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Abstract. Before being put to use, wooden railway sleepers are impregnated 
with creosote to increase their longevity and protect them from any adverse 
environmental impact. Creosote consists of a number of chemical substances, 
and some of those substances, namely, the polycyclic aromatic hydrocarbons, 
phenolic compounds and heterocyclic aromatic compounds, are potent 
carcinogens. Apart from polycyclic aromatic hydrocarbons and phenolic 
compounds, during their use, sleepers are mostly be contaminated with heavy 
metals and petroleum products. Upon railway reconstruction, wooden railway 
sleepers become the waste, which must be handled by the current legislation of 
the European Union. After determining the concentration of contaminants with 
laboratory research, it is possible to identify their hazard level and classify them 
as hazardous or non-hazardous waste. After conducting laboratory research on 
the waste of wooden railway sleeper analysed, they are classified as hazardous 
waste.

Keywords: creosote, hazardous waste, heavy metals, phenols, polycyclic 
aromatic hydrocarbons (PAH), waste of the wooden railway sleeper (WRSW).
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Introduction

The renovation and reconstruction of railway tracks are performed 
with the use of railway sleepers. Sleepers are the track elements 
used to ensure an equal width of tracks and an even load distribution 
on the ballast (Tuntsev, Safin, Chismatov, Khairullina, Antipova, & 
Garaeva, 2015). The wooden railway sleepers used in Lithuania are 
most often impregnated with creosote, which is a complex mixture of 
over 200  constituents (Moret, Purcaro, & Conte, 2007). Depending on 
the type of wood, an in the wooden railway sleeper is found contain 
from 40  kg/ m3 to 175  kg/m3 creosote. According to scientific studies, 
polycyclic aromatic hydrocarbons (PAH) are found in wooden sleepers 
treated with creosote for many years after the impregnation. There are 
16 PAH, which are classified as carcinogens and genotoxic compounds 
(Moret, Purcaro, & Conte, 2007). Apart from PAH, wooden railway 
sleepers are contaminated with heavy metals (Černi, Kalambura, 
Jovičić, Grozdek, & Kreč, 2015), phenolic compounds (Ikarashi, Kaniwa, 
& Tsuchiya, 2005; Kohler & Künniger, 2003; Kohler, Künniger, Schmid, 
Gujer, Crockett,  &  Wolfensberger, 2000) and petroleum products. 
Wooden railway sleepers are contaminated with heavy metals (nickel − 
Ni, lead  − Pb, vanadium − V, cadmium − Cd, and zinc − Zn), which are 
formed by the friction, which occurs during the breaking of rolling stock 
or rolling stock friction to the railway (Burkhardt, Rossi, & Boller, 2008).

According to various data, the useful life of wooden railway sleepers 
is 7−50 years (Thierfelder & Sandström, 2008; Tuntsev, Safin, Chismatov, 
Khairullina, Antipova, & Garaeva, 2015). Wooden railway sleepers 
become the waste, which must be handled by the current legislation of 
the European Union removed from the railway track.

The problem of handling the waste of wooden railway sleepers 
(hereinafter WRSW) is essential in many countries of the world, such 
as the USA, where the annual formation of WRSW is about 20 million 
units (Kim, Lloyd, Kim, & Labbé, 2016), Russia – 2 million units per 
year (Tuntsev, Safin, Khairullina, Kitaev, & Khayrullina, 2017), France – 
50.000 t/year (Marcotte, Poisson, Portet-Koltalo, Aubrays, Basle, De 
Bort, ... & Blondeel, 2014), Croatia, where waste records show 0.9 million 
units in total (Černi, Kalambura, Jovičić, Grozdek, & Kreč, 2015), 
Sweden  – 0.18  million units per year (Thierfelder & Sandström, 2008), 
and Lithuania – 0.03 million units per year (Stankevičius, Maruška, Tiso, 
Mikašauskaitė, Bartkuvienė, Kornyšova,... & Levišauskas, 2015).

By the Rules on Waste Management, approved by Order No. 217 of 
14 July 1999 of the Minister of Environment of the Republic of Lithuania 
“On Approval of Waste Management Rules”, in case of certain waste 
are attributed the waste codes of both hazardous and non-hazardous 
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waste, laboratory research is conducted to determine their hazard. If 
the laboratory research shows the concentrations of hazardous chemical 
substances do not exceed the limit values established in Commission 
Regulation (EU) No 1357/2014 and the Council on waste and repealing 
specific Directives (hereinafter Regulation), WRSW are classified as non-
hazardous waste (waste code 17 02 01 – wood), and if the limit values 
are exceeded, WRSW are classified as hazardous waste (waste code 
17 02 04* − wood containing hazardous chemical substances).

The research aims to carry out laboratory research of pine (in Latin 
Pinus sylvestris) WRSW to determine its contamination with PAH, 
phenols, petroleum products (C10-C40), and heavy metals (Ni, Pb, V, 
Cd, and Zn). By the Regulation, determine whether the sleeper waste is 
classified as hazardous or non-hazardous.

1.	 Methodology

The samples are collected in the form of sawdust by sawing WRSW 
with an electric circular saw (to avoid any additional contamination) 
vertically from the middle part of a sleeper, surface impregnated layer 
and the end part (Figure 1). After every cut, the circular saw is cleaned 
with compressed air flow. Three sleepers are taken in total, selected in 
such a way as to reflect best the general condition of all sleepers stored 
in the storage place. The first sample is collected from the surface 
impregnated layer of WRSW, second – from the end part of WRSW, and 
third – from the middle part of WRSW. The samples are taken from 
different parts of WRSW because the sleeper impregnated with creosote 
soaks it in unevenly (Figure 1). All three samples are homogenised 
and placed in jars of 1  l capacity. The samples in the laboratory are 
additionally shredded to powder.

Figure 1. The scheme of a sleeper and its cross-section, impregnated  
with creosote

2
3

1

1 – samples from a surface layer of the impregnated wooden railway sleeper;  
2 – samples from the end of wooden railway sleeper;  
3 – samples from the middle part of wooden railway sleeper
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Table. Hazardous chemical substances found  
in the waste of wooden railway sleeper

Type  
of analyte

Substance
name

Number  
of chemical 
abstracts 

service 
number 

Hazard class,
category code(s)

(hazard phrase code)

Research methodology

LST EN 1014-4:2010 Wood Preservatives. Creosote and Creosoted 
Timber. Methods of Sampling and Analysis. Part 4. Determination  

of the Water-Extractable Phenol Content of Creosote

Amount 
of phenols

Phenol 108-95-2

Acute Tox. 3 (H301);
Skin Corr. 1B (H314);
Muta. 2 (H341);

STOT RE 2 (H373)
Research methodology

LST EN 15527:2008 Characterisation of Waste. Determination of Polycyclic 
Aromatic Hydrocarbons (PAH) in Waste by Gas Chromatography with Mass 

Spectrometric Detection

Po
ly

cy
cl

ic
 a

ro
m

at
ic

 h
yd

ro
ca

rb
on

s
(P

A
H

)

Naphthalene 91-20-3

Carc.2 (H351); 
Acute Tox. 4 (H302);
Aquatic Acute 1 (H400); 
Aquatic Chronic 1 (H410)

Acenaphthylene 208-96-8

STOT RE 1 (H372);
STOT RE 2 (H373);
Aquatic Acute 1 (H400);
Aquatic Chronic 1 (H410)

Acenaphthene 83-32-9
STOT RE 2 (H373);
Aquatic Acute 1 (H400); 
Aquatic Chronic 1 (H410)

Fluorene 86-73-7
Aquatic Acute 1 (H400);
Aquatic Chronic 1 (H410)

Phenanthrene 85-01-8

Acute Tox. 4 (H302);
Skin Sens. 1 (H317);
Aquatic Acute 1 (H400);
Aquatic Chronic 1 (H410)

Anthracene 120-12-7

Carc.2 (H351);
Eye irrit. 2 (H319);
Skin Sens. 1 (H317);
STOT SE 3 (H335);
Aquatic Acute 1 (H400);
Aquatic Chronic 1 (H410)
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Type  
of analyte

Substance
name

Number  
of chemical 
abstracts 

service 
number 

Hazard class,
category code(s)

(hazard phrase code)

Po
ly

cy
cl

ic
 a

ro
m

at
ic

 h
yd

ro
ca

rb
on

s
(P

A
H

)

Fluoranthene 206-44-0
Acute Tox. 4 (H302);
Aquatic Acute 1 (H400);
Aquatic Chronic 1 (H410)

Pyrene 129-00-0

Eye irrit. 2 (H319);
Skin irrit. 2 (H315);
STOT SE 3 (H335);
Aquatic Acute 1 (H400);
Aquatic Chronic 1 (H410)

Benz(a)
anthracene

56-55-3
Carc.1B (H350);
Aquatic Acute 1 (H400);
Aquatic Chronic 1 (H410)

Chrysene 218-01-9

Carc. 1B (H350);
Muta.2 (H341);
Aquatic Acute 1 (H400);
Aquatic Chronic 1 (H410)

Benzo[b]
fluoranthene

205-99-2
Carc. 1B (H350);
Aquatic Acute 1 (H400);
Aquatic Chronic 1 (H410)

Benzo[k]
fluoranthene

207-08-9
Carc. 1B (H350);
Aquatic Acute 1 (H400);
Aquatic Chronic 1 (H410)

Benzo[a]pyrene 50-32-8

Carc. 1B (H350);
Muta. 1B (H340);
Repr. 1B (H360FD);
Skin Sens. 1 (H317);
Aquatic Acute 1 (H400);
Aquatic Chronic 1 (H410)

Indeno[1,2,3-cd]
pyrene

193-39-5
Carc.2 (H351);
Aquatic Acute 1 (H400);
Aquatic Chronic 1 (H410)

Dibenzo[a,h]
anthracene

53-70-3
Carc. 1B (H350);
Aquatic Acute 1 (H400);
Aquatic Chronic 1 (H410)

Benzo[ghi]
perilenas

191-24-2
Aquatic Acute 1 (H400);
Aquatic Chronic 1 (H410)
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Type  
of analyte

Substance
name

Number  
of chemical 
abstracts 

service 
number 

Hazard class,
category code(s)

(hazard phrase code)

Research methodology
ISO/TS 17073:2013 Soil quality -- Determination of Trace Elements in Aqua 

Regia and Nitric Acid Digests -- Graphite Furnace Atomic Absorption 
Spectrometry Method (GF-AAS) 

H
ea

vy
 m

et
al

s

Vanadium 7440-62-2 Aquatic Chronic 4 (H413)

Lead 7439-92-1
Lact. (H362);
Repr. 1A (H360)

Cadmium 7440-43-9

Acute Tox. 2 (H300);
Muta. 2 (H341);
Carc. 1B (H350);
STOT RE 1 (H372);
Aquatic Acute 1 (H400);
Aquatic Chronic 1 (H410);
Repr. 2 (H361)

Research methodology
LST CEN/TS 16188:2012 (FAAS) Sludge, Treated Biowaste and Soil. 

Determination of Elements in Aqua Regia and Nitric Acid Digests. Flame Atomic 
Absorption Spectrometry Method (FAAS).

H
ea

vy
 m

et
al

s Zinc 7440-66-6
Aquatic Acute 1 (H400);

Aquatic Chronic 1 (H410)

Nickel 7440-02-0

Skin Sens. 1 (H317);
Carc. 2 (H351);
STOT RE 1 (H372);
Aquatic Chronic 3 (H412)

Research methodology
LST EN 14039:2004 Characterisation of Waste. Determination of Hydrocarbon 

Content in the Range of C10 to C40 by Gas Chromatography

Pe
tr

ol
eu

m
 

hy
dr

oc
ar

bo
ns

 
C

10
-C

40 Diesel fraction 68334-30-5 Carc. 2 (H351)

Oil fraction 72623-86-0 Carc. 1B (H350)
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Figure 2. The hazard classification scheme of wooden railway sleepers
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The samples tested were collected from the regions of Vilnius, 
Kaunas, Klaipėda, Utena, Kėdainiai, and Varėna, to assess the overall 
WRSW contamination in Lithuania. The concentration of PAH, phenolic 
compounds, heavy metals, and petroleum products are determined by 
standards of the Lithuanian Standards Board (LST) under the Ministry 
of Environment (Table).

After the research, the hazard level of WRSW analysed is 
determined in compliance with the Regulation according to the scheme 
provided in Figure 2. The scheme contains only those limit values and 
of only those hazardous substances, which are relevant and are found 
in WRSW.

2.	 Research results

After evaluating the contamination of WRSW with PAH, the 
highest contamination was caused by the following contaminants: 
phenanthrene, naphthalene, pyrene, acenaphthene, fluoranthene, 
acenaphthylene, fluorene, and anthracene (Figure 3). The highest 
concentration of PAH was found in the impregnated surface layer of 
WRSW. The contamination with the mentioned contaminants there 
varies between 63.88  mg/kg and 621.28 mg/kg. The concentration of 
PAH at the end part of WRSW is between 47.75 mg/kg and 264.38 mg/ kg 
and in the middle part of sleeper samples – between 40.13  mg/kg and 
215.38 mg/kg (Figure 3).

Apart from the mentioned PAH, WRSW contained other contaminants 
as well, such as benz(a)anthracene, chrysene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, benzo(a)pyrene, benzo(g,h,i)perylene, dibenzo(a,h)
anthracene, and indeno(1,2,3-cd)pyrene. During the experimental tests, 
the concentrations of the mentioned contaminants were observed to be 
between 1.65 mg/kg and 57.93 mg/kg on the impregnated surface layer 
of WRSW, 1.56 mg/kg and 48.88 mg/kg at the end of the used WSRW and 
between 1.0 mg/kg and 43.11 mg/kg in the middle part (Figure 3). The 
highest PAH concentrations were observed on the impregnated surface 
of WRSW samples because, during creosote treatment, the sleepers 
soak in unevenly (Figure 1) and most of the contaminants remain on the 
impregnated surface.

The results of the tests support the results of research by other 
scientists. For example, such WRSW have been found to contain the 
highest concentration of phenanthrene and, also, significant amounts 
of acenaphthene, fluorene, anthracene, and fluoranthene. According 
to the scientists, different test results are possible due to different 
manufacture methods of sleepers and the amount of creosote used for 
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Figure 3. Concentrations of polycyclic aromatic hydrocarbons in a waste  
of the wooden railway sleeper
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Samples from the middle part of wooden railway sleeper

Samples from the end of wooden railway sleeper

Samples from a surface layer of the impregnated wooden railway sleeper 

impregnation (Ikarashi, Kaniwa, & Tsuchiya, 2005; Lebow, Woodward, 
Kirker, & Lebow, 2013; Liu, Wang, Karim, Sun, & Wang, 2014; Liu, Zhang, 
& Huang, 2014; Lloyd, Brischke, Bennett, & Taylor, 2018; Lu, Ye, Zhang, 
Cui, Guo, Qi, ... & Yang, 2016; Lu, Ye, Zhang, Dong, & Zhang, 2014; Lu, 
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Zhang, Yang, Dong, & Zhu, 2013; Lu, Zhang, Ye, Li, Hu, Dong, & Yang, 
2017; Rosenbaum, Bachmann, Gold, Huijbregts, Jolliet, Juraske,... & 
McKone, 2008; Taylor, Bennett, Harper, & Lloyd, 2017; Taylor, Jordan, & 
Lloyd, 2013). 

Moret, Purcaro, & Conte (2007) mainly researched the contamination 
of soil with PAH in Italy. However, several PAH samples were collected in 
two areas of study. Based on research, in the wooden railway sleepers 
treated with creosote, the concentrations of phenanthrene, fluoranthene 
and pyrene prevail (Moret, Purcaro, & Conte, 2007; Zeta-Tech, 2011; 
Zhang, Lu, Ye, Li, Zhang, & Dong, 2015).

The Swiss scientists researched to find the emissions of PAH aromatic 
hydrocarbons from WRSW. The sleepers analysed had been used for 
0.5, 1, 6, 19, 32, and 46 years. The samples were collected across the 
sleeper, by 10%, 33% and 50% distance along the sleeper (Kohler & 
Künniger, 2003). As in the research of other scientists, the prevailing 
concentrations are of acenaphthene, fluorene, phenanthrene, and 
fluoranthene (Kohler & Künniger, 2003; Silva, Martins, Feio, & Machado, 
2014).

After considering previous studies, the contamination of WRSW 
with chemical substances depends on the type of wood, impregnation 
technology, time of use of wooden railway sleepers, place and rail traffic 
flow, and impact of other environmental components. Hence, according 
to the data of various scientific studies, contamination of WRSW with 
chemical substances is different, and the concentrations of different 
contaminants differ rapidly, yet the tendency remains similar.

Upon assessing the hazardousness of WRSW, it is found, whether 
the substance concentrations do not exceed the limit values established 
in Regulation. Therefore, in evaluating the hazardousness of WRSL, it is 
necessary not only to carry out the studies of contamination with PAH, 
but also find the concentrations of heavy metals (Černi, Kalambura, 
Jovičić, Grozdek, & Kreč, 2015), phenols (Bolin & Smith, 2013a, 2013b; 
Carrasco, Passos, & Mantilla, 2012; Ikarashi, Kaniwa, & Tsuchiya, 

Figure 4. Concentrations of phenols in a waste of the wooden railway 
sleeper
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2005; Kohler & Künniger, 2003; Künniger, Schmid, Gujer, Crockett, & 
Wolfensberger, 2000) and other hazardous contaminants.

After conducting the research and assessing the contamination 
of WRSW with phenolic compounds, the highest contamination was 
determined at the end of WRSW (9.27 mg/kg). The contamination with 
phenols on the surface reaches up to 5.07 mg/kg and in the middle – up 
to 5.98 g/kg (Figure 4).

Ikarashi, Kaniwa, & Tsuchiya (2005) also conducted the studies of 
sleeper contamination with phenols. The research was carried for both 
impregnated and non-impregnated sleepers. According to research 
results, both creosote-treated and non-impregnated sleepers have 
similar concentrations of phenols (Ikarashi, Kaniwa, & Tsuchiya, 2005). 
The phenol concentrations were determined during the studies are not 
related to the creosote treatment, and it all depends on the phenolic 
substances, which are found in the wood or form due to the substance 
oxidation during the hydrolysis process (Becker, Matuschek, Lenoir, 
& Kettrup, 2001; Gallego, Roca, Perales, Guardino, & Berenguer, 2008; 
Gevao & Jones, 1998; Gong, Delahunty, Chui, & Li, 2013).

The scientists of other countries mostly analyse the contamination 
of WRSW with PAH and phenolic compounds, yet they do not asses the 
contamination with petroleum products and heavy metals.

After conducting the research and assessment of WRSW 
contamination with petroleum products, the highest contamination 
was found in the samples collected from the end of the wooden railway 
sleepers (43 g/kg) (Figure 5). The contamination with petroleum 
products on the surface of creosote-treated WRSW reaches up to 
38  g/ kg and in the middle of intact WSRW – up to 33 g/kg (Figure  5). 
The concentrations in different parts of WSRW differ insignificantly.

There was also laboratory research carried out to find the 
contamination of WRSW with heavy metals (nickel (Ni), lead (Pb), 
vanadium (V), cadmium (Cd), and zinc (Zn)) (Figure 6). The research 
and the assessment of WSRW contamination with Ni, the highest 

Figure 5. Concentrations of petroleum products in a waste of the wooden 
railway sleeper
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Figure 6. The concentration of heavy metals in a waste of the wooden 
railway sleeper
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Figure 8. WRSW hazard evaluation
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contamination is in the samples collected from the middle part of the 
railway sleepers reaches up to 10.22 mg/kg. The highest concentration 
of V was observed in the samples taken from the impregnated surface 
of intact WSRW was observed to be 9.99 mg/kg. The concentration of 
Cd in the samples of the impregnated surface reached up to 0.15 mg/ kg 
(Figure 6). The concentrations of WSRW contamination with heavy 
metals in different parts of WSRW differ insignificantly.

Based on research of Burkhardt, Rossi, & Boller (2008), the heavy 
metals form due to the friction, which occurs during the breaking of 
rolling stock or rolling stock friction to the railway. Therefore, the 
contamination of WSRW with heavy metals is mostly caused by railway 
transport and traffic flow.

The hazardousness of WSRW is evaluated in consideration of 
the concentrations of the substances found. Upon evaluating the 
characteristics of WSRW, which make them hazardous waste, the 
average concentration was evaluated (of samples from the middle 
part of sleepers, end part and impregnated surface). The evaluated 
concentrations of the contaminating substances are provided in Figure 7.

Based on the research results, Figure 8 provides the evaluation of 
the characteristics of the researched WRSW, which make this waste 
hazardous. The evaluation was carried out by the scheme in Figure 2 
taking into consideration the concentration of every contaminating 
substance (Figure 7), hazard class, category code, and hazard phrase 
code (Table 1).

Upon evaluating the WRSW characteristics, which make this waste 
hazardous, the waste of the researched wooden railway sleepers 
is classified as hazardous waste with the code HP 7 “Carcinogens” 
attributed to it (Figure 8). The researched WRSW are hazardous because 
of the concentration of petroleum products exceeds the limit value and 
reaches 38.0 g/kg. The concentrations of other contaminants (PAH, 
phenols, and heavy metals) did not exceed the limit values (Vilniškis & 
Vaiškūnaitė, 2017, 2018).

WRSW hazardousness according to the property HP14 was not 
evaluated because the waste researched is hazardous. It is attributed 
code HP7 “Carcinogens” and must be managed as hazardous waste.

Conclusions

The results have indicated:
1.	 After the evaluation of waste of the wooden railway sleeper 

contamination with polycyclic aromatic hydrocarbon, the highest 
concentrations exist for the following substances: phenanthrene, 
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naphthalene, pyrene, acenaphthene, fluoranthene, acenaphthylene, 
fluorene, and anthracene. The results of the tests support the 
results of research by other scientists. The highest concentration 
of polycyclic aromatic hydrocarbon was found in the impregnated 
surface layer of wooden railway sleeper waste treated with creosote. 
The contamination with the mentioned contaminants there varies 
between 63.88  mg/kg and 621.28  mg/kg. Based on the results, the 
contamination with polycyclic aromatic hydrocarbon is mainly 
prominent in the surface layer of a waste of the wooden railway 
sleeper impregnated with creosote.

2.	 According to the studies of other scientists, the contamination 
of wooden railway sleeper waste with heavy metals depends on 
the rail traffic and its traffic flow. However, after researching the 
contamination with heavy metals on the wooden railway sleeper 
waste, used in different regions of Lithuania.

3.	 It is also supported by the research of wooden railway sleeper waste 
contamination with phenols since the concentrations of phenols differ 
insignificantly on both the wooden railway sleepers used in different 
regions of the country and on different parts of a sleeper. 

4.	 Upon assessing the hazardousness of waste of the wooden railway 
sleeper, the researched wooden railway sleeper waste is classified 
as hazardous waste with the attributed code HP 7  “Carcinogens” 
because they exceed the limit value of petroleum product 
concentrations reaching up to 38.0  g/kg. Waste of the wooden 
railway sleeper was contaminated with petroleum products 
during the performance of railway rolling stock or events with 
ecological consequences. The concentrations of polycyclic aromatic 
hydrocarbon, phenols and heavy metals did not exceed the limit 
values.

REFERENCES 

Becker, L., Matuschek, G., Lenoir, D., & Kettrup, A. (2001). Leaching behaviour of 
wood treated with creosote. Chemosphere, 42(3), 301-308. 
https://doi.org/10.1016/S0045-6535(00)00071-0

Bolin, C. A., & Smith, S. T. (2013b). Life Cycle Assessment of CCA-Treated Wood 
Highway Guard Rail Posts in the US with Comparisons to Galvanized Steel 
Guard Rail Posts. Journal of Transportation Technologies, 3(01), 58. 
https://doi.org/10.4236/jtts.2013.31007

Bolin, C. A., & Smith, S. T. (2013a). Life cycle assessment of creosote-treated 
wooden railroad crossties in the US with comparisons to concrete and 
plastic composite railroad crossties. Journal of Transportation Technologies, 
3(02), 149. https://doi.org/10.4236/jtts.2013.32015

https://doi.org/10.1016/S0045-6535(00)00071-0
https://doi.org/10.4236/jtts.2013.31007
https://doi.org/10.4236/jtts.2013.32015


400

THE BALTIC JOURNAL 
OF ROAD 

AND BRIDGE 
ENGINEERING

2 0 1 8/1 3 (4)
Burkhardt, M., Rossi, L., & Boller, M. (2008). Diffuse release of environmental 

hazards by railways. Desalination, 226(1-3), 106-113. 
https://doi.org/10.1016/j.desal.2007.02.102

Carrasco, E. V. M., Passos, L. B., & Mantilla, J. N. R. (2012). Structural behavior 
evaluation of Brazilian glulam wood sleepers when submitted to static load. 
Construction and Building Materials, 26(1), 334-343. 
https://doi.org/10.1016/j.conbuildmat.2011.06.031

Commission Regulation (EU) No 1357/2014 of 18 December 2014 replacing Annex 
III to Directive 2008/98/EC of the European Parliament and of the Council on 
waste and repealing certain Directives Text with EEA relevance

Černi, S., Kalambura, S., Jovičić, N., Grozdek, M., & Kreč, M. (2015, January). 
Energy recovery of hazarodus wooden railway sleepers-experimental 
investigation in Croatia. In Sardinia_2015, 15th International waste 
management and landfill symposium.

Gallego, E., Roca, F. J., Perales, J. F., Guardino, X., & Berenguer, M. J. (2008). VOCs 
and PAHs emissions from creosote-treated wood in a field storage area. 
Science of the total environment, 402(1), 130-138. 
https://doi.org/10.1016/j.scitotenv.2008.04.008

Gevao, B., & Jones, K. C. (1998). Kinetics and potential significance of 
polycyclic aromatic hydrocarbon desorption from creosote-treated wood. 
Environmental science & technology, 32(5), 640-646. 
https://doi.org/10.1021/es9706413

Gong, M., Delahunty, S., Chui, Y. H., & Li, L. (2013). Use of low grade hardwoods 
for fabricating laminated railway ties. Construction and Building Materials, 
41, 73-78. https://doi.org/10.1016/j.conbuildmat.2012.11.114

Ikarashi, Y., Kaniwa, M. A., & Tsuchiya, T. (2005). Monitoring of polycyclic 
aromatic hydrocarbons and water-extractable phenols in creosotes and 
creosote-treated woods made and procurable in Japan. Chemosphere, 60(9), 
1279-1287. https://doi.org/10.1016/j.chemosphere.2005.01.054

ISO/TS 17073:2013 Soil quality – Determination of Trace Elements in Aqua Regia 
and Nitric Acid digests – Graphite Furnace Atomic Absorption Spectrometry 
Method (GF-AAS)

Kim, P., Lloyd, J., Kim, J. W., & Labbé, N. (2016). Thermal desorption of creosote 
remaining in used railroad ties: Investigation by TGA (thermogravimetric 
analysis) and Py-GC/MS (pyrolysis-gas chromatography/mass spectrometry). 
Energy, 96, 294-302. 
https://doi.org/10.1016/j.energy.2015.12.061

Kohler, M., & Künniger, T. (2003). Emissions of polycyclic aromatic hydrocarbons 
(PAH) from creosoted railroad ties and their relevance for life cycle 
assessment (LCA). Holz als Roh-und werkstoff, 61(2), 117-124. 
https://doi.org/10.1007/s00107-003-0372-y

Kohler, M., Künniger, T., Schmid, P., Gujer, E., Crockett, R., & Wolfensberger, M. 
(2000). Inventory and emission factors of creosote, polycyclic aromatic 
hydrocarbons (PAH), and phenols from railroad ties treated with creosote. 
Environmental science & technology, 34(22), 4766-4772. 
https://doi.org/10.1021/es000103h

https://doi.org/10.1016/j.desal.2007.02.102
https://doi.org/10.1016/j.conbuildmat.2011.06.031
https://doi.org/10.1016/j.scitotenv.2008.04.008
https://doi.org/10.1021/es9706413
https://doi.org/10.1016/j.conbuildmat.2012.11.114
https://doi.org/10.1016/j.chemosphere.2005.01.054
https://doi.org/10.1016/j.energy.2015.12.061
https://doi.org/10.1007/s00107-003-0372-y
https://doi.org/10.1021/es000103h


401

Rokas Vilniškis,  
Rasa Vaiškūnaitė

Complex 
Contamination 
Research  
and Hazard 
Assessment  
of the Waste  
of the Wooden 
Railway Sleeper

Lebow, S., Woodward, B., Kirker, G., & Lebow, P. (2013). Long-term durability 
of pressure-treated wood in a severe test site. Advances in Civil Engineering 
Materials, 2(1), 178-188. https://doi.org/10.1520/ACEM20120054

Liu, C., Wang, H., Karim, A. M., Sun, J., & Wang, Y. (2014). Catalytic fast pyrolysis 
of lignocellulosic biomass. Chemical Society Reviews, 43(22), 7594-7623. 
https://doi.org/10.1039/C3CS60414D

Liu, C., Zhang, Y., & Huang, X. (2014). Study of guaiacol pyrolysis mechanism 
based on density function theory. Fuel Processing Technology, 123, 159-165. 
https://doi.org/10.1016/j.fuproc.2014.01.002

Lloyd, J. D., Brischke, C., Bennett, R., & Taylor, A. (2018). Dual borate and copper 
naphthenate treatment of bridge timbers–potential cost savings by various 
performance enhancements. Wood Material Science & Engineering, 13(3), 
122-128. https://doi.org/10.1080/17480272.2017.1383512

LST EN 1014-4:2010 Wood Preservatives. Creosote and Creosoted Timber. Methods 
of Sampling and Analysis. Part 4. Determination of the Water-Extractable 
Phenol Content of Creosote 

LST CEN/TS 16188:2012 (FAAS) Sludge, Treated Biowaste and Soil. Determination 
of Elements in Aqua Regia and Nitric Acid Digests. Flame Atomic Absorption 
Spectrometry Method (FAAS)

LST EN 14039:2004 Characterisation of Waste. Determination of Hydrocarbon 
Content in the Range of C10 to C40 by Gas Chromatography

LST  EN  15527:2008 Characterisation of Waste. Determination of Polycyclic 
Aromatic Hydrocarbons (PAH) in Waste by Gas Chromatography with Mass 
Spectrometric Detection

Lu, Q., Ye, X. N., Zhang, Z. B., Cui, M. S., Guo, H. Q., Qi, W., ... & Yang, Y. P. (2016). 
Catalytic fast pyrolysis of bagasse using activated carbon catalyst to 
selectively produce 4-ethyl phenol. Energy & Fuels, 30(12), 10618-10626. 
https://doi.org/10.1021/acs.energyfuels.6b02628

Lu, Q., Ye, X. N., Zhang, Z. B., Dong, C. Q., & Zhang, Y. (2014). Catalytic fast 
pyrolysis of cellulose and biomass to produce levoglucosenone using 
magnetic SO42−/TiO2–Fe3O4. Bioresource technology, 171, 10-15. 
https://doi.org/10.1016/j.biortech.2014.08.075

Lu, Q., Zhang, Z. B., Yang, X. C., Dong, C. Q., & Zhu, X. F. (2013). Catalytic fast 
pyrolysis of biomass impregnated with K3PO4 to produce phenolic 
compounds: analytical Py-GC/MS study. Journal of analytical and applied 
pyrolysis, 104, 139-145. https://doi.org/10.1016/j.jaap.2013.08.011

Lu, Q., Zhang, Z. B., Ye, X. N., Li, W. T., Hu, B., Dong, C. Q., & Yang, Y. P. (2017). 
Selective production of 4-ethyl guaiacol from catalytic fast pyrolysis of 
softwood biomass using Pd/SBA-15 catalyst. Journal of Analytical and Applied 
Pyrolysis, 123, 237-243. https://doi.org/10.1016/j.jaap.2016.11.021

Marcotte, S., Poisson, T., Portet-Koltalo, F., Aubrays, M., Basle, J., De Bort, M., ... 
& Blondeel, C. (2014). Evaluation of the PAH and water-extractable phenols 
content in used cross ties from the French rail network. Chemosphere, 111, 
1-6. https://doi.org/10.1016/j.chemosphere.2014.03.012

Moret, S., Purcaro, G., & Conte, L. S. (2007). Polycyclic aromatic hydrocarbon 
(PAH) content of soil and olives collected in areas contaminated with 

https://doi.org/10.1520/ACEM20120054
https://doi.org/10.1039/C3CS60414D
https://doi.org/10.1016/j.fuproc.2014.01.002
https://doi.org/10.1080/17480272.2017.1383512
https://doi.org/10.1016/j.biortech.2014.08.075
https://doi.org/10.1016/j.jaap.2013.08.011
https://doi.org/10.1016/j.jaap.2016.11.021
https://doi.org/10.1016/j.chemosphere.2014.03.012


402

THE BALTIC JOURNAL 
OF ROAD 

AND BRIDGE 
ENGINEERING

2 0 1 8/1 3 (4)
creosote released from old railway ties. Science of the Total Environment, 
386(1-3), 1-8. https://doi.org/10.1016/j.scitotenv.2007.07.008

Rosenbaum, R. K., Bachmann, T. M., Gold, L. S., Huijbregts, M. A., Jolliet, O., 
Juraske, R., ... & McKone, T. E. (2008). USEtox—the UNEP-SETAC toxicity 
model: recommended characterisation factors for human toxicity and 
freshwater ecotoxicity in life cycle impact assessment. The International 
Journal of Life Cycle Assessment, 13(7), 532. 
https://doi.org/10.1007/s11367-008-0038-4

Rules on Waste Management by the Order of the Minister of Environment No 217 
(in Lithuanian)

Silva, A., Martins, A. C., Feio, A. O., & Machado, J. S. (2014). Feasibility of creosote 
treatment for glued-laminated pine-timber railway sleepers. Journal of 
Materials in Civil Engineering, 27(3), 04014134. 
https://doi.org/10.1061/(ASCE)MT.1943-5533.0001073

Stankevičius, M., Maruška, A., Tiso, N., Mikašauskaitė, J., Bartkuvienė, V., 
Kornyšova, O., ... & Levišauskas, D. (2015). Gas chromatographic analysis of 
polycyclic aromatic hydrocarbons in the disposed creosote treated wooden 
railway sleepers collected from several storage sites in Lithuania. Chemija, 
26(3).

Taylor, A. M., Jordan, B., & Lloyd, J. D. (2013) One step, two step or meet half 
way – Dual tie treatments compared, AREMA annual conference, Indianapolis, 
IN, 1 October 2013.

Taylor, A., Bennett, R., Harper, D. P., & Lloyd, J. (2017). Estimating the impacts 
of preservative ports on bridge tie strength. Forest products journal, 67(1), 
24-28. https://doi.org/10.13073/FPJ-D-16-00009

Thierfelder, T., & Sandström, E. (2008). The creosote content of used railway 
crossties as compared with European stipulations for hazardous waste. 
Science of the total environment, 402(1), 106-112. 
https://doi.org/10.1016/j.scitotenv.2008.04.035

Tuntsev, D. V., Safin, R. G., Khairullina, M. R., Kitaev, S. V., & Khayrullina, E.  R. 
(2017). The utilization of the used wooden sleepers. Лесной вестник/
Forestry Bulletin, 74. (in Russian)

Tuntsev, D. V., Safin, R. G., Chismatov, R. G., Khairullina, M. R., Antipova, E. J., & 
Garaeva, I. F. (2015). Ресурсосбережение при утилизации отработанных 
деревянных шпал. Вестник Казанского технологического университета, 
18(5). (in Russian)

Vilniškis, R., & Vaiškūnaitė, R. (2017). Research and evaluation of the aromatic 
hydrocarbons in the polluted wooden railway sleepers. In Proc of the 10th 
International conference “Environmental Engineering”, 27-28 April 2017, 
Vilnius Gediminas Technical University, Lithuania. Vilnius: VGTU Press, 2017, 
p. 1-8. https://doi.org/10.3846/enviro.2017.060

Vilniškis, R., & Vaiškūnaitė, R. (2018). Reasearch of polluted used wooden 
railway sleepers and assessment of its hazardousness as waste. In Proc of the 
21th conference for junior researchers “Science – future of Lithuania”. Vilnius: 
Technika, 2018.

https://doi.org/10.1016/j.scitotenv.2007.07.008
https://doi.org/10.1007/s11367-008-0038-4
https://doi.org/10.1061/(ASCE)MT.1943-5533.0001073
https://doi.org/10.13073/FPJ-D-16-00009
https://doi.org/10.1016/j.scitotenv.2008.04.035
https://doi.org/10.3846/enviro.2017.060


403

Rokas Vilniškis,  
Rasa Vaiškūnaitė

Complex 
Contamination 
Research  
and Hazard 
Assessment  
of the Waste  
of the Wooden 
Railway Sleeper

Zeta-Tech (2011). Determination of effect of introduction of dual treatment 
(borate-creosote) ties on average tie life and wood tie life cycle costs, The 
Railway Tie Association (RTA), Prepared by Zeta Tech a Harsco Rail Business 
Unit 900 Kings Highway North, Cherry Hill, NJ 08034.

Zhang, Z. B., Lu, Q., Ye, X. N., Li, W. T., Zhang, Y., & Dong, C. Q. (2015). Selective 
production of 4-ethyl phenol from low-temperature catalytic fast pyrolysis 
of herbaceous biomass. Journal of Analytical and Applied Pyrolysis, 115, 
307-315. https://doi.org/10.1016/j.jaap.2015.08.008

https://doi.org/10.1016/j.jaap.2015.08.008

