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1. Introduction

Our aquatic environment is contaminated with hundreds of chemicals of 
anthropogenic  origin.  As  surface  waters  and  the  related  underground  water 
reserves are some of the most widely utilized (and therefore most threatened) 
elements  of  the  natural  environment,  it  is  highly  important  to  identify 
contaminants and monitor the change of their volume both in time and space. 
The knowledge of such data is critical to identify – and possibly eliminate – the 
sources of contamination. 

There are  a  number of  relatively high-volume and critical  compounds, 
which  are  already under  regular  inspection  in  Hungary’s  surface  waters  and 
sediments,  however,  in addition to these there  are several  compounds in our 
surface water systems that pose hazards to the environment and human health in 
low  concentration  but  not  yet  regularly  monitored.  Several  international 
organizations recommend or require the monitoring of these so called micro-
contaminants in surface waters. The EU requires its member states to examine 
micro-contaminants in surface waters. EU member states are currently in the 
process  of  surveying  the  condition  of  surface  waters.  In  my  Ph.D.  study  I 
focused  on  two  groups  of  organic  micro-contaminants,  namely  polycyclic 
aromatic hydrocarbons (PAH) and alkylphenols (AP). 

Polycyclic  aromatic  hydrocarbons  (PAH)  are  condensed  systems 
consisting of two or more aromatic rings. PAHs are emitted to the environment 
mainly through incomplete combustion and oil contaminations. PAHs are some 
of the most widespread groups of pollutants. Several members of the group have 
been proven to be mutagenic, carcinogenic or harmful to fetuses.   

While the majority of  less harmful,  more volatile  PAHs remain in gas 
phase when entering into the atmosphere, non-volatile ones (consisting of five or 
more rings) are adsorbed onto dust particles. Medium volatile PAHs (four rings) 
are distributed between gas and particulate phases In particular phases, PAHs are 
associated with small particles (<1 μm) and can therefore be transported through 
the atmosphere over a long distance. [Aceves et al., 1993]. PAHs are transferred 
from air to surface water via wet and dry deposition [Baker et al.,  1990]. In 
addition to this, rain-water can also wash-out PAHs from road surfaces, as well 
as industrial and household sewage or oil contamination can also transfer them 
into  surface  waters.  When  entering  into  the  aquatic  environment,  PAHs, 
similarly to the process observed in the atmosphere, are adsorbed onto particles 
due to their low water solubility, therefore their concentration in water is low 
[Yunker  et  al.,  2002].  Adsorbed  onto  settling  particles,  PAHs  deposit  and 
concentrate in sediment.
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The  ratios  of  individual  PAHs  could  be  used  to  estimate  the  possible 
origins of PAHs. The anthracene/(anthracene +  phenanthrene) ratio (An/178); 
the  fluoranthene /  (fluoranthene +  pyrene)  ratio  (Fl/Fl+Py);  the 
benzo[a]anthracene/(benzo[a]anthracene  +  chrysene)  ratio  (B[a]An/ 
B[a]An+Chry);  the  indeno[1,2,3-cd]pyrene/  (indeno[1,2,3-cd]pyrene + 
benz[g,hi]perylene)  ratio  (IP/IP+B[g,h,i]Pe);and  the  LPAH/HPAH  ratio  (the 
ratio of the 2-3 rings PAH and 4-6 rings PAH) were widely used to differentiate 
between combustion and petroleum sources. [Yunker et al., 2002.; Budzinski et 
al., 1997.]. With the help of the Fl/Fl+Py and the IP/IP+B[g,h,i]Pe ratio we can 
distinguish  liquid  fossil  fuel  (vehicle  and crude  oil)  combustion  from  grass, 
wood and coal combustion within the combustion source. 

Alkylphenol polyethoxylates are an important group of non-ionic 
surfactants commonly used as household and industrial detergents. APEs can 
enter into the aquatic environment through landfill leachates and sewage 
effluents from treatment plants. [Ying et al., 2002.]. Biodegradation of APEs 
performs with the shortening of ethoxylate chains to precursors: 4-octylphenol 
and 4-nonylphenol. APE contamination is therefore determined through the 
measurement of the concentration of such alkylphenols (AP). These also have 
low water solubility and are easily adsorbed onto suspended solid particles and 
deposit in sediment. There are great concerns that 4-nonylphenol and 4-
oktylphenol can mimic natural hormones, and their presence in the environment 
may disrupt endocrine function in wildlife and humans.

2. Aims

The main goal of my Ph.D. study was to examine polycyclic aromatic 
hydrocarbons and alkylphenols in Danube water and, in case of PAHs, Danube 
sediment. In this examination we monitored the concentration of PAHs and two 
alkylphenols,  namely 4-octylphenol and 4-nonylphenol at  Ráckevei-Soroksári 
Danube (RSD) branch over a 2-years period. In addition to this, we joined the 
international Aquaterra Danube Survey project in summer 2004 to examine PAH 
contamination of Danube water and sediment alongside the 1100 km stretch of 
the river from Klosterneuburg to Iron Gate reservoir. In both examinations we 
surveyed potential PAH contamination sources of the samples, based on the ratio 
of  certain  PAH  compound  concentrations.  We  compared  the  degree  of 
contamination  in  RSD  and  Danube  water  with  reported  surface  water 
measurements around the world.

Beyond this,  I  also studied the usability  of  monofluorinated PAHs (F-
PAHs) as surrogate standard for analytical methods of PAH determination. In 
case of water samples we made experiments with reversed phase, solid-phase 
extraction of samples taken from Ipoly river, while in case of Danube sediments 
we  made  experiments  using  sample  preparation  with  accelerated  solvent 
extraction.
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For both water and sediment samples we made a comparison between the 
so called surrogate standard recovery method with F-PAHs and spike recovery 
method. 

3. Experimental methods

The tool for water sampling consisted of lockable 500 and 1000 ml glass 
bottles attached to a metal handle. The tool was lowered to the desired depth (30 
cm), where the silicone plug was pulled out by means of a nylon line, enabling 
material of the given layer’s composition to flow into the vessel.  

For sediment sampling the international team applied the little excavator 
of the ship called Argus, specially designed for sampling and mobile laboratory 
purposes.  Assisted  by  a  diver,  the  team  took  sediment  samples  with  the 
excavator.

The extraction of dried sediment samples treated with F-PAH surrogate 
standards was performed with dichlormethane at 100°C and 103,5 bar by means 
of  Dionex  ASE  200  accelerated  solvent  extractor.  The  extract  of  sediment 
samples  were  cleaned  and  filtered  on  Waters  Sep-Pak® Plus  Silica  cartridge 
column.  The  samples  were  then  evaporated  with  dichlormethane-acetonitrile 
solvent exchange with a stream of nitrogen gas.

We  used  Waters  Sep-Pak® Plus  C18  cartridge  column  for  solid-phase 
extraction  and  concentration  of  water  samples.  After  entering  the  half-litre 
sample  the  columns were  dried and the measurable  substances  (PAHs,  APs) 
were eluted with 4 ml acetonitrile and 5 ml of dichlormethane. The samples 
were concentrated to 0,5 ml under nitrogen stream at room temperature.

Liquid  chromatography  measurements  were  performed  on  a  Merck 
Hitachi LaChrom HPLC system using fluorescent and UV detector. We used a 
Supelcosil LC-PAH (4,6*250 mm) 5 µm column for measurements.
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4. Theses 

1. I  was  the  first  to  study  the  usability  of  fluorinated  polycyclic  aromatic 
hydrocarbons  as  surrogate  standards  for  HPLC  analysis  of  polycyclic 
aromatic hydrocarbon-content of sediment samples prepared with accelerated 
solvent  extraction.  I  proved  that  1-fluoronaphthalene,  and  1-
fluorobenzo(k)fluoranthene can be applied as surrogate standards for Danube 
sediment samples.  I  also proved that  recovery with fluorinated polycyclic 
aromatic  hydrocarbons  (in  comparison  with  spike  recovery  method)  can 
greatly improve the reliability of analyses [1]. Based on these results I was 
the  first  to  apply  the  above-mentioned  fluorinated  polycyclic  aromatic 
hydrocarbons  as  surrogate  standards  for  determination  of  hydrocarbon-
content of sediment samples taken from Danube river-bed. 

2. I  was  the  first  to  study  the  usability  of  fluorinated  polycyclic  aromatic 
hydrocarbons  as  surrogate  standards  for  HPLC-FL analysis  of  polycyclic 
aromatic hydrocarbon-content of surface water samples prepared with solid-
phase  extraction  [1].  I  proved  that  1-fluoropyrene,  and  1-
fluorobenzo(k)fluoranthene can be applied as surrogate standards for surface 
water samples.

3. Using  polycyclic  aromatic  hydrocarbon  source  indicators  available  in 
international  papers  (An/178,  Fl/Fl+Py,  B[a]An/B[a]An+Chry, 
IP/IP+B[g,h,i]Pe and LPAH/HPAH ratio) I proved that these can also be used 
for  the  determination  of  origin  of  polycyclic  aromatic  hydrocarbon 
contamination in Danube river. On the basis of indicator ratios I made the 
following statements:

a. Based  on  An/178  and  Fl/Fl+Py  ratios  the  polycyclic  aromatic 
hydrocarbon  contamination  in  the  water  of  Ráckevei-Soroksári 
Danube  branch  originated  mainly  from  petroleum  sources  and 
combustion of solid fuels between October 2002 and April 2004. The 
analysis  of  the  two  calculated  ratios  and  total  PAH  concentration 
showed that the degree of contamination from solid fuel combustion 
and petroleum sources changes seasonally. In winter no contamination 
from petroleum sources was observed in the river stretch surveyed. In 
summer  the  contamination  from  polycyclic  aromatic  hydrocarbons 
originating  from  solid  fuel  combustion  was  much  lower,  thus  the 
polycyclic  aromatic  hydrocarbon  contamination  originated  from 
petroleum sources. In spring and autumn both types of contamination 
sources  contributed  to  the  polycyclic  aromatic  hydrocarbon 
contamination of Ráckevei-Soroksári Danube branch [2].
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b. Based on An/178 and Fl/Fl+Py ratio I found that  polycyclic aromatic 
hydrocarbon  contamination  of  Danube  water  in  August  2004 
originated  from  petroleum  sources  and  solid  fuel  (wood,  coal) 
combustion. In certain sampling sites the type of contamination source 
could be clearly determined.

c. In Danube sediment samples all five PAH ratios clearly indicated that 
polycyclic  aromatic  hydrocarbon  contamination  was of  pyrogenic 
origin.  However,  Fl/Fl+Py  ratios  showed  some  difference  within 
pyrogenic origin: in samples taken from certain Serbian and Romanian 
sites the contamination originated from the combustion of liquid fuels, 
while at  the rest  of  the sampling sites  the contamination originated 
rather  from  combustion  of  solid  fuels.  The  polycyclic  aromatic 
hydrocarbon contamination originating from liquid fuel combustion at 
Novi Sad and Pancevo could be attributed to the oil refinery plants 
operating in those regions.

4. Based on measurements of polycyclic aromatic hydrocarbons I found that in 
the stretches of Danube where the flow of river significantly slows down the 
polycyclic aromatic hydrocarbon contaminants concentrate in the water and 
sediment. These stretches also work as passive samplers of contamination in 
the  surrounding  region  and  media.  For  instance,  in  Ráckevei-Soroksári 
Danube branch, Gabcikovo and Iron Gate reservoir further contaminants may 
concentrate  in  addition  to  polycyclic  aromatic  hydrocarbons.  Polycyclic 
aromatic hydrocarbons thus may also help to estimate the current condition 
of nature.

5. Considering  either  Ráckevei-Soroksári  Danube  branch  or  the  surveyed 
stretch of Danube river I found that – in international relation and compared 
to prevailing limits – the Danube can not be regarded as a contaminated river 
with  respect  to  polycyclic  aromatic  hydrocarbons  and  alkylphenol 
ethoxylates [2]. However, inflows and estuaries where sewage is probably 
discharged  to  the  water  with  no  treatment  are  exceptions  from  the 
aforementioned statement.

6. I  was  the  first  to  study the  seasonal  change  of  4-nonylphenol  and  4-
octylphenol  originating  from  alkylphenol  ethoxylates  (with  limited 
applicability  in  EU)  in  Ráckevei-Soroksári  Danube  branch  regarded  as  a 
passive  sampler  [3].  I  found  that  the  concentration  of  alkylphenols  in 
Ráckevei-Soroksári Danube branch is higher in warm seasons than in colder 
months.

6



Ph. D. thesis

5. Utilization of the results

My Ph.D. thesis was a preliminary survey, which can serve as a basis to 
establish further monitoring (inspection) strategies. The analysis of high number 
of  samples  pinpointed  the  well-known  sampling  and  sample  preparation 
problems,  too.  The  analysis  of  data  enabled  the  determination  (and  thus 
treatment) of the origin (source) of PAH contamination. 
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