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ABSTRACT

This article presents the results about influence of motor transport on accumulation of
heavy metals (HM) of lead, zinc, copper and cadmium in the soil and in fodder plants of
pasturable grounds of the Khangalassky region. Results of our researches testify that the pasture
of cattle in close proximity to a highway can be the prerequisite of impurity of animal husbandry
products by heavy metals. As a result of analyses of samples of the soils selected in the
Khangalassky region showed that concentration of Pb, Cd, Cu, Zn in a soil cover of pasturable
grounds of the village of Tekhtyur and village Nemyugyu don't exceed the established sanitary
and hygienic standards. It is revealed that the maintenance of Pb, Cd, Zn, Cu in fodder herbs of
pastures of the village of Tekhtyur and village Nemyugyu depended on their concentration in the
soil. Thus the level of cadmium and lead in plants isn't exceeded by maximum concentration limit,
and concentration of zinc and copper in 5 m of a highway exceeded maximum concentration
limit.
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INTRODUCTION

Nowadays environmental pollution by chemical compounds, including heavy metals is
one of the main problems. In nature plants are affected by many stressors of both a natural, and
anthropogenic origin. Having got to the soil, heavy metals can then collect in plants and make
negative impact on processes of a metabolism that as a result leads to reduction of a crop and
pollution by toxicum of the subsequent links of a food chain. The main sources of pollution by
heavy metals are: road and transport complex, industrial enterprises, unutilized industrial and
household wastes [14, 15, 16].

The significant contribution to pollution of environment is made by motor transport.
Intensive receipt in environment of heavy metals which are emitted with exhaust gases is
connected with its operation. Combustion of ethylated fuel is accompanied by release of lead. At
combustion of lubricant oils emitted is cadmium. A large number of this element is formed as a
result of attrition of tires about asphalt concrete [9].

The problem of providing the population with ecologically safe agricultural production is
the priority direction of development of economy of our republic. Within a problem the

important place is allocated for questions of development of animal husbandry in densely
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populated areas of the Republic of Sakha (Yakutia). However, in areas with anthropogenic load

in ecosystem the solution is impossible without professional knowledge on migration and
accumulation of heavy metals in the soil, sterns and livestock production.

Natural pasturable grounds in the Central Yakutia, namely in Khangalassky district are
located along the highway of republican importance. Toxic connections from the fodder plants
eaten by animals on a trophic chain passes into an organism of cattle, then into animal husbandry
products (meat, milk) which are consumed by local population.

The aim to define the influence of motor transport on accumulation of heavy metals of
lead, zinc, copper and cadmium in the soil and in fodder plants of pasturable grounds of the
Khangalassky region.

MATERIAL AND METHODS

Researches were conducted in the Khangalassky region of the village of Tekhtyur and the
village Nemyugyu (Oi village), in pasturable meadows of the emissions of the motor transport
located in a zone of influence.

Tekhtyursky district is located (village of Tekhtyur) on the left coast of the Lena River, in
upper courses of small rivers Bestyakh, Suon, Urekh, and small rivers of Kenkeme, from the
center of the district of Pokrovsk on 47 km, distance from Yakutsk of 27 km. The spread of the
republican highway passing through the territory of the village of Tekhtyur is 2.15 km, including
with a hard coating of 2.15 km. Transport connection is all the year round.

Nemyugyunsky district (Oi village) it is located on the left coast of the Lena River and there
is in 7 km from the center of the district of Pokrovsk, a distance from Yakutsk to Oi village is 67
km. The transport connection with Yakutsk and Pokrovsk is carried out all the year round on the
republican importance highway “Umnas” with a hard coating. Total length the insight districts of
roads makes 35 km, including with a hard coating of 7 km, from them is covered with asphalt of
3 km.

The selection and preparation of tests of the soil and fodder herbs carried out in
accordance with GOST 28168-89, 26929-94 ("Soils Sampling", "Raw materials and foodstuff").
The Concentration of lead, cadmium, copper and zinc was determined by method of the nuclear
and absorbing spectral analysis (AAS MGA-915) in the accredited laboratories of State Budgetary
Institution Republic of Sakha (Yakutia) and State Budgetary Institution Republic of Sakha (Yakutia)
"Yakut republican veterinary and test laboratory" (GOST 30178-96, GOST 28168-89), determined



4 2015 N AU 5

the maintenance of a humus by Tyurin's (State standard specification 26213-84) method, pH in a

water extract of the soil defined in accordance with GOST 26423-85 [3, 4, 5, 6, 7].
Fodder herbs collected during blossoming (July) in a dry sunny weather, according to
the standard rules [4].
The concentration of Pb, Cd, Cu, Zn in samples of soils and herbs determined by a
nuclear and absorbing method in a flame acetylene-air on the MGA spectrophotometer — 915.
For extraction HM from soils we used acetate ammonium the buffer with Ph-4,8 at a ratio
soil/solution — 1/10, extraction time 24 hours. Sample preparation of vegetable raw materials is
carried out by method of a dry combustion with the subsequent extraction by the nitric acid
diluted (1:1) extraction time 24 hours. Analyses made in triple frequency, results statistically
processed with application of the Excel program —2013.
RESULTS AND DISCUSSION
The contents of HM in soils of pasturable grounds of Khangalassky region
The special place among manifestations of anthropogenic impact on soils belongs to
pollution of the territory heavy metals as fast self-cleaning of soils in the conditions of permafrost
from metal pollution to the level demanded on hygienic and ecological safety is complicated [21].
According to the generalized scheme of soil geographical zoning (the Soils of the USSR,
1979), the zone of island and continuous distribution of permafrost within the North West - the
Siberian lowland belongs to the West Siberian province gley weak-calx and undercalx and illuvial-
humus soils of the Central taiga and forest region [10, 11].
Khangalassky region (the Central Yakutia) is generally located in a distribution zone of
Permafrost cespitose and meadow types of soils on which grows the meadow vegetation [22].
The results of our researches showed that in pasturable meadows of Tekhtur village the
maintenance of a humus varied from 3,2% to 10,2%, acidity of soils fluctuated from 6,5 - 7,5 (the
subacidic and alkaline environment). Lead level in the soil fluctuated from 0,02mkg/g to 0,15
mkg/g, cadmium - 0,005 mkg/g to 0,02 mkg/g, zinc - 0,24 mkg/g to 0,45 mkg/g and copper - 0,10
mkg/g to 0,25 mkg/g.
In accordance with the data in table 1, in soils of pasturable grounds of Tekhtur village

is the greatest accumulation of mobile connections zinc, the smallest cadmium. (tabl. 1)



4 2015 M (L AW

Concentration of HM in the soil of pasturable meadows of the Hangalassky region of the village of Tekhtyur

Heavy MPC Distance from a highway
metals
Tekhtyur 5 m leftside 5 m rightside | 200 m rightside 250m leftside
Pb, mgk/g 6 0,08+0,01 0,15+0,03 0,14+0,02 0,10+0,03 0,02*10,01
Cd, mgk/g - 0,01+0,001 0,02+0,001 0,02+0,001 0,01+0,001 0,005+0,003
Zn, mgk/g 23 0,32+0,03 0,45*10,05 0,42+0,03 0,37+0,03 0,24*10,02
Cu, mgk/g 3 0,10+0,01 0,25+0,02 0,23+0,01 0,15+0,02 0,10*+0,01
Note: in Tables 1 and 2 * p <0.05 in comparison of 5 m from a highway

178
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Concentration of HM depended on distance from a highway. In 5 m from a highway of

concentration of all four elements were higher, than at distance of 200-250 m. Thus the TM level
in the soil was distributed in decreasing order of Zn >Cu>Pb> Cd.

However, bioaccumulation of HM and their mobility is defined by size pH and the
maintenance of a humus in the alkalescent environment with decrease pH ion-exchange
absorption of cationic forms of the pollutants getting to the soil considerably accrues; at anion
forms inverse relationship is shown - their main weight is occluded in the alkalescent
environment in which anions in a two-charging form prevail [16].

Possibly, high concentration of zinc in the soil, is connected by that zinc is an essentially
microcell for soils, plants and the person. Besides, he treats elements kindly soluble in the soil.
With a humus this element forms steady connections. Zinc adsorption by the soil depends from
pH. In the alkaline environment zinc is adsorbed on the hemosorbtion mechanism, and in the
sour environment there is a kationo-exchange absorption. At the increased acidity the share of
mobile zinc. Most fully zinc is absorbed by iron oxides [12, 18].

Rather high concentration of copper it is also connected with pH. As in alkalescent and
even to the neutral environment copper for a long time is late in the soil. However at the raised
contents copper makes toxic impact, both on plants, and on the subsequent components of a
food chain, including the person, and can be the cause of various chronic diseases [20].

In soils of pasturable meadows of the village Nemyugyu the humus varied from 1,8% to
3,6%, acidity of soils fluctuated from 7,5 to 8,5.

Accumulation and distribution of the elements determined by soils of the village

Nemyugyu had the same regularity, as well as in soils of the village of Tekhtyur (tabl. 2).
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Table 2

Concentration of HM in the soil of pasturable meadows of the Hangalassky region of the

village Nemyugyu

Heavy MPC Distance from a highway

metals Nemyugyu 5 m leftside 5 mrightside | 80 m rightside | 300 m leftside
Pb, mgk/g 6 0,14+0,01 0,28*+0,02 0,2540,01 0,15+0,02 0,04*+0,01
Cd, mgk/g - 0,02+0,01 0,04+0,01 0,05+0,02 0,02+0,01 0,01+0,001
Zn, mgk/g 23 0,94+0,05 1,95*10,10 1,90+0,11 0,52+0,05 0,44*+0,06
Cu,mgk/g 3 0,16+0,02 0,43*10,03 0,42+0,03 0,19+0,01 0,15*+0,02

Data presented in table 2 testify that the HM level on pastures of the village Nemyugyu
was statistically authentically higher, than in pastures of the village of Tekhtyur. Zinc was more
in the soil in Nemyugyu 2,9 times, copper — 1,6 times, cadmium — 2 time, lead — 1,7 times.

Higher content of heavy metals in pasturable meadows in Nemyugyu village can be
connected with populous (population of the village Nemyugyu 3,6 times higher, than the village
of Tekhtyur) and with a close arrangement with Pokrovsk (7 km). On this interval of the
republican road loading is raised a transport stream.

Results of our researches testify that the pasture of cattle in close proximity to a highway
can be the prerequisite of impurity of animal husbandry products by heavy metals.

As a result of analyses of samples of the soils selected in the Khangalassky region showed
that concentration of Pb, Cd, Cu, Zn in a soil cover of pasturable grounds of the village of Tekhtyur
and village Nemyugyu don't exceed the established sanitary and hygienic standards [1, 2, 19].

The maintenance of HM in fodder herbs of pasturable grounds of the Khangalassky
region. Plants are the second important factor on the way of movement of heavy metals on a
food chain in a human body. Root systems are capable to keep rather big quantity of ions that is
connected with cumulative action of morphological structures and chemical reactions of the
nonspecific nature which treat the exchange capacity of roots, concentration of metals in
vacuoles, a chemical inactivation of specific connections [17].

Vegetable forages are the important power supply for animals, both in summer, and in
winter time, and impurity of forages of HM is reflected not only in animals, but also in human
health. It is already proved that such elements as cadmium and lead are carcinogens. According
to medical statistics of Republic of the Sakha (Yakutia) mortality from oncological diseases for the

last five years increased more, than twice [8].
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In tables 3 and 4 presented a data about the contents of HM in fodder herbs of pastures

of the village of Tekhtyur and village Nemyugyu. Concentration of lead in meadow herbs
fluctuated from 0,10 mg/kg to 0,15 mg/kg, zinc from 31,34 mg/kg to 42,70 mg/kg, copper from
7,80 to 15,23 mg/kg, and cadmium was found only in the item Tekhtyur (tabl. 3).

Table 3

Concentration of HM in fodder herbs of pasturable meadows of the Hangalassky region of the

village of Tekhtyur

Heavy MPC Distance from a highway
metals
Tekhtyur 5 m left side 5 m right side 200 m right 250 m left side
side
Pb, mg/kg 5,0 0,15%0,02 0,11+0,05 0,10+0,03 0,21+0,03 0,10+0,02
Cd, mg/kg 0,5 0,01+0,00 0 0 0 0
Zn, mg/kg 10- 31,34+0,11 34,49+0,18 42,70+40,20 39,46+10,23 31,9810,17
50,0*
Cu, mg/kg 1,0- 10,55+0,15 7,8040,10 15,2340,12 11,1840,12 8,1610,11
10*

The greatest accumulation of heavy metals in fodder herbs was revealed in 5 m from a
highway, the smallest - in 250 m. In the herbs growing in the item Tekhtyur and in 200 m from
the road on the right side the level of copper corresponded to the upper bound of maximum
concentration limit. The results received that do not contradict literary data [20, 21].

Table 4

Concentration of HM in fodder herbs of pasturable meadows of the Hangalassky region of the

village of Nemyugyu

Heavy MPC Distance from a highway
metals
Nemyugyu 5 m left side 5 m right side 80 m right 300 m left side
side
Pb, mg/kg 5,0 0,2610,05 0,35+0,08 0,2240,05 0,2510,06 0,38+0,03
Cd, mg/kg 0,5 0,01+0,00 0,01+0,00 - 0,01+0,00 0,02+0,00
Zn, mg/kg 10- 50,83+0,18 85,84+0,21 61,86+0,40 47,87+0,24 36,16+0,23
50,0*
Cu, mg/kg 1,0- 13,50+0,11 19,23+0,14 16,64+0,13 26,12+0,15 25,39+0,17
10*
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High concentration of lead in 300 m of the left side from a village Nemyugyu highway, it
is possibly caused by anthropogenic factors: motor transport of local population. Unlike the
village of Tekhtyur in herbs of pastures of the village Nemyugyu cadmium was found. However it
is concentration were much lower than maximum concentration limit (tabl. 4).

Distribution of concentration of HM in vegetable sterns of the village Nemyugyu and
Tekhtyur had the same character, as well as in soils of pastures: Zn>Cu>Pb>Cd. That is the level
of microcells in plants directly depends on their contents in the soil in which they grow. This fact
shows that the prerequisite of ecological safety of animal husbandry products is monitoring of
element structure of soils.

High levels of zinc and copper in plants are caused to their physiological meaning. Copper
in plants plays an important role in oxidation-reduction processes, improves intensity of
photosynthesis, and promotes formation of chlorophyll. Zinc in a vegetable organism activates
30 fermental systems in a cell. In plants, along with participation in breath, proteinaceous,
carbohydrate and nucleinic exchanges, zinc regulates growth, influences formation of amino acid
of tryptophane and raises the maintenance of phytohormones. Zinc is necessary for normal
development of an ovum and a germ of plants. It raises hot-, warm- and cold constancy of plants,
and a physiological role of copper in a vegetable organism is closely connected with its
participation in the fermentativnykh processes directly as catalyst or as a part of cupriferous
enzymes. It increases intensity of breath, catalyzes oxidation of ascorbic acid, provides
assimilation of nitrate nitrogen and fixing of nitrogen of the atmosphere. Copper is necessary to
plants for formation of chlorophyll, participates in a metabolism of proteins and carbohydrates
[1, 2, 21].

Excess of maximum concentration limit of copper and zinc in fodder herbs leads to
increase in their contents in an organism of pets. High concentration of copper and zinc in
muscular tissue and in bodies of cattle can debalance metabolic balance of other metals that can
break activity of many enzymes and a metabolism, leading to pathology not only animals, but
also the person. Disbalance of the relation copper/zinc is the main causal factor in development
of coronary heart disease. At increase in level of copper in a human body there is growth stop,
remonus, and decrease in the content of hemoglobin, degradation of tissues of liver, kidneys and

a brain [21].
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Thus, determination of level of heavy metals in the soil and fodder plants is necessary for

environmental monitoring of environment. As heavy metals on a food chain get to a human body

and there can be the reason do not adaptation of violations and pathological conditions of the

person in the north.

CONCLUSIONS

1. It is established that in soils of pasturable grounds of the village of Tekhtyur and the
village Nemyugyu of the Khangalassky region concentration of Pb, Cd, Zn and Cu don't exceed
maximum concentration limit.

2. Concentration of heavy metals depends on distance from a highway: in 5 m of
concentration of all four elements were higher, than at distance of 200 - 300 m.

3. It is revealed that contents of Pb, Cd, Zn, Cu in fodder herbs of pastures of the village
of Tekhtyur and village Nemyugyu depended on their concentration in the soil. This level of
cadmium and lead in plants isn't exceeded by maximum concentration limit, and concentration
of zinc and copper in 5 m of a highway exceeded maximum concentration limit.
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