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The content o f  heavy metals in the soil and dandelion in the area o f  the old 
part o f  the railway junction Tarnowskie Góry and the surroundings o f two main 
railway routes was investigated. The highest contamination with heavy metals has 
been found at reloading ramp. The level o f contamination clearly decreased 
accordingly to the distance gradient from the track.

INTRODUCTION

H eavy m etals a re  am ongst m ost frequently  found  and intensively stud ied  o f  th e  
m any chem ical substances th a t con tam inate  the  environm ent. T his is d em o n stra ted  by 
the  increasing nu m b er o f publications concern ing  this topic. T h e  na tu ra l co n ten t o f 
heavy m etals in soil resu lts from  the  type and  pH  o f th e  soil, its age, the  c lim ate and 
the  topog raphy  o f th e  site  [1], w hile increased  co n ten t o f  these  m etals in the  soil is 
caused  by an th ro p o g en ic  po llu tion  on bo th  local and large scale [2, 3].

D u e  to  its so rp tion  p ropertie s, soil acts as a filter th a t re ta in s various substances 
(including heavy m etals) w hich have been  p u t in it as a resu lt o f hum an  activities. 
Industria l and veh icu lar em issions a re  the m ain sources o f  po llu tion . T h erefo re , 
particu larly  high concen tra tions o f  heavy m etals in soil occur nearby  large industria l 
p lan ts  and  along  m o to r tran sp o rt rou tes [3, 4, 5].

Railw ay areas a re  though t to  be sites o f intensive heavy m etal and  organic com pound  
em issions [6], a lthough  th e re  a re  only few articles dealing  w ith this p rob lem  [7, 8 ]. T h e  
aim  o f th is study was to  investigate the co n ten t o f  heavy m etals in the  soil and  in 
a chosen  p lan t (Taraxacum officinale  W iggers) which is used for b io ind ication  purposes, 
in th e  a re a  o f  th e  old p a rt o f th e  railway junc tion  T arnow skie G óry and  the  su rro u n 
dings o f two o f m ain Polish railway routes. B ased on the ob ta ined  resu lts an a ttem p t 
was m ade to  assess the  in fluence o f d iffe ren t activities (passenger and  goods traffic, 
reload ing , s toppage and  rolling stock cleaning) carried  ou t in the  a re a  o f  the  railway
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junction  on th e  con tam ination  levels, as well as to  assess the  re la tion  betw een  th e  type 
o f the  railway track  and  heavy m etal co n ten t in th e  g rad ien t o f  d istance from  th e  track.

EXPERIMENTAL

S t u d y  a r e a  a n d  m a t e r i a l
The study area covered the railway junction Tarnowskie Góry and the surroundings of two 

railway routes: (a) Warsaw -  Gdańsk near the town Iłowo, (b) Katowice -  Gdynia near the 
towns Warlubie and Laskowice. The railway junction Tarnowskie Góry was established around 
1863. Between 1985 and 1990 large part of it underwent modernisation. The modernisation 
involved, amongst others, exchanging wooden for concrete sleepers, removing the top layer of 
soil and exchanging the breakstone. Currently the Tarnowskie Góry railway junction is one of 
the largest railway junction in Europe. Samples were collected in the following parts of the 
junction: the rolling stock cleaning bay, platforms, railway siding and the reloading ramp. The 
elements of the junction from which the samples were collected had not been modernised and 
thus constitute its old part. Such selection of the study site allows for a comparison with the 
previously studied contamination in the area of the railway junction Iława Główna [8]. The 
control sample was collected at the distance of 2 kilometres from the junction’s border. The (a) 
railway route is a high traffic route where passenger transport dominates (electric traction). The 
(b) railway route (electric traction) is also a high traffic route, but goods transport prevails there. 
The average daily traffic is 43 passenger trains and 10 goods trains for the (a) route and 44 
passenger trains and 69 goods trains for the (b) route. This information was obtained at the 
Informatics Centre of the PKP (Polish State Railways). Study sites on the (a) route were selected 
near the town Iłowo (Ciechanów province), and on the (b) route -  in Bory Tucholskie 
(Tucholskie Coniferous Forests), near the town Warlubie (Bydgoszcz province), in an area which 
is free of large industrial plants. Such selection of the study area fulfilled the assumed conditions 
(area which is not used agriculturally and which is situated far from human settlement) and 
allowed for the collection of soil and plant samples with relatively low anthropopressure. Along 
both of the routes the samples were collected at the gradient of distances from the railway track. 
Soil from the 0 -  20 cm layer provided the material for analysis. Samples were collected with 
hand -  held, twisting sampler (Egner’s stick). Each time 15 -  20 individual samples were collected 
which constituted mean mixed samples. Plant samples were collected in the same study points.

S o i l
One gram of ground and sifted through a sieve with 2 mm holes soil was mineralised in 

a hot mixture of concentrated acids: sulfuric(VI), nitric(V) and chloric(VII) -  (1: 5: 20). The 
resulting extract was vaporized and the remains were dissolved in HCI.

P l a n t s
Five grams of dried and ground green parts of Taraxacum officinale were mineralised in 

accordance with the instruction given above.
The flame atomic absorption technique was used to established lead, copper, cadmium and 

zinc contents in the soil and plant material. Cobalt, chromium and molybdenum contents were 
established with the ICP technique. Mercury levels were established by the total mercury 
establishing flameless technique using an AMA 254.

RESULTS AND DISCUSSION

H eavy m etal co n ten t in th e  soil o f d ifferen t parts  o f  the  railway junc tion  T arnow skie 
G óry  is p resen ted  in T ab le  I.

T h e  level o f heavy m etals con tam ination  o f the  soil in the  a rea  o f th e  w hole railway 
junc tion  T arnow skie G óry  clearly  exceeds the  con tro l level. H ow ever, it is less varied
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T a b l e  1. Heavy metal content in the soil in the railway junction Tarnowskie Góry (ppm)

am ong d iffe ren t parts  o f th e  junc tion  than  in the a rea  o f the  railway junc tion  Iław a 
G ó rn a , w here  the  areas o f the railway siding and the rolling stock cleaning bay w ere 
far m ore  po llu ted  than  th e  a reas  o f the reload ing  ram p and p la tfo rm s [8].

L ead co n ten t in th e  soil o f the  railway junction  T arnow skie G óry is the  low est on 
th e  railway siding w here it exceeds the contro l level only 1.4 fold. It is th e  h ighest in 
th e  p la tfo rm  area , w here its level is 312 ppm , which exceeds the  con tro l level 2.35 
tim es. T h e  fact th a t the con tro l level is exceeded by a relatively small am oun t m ay be 
explained  by the co n tro l’s high level o f con tam ination  (m uch h igher than  in Iław a) 
due to  industria l em issions o f lead , cadm ium  and  zinc in the  a re a  o f  the  railway.

C adm ium  con tam ination  is a t its highest level in the a rea  o f  th e  re load ing  ram p, 
bu t even th e re  th e  con tro l level (increased) is no t exceeded m ore than  two -  fold. 
C o n tam in atio n  levels regard ing  th is m etal a re  low er in o th e r  a reas o f the  junc tion  and 
they are  the  low est in the  a re a  of the  rolling stock cleaning bay.

T h e  ch rom e con tam ination  is disturbingly high. Even in the  cleaning bay area , w here  
it is th e  lowest, the  contro l level is exceeded eight tim es. In o th e r  p a rts  o f the  junc tion  
the con tam in atio n  is m ore o r less even and  it exceeds the  contro l level m ore  than  ten
-  fold. M olybdenum  co n ten t in the soil from  the cleaning bay a re a  is only slightly 
h igher th an  the contro l level, w hich is low er than  the detec tion  limit. T h e  h ighest 
m olybdenum  co n ten t (5 ppm ) is found  in the railway siding area. In Iława the railway 
siding was also th e  m ost po llu ted  area  o f the junc tion , b u t the  m olybdenum  level is 
only 3 ppm  there . Z inc con tam ination  in the cleaning bay a re a  exceeds the con tro l 
level 2.3 -  fold and it is m uch low er than in o th e r  parts  o f the  junc tion . Z inc level in 
th e  railway siding area  is 684 ppm , which exceeds the  contro l level 3.2 tim es. N ea r th e  
p la tfo rm s and  the  re load ing  ram p, zinc con tam ination  is even higher, exceeding th e  
con tro l level m ore  than  3.7 tim es. In Iława, zinc con tam ination  o f the re load ing  ram p 
and th e  p la tfo rm  areas w as m uch sm aller. T h e  soil from  the  siding area  shows sim ilar 
levels o f zinc con tam ination  and  the  cleaning bay soil (the  m ost p o llu ted ) is m ore  than
2.5 tim es m ore  co n tam in ated  than  the  cleaning bay soil in T arnow skie G óry.

C obalt con tam ination  is at th e  level o f 6 -  8 ppm . T h e  contro l level is very low, 
below  th e  detec tion  th reshold . C o p p er is the und ispu ted  reco rd  ho lder in te rm s o f 
co n tam ination  levels am ongst all the analysed heavy m etals. Even the  least po llu ted  
siding soil is co n tam inated  14 tim es m ore than  th a t from  th e  con tro l a rea  regarded
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fo r the  p u rpose  o f  calcu lation  as below  1 ppm . T h e  cleaning bay soil con ta ins 19 tim es 
m ore  copper, p la tfo rm  a re a  soil -  alm ost 34 tim es and the m ost p o llu ted  re load ing  
ram p  soil con ta ins m ore  th an  50 tim es m ore co p p er than  the  con tro l sam ple. C o p p e r 
con tam ination  in Iława is also high, bu t its d istribu tion  am ong various p a rts  o f the  
junc tion  is d iffe ren t. T he rolling stock cleaning bay and the  railway siding a re  several 
tim es m ore po llu ted  th e re  than  the  p la tfo rm s and the  re load ing  ram p.

T ab le  II p resen ts  heavy m etal con ten ts in Taraxacum officinale in the  T arnow skie 
G óry junction .

T a b l e  I I .  Heavy metal content in Taraxacum officinale plants (ppm) in the area of the 
railway junction Tarnowskie Góiy

P lan ts from  th e  w hole railway junction  area , ap a rt from  those  co llected  in the  
p la tfo rm  a re a  a re  strongly po llu ted  and  th e ir  levels o f  con tam ination  are  h ig h e r than  
those in Iław a (7). S iding a re a  p lan ts a re  the  m ost strongly po llu ted  and  the  lead 
co n ten t exceeds the  con tro l level 15 -  fold there . C adm ium  co n tam ination  o f  p lan ts 
is n o t very high. It is th e  h ighest in th e  re load ing  ram p area  w here  it exceeds the 
con tro l level alm ost four tim es. C hrom ium  con tam ination  in p lan ts from  th e  a reas  o f 
the  re load ing  ram p  and  the  cleaning bay is sim ilar to  th a t from  the  con tro l site. T h e  
con tro l level is slightly exceeded  in th e  railway siding area . T h e  h ighest co n cen tra tio n  
o f  ch rom e is found  in p lan ts th a t grow next to  the  p la tform s, b u t even th e re  it is no t 
very high (57 ppm ) and  exceeds the con tro l level only twice.

H igh d ifferences a re  found  in the con tam ination  o f p lan ts w ith m ercury . W hile in 
the  a reas o f  th e  p la tfo rm s, re load ing  ram p and the  railway siding th e  m ercury  
con tam ination  is m ore  o r  less even and  it exceeds the  con tro l level 15 tim es, in the 
a re a  o f  th e  cleaning bay the  m ercury level reaches 0.59 ppm  which exceeds the  contro l 
level m ore  than  170 tim es (!). Exactly the  sam e p a tte rn  o f m ercury  con tam ination  
d istribu tion  was found  in Iław a and the  m ercury  level in Taraxacum officinale  p lants 
was h igher still th e re . T h e  high co n ten t o f m ercury  in th e  p lan ts from  th e  cleaning 
bay a re a  is caused  by w ashing the  rolling stock th a t carries m ateria ls  w hich constitu te  
sources o f  m ercury  em issions, such as coal, cem ent, non  -  fe rrous m eta l o res  and 
chem ical com pounds th a t con ta in  m ercury. This should  be rem em b ered  th a t the 
cleaning bay in Iław a is fa r less m odern  than  th a t in T arnow skie Góry.
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M olybdenum  con tam ination  o f  p lants from  th e  cleaning bay, railway siding and  
re load ing  ram p areas is even and  it exceeds th e  con tro l level twice. O nly n ea r  the  
p la tfo rm s it is slightly h igher an d  the contro l level is exceeded 3 -  fold. Z inc co n ta 
m ination  o f  p lan ts in T arnow skie G óry is sim ilar to  th a t from  Iław a. I t is th e  low est 
n ea r  th e  p la tfo rm s w here  th e  co n tro l level is exceeded less than  twice, n ea r  the  cleaning 
bay and  the  re load ing  ram p it is exceeded 3 tim es and in th e  side track  a re a  -  4 tim es. 
C obalt con tam ination  is the  low est on the  reload ing  ram p  and  th e  h ighest on  th e  
siding. H ow ever, even th e re  it is only 2.4 h igher th an  the  contro l level. C o p p e r levels 
in p lan ts  clearly exceed the  con tro l level. I t is th e  h ighest in sam ples from  th e  cleaning 
bay a re a  (12 tim es th e  con tro l level). H ow ever, the  level o f co p p e r co n ten t in p lan ts 
is still m uch low er than  th a t found  in the soil.

H eavy m etal co n ten t in th e  soil n ea r th e  railway rou te  W arsaw  -  G dańsk  in Iłowo 
is p re se n ted  in T ab le  III.

T a b l e  I I I .  Heavy metal content in the soil near the railway route Warsaw -  Gdańsk (Iłowo) 
in a gradient of distances from the track (ppm)

Soil co n tam ination  w ith all th e  analysed heavy m etals n ea r  th e  high traffic  (m ostly 
passenger) ro u te  decreases w ith the  increasing d istance from  th e  railway track. T h e  
fact th a t con tro l levels a re  strongly  exceeded, particu larly  at sm all d istances from  th e  
track, supports  the  hypothesis th a t railway tran sp o rt is a source o f  heavy m etal 
em issions. H ow ever, the  decrease  in the heavy m etal co n ten t in th e  soil shows d iffe ren t 
p a tte rn s  fo r d iffe ren t m etals. C hrom ium , zinc and co p p er co n ten t exceeds con tro l levels 
m ore  than  10 tim es, decreases rapidly at the d istance o f 15 m  and then  the  decrease  
is slower. T h e  decrease  in cadm ium , lead and  cobalt co n ten t is m ore  gradual. M ercury  
co n ten t increases from  the  track  to  the d istance o f 30 m and th en  decreases. M olyb
denum  c o n ten t is below  th e  d e tec tio n  th resho ld  even on th e  track.

H eavy m etal co n ten t in p lan ts from  the  sam e study tran sec t is p resen ted  in T ab le  
IV.

M etal co n ten ts  in Taraxacum  officinale sam ples does no t show  such regu la r decrease  
as th a t in soil. C opper, cobalt, zinc, m olybdenum  and  chrom ium  levels a re  th e  h ighest 
right next to  th e  track , b u t it is m ore  o r  less even a t all the  d istances investigated . 
L ead  co n ten t varies w ith the  d istance g rad ien t and does n o t exceed th e  con tro l level 
by far. C adm ium  level w ithin th e  d istance o f  30 m is below  th e  d e tec tio n  th resho ld  
and it is only slightly h igher a t the  distances o f  50 and  100 m. M ercury  level (sim ilarly
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T a b l e  I V .  Heavy metal content in Taraxacum officinale plants near the railway route 
Warsaw -  Gdańsk (Iłowo) in a gradient of distances from the track (ppm)

to  th a t in soil) is the  h ighest a t the  d istance o f  30 m from  the  track, w here  th e  con tro l 
value is exceeded  4 tim es and it is low er a t sm aller and  la rger d istances from  th e  track.

H eavy m etal co n ten t in the  soil n ea r the  railway ro u te  K atow ice -  G dynia is 
p resen ted  in T ab le  5.

T a b l e  V . Heavy metal content in the soil near the railway route Katowice -  Gdynia in 
a gradient of distances from the track (ppm)

* no data available for the town of Warlubie due to the topography of the area. For each metal 
the first value refers to the Warlubie transect and the second value -  the Laskowice transect

T h e  co n ten t o f all th e  stud ied  m etals clearly decreases in the d istance g rad ien t. It 
is w orth  no ticing th a t the decrease  in co p p er level is far m ore  rap id  h ere  th an  n ea r 
th e  ro u te  (a). C o p p e r co n ten t next to  th e  track  is very high. N o m olybdenum  
con tam ination  was found.
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H eavy m etal co n ten t in Taraxacum officinale  p lan ts  next to  th e  railway ro u te  
K atow ice -  G dynia is p resen ted  in T ab le 6.

T a b l e  V I .  Heavy metal content in Taraxacum officinale plants near the railway route 
Katowice -  Gdynia (Warlubie) in a gradient of distances from the track (ppm)

* No Taraxacum officinale due to the topography of the area

C o p p er, cobalt, zinc and  m ercury  con ten t decreases in the  d istance grad ien t. N o 
m olybdenum  o r cadm ium  con tam ination  has been  found. C hrom ium  co n ten t increases 
to  th e  d istance o f 30 m  and th en  decreases, th ro u g h o u t th e  tran sec t rem ain ing  at 
a level below  th e  increased  con tro l values.

Such p a tte rn  o f  co n tam ination  allows fo r a conclusion th a t in tense  passenger traffic 
is a sou rce  o f em ission o f m ainly copper, cobalt, zinc and  chrom ium  w hich com e from  
trac tio n  m ateria ls  (g rease , im pregnants, trac tion  cables an d  b rak e  blocks). H ow ever, 
it does n o t constitu te  a dan g er o f  m olybdenum  contam ination .

In ten se  goods traffic causes high iron  po llu tion  next to  th e  track  due to  the  heavy 
w eight o f  th e  trains w hich causes m ore  rap id  abrasion  o f w heels and  tracks. T h e  h igher 
to ta l n u m b er o f  trains on  ro u te  (a) causes in tense ab rasion  o f  trac tio n  cables w hich 
resu lts in a high co p p er con tam ination  next to  the track.

CONCLUSIONS

T h e  m ain  conclusions o f  th is study can b e  sum m arised  as follows:
1. T h e  perfo rm ed  stud ies confirm  the high em ission level o f heavy m etals in to  the  

env ironm en t by th e  railway transpo rt.
2. T h e  re la tionsh ip  betw een  soil and p lan t con tam ination  has b een  founded .
3. T h e  d ecrease  in th e  level o f  con tam ination  and th e  d istance from  th e  ro u tes  has 

been  proved.
4. T h e  level o f con tam ination  in the  railway junction  is m uch h igher than  along 

respective rou tes.
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M . M a l a w s k a ,  В .  W i ł k o m i r s k i

SOIL AND PLANT CONTAMINATION WITH HEAVY METALS IN TH E AREA OF 
TH E OLD RAILWAY JUNCTION TARNOWSKIE GÓRY AND NEAR TWO MAIN

RAILWAY ROUTES

Summary

Heavy metals (Pb, Cd, Cr, Hg, Mo, Zn, Co, Cu) content was determined in soil and plant 
samples collected in the different areas of the railway junction Tarnowskie Góry, as well as, 
near two main railway routes, i. e. Warsaw -  Gdańsk and Katowice -  Gdynia. In Tarnowskie 
Góry soil and plant samples were collected in four functional parts of the junction, i. e. the 
rolling stock cleaning bay, platform area, railway siding and loading ramp.

It was found that the contamination of soil and plants by heavy metal was the highest in 
loading ramp. A particularly high pollution level of copper was observed. The contamination 
level near the railway routes decreased accordingly to the distance from routes which suggests 
pollutant role of railway transport.

M . M a l a w s k a ,  B .  W i ł k o m i r s k i

SKAŻENIE GLEBY I ROŚLIN METALAMI CIĘŻKIMI NA TEREN IE STAREJ 
CZĘŚCI W ĘZŁA KOLEJOW EGO TARNOWSKIE GÓRY I DWÓCH 

STRATEGICZNYCH SZLAKÓW KOLEJOWYCH

Streszczenie

Określono zawartość metali ciężkich (Pb, Cd, Cr, Hg, Mo, Zn, Co, Cu) w próbkach gleby
i roślin zebranych w różnych częściach węzła kolejowego Tarnowskie Góry oraz przy strategi
cznych liniach kolejowych, tj Warszawa -  Gdańsk i Katowice -  Gdynia. W Tarnowskich Górach 
próbki gleby i roślin zostały zebrane w czterech funkcjonalnych częściach węzła, tj. myjni, 
peronach, bocznicy i placu przeładunkowym.

Wykazano, że najwyższe zanieczyszczenie metalami ciężkimi występuje na placu przeładun
kowym. Szczególnie wysoki poziom zaobserwowano dla miedzi. Poziom zanieczyszczenia m eta
lami ciężkimi przy liniach kolejowych spadał wraz ze wzrostem odległości od toru, co sugeruje, 
że transport kolejowy jest stałym tych zanieczyszczeń.
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