 595/ 551 35.8/36.43 2.15/2.11 248 /262
Nogay / Horaii 3814 /3818 570 / 653 34.4/33.84 2.05/2.21 255/216
WHO [22] — The reference level in the blood 7000 1400 12 10 150

CraHgapTHBI ypoBeHb B KpoBu (BO3) [22]

relationship of some endocrine (diabetes, endemic goiter) diseases
of the local population with a concentration of Zn, Co, Cu, Mn,
and Pb in the soils of the region and blood of patients. We compared
the average concentration of trace elements in soils and the number
of patients with pathologies. As a result, we have found a direct
relationship of diseases of endocrinology with a concentration of
Zn, Co, Cu, Mn, and Pb in the soils. Particularly, the following
regularity was revealed: the lower Zn, Co, Cu and higher Mn, Pb
relative to Clark number (Ka), according to Vinogradov [20], in
soils, the more patients with the studied pathologies.

Using the Shapiro—Wilk criterion, it was determined that the
sampling has a normal distribution. In this regard, the Pearson
coefficient of linear correlation of metal content in soils and blood
of patients with human endocrine pathology (disruption) was
determined. Student’s #-test (statistics) evaluation indicate the
statistically significant differences (where p<0,05 was considered
to be significant) in the compared samplings. Morbidity of the
population with diabetes mellitus depended on the food content
grown from biomass of cultivated plants on soils. For Pb the
average strength of correlation coefficient is ¥=+0,48, while for Zn

Table 8 / TaG6numa 8
The coefficient of correlation between pathology and the
concentration of the heavy elements

Koad duimeHT Koppeisiuu MeK/I1y NaTo1orueii i KOHIeHTpanuei
TSIKEIBIX 3JIEMEHTOB

Correlation coefficient
Parameter Kﬁg&?ﬁ:ﬁ:ﬁ
Tlapaserp Soil | Blood
ITousa Kposb
Zn < diabetes mellitus / Zn <> caxapubiit muader —0.468  —0.939
Zn < endemic goiter / Zn <> sunemuueckuit 306 +0.007  —0.288
Co < diabetes mellitus / Co <> caxapubiii iuader  —0.130  —0.385
Co <> endemic goiter / Co <> sumemudeckmii 306 —0.060  —0.500
Cu < diabetes mellitus / Cu <> caxapupiii imaber  —0.314  —0.895
Cu <> endemic goiter / Cu <> sHnemuyeckuii 306 —0.566  —0.875
Mn < diabetes mellitus / Mn <> caxapsiii muager —0.060  +0.219
Mn <> endemic goiter / Mn <> sHnemuueckuii 306 +0.425  +0.566
Pb < diabetes mellitus / Pb <> caxapnbiii quader  +0.613  +0.526
Pb <> endemic goiter / Pb <> sHnemuueckuii 306 +0.495  +0.713

and Cu are r=-0,47 (average) and »=-0,31 (weak), respectively.
Therefore, this implies the conclusion: the less of Zn and Cu
in soils, and more Pb, the higher of the number of patients
with diabetes. The concentration of Co and Mn did not have a
significant effect on the pathology. The number of patients with
endemic goiter depended on the concentration of Cu in soils, with
the average strength of correlation coefficient (» =-0,57), while
for Mn and Pb is (r=+0,43). The difference in the content of the
studied metals in the whole blood of patients exposed to diabetes
and endemic goiter was revealed (see Table 7).

As can be note, a statistically significant positive correlation
with the studied pathologies was found for Mn and Pb and negative
for Zn, Cu, Co (see Table 8).

Conclusions

In order to determine the concentrations and health risk of
heavy metals in urban soils from the Dagestan Republic were
collected and analyzed for Zn, Co, Cu, Mn, and Pb. A total of
657 surface soil samples (0—20 cm) from agricultural areas of
Dagestan Republic, five kind of metals (Zn, Co, Cu, Mn, and
Pb) were analyzed. $The concentration of metals in the soils of
the flat zone of Dagestan has a wide range (mg/kg): Zn — from
(0,47 to 2,4); Cu — from (0,10 to 1,61); Mn — from (20 to 247);
Co — from (0,18 to 1,24); and Pb — from (2,5 to 5,2). The highest
Zn, Cu, Mn, Co, and Pb concentrations were found in Kizlyar
(1,97), Kizilyurt (0,91), Babayurt (181), Kizilyurt (0,83), and
Babayurt (4,2), respectively. The relationship of some diseases of
endocrinology with the concentration of Zn, Cu, Mn, Co, and
Pb in the soils of the flat zone of Dagestan Republic and patient’s
blood was found. It is revealed that the level of MPC (maximum
permissible concentration) for Mn was within (0,45—1,29), while
for Pb is (0,5—0,7). According to the ecological risk assessment,
a large proportion of the sampling sites presented no ecological
risk (unpolluted). The results of the present study showed that
the concentrations of Co and Cu in the soils of Dagestan republic
are low than MPC. A risk assessment showed that for all studied
regions considerably lower than low ecological risk limit, E;,<150.
However, Khasavyurt area has the relatively high ecological risk
RI=19,2, followed by Babayurt area (18,9). Also, Pb has the relative
highest ecological risk E;=6,9 (Khasavyurt area), while Mn has
the lowest risk E,=0,81 (Kizilyurt area). Toxic response factor
for all studied heavy metals relatively low, The geo-accumulation
index (/) for the most studied areas /,.,<0 (within -0,25 to -0,89,
soil is practically uncontaminated), except /,,=0,02 and /,,=0,04
for Zn, for regions of Khasavyurt and Babayurt, respectively.
The conclusions suggested that Zn, Cu, Co, Mn and Pb were no
pollution. The results of the risk analysis indicated that the heavy
metal contents in the soils of flat zone of Dagestan Republic have
a low ecological risk (unpolluted) in most of the study sites.
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The present study showed that morbidity of the local
population with diabetes mellitus depended on the food content
grown from biomass of cultivated plants on soils. The less of Zn
and Cu in soils, and more Pb, the higher of the number of patients
with diabetes. The concentration of Co and Mn did not have a
significant effect on the pathology. The difference in the content
of the studied metals in the whole blood of patients exposed
to endocrine diseases was revealed, for which a statistically
significant correlation with pathologies was also found — positive
for Mn and Pb and negative for Zn, Cu, Co. We showed the
increase of the number of patients with pathologies in excess of
Mn, Pb concentration and a decrease in Zn, Cu, Co. Increases
of Pb content in the soil is a result of increasing sickness rate
of population. The concentration of Co and Mn did not have
a significant effect on the pathology. There was an increase in
the number of patients with pathologies in excess of Mn, Pb
concentration and decrease of Zn, Cu, Co in the soils. The number

OpuruHanbHas cratbs

of patients with endemic goiter depended on the concentration
of Cu in soils, with the average strength of correlation coefficient
(r=-0,57), while for Mn and Pb is (r =+0,43). The difference in
the content of the studied metals in the whole blood of patients
exposed to diabetes and endemic goiter was revealed. To improve
the health of the population, it is necessary to eliminate the
influence of excess Mn and Pb and the shortage of Zn, Cu, Co
in the humans, by improving the ecology of the environment.
The present study may provide a scientific basis for strategies to
protect human health in urban areas. The quality guidelines and
standards, enforcing existed regional environmental regulations
and laws, and conducting holistic environmental monitoring
programs should be immediately acted. To improve the health of
the population, it is necessary to eliminate the influence of the
factors and restore the balance of trace elements in the human
body. Optimize the ratio of trace elements is one of the factors for
improving the ecology of the environment and its food.
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