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Abstract: 

Heavy metals, polycyclic aromatic hydrocarbons and pesticides were frequently 
identified as compounds hazardous to human life and health when soil testing results in 
the area of railway lines were investigated. Our own investigations have revealed the 
existence of heavy metals that are harmful to human life and health, as well as the 
presence of other metals. This article has a particular emphasis on these other metals. The 
majority of registered metals are not included by the Republic of Serbia's Regulation on 
maximum allowable values of metals in soil. A relatively small number of metals, included 
by this Regulation, did not exceed the maximum allowable values but their presence was 
confirmed. In order to gain a complete understanding of the metals released into the soil 
as a result of railway operations and their possible sources, these data must be evaluated. 
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1. INTRODUCTION  

Contrary to previous beliefs that rail is an environmentally friendly mode of transport, it is 

now possible to argue that this is not entirely true when considering the pollution that railway 

traffic causes to the surrounding environment [1–4]. Serious environmental contaminants 

from the influence of railway traffic include heavy metals, polycyclic aromatic hydrocarbons 

and herbicides, according to a number of studies that highlighted the findings of soil tests 

conducted both on the railway body and in the surrounding area [1]. A significant number of 

those studies emphasize heavy metals, since they have detrimental effects on human health. 

The main reason heavy metals are harmful is that they can accumulate into the human 

body through the food chain through contaminated food or water.  

The primary objective of this research was to determine the presence and quantity of lead 

in the railway track. Due to the peculiarity of the formation source and the mode of migration, 

lead is one of the most frequently registered metals that exceeded the allowed amounts.  

According to current studies, this metal is the most commonly registered metal in the soil 

surrounding railways, in addition to cadmium [5–10]. 

Interest in lead arises as a result of long-term research into the impact of lead on human 

health. A single exposure to lead has been proved to have a wide range of harmful 

consequences on human health like fatigue, dizziness, arthralgia, impaired memory, nausea, 

sleep disorders, dermatological disorders, coxarthrosis, balance disorders, paresthesia, 

abdominal pain and others [11]. 

Most studies concerning environmental contamination caused by railway traffic indicated 

the permitted amounts of heavy metals in the soil, without paying special attention to metals 

that did not exceed the permitted values, but were recorded in the soil. Since the method of 

heavy metal migration through the soil has not been completely clarified, it is hard to identify 

the actual released quantities, i.e., what amounts entered the soil and were transported 

further, perhaps into ground water. 

Based on the own research [12], the most important conclusions regarding the 

concentration of lead within the railway body were highlighted and a comparison was made 

with the results of other researchers, when it comes to this metal. 

In addition, another goal of the present study was to list all registered metals for which the 

relevant legislation have established a regulated permissible values.  

2. SOIL SAMPLING AND EXAMINATION TECHNIQUES  

Soil sampling, for the purpose of examining the presence of heavy metals in the railway 

body, was carried out on two cross-sections (cross-section 1 and cross-section 2) in the 

embankment on the Belotinac−Medjurovo section of the Serbian railway line 

Niš−Preševo−border with the Republic of North Macedonia, from km 253+072.00 to km 

253+283.00, which was in the reconstruction stage and which enabled the implementation 

of these tests.  

Initially, sampling was carried out in top subgrade layer on characteristic positions: in the 

track axis (samples: 1’ for cross-section 1; 1’’ for cross-section 2) and at the positions on the 

feet of the ballast (samples: 3’ and 4’ for cross-section 1; 3’’ and 4’’ for cross-section 2). In 

addition, soil was sampled in the drainage channels on the both sides of the embankment 

(samples: 7’ and 8’ for cross-section 1; 7’’ and 8’’ for cross-section 2).  
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In order to determine the degree of infiltration of heavy metals into the soil, at a depth of 

1.3 m, the soil was sampled at the projection of the sampling point on the substructure itself 

(axis (samples: 2’ for cross-section 1; 2’’ for cross-section 2) and feet of the ballast (samples: 

5’ and 6’ for cross-section 1; 5’’ and 6’’ for cross-section 2)),  

Soil samples were examined using X-ray fluorescence (XRF) spectrometry and optical 

emission spectrometry with induced coupled plasma (ICP-OES). The concentration of heavy 

metals in the samples in its original form was recorded using the XRF method. Using the 

ICP-OES technique, the samples were treated with water and hydrochloric acid for testing, 

and there were certain protocols involved in sample preparation.  

The results of both methods were analyzed according to the maximum limited values of 

polluting, harmful and hazardous substances in soil prescribed by the Regulation of the 

Republic of Serbia (RS Regulation) [13] and according to the maximum values 

recommended by the EU Directive in the countries of the European Union [14]. The values 

prescribed by the EU Directive represent a recommendation for the range of permissible 

values of cadmium, chromium, copper, nickel, lead, zinc and mercury. EU Directive is not 

literally obligatory, since each of the EU member states can make corrections, most often in 

accordance with the pH value of the observed soil of a country or a specific area. 

Concentrations of metals not covered by the EU Directive were considered according to the 

RS Regulation. Maximum allowable concentrations (MAC) of polluting, harmful and 

dangerous metals in soil according to the RS Regulation and the recommended maximum 

values of individual heavy metals according to the EU Directive are presented in Table 1. 

Table 1. Maximum allowable concentration of heavy metals in soil 

Metal (symbol) MAC* (ppm) EU Directive** (ppm) 

Cadmium (Cd) 0.8 1.0−3.0 

Chromium (Cr) 100 100 

Copper (Cu) 36 50−140 

Nickel (Ni) 35 30−75 

Lead (Pb) 85 50−300 

Zinc (Zn) 140 150−300 

Mercury (Hg) 0.3 1.0−1.5 

Arsenic (As) 29 - 

Barium (Ba) 160 - 

Cobalt (Co) 9.0 - 

Molybdenum (Mo) 3.0 - 

Antimony (Sb) 3.0 - 

Beryllium (Be) 1.1 - 

Selenium (Se) 0.7 - 

Thorium (Th) 1.0 - 

Vanadium (V) 42 - 

* Concentrations allowed by the Regulation on the maximum concentrations of polluting, harmful 
and hazardous substances in soil in the Republic of Serbia [13]  

**European Union Directive 86/278/ЕЕС [14] 
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3. CONCENTRATIONS OF LEAD OBTAINED BY XRF AND ICP-OES 
TECHNIQUES  

The registered amounts of lead (Pb), obtained by the XRF technique, exceeded the 

permitted value prescribed by the EU Directive in several samples. The highest exceeded 

values were recorded at the foot of the ballast (samples 3' and 4") and at the point of drainage 

channel within the cross-section 1 (sample 7’). According to the RS Regulation (MAC), the 

measured amounts of Pb in ppm units (ppm ±5%) were within the permitted value (Figure 1). 

 
Figure 1. XRF-registered concentration of lead (Pb) on the cross-section 1 and cross-
section 2 in comparison with the maximum allowable concentration (MAC) according 

to the RS Regulation and the maximum value recommended by the EU Directive  

Using the ICP-OES technique for determining Pb concentration in ppm units (ppm ± 5%), 

on the other hand, no exceedance of the allowable value was found according to both the 

EU Directive and the MAC (Table 2). It was observed that the highest concentration of Pb in 

this case was in the samples from feet of the ballast (samples 4’ and 4’’). 

Table 2. ICP-OES-registered concentration of lead (Pb) on the cross-section 1 and cross-
section 2 in comparison with the maximum allowable concentration (MAC) according to 
the RS Regulation and the maximum value recommended by the EU Directive 

Pb Pb 
MAC (ppm)     85 MAC (ppm) 85 
EU Directive (ppm)     50 EU Directive (ppm) 50 

C
ro

s
s
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e
c
ti

o
n

 1
 

1’ 10.1 

C
ro

s
s-

se
ct

io
n
 2

 

1’’ 15.0 
2’ 20.2 2’’ 21.1 
3’ 21.9 3’’ 12.1 
4’ 28.9 4’’ 33.0 
5’ 13.1 5’’ 19.6 
6’ 23.9 6’’ 20.7 
7’ 19.8 7’’ 20.5 
8’ 11.7 8’’ 13.5 

A review of the available literature including soil testing on the railway track and 

surrounding environment, as well as other track elements, has established that, in addition 

to cadmium, lead stood out as one of the most examined metals.  
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A number of studies have confirmed that Pb concentrations increase with distance from 

the track, indicating lead origin from exhaust gases [5–10]. 

Significant number of researchers also confirmed that the concentration of Pb did not 

decrease at a distance of 50 m from the track. This characteristic distinguishes lead from 

other heavy metals, due to the manner in which it is emitted into the environment. The region 

of lead dispersion into the environment is slightly narrower near the cut, suggesting that lead 

emission through the air is the most likely mode of migration [9]. 

According to the results of the present research, while screening with the XRF technique, 

the allowable levels for lead were exceeded, but when analyzing with the ICP-OES 

technique, the lead values were below the recommended ranges. Lower values of Pb 

obtained with the ICP-OES spectrometer can be explained by the fact that the soil sample 

was diluted with a moderate solution (deionized water - HCl) rather than concentrated 

hydrochloric acid. The solution prepared only with hydrochloric acid would result in a larger 

concentration of Pb. 

Studies that included a wider area next to the railway track led to conclusion that the 

registered amounts of lead could be exceeded multiple times with the distance from the 

railway body. In this regard, it is very important that even when the measured quantities do 

not reach the permissible values, it is necessary to consider the known facts related to the 

behavior of the metal itself and the ways of emission of the observed metal into the 

environment. 

4. CONCETRATIONS OF OTHER METALS OBTAINED BY XRF AND 
ICP-OES TECHNIQUES 

Another part of this work was a special analysis of metals that are covered by the relevant 

legislation regarding the permitted concentration in the soil, but according to these criteria 

they did not exceed the permitted values.  

As part of the own research [15], concerning the examination of the presence of heavy 

metals in the railway body, the results regarding heavy metals that exceeded the permissible 

values according to the MAC and the EU Directive were already highlighted. There was no 

discussion concerning metals, for which limited content in soil is defined, but they did not 

exceed thesе limits. 
According to Table 3 and examination carried out by the XRF technique, such metals 

were arsenic (As), selenium (Se), molybdenum (Mo) and mercury (Hg). In the case of 

determining the presence of heavy metals in the soil using the ICP-OES technique, these 

metals were again arsenic (As), as well as chromium (Cr), vanadium (V) and barium (Ba) 

(Table 4).The reason that the values obtained by the XRF technique are higher than those 

obtained by the ICP-OES method is identical to the determination of Pb levels and is related 

to the solution. 

Comparing the measured values at the surface and at depths of 1.3 m, significant metal 

infiltration was demonstrated into the railway body regardless of the measurement technique 

used. The concentration of several metals was found to be higher at a depth of 1.3 meters 

(samples: 2’, 5’ and 6’ for cross-section 1; 2’’, 5’’ and 6’’ for cross-section 2) in comparison 

with the values recorded in the surface layers (samples: 1’, 3’, 4’, 7’ and 8’ for cross-section 

1; 1’’, 3’’, 4’’, 7’’ and 8’’ for cross-section 2). In the case of the XRF technique, this behavior 

was observed for As (the samples 2’, 6’ and 2’’ compared to the samples 1’, 4’ and 1’’, 
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respectively) and Se (the sample 2’’ compared to the sample 1’’). According to the ICP-OES 

technique results, this phenomenon was identified in the cases of As (the samples 2’, 6’ and 

2’’ compared to the samples 1’, 4’ and 1’’, respectively), Cr (the sample 5’’ compared to the 

sample 3’’), V (the samples 2’, 6’, 2’’ and 5’’ compared to the samples 1’, 4’, 1’’ and 3’’, 

respectively) and Ba (the sample 6’ compared to the sample 4’). 

Table 3. Metal quantities determined by XRF in ppm units (ppm ± 5%) 

Metal As Se Mo Hg 
MAC (ppm) 29 0,7 3 0,3 
EU Directive (ppm) - - - 1 

C
ro

s
s

-s
e
c

ti
o

n
 1

 

1’ 16.0 0.3 0.8 0.1 
2’ 17.3 0.3 0.8 0.1 
3’ 18.2 0.3 0.9 0.1 
4’ 16.9 0.2 0.7 0.1 
5’ 15.6 0.3 0.9 0.1 
6’ 18.5 0.1 0.4 0.1 
7’ 20.2 0.3 0.9 0.1 
8’ 13.1 0.1 0.9 0.1 

C
ro

s
s

-s
e
c
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o

n
 2

 

1’’ 14.2 0.2 0.8 0.1 
2’’ 17.6 0.3 0.8 0.1 
3’’ 19.0 0.3 0.9 0.1 
4’’ 21.9 0.2 0.8 0.1 
5’’ 14.2 0.3 0.8 0.1 
6’’ 17.8 0.2 0.8 0.1 
7’’ 13.6 0.2 0.7 0.1 
8’’ 13.5 0.1 0.7 0.1 

Table 4. Metal quantities determined by ICP-OES in ppm units (ppm ± 5%) 

Metal As Cr V Ba 
MAC (ppm) 29 100 42 160 
EU Directive (ppm) - 100 - - 

C
ro

s
s
-s

e
c
ti

o
n

 1
 

1’ 5.2 30.2 32.3 94.1 
2’ 5.5 28.5 33.1 82.4 
3’ 6.6 29.2 29.8 88.8 
4’ 6.7 25.5 27.2 66.1 
5’ 4.8 24.7 28.3 78.9 
6’ 7.2 24.0 30.2 82.5 
7’ 7.1 29.1 32.0 91.5 
8’ 4.5 25.6 25.7 75.2 

C
ro

s
s
-s

e
c
ti

o
n

 2
 

1’’ 5.3 33.0 36.7  106.6 
2’’ 5.6 32.9 37.8 65.3 
3’’ 6.7 29.8 31.0 85.4 
4’’ 6.9 30.4 34.3 96.7 
5’’ 4.7 30.7 34.7  101.3 
6’’ 5.7 29.1 33.7 95.9 
7’’ 6.7 30.1 33.3 89.2 
8’’ 5.5 32.4 33.7 96.8 
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5. CONCLUSION 

According to the results of the previous own research on the concentration of heavy 

metals in the railway body, an analysis of the presence and concentration of lead was 

performed in the present study, as well as an analysis of the amount of metals that did not 

exceed the permitted values prescribed by the corresponding current regulations. 

The concentration of lead obtained by the XRF technique exceeded the permitted value 

prescribed by the EU Directive at the sample points within the feet of the ballast and the 

drainage channels. According to the RS Regulation, the measured amount of lead was within 

the permitted value. In the case of results obtained by the ICP-OES technique, there were 

no exceedances of the permitted values for lead with regard to both regulations. It is feasible 

to anticipate much higher levels of the tested metals, which would beyond the allowed limits, 

if the solution was prepared only with HCl. In this case, the maximum concentration of lead 

was registered in the samples from the feet of the ballast.  

The values determined in this study as acceptable and not exceeding the permitted 

values should be interpreted with care, as numerous authors who have examined the 

concentration of lead in the area around the railway have demonstrated that the 

concentration of lead increases with distance from the railway track. 

Additionally, while developing environmental protection measures against the adverse 

effects of railway traffic, significant consideration must be given to metals for which there is a 

legally controlled permissible limit, although it has not been exceeded. The extent of 

infiltration of these metals into the soil clearly demonstrated their intense migration into the 

subsurface, and further, into the surrounding area. 

ACKNOWLEDGEMENT 

This research was supported by the Ministry of Science, Technological Development and 

Innovation of the Republic of Serbia, under the Agreement on Financing the Scientific 

Research Work of Teaching Staff at the Faculty of Civil Engineering and Architecture, 

University of Niš - Registration number: 451-03-137/2025-03/200095 dated 04/02/2025. 

REFERENCES 

[1] Burkhardt Michael, Rossi Luca, Boller Markus: Diffuse release of 
environmental hazards by railways. Desalination, Vol.226, pp.106-113, 2008, 
https://doi.org/10.1016/j.desal.2007.02.102. 

[2] Vo Phuong Tram, Ngo Huu Hao, Guo Wenshan, Zhou John L., Listowski Andrzej, 
Du Bin, Wei Qin, Bui Xuan Thanh: Stormwater quality management in rail 
transportation – Past, present and future. Science of the Total Environment, 
Vol.512-513, pp.353-363, 2015,  
https://doi.org/10.1016/j.scitotenv.2015.01.072. 

[3] Samarska Alla, Zelenko Yuliia, Kovrov Oleksandr: Investigation of heavy metal 
sources on railways: Ballast layer and herbicides. Journal of Ecological 
Engineering, Vol.21, Iss.8, pp.32-46, 2020,  
https://doi.org/10.12911/22998993/127393.  

[4] Bouida Leila, Rafatullah Mohd, Kerrouche Abdelfateh, Qutob Mohammad, 
Alosaimi Abeer M., Alorfi Hajer S., Hussein Mahmoud A.: A review of cadmium 
and lead contamination: Sources, fate, mechanism, health effects and 

1231



International Conference SINARG 2025, Niš, 11-12 September 2025 

 
 

remediation methods. Water, Vol.14, Iss.21, 3432, 2022,  
https://doi.org/10.3390/w14213432. 

[5] Liu Hao, Chen Li-Ping, Ai Ying-Wei, Yang Xia, Yu Yan-Hua, Zuo Yuan-Bin, Fu 
Guo-Yong: Heavy metal contamination in soil alongside mountain railway in 
Sichuan, China. Environmental Monitoring and Assessment, Vol.152, pp.25-33, 
2009, https://doi.org/10.1007/s10661-008-0293-7. 

[6] Wang Lian Feng, Bai Ying Xia, Gai Shi Nan: Single-factor and nemerow multi-
factor index to assess heavy metals contamination in soils on railway side 
of Harbin-Suifenhe Railway in Northeastern China. Applied Mechanics and 
Materials, vol. 71. Trans Tech Publications Ltd, pp. 3033–3036, 2011, 
https://doi.org/10.4028/www.scientific.net/AMM.71-78.3033. 

[7] Zhang Hua, Zhang Yili, Wang Zhaofeng, Ding Mingjun: Heavy metal enrichment 
in the soil along the Delhi–Ulan section of the Qinghai–Tibet railway in 
China. Environmental Monitoring and Assessment, Vol.185 (7), pp.5435–5447, 
2013, https://doi.org/10.1007/s10661-012-2957-6. 

[8] Meng Xiaoyi, Ai Yingwei, Li Ruirui, Zhang Wenjuan: Effects of heavy metal 
pollution on enzyme activities in railway cut slope soils. Environmental 
Monitoring and Assessment, Vol.190 (4), 197, 2018,  
https://doi.org/10.1007/s10661-018-6567-9. 

[9] Chen Zhaoqiong, Ai Yingwei, Fang Chen, Wang Kexiu, Li Wei, Liu Shui, Li 
Chunlin, Xiao Jingyao, Huang Zhiyu: Distribution and phytoavailability of 
heavy metal chemical fractions in artificial soil on rock cut slopes alongside 
railways, Journal of Hazardous Materials, Vol.273, pp.165–173, 2014, 
https://doi.org/10.1016/j.jhazmat.2014.03.042. 

[10] Brtnický Martin, Pecina Vácslav, Juřička David, Kowal Piotr,  Galiová Michaela 
Vašinová, Baltazár Tivador, Radziemska Maja: Can rail transport–related  
contamination affect railway vegetation? A case study of a busy railway 
corridor in Poland. Chemosphere, Vol.293, 133521, 2022,  
https://doi.org/10.1016/j.chemosphere.2022.133521. 

[11] Laubner Gabija, Stražnickaitė Indrė: Case series of chronic occupational lead 
exposure in shooting ranges. Journal of Trace Elements in Medicine and 
Biology, Vol. 69, 126886, 2022, https://doi.org/10.1016/j.jtemb.2021.126886. 

[12] Dimitrijević Jelena: Prilog principima projektovanja elemenata donjeg stroja 
železničke pruge u skladu sa savremenim zahtevima očuvanja životne 
sredine – doktorska disertacija. Doktorska disertacija, Građevinsko - 
arhitektonski fakultet Univerziteta u Nišu, Niš, 2025. 

[13] Uredba o graničnim vrednostima zagađujućih, štetnih i opasnih materija u 
zemljištu, Sl. Glasnik RS, broj 30/2018 i 64/19 (Regulation on the maximum 
concentrations of polluting, harmful and hazardous matter in soil in the Republic 
of Serbia (Official Gazette of the Republic of Serbia, number 30/2018 and 64/19)), 
2019, https://www.paragraf.rs/propisi/uredba-granicnim-vrednostima-
zagadjujucih-stetnih-opasnih-materija-zemljistu.html. 

[14] COUNCIL DIRECTIVE (86/278/EEC), 01986L0278-20220101, Directive on the 
protection of the environment, and in particular of the soil, when sewage 
sludge is used in agriculture (ЕU Directive). The Council of the European 
Communities, 1986.  

[15] Dimitrijević Jelena, Bonić Zoran, Zafirovski Zlatko, Milićević Dragan, Djordjević 
M. Dragan, Zlatanović Elefterija., Mrmošanin Jelena, Marinković Nemanja: LID 
Approach to Railway Track Drainage: Determination of Heavy Metal Content 
in the Embankment of Railway. Periodica Polytechnica Civil Engineering, Vol. 
68, No. 3, pp. 872-882, 2024,  https://doi.org/10.3311/PPci.23433. 

1232


