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ASSESSMENT OF THE RAILWAY INFLUENCE ON THE HEAVY
METAL ACCUMULATION IN SOIL

Purpose. The scientific paper aims at analyzing the current state of the railway infrastructure soil contamination
with heavy metals (HM), namely, the three stations of Prydniprovska railway: Kamianske-Pasazhyrske, Za-
porizhzhia-Kamianske and Trytuzna. Methodology. The research object is the soil of the above mentioned railway
stations, the research subject is the total content of HM. Sampling was carried out every 15 m between and outside
both rails up to the end of railway ties. The total area of the investigated sites is 600 m2. The total form of Fe, Pb, Zn,
Cu, Ni, Cd and Mn concentration was determined by the atomic absorption spectrometry method. The obtained data
were compared with the background concentration of HM for Dnipropetrovsk oblast and the results of analyzing the
reference control located at a distance of 250 m from the railway stations. Findings. It is found out that rail transport
is a source of HM emission into soil. The findings indicate that the soil state of the Kamianske-Pasazhyrske station
corresponds to a low ecological risk and a low degree of pollution, since the station is a passenger one only and pollu-
tion occurs mostly due to the friction of wheels and rails and that of the pantograph and overhead system, as well as
the pesticide use. The soil contamination of the Zaporizhzhia-Kamianske station is characterized by a considerable
potential environmental risk and a very high degree of pollution. This station is a cargo-passenger one, and this pollu-
tion level is mainly due to loading and unloading processes. The soil of the Trytuzna station is characterized by an
average potential ecological risk and a moderate degree of pollution. Although this station is mainly used for the
freight trains reformation, but due to the transportation of large volumes of bulk ore cargoes HM fall into soil. Be-
sides, the station is not electrified. Recommendations for assessment of the soil pollution levels are given.
Originality. For the first time the potential ecological risk of soil contamination was determined on the basis of the
physical and chemical analysis of the HM content in the soil of the above-mentioned stations. Practical value. The
results of the study can be used as a justification of the reasonability of introducing the environmental monitoring
programs for the railway land, the environmental protection measures for the soil treatment from HM, correcting the
railway exclusion zone, as well as protection of adjacent territories from the propagation and accumulation of the
mentioned pollutants. The necessity and urgency of the constant control of the HM content in the railway soil and the
relevance of the research continuation in this scientific direction are confirmed on the basis of the received data.
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Introduction space between rails may exceed the benchmarks
ten times. For example, the study of Polish scien-
tists demonstrates the following HM concentration
in the soil of the Ttawa Gtéwna railway junction,
mg/kg: in the area of sidings Pb — 448'/4942; Cd —
5,41/5,1%, Cu — 191Y/1612; Zn — 1264%/1223%; Hg —
0,573%/0,969%; Fe — 44800%/39700% Co — 9/8?; Cr
— 67%/58% Mo — 2%/22 (* — between rails, 2 — outside
rails) [13]. The HM content indicators in three re-
ference sites mg/kg: Pb — 1%2%3% Cd -
n.d.3/n.db/n.d’ Cu — 4%4°4°, Zn — 23?%/23°/18¢;
Hg — 0,014%0,05/0,013¢; Fe — 4400%/4500°/5000¢;
Co — 1%/1%/2¢; Cr — 5%/6°/8%; Mo — n.d.?/n.d.b/1¢. n.d.

Rail transport operation has a negative influence
on the environmental quality. This influence can be
seen in the environmental contamination with both
organic (oil products, polycyclic aromatic hydrocar-
bons, polychlorinated biphenyls), and inorganic sub-
stances (heavy metals, SO, CO, CO,, NO,, etc.).

Studies devoted to railway transport as a factor
of environmental pollution confirm the hypothesis
that this mode of transport can bring to soil such
persistent and dangerous pollutants as heavy met-
als (hereinafter — HM) [1, 4-7, 10-14, 17-20].

HM concentration in soil samples taken in the
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— not detected, ® — 500 m southwest from the rail-
way junction, ® — 500 m to the southeast, ¢ — 2 km
to the east [13].

The obtained data demonstrate the significant
content of iron, which is natural for railway
transport, lead, cadmium, copper and zinc, which
may indicate specificity of the cargoes transported,
loaded and unloaded at this station.

Another study, conducted by Kajetan Dzierzan-
owski and Stanistaw W. Gawronski also confirms the
assumption that railway transport plays a significant
part in the HM accumulation in soil and plants. The
study was conducted in situ at the Warsaw-Otwock
railway connection using the X-ray fluorescent spec-
trometer [11]. The authors compare the obtained re-
sults with the permissible levels of HM concentration
in the surface layer for transport lands, mg/kg ap-
proved in Poland [11]. Table 1 presents the results of
Kajetan Dzierzanowski and Stanistaw W. Gawron-
ski's investigation and the permissible levels of HM
concentration in Poland, approved in 2002.

Table 1

HM concentration in surface layer of
the Warsaw-Otwock railway ground and permissible
levels of HM concentration

Concentration Sta_nd_ard Permis_sible con-
HM ma/kg ' deviation, centration levels
mag/kg of HM
Ba 1092.1 299.1 1000
Cr 1108.4 3314 500
Zn 142.4 17.7 1000
Cu 894.3 415 600
Mn 1528.9 160.9 -
Mo 18.0 4.0 250
Ni 588.1 101.1 300
Pb 65.0 8.3 600
Hg 25.3 6.0 30
Fe 196112.7 3909.8 -

The presented data show the high content of such
metals as barium, chromium, copper, nickel, mercu-
ry and iron typical of railways. It should be noted
that it is difficult to assess the degree of the railway
operation influence on the HM accumulation without
comparing the obtained data with those at the refer-
ent sites or background concentration. It can only be

concluded that the approved standards for Ba, Cr, Cu
and Ni have been exceeded.

However, the data on the HM accumulation in
plants in the area adjacent to the Warsaw-Otwock
railway junction is of greater interest. For example,
Viola  arvensis  accumulates  approximately
230 mg/kg Zn, Vicia cracca — ~ 30 mg/kg Mo, Ce-
rastium dubium — =~ 160 mg/kg Cu, 400 mg/kg Mn,
8 mg/kg Pb, 34000 mg/kg Fe [11]. This, in turn, con-
firms the railway transport influence on the HM in-
troduction and accumulation both in the soil of adja-
cent territories and in plants that grow there.

According to the results of chemical analysis of
the soil samples from the Bialystok Fabryczny,
Siemianowka and Wality railway stations in 2015
[20], the pollution levels appear to be much lower
than in previous studies. However, the soil biotest-
ing shows significant toxicity of the soil of the
Biatystok Fabryczny and Siemiandéwka stations
[20]. The information is given in Table 2.

Table 2

Results of chemical analysis of the soil samples
from the Bialystok Fabryczny, Siemianéwka and
Walily railway stations

Station
AM | Biatystok Fab- | oo ook Wality
ryczny

Zn 130+£10.4 75+£6.0 106 + 8.58
Cu 107 £ 16.1 27+4.1 46 +6.9
Pb 153+ 275 20+3.6 27+4.9
Ni 14+3.4 17+4.1 52+12.5
Hg 0.06 +0.01 <0.05 <0.05
Cd <0.70 <0.70 <0.70
Cr 25+5.3 15+3.2 70 £14.7

It is important the fact that at present in Ukraine
there are no legally approved permissible levels of
HM concentration for transport and communication
lands, industry and urban territories.

As for the HM sources at railway transport,
they are, in the first place, cargo transportation, its
dispersing, scattering and spilling on the track and
adjacent territories [1, 5-7, 10-14, 19]. For exam-
ple, the total amount of losses during the transpor-
tation of mineral fertilizers in bulk in covered cars
is up to 8%, in gondola cars up to 28%. When
transported in multi-purpose cars annually up to
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7% of ore and 3% of cement are lost [7].

According to the State Statistics Service of
Ukraine [3], the railway transport ranks first in
terms of cargo transportation volumes. The Tables
3 and 4 show the cargo turnover, volumes of cargo
transportation in 2017, and transportation of vari-
ous types of cargo by rail in 2017, respectively.

Other sources of HM at railway transport:

— friction in systems: wheel-brake blocks,
wheel-rail, pantograph-contact wire, bearings [5-7,
10-14, 18, 19];

— use of herbicides [7, 13];

— coal heating of cars [5-7];

— exhaust gases of locomotive engines [5-7,
10, 12];

— migration from wooden and ferro-concrete
sleepers, from rubble and ballast section materials
[5-8, 10, 14];

— garbage discarded from trains and on plat-
forms.

Table 3
Cargo turnover and volumes of cargo transportation in 2017
Cargo turnover Volume of transported cargoes
min. tkm in % to 2016. min.t in % up 2016.
Transport 343057.1 105.8 635.9 101.8
railway 191914.1 102.3 339.5 98.9
automobile 41178.8 108.4 175.6 104.7
water 4257.1 106.3 5.9 88.1
pipeline 105434.4 111.7 114.8 107.6
air 272.7 120.5 0.1 110.5
Table 4
Cargo transportation in 2017
Performed, min.t In % to 2016.
Transported cargoes 339.5 98.9
dispatched 277.3 94.9
According to freight nomenclature
coal 43.9 76.2
coke 5.0 70.8
oil and petroleum products 3.8 115.3
iron ore and manganese ore 64.9 93.5
ferrous metals 20.8 824
ferrous scrap 3.1 114.9
timber cargo 2.8 66.8
chemical and mineral fertilizers 35 84.2
grains and grinding products 35.7 111.8
cement 59 101.0
construction material 41.2 116.5
other cargoes 46.7 118.0
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Moreover, the HM accumulation in soil during
the railway operation is influenced by a wide range
of factors: intensity and speed of train movement;
age of the railway and degree of its operation; ini-
tial braking speed, braking length; the nature and
volumes of transported cargoes; weather condi-
tions; relief; granulometric and chemical content of
soil; vegetative cover.

Therefore, the HM content in the railway infra-
structure soil can differ considerably and vary
widely. Accordingly, the study of the railway
transport influence on the HM emission into the
soil is an important direction of scientific research.

Purpose

The main purpose of the article is analyzing the
current state of the railway infrastructure soil con-
tamination with HM; assessing and determining
the rail transport share in the problem of the HM
accumulation in soil.

In order to achieve the purpose, the following
stages are realized: literary review of the problem;
analytical assessment of soil contamination levels
of railway stations with heavy metals; calculations
of total contamination and potential environmental
risks of soil contamination with HM; development
of recommendations for further monitoring the
toxicological state of soil.

Methodology

The research object is the soil of the three rail-
way stations of Prydniprovska railway:

1)passenger station — Kamianske-Pasazhyrske,
year of opening 1965, electrified (hereinafter —
«KP» station);

2)freight-passenger station — Zaporizhzhia-
Kamianske, year of opening 1884, electrified
(hereinafter — «KZ» station);

3)freight station — Trytuzna, year of opening
1884, non-electrified (hereinafter station «T»).

The research subject is the total content of HM.
Determining the total forms are enough for the
space between tracks, since the moving ones play a
minor role in this case, there is no migration in the
«soil-plant» and «soil-plant-man» chains.

The sampling scheme is shown in Figure 1.
Sampling was carried out every 15 m between (1)
and outside both rails (2). The weight of each sam-
ple is 250-300 g, the depth of sampling is 0-20 cm.
The total area of the investigated sites is 600 m2.
The principle of the sampling choice is determined
by the fact that the stations are surrounded by
buildings and the HM distribution at different dis-
tances cannot be assessed.

The reference sites are at a distance 250 m from
each station. The sampling was carried out using
the «envelope» method.

Figure 2 shows the places of the soil sampling.
It was carried out at the end of August 2017 in dry,
hot weather.

The HM concentration in station soil was de-
termined by the atomic-adsorption method. Total
forms of HM were extracted with nitric acid (1:1).
The HM content in the studied soil samples was
calculated using the formula (1):

X =V '(Cl—CO)/m

where X — is the mass fraction of the i-th metal,
determined in the air-dry soil sample, mg/kg; C1 —
is the concentration of the i-th metal in the studied
acid extract of soil, found according to the calibra-
tion graph, mg/dm?®; Co — is the concentration of
the i-th metal in the control sample found accord-
ing to the calibration graph, mg/dm3; V — is the
volume of the investigated solution, cm3; m — is the
weight of the air-dry soil sample, g.

LI ]

[

LI 1

L N J
—

15 m 15 m

Fig. 1. The scheme of sampling at railway stations
1 — the area of sampling between rails, 2 — the area of sampling outside both rails
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Fig. 2. The sampling sites at the station Kamianske-Pasazhyrske

In order to assess the level of the HM accumu-
lation in soil, we calculated a total contamination
index Z., which reflects the complex influence of
the whole group of elements and is determined as
the additive sum of the excess of elements concen-
tration coefficient above the background level us-
ing formula 2 [2]:

n
Ze=) Ke=(n-1) (2)
i=1

where n — is the number of elements under consid-
eration, K¢ — is the coefficient of concentration
(accumulation), the ratio of actual concentration to
background content [2].

Although this methodolgy is used in many
works related to the assessment of HM accumula-
tion in soil, the disadvantage of the Z. indicator is
that it does not reflect the toxicity of each metal,
therefore, it is advisable to use such an indicator as
RI — potential environmental risk of soil contami-
nation, which is determined by the formula 3 [9,
15, 16]:

RI =Y (3)
where Ei —is a risk factor for the i -th HM,
Ei=Tifi=T, % 4)

|

where Ti — is the factor reflecting the toxicity of
the i-th HM and the degree of environmental sensi-
tivity to this metal, the values of 7i for Hg, Cd, As,
Ni, Cu, Pb, Cr, Zn and Mn are 40, 30, 10, 5, 5, 5,
2, 1 and 1, respectively; fi — is the ratio of the actu-
al concentration of HM, (Ci) to its background
content (S7) [9, 15, 16]. Classifications of Z; and RI
are presented in the Tables 5 and 6.

Table 5
Classification of the total soil contamination
index Zc
Contamination degree Zc
very low <8
low 8-16
moderate 16-32
high 32-64
very high 64-128
extremely high > 128

Table 6

Classification of potential ecological risk
of soil contamination

Ei Individual RI General
Ei <40 Low RI<150 Low
40<Ei<80 Average ! SOSBUSZ’ Average
. - 300<RI .
80<Ei<160 Significant <600 Significant
160<(')5'§32 High RI>600 | Very high
Ei>320 Extremely
high
Findings

The research results are presented in Table 7.
We determined the concentration of total forms of
Mn, Cu, Zn, Ni, Pb, Cd, and Fe in the soil of
«KPy», «ZK», «T» stations and at the three refer-
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ence sites where the anthropogenic influence is
quite insignificant.

The given data across the board exceed the ref-
erence indexes and the background concentration,
which shows the direct railway transport influence
on the HM accumulation in soil.

The obtained results indicate that the soil state
of the «KP» station corresponds to a low ecologi-
cal risk and a low degree of contamination, since it
IS a passenger station only and pollution occurs
mostly due to the friction of wheels and rails, that
of the pantograph and contact wire, as well as the
herbicide use.

The soil contamination of the «ZK» station is
characterized by a significant potential environ-
mental risk and a very high degree of pollution.
This station is a freight-passenger one and the pol-
lution level is mainly due to the loading and un-
loading processes.

The soil of the «T» station is characterized by
an average potential environmental risk and
a moderate degree of pollution. Although this sta-
tion is used for the freight trains reformation, but
due to transporting large volumes of bulk ore car-
goes HM fall into the station soil. Moreover, the
station is not electrified.

Originality and practical value

For the first time the potential ecological risk of
soil contamination was determined on the basis of
the physical-chemical analysis of the HM content
in the soil of the «KP», «ZK» and «T» stations.
The obtained data prove the necessity and urgency
of constant monitoring the HM content in the rail-
way infrastructure soil.

The results of the study can be used as a justifi-
cation of the reasonability of introducing the envi-
ronmental monitoring programs for the railway
lands, the environmental protection measures for
the soil treatment from HM, protection of the terri-
tories adjacent to railway from the propagation and
accumulation of the mentioned pollutants as well as
correcting the railway exclusion zone

Conclusions

Taking into consideration the fact that the rail-
way transport operation can lead to the significant
level of the soil contamination with HM, which
exceeds the regulatory one, it is necessary to de-
velop recommendations for non-purpose (agricul-
tural) use of land sites within the damping zone of
railways.

According to the presented data, differentiating
the railway mainline zones with high pollution in-
dicators was carried out and the recommendations
on the measures for decontamination and detoxifi-
cation of the railway infrastructure soil were de-
veloped.

We recommend to calculate the Z; and RI indi-
ces for assessing the levels of soil contamination,
as well as to determine the HM concentration at
the reference sites, since the use of background
concentration for comparison generates many
questions and concerns, although it is used by
many researchers. And as a final stage of assess-
ment we suggest carrying out biotesting, which
demonstrates the toxic influence (or its absence) of
the investigated soil on plants, crustaceans, bacte-
ria and other living organisms.

Table 7

General indicator of contamination and the potential ecological risk of stations soil pollution

Stations and Heavy metal concentration, mg/kg
aé';g'r‘é"’l‘;‘;rio Mn (600" Cu(0n | zn(30% | Ni(10) | Pb(09) | cd(@) Fe (22 000")
the method- | 2 |12 1|21 2|1]2]|1]2 1 2
ology
«KP» 654 670 61 60 | 178 | 170 | 32 31 40 35 | 15| 15 | 35670 35 660
Ke 11 11 31 | 3.0 | 59 57 | 3.2 32 | 40| 35 | 15| 15 1,6 1.6
Ei 11 11 | 152 | 15 5.9 5.7 16 16 20 | 175 | 45 | 45 1.6 1.6
RI 103.35 — low potential ecological risk
Ze 14 — low contamination degree

doi 10.15802/stp2018/140551

30

© A. V. Samarska, Y. V. Zelenko, 2018



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancropry. Bicuuk J{HinponeTpoBcbKoro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2018, Ne 4 (76)

EKOJIOI'I HA TPAHCIIOPTI

Continuation of a table 7

General indicator of contamination and the potential ecological risk of stations soil pollution

Stations and Heavy metal concentration, mg/kg
a::r;glrfﬁgsto Mn (600°) Cu(20) | zn(30% | Ni(10) | Pb(10) | cd(@) Fe (22 000")
the method- | 2 |12 1|21 2|1]2]|1]2 1 2
ology
«ZK» 2220 | 2220 | 456 | 476 | 678 | 656 | 111 | 115 | 340 | 324 4 4 61 860 61 230
Kc 3.7 3.7 | 228|238 226|218 | 111 |115| 34 |324| 4 4 2.8 2.8
Ei 3.7 3.7 114 | 119 | 22.6 | 21.8 | 55.5 | 57.5 | 170 | 162 | 120 | 120 2.8 2.8
RI 487.7 — significant potential ecological risk
Zc 94.5 — very high contamination degree
«T» 710 715 75 67 | 180 | 179 | 63 65 | 150 | 130 2 2 48 700 48 705
Kc 1.18 119 | 3.75 | 3.35 6 6 6.3 | 65 | 15 13 2 2 2.2 2.2
Ei 1.18 1.19 | 18.8 | 16.8 6 6 315|325 | 75 65 60 | 60 2.2 2.2
RI 189.14 — average potential ecological risk
Zc 29.3 — moderate contamination degree
Reference
sites 340%/240?/300° 61/52/6° 231/30%/403 76273 10Y/8%/5% | 0.5Y0.3%/n.d.3 | 2340/30782/1460°

* — background HM content in soil of Dnipropetrovsk oblast
1, 2, 3 — benchmarks of the HM content for the «KP», «ZK» and «T» stations, respectively.
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OLIHKA BIIVIMBY 3AJIIBHUYHOI'O TPAHCITIOPTY HA
HAKOIIMYEHHS BAXKKUX METAJIIB Y TPYHTAX

Mera. HaykoBa cTaTTs Mae 3a METy aHaJli3 Cyd4acHOTO CTaHy 3a0pyJHEHHs BaKKMMH MeTanamu (BM) rpyHTiB
3a1i3HNYHOI 1H(pAacTpyKTypH, a came Tpbox craHuiil IIpunHinpoBcwkoi 3amizHuni: Kam’sHchke—Ilacaxupcebke,
Sanopixoka—Kam’saceke # Tputysna. Meroauka. O0’€KT TOCHIIKEHHS! — I'PYHTH BHIE3a3HAYEHHUX 3aJII3HUYHHUX
cTaHIiH, npenmeT — BajoBuit BMicT BM. Binbip npo6 3aiiicHioBaBcs KoxkHI 15 M MiXk peikaMu Ta o3a HUMH 3 000X
cTOpiH. 3arajpHa IUIOmA JOCTIIKYBaHUX TepuTopiii — 600 M2 MeTogom aToMHO-abCOpOLiHHOI cIEKTpOMETpil
BH3HAUEHO KOHIeHTpamii BamoBux ¢opm Fe, Pb, Zn, Cu, Ni, Cd ta Mn. OTpumani JaHi TOpIBHIOBAINCH i3
¢oHOBMMH KOHIeHTpamisMu BM s J[HinpomeTpoBchkoi oGiacTi Ta 3 pe3yibTaTaMH aHaNi3y KOHTPOJIBHHUX
JIIISTHOK, 10 3HAXONWJIMCh Ha Binctani 250 M BiA 3ami3HWYHHX cTaHid. Pe3yasTtatu. BcranoBieno, mio
3aJTI3HUYHUHA TPAHCIIOPT € JUKEPETIoM HaaxokeHHs BM y rpyatu. OTpuMaHi pe3yinbTaTi BKa3yloTh Ha Te, 110 CTaH
rpyHTiB craHuii Kam’sHchke—Ilacakupchke BiANMOBiZae HU3BKOMY E€KOJOTIYHOMY PHU3UKY W CIIaOKOMY CTYIIEHIO
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EKOJIOI'I HA TPAHCIIOPTI

3a0pyAHEHHS, OCKIJIBKH CTaHIliS € TUIBKU MAaCaKUPCHKOIO, 1 3a0pyTHEHHS BiIOYBA€ThCS 32 PaXyHOK TEPTs KOJIC Ta
peiiok, manTorpada o0 KOHTaKTHY MEPEXY, a TaKOK BHKOPUCTAHHS NECTHLWAIB. 3a0pyAHEHHS IPYHTIB CTaHII
Samopinoka—KaMm’ SHChKE BiIPI3HAETHCSA 3HAYHUM MOTCHIIITHIM €KOJIOTIYHUM PH3UKOM i JyKe CHIBHHM CTYIICHEM
3a0pynHeHHA. Ll cTaHIis € BaHTa)KHO-TTACAKUPCHKOIO, 1 TAaKUH PiBEHb 3a0pyIHEHHS € 3[e0UTBIIOT0 HACIHIIKOM
HPOLECIB 3aBAHTAXKEHHS W PO3BaHTaXeHHA. [pyHTH cTanmii TpHTy3Ha XapaKTEpH3yIOTHCSA CEPEIHIM MOTEHIIAHIM
EKOJIOTIYHAM PHU3UKOM Ta TIOMIpHHUM CTyleHeM 3a0pynmHeHHA. Ha 1miit craHmii BimOyBaeTbes mepedopMyBaHHS
TOBapHHUX TOI3MIB, ajle 3a paXyHOK IEPEBE3CHHS 3HAYHMX OOCHTIB CHITYUYHX PYAHHX BaHTAXIB y IPYHTH CTaHIIi
notpamsitore BM. KpiMm Toro, craHmisi HeenektpugikoBaHa. HamaHo pexoMeHparii MIofo OLIHKK pPIBHIB
3abpynneHHs IpyHTiB. HaykoBa nHoBu3Ha. Briepiie Ha 6a3i nmpoBeseHOro (i3uko-XiMiuHOro aHaiizy Bmicty BM
IPYHTaxX BHINE3a3HAYCHUX CTAHLIM BH3HAYEHO TMOTCHUIHHMN EKOJOTIYHMI pU3UK 3a0pyIAHEHHS TIPYHTIB.
IpakTuuna 3HaYMUMicTh. Pe3ynpTaTi HOCHIIKEHHS MOXYTh OYTH BHKOPUCTaHI SIK OOIpYHTYBaHHS JIOLIIBHOCTI
BIIPOBAJPKEHHSI NIPOTPaM EKOJIOTIYHOTO MOHITOPHHTY JJIsl 3eMENb 3aJ1i3HUYHOTO TPAHCIOPTY, MPUPOJIOOXOPOHHUX
3aXO0/IiB 13 OYMIIEHHS IPYHTIB Bix BM, KOpUryBaHHS 30HH BiI4y)KEHHS 3aJi3HHIb 1 3aXUCTY MPWIETINX TEPUTOPIN
BiJl PO3MOBCIO/KEHHS Ta aKyMYJDIMii IIUX TONIOTaHTiB. Ha OCHOBI OTpHMMaHMX JaHUX JOBeAEeHa HEOOXiTHICTH
MOCTIHHOTO KOHTPONIO BMicTy BM y IpyHTax 3ami3HUYHOI IHQPACTPYKTYpPH W aKTyalbHICTH IMPOAOBKEHHS
JIOCIIIKEHb Y TaHOMY HayKOBOMY HAIPSMKY.

Knrouosi crosa: Baxki MeTanu; 3ali3HUYHUN TPAHCIOPT; IPYHTH; 3aJi3HHYHI CTAHII(; HOTCHIIHHUI €KOJIOTid-
HUU PU3UK
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OLEHKA BJIUAHUA KEJE3HOJAOPOKHOI'O TPAHCIIOPTA HA
HAKOIVIEHHUE TAXKEJIBIX METAJIJIOB B I'PYHTAX

Heab. Hayunas cTates cBOEH LENbI0 HMEET aHAIU3 COBPEMEHHOIO COCTOSIHUS 3arpsA3HEHUS] TPYHTOB XKEIE3HO-
IOPOXKHON MHQPPACTPYKTYPHI TsKeIbIMU MeTauiaMu (TM), a uMeHHO Tpex cTaHnuil [IpuaHenpoBCKOH Kelle3HOM
nmoporu: Kamenckoe—Ilaccaxupckoe, 3amopoxxse—Kamenckoe n Tpurysnas. Meroanka. OOBEKT HUCCICIOBAHUS —
TPYHTHI BBIIICYIIOMSHYTBIX KEJIE3HOJOPOXKHBIX CTAaHIMH, MpeaMeT — BanoBoe cojepxkanre TM. OTt6op mpob ocy-
IIECTBILSUICS Kakable 15 M MeXIy penbcaMM M 3a HUIMH ¢ 00eux cTopoH. OOmmas 1romna s CClIeayeMbIX TeppUTO-
puii — 600 M%. MeTo10M aTOMHO-a6COPOLMOHHON CIIEKTPOMETPUM OTIPEJIeiIEHbl BaJloBble KoHLeHTpanuu Fe, Pb, Zn,
Cu, Ni, Cd u Mn. [TonyueHHble 1aHHbIE CPAaBHUBAIUCH ¢ POHOBBIMH KOHLeHTparusiMu TM 1uist J{HenponeTpoBcKoii
o0nacTé M pe3yibTaTaMM aHAJM3a KOHTPOJBHBIX YYAaCTKOB, HAXOSIIUXCS HA paccTOSHUU 250 M OT Kene3Hono-
POXHBIX cTaHUUH. Pe3yabTarhl. YCTaHOBJICHO, YTO KEJIE3HOLOPOKHBIM TPAHCIIOPT SBJISIETCSI MCTOYHUKOM IOCTYII-
nerns TM B rpyHTHl. [lomydeHHbIe pe3yabTaThl yKa3bIBalOT HAa TO, YTO COCTOSIHHME TPYHTOB cTaHIMH KameHckoe—
IMaccaxupckoe COOTBETCTBYET HU3KOMY 3KOJIOTHUECKOMY PHUCKY M €1aboil CTeTeHH 3arps3HeHUs], IOCKOJIbKY CTaH-
IUsT SIBJISIETCSI TOJIBKO MAaCCa’KUPCKOHM, W 3arpsi3HEHUE MPOHUCXOMUT 33 CUET TPEHUs KOJIEC M PebCcoB, MaHTorpada
0 KOHTaKTHYIO CETh, a TaK)K€ HCIOIb30BAHUSA NECTULUAOB. 3arpsi3HEHHE TPYHTOB CTaHIMU 3anopoxxbe—KameHnckoe
OTIMYAETCA 3HAYUTENIBHBIM MOTEHIUAIBHBIM 3KOJOIMYECKUM PHCKOM M OUY€Hb CUIIBHOW CTENEHBIO 3arps3HEHUS.
Ota CTaHIUs SIBISETCS TPY30IIACCAKHUPCKOM, U TaKOH YpPOBEHb 3arpsi3HEHUs SIBISETCS B OOJIBIIEH CTETeHH clen-
CTBHEM IIPOLECCOB 3arpy3KH U pasrpy3ku. I'pyHTHI cTaHiuu TpuUTy3Has XapakTepU3yHOTCS CPEJHUM MOTEHIMANb-
HBIM DKOJIOTHYECKHM PHCKOM M YMEPEHHOW CTENeHbIO 3arpsi3HeHus. Ha 3Toii cTaHIM MporcxoauT rnepedopMupo-
BaHHE TOBAPHBIX MTOE3/I0B, HO 32 CUET MEPEBO3KH 3HAUUTEILHBIX 00BEMOB CHIITYYHX PYIHBIX TPY30B B TPYHTHI CTaH-
un nomagaroT TM. Kpome Toro, cranmms HesnekTpuduImpoBana. /lansl peKOMEHIAIMK 10 OIeHKe ypOBHEH 3a-
rps3HeHust mouB. HayuyHasi HoBM3HA. BriepBrle Ha OCHOBE NPOBEICHHOTO (H3UKO-XMMHUYECKOTO aHAaIH3a
conepxkanns TM B TpyHTax BBIMICYNOMSHYTHIX CTaHIHUI ONpeaesieHbl MOTEHIMAIbHBIE 3KOJIOTHYECKHE PHCKH 3a-
rps3HeHus TpyHTOB. [IpakTH4yeckasi 3HAaYUMOCTh. Pe3ynbTaThl HcciaeJ0BaHMS MOTYT OBITh UCIIOJIB30BAHBI B Kade-
cTBEe 000CHOBaHUS 11€7€C000Pa3HOCTH BHEAPEHUS MIPOTPaMM IKOJIOTHYECKOT0 MOHUTOPHHTA JUISl 3eMeIIb KEJIe3HO-
JIOPO’KHOTO TPAHCHOPTA, MPUPOJLOOXPAHHBIX MEPONPUATHHA MO OYUCTKE IPYHTOB OT TM, KOPPEKTUPOBKHU 30HBI OT-
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EKOJIOI'I HA TPAHCIIOPTI

Yy XKI€HHsI )KEJIE3HBIX AOPOT U 3aIIUTHI MPUJIETAOIUX TEPPUTOPHUIL OT PaCIPOCTPAHEHHSI U aKKYMYJIIIIMU ATUX MOJI-
JIOTAaHTOB. Ha OCHOBe MOJIy4eHHBIX NAHHBIX JI0Ka3aHa HEOOXOJMMOCTh IOCTOSIHHOTO KOHTpOJs cozaepxanus TM
B IPYHTaX >KEJIE€3HOJOPOKHON MH(MPACTPYKTYPHI M aKTyalIbHOCTh HPOJOIKEHNS NCCIEOBAaHUN B JAHHOM HAy9HOM
HAaIpaBJICHUM.

Kniouesvie cnosa: TsKEIbIC MCTaJIJIbI; )KCJ'I@BHO,HOPO)KHHﬁ TPAHCIIOPT,; I'PYHTHI; KEJIE3HOAOPOKHBIEC CTAHIAN,
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